a ¢ 1 a aa g = 4
ﬂ’lS’JLﬂi']%‘i/iﬂ”lL%Qﬁﬂﬂ‘ll’e)x‘lﬂ’a'l&lLL‘I.J%‘U?’JWUE]\‘]‘UUU%?EJ']ﬂﬁﬂlaiéﬂuﬂL‘WEJS

(1 1

Taelda1ienddudeauazdasuus i duaud ansuaitnansn

U L1}

STATISTICAL ANALYSIS OF IONOSPHERIC DISTURBANCES USING GNSS
AND BEACON SATELLITES AT LOW MAGNETIC LATITUDES

AMAY AY

KHANITIN SEECHAI

3%snﬁwus“f‘jﬁlua'wwi’iwaam’iﬁnmmwé’ﬂqmiﬂ%wﬁqjﬂ%mnssumamumﬁ'wﬁm
anungndanssulniinazaouN e
AMZIANTINAENS
aondumalulagnszasundninaunmsaianszds
N.A. 2565
KMITL-2022-EN-M-027-004



STATISTICAL ANALYSIS OF IONOSPHERIC DISTURBANCES USING GNSS
AND BEACON SATELLITES AT LOW MAGNETIC LATITUDES

KHANITIN SEECHAI

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN ELECTRICAL AND COMPUTER ENGINEERING
SCHOOL OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2022
KMITL-2022-EN-M-027-004



COPYRIGHT 2022
SCHOOL OF ENGINEERING
KING MONGKUT’S INSTITUE OF TECHNOLOGY LADKRABANG



#923NUNUS ANSIATIZIATIFD AVDIANULUTUTIUVDITUUTTENA

Tolaluales Ineldamsuidueapatazinouus oy

Audgnsusivane
UnANWI UYANRAY A
sHaUsEIIR 63601108
UIuaun IAINTTUAENTUMU UGN
#1913%1 Frnssuliiuaspouiines
N.A. 2565

219159NUSNWINGNTNUS  A.ATNTTY NSNOTT

UNANED

Usngnsaiduiiaiaduresiuusseinieleleluaiiles (lonospheric scintillation)
Annnnsiurauvesmuituturesdidnaseuluduusseinia maiAedufiaiadudusiil
UszdnSnnuazaaninyesd gy uanlussuuniaieninsesdid uadiea (Global
Navigation Satellite System: GNSS) Huanas Tuustaasigasm n1sinduiiaiaduiniAniu
NnUsINgNIRl Meswaangudgns (Equatorial plasma bubble: EPB) nildlunsdimesi
THlumsnsiadu EPB Funin MmsnsmaiUasunawesdidnaseugud (Rate of TEC change
index: ROT) ludnendnus Id@nwin1sMuauaauduius szninarueundyn
Fuiaiatiu (54 index) Wazan ROTI fian1tumaluladwszaunduigammisainnss s fi
Tuwangammias Inonungans Uszmelne lnedoyaildsumaniaiesiuiidueaeata
U A 2019 §9U 2021 a1nwan1sasIzinNadAuansliiiugiimn ROTI uazanvll S4 3
anaenndeiu Tnsdlngilon ROTI faunninnest e Sa azdianunninnasi
fitmuadie dyiaeinanaiioniidueaeadulvgldunansgnuainanuiaunfves
Fuussenaleleluadieslaazunnansdulunsiarssuunasanud Tasauiisiniaglds
nansEnuIINAMEARUARLINNIIALETigand warluinerinus i lddnu i oo
auduiudvesandeil sa AlFsuanieiesiudaougiuanud 150 wngldsnd uasiedosdu
Jiduledled gnumud 1,575.42 lWnvdsnd ﬁamﬁumdﬂaﬁmmauLﬂé’m’fmmwmi
a1anszds Uszmalne iefnwivuiauazaudnuazves EPB lnedeyadildsuazoglutas
Woulluay lwwey fugigusazaaiay U a.e. 2021 31nwan1siesieikandliiuinly

(% d

Pranadinnuraunfvestuussenialeleluailes dyginainaniiisuilaasaidneu



aunsaslutnisiin EPB o lnenislaasiiseauninugelseunns 550 Alawnsdalaasi
o ! = a e a o a o b4 d' v oy
ANUEIRINIIANITBNRULBALRANlARTEETIANEY 22,000 Alawmsiihldaunsaiadeuile
< ! 1Y a a o = 5" ¥ v !
5induazarunsansiaduanudalnivestuussennialeleluaiilesiagldinan deundn

) a &
ANINYUDULDALDE



Thesis STATISTICAL ANALYSIS OF IONOSPHERIC DISTURBANCES
USING GNSS AND BEACON SATELLITES AT LOW
MAGNETIC LATITUDES

Student Mr. Khanitin Seechai

Student ID. 63601108

Degree Master of Engineering

Program Electrical and Computer Engineering

Year 2022

Thesis Advisor Prof. Pornchai Supnithi
ABSTRACT

lonospheric scintillation is caused by the irregular electron density in the
ionosphere. Severe ionospheric scintillation can degrade the signal quality and
performance of global navigation satellite system (GNSS). In low-latitude region, the
phenomenon that may cause the ionospheric scintillation, called equatorial plasma
bubble or EPB frequently arises. The rate of TEC change Index (ROTI) is utilized to
detect the EPB occurrences. The effects of EPB on the scintillation at different
frequencies and systems need to be analyzed as the study will enhance our EPB
understandings. In this work, we aim to determine the relationship between the
amplitude scintillation index and the rate of TEC change index (ROTI) at KMITL,
Bangkok, Thailand and Chumphon, Thailand. The data are collected from the GNSS
receivers between 2019 and 2021. The statistical results show that the relationthip
between the S4 index and ROTI are positive. When the ROTI values is higher than the
threshold, The S4 indices will be higher than threshold as well. Most of the GNSS signals
are affected by disturbances, but each system and each frequency may experience
different levels of ROTI and S4. Low frequency signals are affected more than high
frequency signals. In addition, we analyze the S4 index received from the beacon
receiver and GNSS receiver at KMITL, Thailand. We aim to study the relationship of the
amplitude scintillation index between GNSS and satellite beacon receivers at KMITL,

Thailand to determine the size and characteristics of EPB. The GNSS data were



collected in March, April, September, and October 2021. From the analysis, the results
show that during locally disturbed time, satellite beacon signals complement the GNSS
signals to indicate EPB occurrences because it can capture the EPB over the short

period.
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AnUnRveIAInana1ns1eiulut a.a. 2019 2020 wasd A.A. 2021 LaLAIUINATENAUNUS
YIN15TL9035919@09 TR o UNTAMURAAUNRVDITUUITINATUUBEASI LazLAUaRANITIAA

'
a a v a

AuAnUnAvesAIweundaduiiaduiilasuainaaiisndidueaealaased finiues

Y

22,000 Alalnskazaniiiedlaasimineunlaasegiininugs 550 Alawns

1.4 d@9UUsLNaUVDIINITNUS

[

Ingnfinusatull dassadlemesnidu 5 undsil
unil 1 nandernudusuazanudifgyuesdyni gaymunsuazingUssasn
POULANITIY LazlATIusEnauIneinus
A " e a s d' v v = a & a
N9 2 NANMERNUFIUAEINUTOLATEUUANL NLUILDUDHDALAZA AL
ImasseiugdasusantamnndnesandygrianiifisunsndunonisAuinaiusun
BLannIBUYE wazAwouNAgATUTaTY Nugulugnisesuiefinisudasiuniainyu
138 (Elevation angle) kazaun3e (Azimuth) L ugadauud uusseanialeleluailes
(lonosphere pierce point: IPPs) Ll 8@ n¥1AITUAAUNAUDITUUTTEIN ALl AL o5 71 T4
UsgnNoauauivg
P ' = 1 o A Yo a L I a [
uni 3 nanfanseuteyaantiaiilasuainiaiessuli uedeanaziaT ey
Jnou N1308NkUUNTILATITRAMBNNGYATUTIaTU Ui UAIBIANATaUaNS Lazns
DONILUUNITIATIENAMONNTIATUIATUIINIATRITUVAEYTA

a a a v a

U7 4 NaNRWaNITIAIERALENNEnTuTLaTL @DRn1IARANNRAUNAUDIA

weNnaYATuiiatukazA1dnsINIUABULUaYeIABENATOUANSUAZATARR N5 NAAIN

RAUNFYDIATLDUNAIATUTLATUINNLATBISUNA18TUA

Y

unil 5 nandaunazlueiniiive wazdaiauawusiioduiuimislunisdne uay

WUFoYaAlUAUIARN



uni 2

a o a A v
VIQU{]LLaz‘Waﬂﬂ']‘JVI LAYV

Tuundlagnanfmgulugiuieliudeyassuunniieuislaasseausiaey

(Low Earth Orbit: LEO) wazaaieniidueaaaniiuielaassedunans (Medium Earth
. = a & o a v a ~ ! ) a

Orbit: MEO) sauflansnilnesdyaaniiisuiastoyaarnaiiieuiiunnseiuluaiiey

wiagszuy H9ndusenisiwinaiivsuuBiinasougns wasA1ueundgaduiiuaduie

afennudnlanugiulydniseduisfanisuuassiumniaainyue (Elevation angle) wag

yunm (Azimuth) Wugedauutuussenaleleluaiiles (lonosphere pierce point: IPPs)

a a ! A a aa o = a a & N §
LLaSE)ﬁ‘UWEJLﬂEJ’JmLaaEJL“Naﬂm‘wEmﬂ‘w’lmmNG]‘Uﬂmm@&%uu%mmﬁlﬂuamﬂi

2.1 1A3995Udyyauniiennelasasirineu

o [

1A3 095 Ud Y IR BN19lATAIAITAOU (Beacon receiver) SUA Q184310

o

AIAENalARTEEEAT (Low Earth Orbit: LEO) laasisnuadiugslaitiu 2,000 Alaluns

a v ~ o = )
19791 2.1 GUE]HaWTJW]EJ@J'JQIQQ?WWU?’]@USI,U%QQUU

Yapariien 2R (MH2) Foyaidandaniniu
Cosmos 150 way 400 Positional signal transmissions and
store/forward comms
Oscar 150 way 400 lonospheric modelling for US military
(NIMS)
Nadezhda 150 wag 400 Navigation - plus Search and Rescue
monitoring
Tsikada 150 wag 400 Navigation - plus Search and Rescue
monitoring
Geosat 150 wag 400 Oceanography - wave height
measurement
RADCAL 150 wag 400 Radar calibration
GFO 150 wag 400 Oceanography - wave height
measurement




Famiiieu A28 (MH2) Yoyafidaundaniniu
ARGOS 150 wag 400 USAF space experiments
USA 147 150 wag 400 Military meteorological satellite
Picosat 9 150 uag 400 USAF Space Test Program (STEP)
Formosat 150 waz 400 Atmospheric studies

dgraipiossudasusulaainainiien FST1-FS76 da2udiviny 150
WNELEIRE way 400 WWNLLEIAT 1A8AAENI9lATANUABULARTIINTIARS Tunn kU aRa

pziusanuwarldailraswmidetrudwieaUszunal 15 w1 laglanansudonlanasunsuues

\ATOITUAY Y IuAIIENLATISINURRUATIUN 2.1

150 MH
2 USRP pC
(Linux Based)
Band Pass Filter Analog to IQ Moderator
L s
150 MHz Digital 150 MHz
USE 2.0 GNU Radio
400 MHz (Software)
Band Pass Filter Analog to IQ Moderator Record Data
> [~
400 MHz Digital 400 MHz (Test File)

a < = v o = o =
;J‘UVI 2.1 Uﬁ@ﬂlﬂ@%LLﬂﬁNﬂ@ﬂLﬁi@ﬂi‘U zuuzyﬂmm’amsmwimaimmau

d' Yo 1w = « v o = o a
"U'?ﬂE‘U‘Vl 2.1 LLﬁﬂﬂﬂqﬂ,@i‘Uﬂqﬂﬂ]u Sy ANLATDITU w}@y]qmﬂqﬁLWEJﬂJﬁﬁiﬂiﬂiquﬂ@u

o o 1

dielasudyanmanaeenia dygraazeau low-noise amplifier (LNA) [ududlddmsu

[y d' [ [

veedygaisu lagazveenidwesdygrunazindiuniludygrasuniueanlilaziiu

A

o 1

N1INTSAYYIY9AIUA (Band Pass Filter: BPF) tWa3ud ey autanizya9a1ud 150

e

Wngldsaduaz ANl 400 wnzldsed ndudyiailasuasiiunisulasanndygyiu
3 Y aa o o v 1Y) ¢ v |
wougdenbiludyiuadviatasiin1suUasteayadandyayiaiuaiuunigand 150
wnzdsaduaz 400 wnzdsedllidupdumnuding lneadal S, awaldandnndesuu
UINTFIUVINAIWOIF Y Y I TIEANRREUINaaIdyyId Feazlasumnail S, 91N

dyaunuisislasasindneu



2.2 1A3995UADULDELDE

Py

= v a & . ) ~
LAS 995U LD ULDALDE (GNSS receiver) 13 UF YU I1UIINANILABULATIZBY

o

U1una1s (Medium Earth Orbit: MEO) 71 98 A213geUszanas 22,000 Alatuns Tnenga

audiesluginslaasilagylulainiisunisnsezdsdygravatsvidanionsy n1vds

[ o

aa o = a o’ 1 41' aa Y d'
ALUEUR asU'E)\‘WI']'JW]EJlIf’UL'E]uL@ﬁL'E]ﬁN']UﬂaUV’n']ilﬂTVlﬂam@lqmﬂgﬂizﬂ@UlU@?EJV’TJ']NEWJEN

9

Ay radn9i (Carrier frequency), deyey1tu code LLazszTaagJaﬁﬁ'aﬁ (Navigation data) [9]

AILAAIGIIFUN 2.2

Message M(t)

O =

PRN code C(t)

S =

Carrier wave F(t)

Resulting signal

VWV WY

> Time, ms
0 1 20 40

JUN 2.2 dlsenauvesdyguiioueaiod [10]

=

103U 2.2 Teyaiiazgnasesnlugniialy XOR fiulAn Pseudorandom number
(PRN) 38 C(t) wazyinisaaiupdunivise F(t) Inemaluuainnifleuniisnisageasdyyin

nangANURNT UL dygudfieanadidygiauniouduis 8 via (L1C / A, L1C, L2C,

L5, L1P (Y), L1M, L2P (Y), L2M) Tuguanud L1, L2 uae L5 51’%@@@1143% 23



GPS: 2710 36 SVs
I L5 ‘ L2 ' L1 .

GLONASS: 24 to 30 SVs
L3 G2 G1 C/A‘

Galileo: 26 to 30 SVs

ESa. .ESb l.l ' ' ' -

BeiDou: 36 SVs
M JmImL-
QIS5: 3+ Vs L1C

.LS ‘ L2C ‘ I‘lLlc/A Y
IRNSS: 5+ Qs
i -

SBAS: 14 to 20SVs
L1

! 1 I — y W 1 1 1 1 1 e 1 — —— o —eee
1160 1180 1200 1220 1240 1260 1280 1300 1560. 1570 1580 1590 1600 1610
Frequency (MHz)

JUN 2.3 grunudvesdyaindidwedod [11]

YT 2.3 wrazszuvsldaquanudnlndifesdiuvsowiniu uwinisidrsiassla

witlouniu lunsdsdayarauiuagldnisueguanina (Phase modulation) ialdlunisdsdeya
lnefinisueganildiuniniigad msudaaiiduediad Ao binary phase shift keying

(BPSK) diauandluzuit 2.4 usdaaadvivisvinnagldnisuenianuuu binary offset carrier

(BOQ) [12]

RF carrier
Q
e}
2
-
£
<

Data
+1 | ——
.‘é‘

|

BPSK signal
[
e
B
£
€
<

Time

sUfl 2.4 mMsueglanLUL BPSK

a v ! a ° v v v A v o
Qqﬂiﬂ‘ﬂ 2.4 Y3an ﬂﬂﬁﬂﬂ']ﬂﬂ'nW]EJNQ%Qﬂu’]I‘IJLGU']i‘Viﬁﬂ‘Uﬂaquﬁiﬂﬂﬂ'ﬁl‘sﬂ'ﬁﬂﬁ

Y Y

WUy BPSK ImamﬂéuaualuuﬁﬁaveiqLﬁumﬂ doyayrauasisud 0 esen wniludeyaluuin

szdafuau dyaaazisud 180 aeem



2.3 MsnsMsiasuwlasuadiinasaugns

P & ~ 2 A o Ao
ITYTNINNYU (Pseudorange) ABITYTNINAINMNANILNYUAILATDITUNATUIUINNLIAN

Yosdyantasuanarfisudaamianaineglilissoen1wIuanfagun 2.5

lonosphere

[
Y

JUN 2.5 szeenafidiaysyagniasadadyaiasiutuussenialteloluailes

a

9n3UT 2.5 MsRdyg i ueaedAun NNt IUIIEIN1AtInIIAE Y

= v a

aIna viliszegmaiisuseninanaiiion tazia3essuiiduoaeadiialdaniaiesiu
Iidueaieaiiauinninanuduate Adidnnseugniiianuusiudiiaaudidyediann
dwfumaisemasningimans Paefuauwsiugwensldiufiueng wunssey
funsieaiion Msdeanssnuaaion liesedumnsinunfvestuusseinia ouds
wouliugldnusssumly 19y sainunssanios sooudlinudy Tasu wagmsidumaeinie
g

idnnIaugwa (Total Electron Content: TEC) fig USHI045IUVBIAIAINUNLIULY
vesdidnnseuludunssenitemaiisukaziaiesiuiviaodu TECU wie (electron/m?)

ad o [ = [

inualial TEC, Aer1didnaseuansfidiuinainnisinssegnaiieuifuinaintdud

[

siavestayadyyins (Code pseudorange: P1, P2) uaz TEC, AaA18iannsouansi

AUIIAINNNTIZILINEUDIANUDATUNII (Carrier-phase pseudorange: L1, L2) auadiu

InedgnsnisAuinasaunsaelull

TEC, =k- (P2~ PY) (2.1)

TEC, =k (4L1-4,L2) (2.2)



do A, =fi uas k=9.5196

12

a
1UANHEN 1

o

way P, Ao szezviaiisunAuimIniuAsiaestaya

&

!
P, A9 5285NNAABUTIAIUINANTUASREUDIUDLAd Y 1UANAT 2

L, L, Ao szuziavospudadunii (nuaedu wng)
A1RTINSIUABULUABBLaNATOUANT (the rate of TEC change index: ROTI)
awaldandrudssvuninsgiuresrinisidsuwuaswedidnnseugnd (the rate of

TEC: ROT) [13] @un1stunisamuwinian ROTI A

ROTI = \/%ZN:(ROT (i)=ROT)? (2.3)

i=1l

\le ROT Aawasinaszninsadianaseuandlununidss (slant TEC) Tugieiani i+l wag i

lnedidaunsae

ROT = STEC(i +1) - STEC(i) (2.4)

Lﬁja STEC(i+1) wag STEC() Ao slant TEC %ammﬁ i+1 wag i MNaeu tay STEC @115

Amunlnain TEC laediaunise
STEC[TECu] = TEC, —(TEC, - TEC, ) (2.5)
il () AorAaavesrn TEC Tudlanaiaula

2.4 Usingnisaidunaaduvastuussenialaleluaines

Usingnisalduiaturestuusseinialelaluaies (lonospheric Scintillation) Ag

dl o d‘

ANUAUNINRE TN DAL ALaZA T LeNNEYATBIRd Uy T T UUTIEINA

a 6 1

lelolualasnimuinunid Tngaviinduusnalng q dAulduaudansudmanlantiavwds

Y Y

NILBIANGAN USHIUNLNSNALEIDDL5I Az USIUUIEN AMURAUNRYDITUUITIINA

v v

lelelualesluwniliduii§dndusgnaniiemweng 15en31 WeawanauAudans (Equatorial

plasma bubble: EPB) tJuusna@sianumuiniuresmanadn (Blannseulazdoau) #1nin

& '

a = a a aw ! & A s A v I3
'UiL'JﬂJIﬂEJﬁE]‘U "?Nf\]glﬁlll,ﬂﬁﬁ/l@']ua'N%u‘UiiEﬂﬂ']ﬂl@I@IuaLwEJﬁL“VTu@LaUﬁu‘EJaﬁ]iLLlILVTaﬂ

Y Y
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4
3 v

Fan313mesn gy Ian1siinusingnisalduiiiadunsueuniyaduiiaadu (Amplitude

scintillation) n3eAAvil S, wazlaBufiaaty (Phase scintillation) Insuansfagun 2.6

+8
~
<% +.+. : ‘ Ionospheric Scintillation
~ *
~

| Undisturbed Tonosphere |

UM 2.6 Maindunaatuvestuusseimeleleluaes [15]

N3UTN 2.6 Waiaduiiawduiduussenialeleluaiies dyuindoueaal

'
a1

\WwapuiUUTIIA EPB AiinAuiuNIuvasrweunagauazinavedayqy i Insluusiiu

avAgnainvzaulafiaIfell S, dmsuneunignduiiatuaunsadnlannaumsiielul

(2.6)

Taadi SI AsfrAuuvesdu uAns1adulatntre Ty A6 way OXEGRIPEELLE

g

Hranaaula Fegduuulaemilives SI Awsadlean [13]

NP —WP
(NP-WP) 2.7)

Ipf

SIh=

o NP waz WP Ae Andaveakaua31uawAyu (Narrow Bandwidth Power) kagn1a9ued

uauAuANdIe (Wide Bandwidth Power) misiendu (NP -WP), - Aedudiduniiufim

¥93 NP-WP &g (NP-WP) Aunildanndadeves NP-WP Tugisian 1 uiilag

NP waz WP anuisasuialeann
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WP= i(lf +Q?) (2.8)
NP = (312" + (- Q5 22

= A o . g v 3 aa a v U a

B9 1 way Q Ao dyeya in-phase AL WNsNTWaREIRUAUBUNA Wag quadrature-
phase dyaranadnafidinasiaiuduns 90 aeen vasdyunlasuainafisunua1siu
lagn1sinUsIngnIsalfuiiaaduillinanuansenuaIn EPB AvaunsaAIuIn scale size

2949 EPB laa1n [14]

de =v24h (2.10)

lng d. Ae scale size Nawnsan9dala A Fepuenedulay h Anugendanuiaund
AnYu lpeiAa1uge 350 AlalAs s2UU GNSS A11NE-1,575.42 lungtdsnd wazseuy
AsNTABUANUD 150 WNLLETATEINITNSITN scale size boiniU 370 Wasway 1,180

Wns hunsarseasulanau (GNU radio beacon receivers: GRBR) A1awil S, 9gA1uiailaann

_ Std(P,

gacon )
4 beacon

avg (P, (2.11)

eacon )

1o Std(R,,) A2 d3udaduudInsgIuyediasandyagiuainaniieuiesessuinau

sulduay avg(P,..,,) AtRdBvesnIdsndyaulInavisuniasossudnausuls 1ny

[

mMaswesdauananisuinsessulneudulamuinlaain

L) 2
— "beacon

P

beacon

+ szeacon (2 12)

10 e %88 Quaon A® d0YEY1U in-phase LAy quadrature-phase YOIFYYIUIIN

A sueIassulnousula

o

lngunAvaananinanuRarestuusseneleloluaiiesiulsensiae 4193w in

'
= 1

(Equinox) Feidwinmnefissialefindeglumunimsilaainiuidugudansvasian

a a & o & = = et a & a
NOA VIENATVUUAY 2 ATS Vﬁ@Iu%u@ﬁ@‘U‘WIaﬂIﬂﬁ]ii@‘Uﬁnﬂ@'ﬁﬂWFJ ﬂ'ﬂ'uJL@ENSUENLLﬂUIaﬂ"US

[
YY) [y

dounegluszuunldaniudiunianiseiiing Feiutunarsiuaswiiunansdiu lneavey
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lugrafouiuiay wWewey AugigulaznaInuomn 9 U3ddudisiaidenaiasinniy

RaUnAveItuusIaNNAlelaluailusTulUsuATa

2.5 NMIAIUIAYAAAUNLTUUIIEINTALalaluaLNeS (lonosphere pierce point:

IPPs)

[

Tun1smianudunusvesrnail S, 3nLAIesUd I ITBINglAITaI TADU

' (%
v ca Y v

Lazin309sudy U uedeaIzAnwAuduTusigadnuutuusssnaleloluailes

3 a

(lonosphere pierce point: IPPs) §3a1duwnusn gadauuduusseinidleleluailosaziyn

(B ) Ua20DI3Y0 (A ) heAdoagUN 2.7

GNSS satellite Pl
J

lonosphere pierce goint

|

Center of Earth

lonospheric
0

(n) (v
a Y] a o a | & a6
;J‘l.hﬂ 2.7 LEUNINNTAUNINUDY iyjiyﬂmﬁ]La‘uLEJEILE)EINm“uu‘uii&ﬂﬂﬂﬁl@l@h&ﬂ/\laiﬁnﬂ

ArgaNIguAIessy (N) Yuuestawit (¥) HaNeeuYIg

IN3UN 2.7 MsAiaedauutuusseanaleleluailesanunsadialalay

Bop =@, +PCOS A (2.13)
@sin A
P CoS ¢,

@=90—c¢l —sinfl[Lcos(el)] (2.15)
r,+h
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A o Y o ' a a Yo oA A oA
Wamnualiiunuiasiynuazasidynvesu fe (4,, 4,) A Ao Aeyuniig

(Azimuth) Uag @ FBIUIATBILNIINALILS IPPs BapIssulaginainyaaudnaiavestan

[

el Avvunvedule I, Avvuinvesmillaniriaafitindu 6,371 Alawns uag h AeANES

a A

Yo9afinuuTuUsIEINalelelualesNfden1MIU Wy MunideSuegasigai 13.73
9IMnile Wazasdgnl 100.77 samaziueen aruiiuislavsindneu FS71 laasegiiniin
319 99PN WATVUINTVDILULILLIAU 30.04 03A71 ALARIVUINVBIYNIINFLNLUY IPPs 84
iwses3ulaginangaaudnatvedlanyiniu 4.81 ABINISAUIUNITILALUBIAIITEUAD
d’)ldl al 4‘ U ¥ 4 b4 o I d‘ U 5

Unauge 350 Alawns Weounualuaunisdieiu azlawunisiyadauutuussenia

lolelualesasfigan 17.36 sruvilowarasidgai 97.46 asrnziuean

2lanusuu

-]
)
&=
=)
=
=)

Magnetic latitude A® azfgauuauinuivanlaniicm

[

WANFIN99IN geographic latitude AiB arAgnlusEUUNTA TNUIA 9 VU

e
)
2
2
2N
3
allo
—2
Re
N
[

(s
3,

¥ a v

HuHInsinauvedlan Inun139198 M AANNNAINATE UL TN FeLATURBNTINRINAUEY
o a >, «:l' o é{ ni! a o gj = | U 1

fuila (Origins) Afmuadu Faiiinnsaedseuuliyusiaiuvegusean 11.3 a3 lagaunse
wUasrw1untaIulas httpsy/wdce kugi kyoto-u.ac.jp/igrf/eggm/index.html Taeld A

geographic latitude wazdUfResnIsudasAnazlinn Magnetic latitude 7ifens

2.6 ALRALITEnR

2.6.1 fulsgy (Random Variable)
Audsgu vinefis Muusidaldannssuunisdunsonszuaunisidanull
wiueuey Mnusduanfuilaiduiuvasainmnnisalluiduswouese adiduldldvessh
wUsduasununaiifululdvasnimeantu 4

2.6.2 ApAElavAdin (Mean)

Judnansdildannsinedeyausasiiveshedanaunsuiu udnhnasiud
Fumsdesiuudoyaianun Anadsveaszring unude 4 Aledsvesnguiiogis
wusne X Tasfualéann

2% (2.16)
p== -

A | v !

en X A AEILNRYDINUILFUARLAAZIRUIY

DX  fie HaTINveAntayaTavn
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=

N Ao dwoutssmnsiavun

2.6.3 drudisaluuannsgy (Standard Deviation: S.D.)

Juaedevesmnuuaninwesteyausagiiuaads vievaned lnoiede o
wéh Teyausazinfinnuuandnaindadmniesiiiosda divnaifianuuandasnians
J1doyaiin13nTEeUIN A1InAEANLLANANTBLLAAINToYAIN1INTEINETRY I

JeauunnsgIuveslszyng wnusme dydnuval A o eerwaldan

- 2
s Z(Xli\l #) (2.17)

el 4 FA9 ALRABTRIUTEYING

X, AD ANFINAURINUIBALNALFAZ LY
N A9 IUIUUIZYINININUA

2.6.4 AnuuUsUsu (Variance: S.D.%)
ArrnakUsysIluamisvesaruuanieidsaesve Woyauwnasiaiuaaie
A Ao | ] a Y a = = & | A
wIeiiliend drudsavuidsgedads (Mean square deviation) Ae dulloguuiInggu
gniasded mngna lngiade 9 wal deyaudazmiauuand1aidaeInaAnanentiey
Wiedla aAtulAUININLERTINTeNalinTNIEIeNIN d1NtegkanIIteyaiinig
N2ty AMULUIUTIUYEIUTEIINT UWiUAIE 0% AURUsUTINBNAURI8E19 uny

fe S.D.2 Taamuialaain

2
o = Z(X—‘”) (2.18)
N

L a Q‘ o/ L . o o
2.6.5 Anduuszansandunus (Correlation coefficient)
nsAIMAANENTUSTEnINsaYAleUTINM 2 A YFRNINATINIENITIATIE

anduiusilunismenuduiusseninadeyaidalsunanus 2 gaauly wazanunsaventedn

[
v A [

AuduRus AUt ud auduiusdulvluneniele anduwusidunisdnen

=

an

¥

)

o2

- (% IS

LY 'y} 6 1 v = L% gj 1 Y} 49{ 1 a &
ANUANRUSIENI Nty anTefuUsAwe 2 MAuludn danuduiusiulusedule uasd

ANUFURUSIuRAN19le Ineasd 3 A1lewn AU wanaINdANUdUNLSITUIN AaNtdl
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winldulUTudanafeniu Anau wansindanuduiusiaay Avaitudwuldululuianis
A3aiutIN war Adug Ae Anvatulilauduiusiuaeg lnenisAuinadulsedns

anduius p awsasalaann

cov(x, —
- oo 1) (2.19)
0,0,
ny
p= (2.20)
0,0,
N
206 =)y~ 1)
_ 1
p=— . ; (2.21)
Z(Xi = 14) Z(yi _/Uy)
1 q{
Toefl - cov(x — p) w38 0,y A9 ANULUTUTIUTINTDIILUTHY X Uag y
0,,0, Ao dhuldauLNATIIUUeIauUT x uay y auddy

s 1Ly AD ALRABVDIFIUUT x WA y AIUAIAU

2.7 N5ASIFUAURAUNALAZNBINAEURYLTULYD SUAINAANY YU

2.7.1 awlalaluunsy

amleloluunsa Aedeyagunmilldsuainiasesiu ionosonde Tnsazldtuainud
High Frequency (HF) @1nso Suravazeuanntuussermeleleluailosundeanseine
Tneaunsasulalugaeninud 2:30 wnzdsnd lnenisdewassupiy deasUavanisniiy
Aaunfvsaduaestuussendleleluailed Tnglduansseganmildainiaiossu

ionosonde #45U7 2.8
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2016/02/01 18:25:00 +0700 CPN att 0 dB Rx1
ﬁ‘ fi B Lo I

(km)

Altitude

I | | |

Frequency (MHz)

sUi 2.8 nmleleluunsuann ionosonde 1an 11:254.

Tudui 1 quaius A.A.2016 (WIsaaniau)

31n3UN 2.8 uansnnlalaluunsuain ionosonde Tuiun 1 nua1ius a.A.2016

1181 11:25u. aruaiInsg udned daduiui bidauiaUnfvesd uusseinia

5%

a ¢ & A A a - A =
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5U# 2.9 nwleleluunsuain ionosonde 13an 17:30.

Tudui 1 nunwius f.M.2016 (@rsa9uns)
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2.7.2 sansignudtaaan (Very High Frequency: VHF)

aniisnv dsesfianenaeguns aordunalulagnszaeumndndng unmis
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VHFR @CPN
W 4 E

5U% 2.11 dnwagvestuanisaviguiesien aandl CPN

a o ¥

PayaisnseuTevien (Very High Frequency: VHF) Aisulaazgniuiuananaly

Y
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AYSLUZNIIVDIAIAAULSANSTN AL NOUNA UL 85393V EPB Takanafiiagnan i taain
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INFUN 2.12 UARIAMAINLIANMAEIY VHF 93303a171810150015333U EPB taluiud

5 fanAy A.A.2020 1381 14:314. mmnmmmgmﬁﬁwﬁ TngunufaazliuAsEeenIeRIn
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=< LY |

VHF gaglunistuduinanuRaundniindunuanaei S, 10na1n EPB Jatdefaliaiunsaven
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WAgvaBRnIiinANuRaUnAvatr ke nFIaduiaatuvestuusseNndleleluailes
warlusiave 3.3 AMTIATIZRAIAYI S, ANNLATBISUAILTIENILALIANUADULAZLAS 8IS
Fdueated laeuanInIsUuisUsTAUAINEIUaIn BN TIB LI LAZA T8N

2alAgsAUARUeagUR 3.1

GPS,GALIELO 22,000 km.
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gﬂﬁ 3.3 \a3pssudanidueaioa PolaRX5

Yuaadieaildfianud L1 (1.575.42 wineidsnd) way L5 (1.176 winuidsnd)
1A3 993 UAINTSUSTEENLTBY (Pseudorange) A1 C/NO vasdyay1aud i uieaiod Tag
AuA 1 B3nd Teyaildlunsieszvioglu U am. 2019 80 a.a. 2021 Joyananidien
Ioafifluueninndt 30 ssmazgnliluns@nviiievdnidsanansenureamansznuain
AAuMa1838 (Multipath Effect) Im%agaﬁiﬁ%’ummﬂLﬂ'%"aq%’uﬁ’agﬁmmﬁLé‘uLaaLaaL*flu
ﬁﬁjagaiuuﬁ%’;&%ﬁmﬁﬂmaLLUaﬂLfJ ulwa ionospheric scintillation monitoring records
(ISMR) flousiielndulunuwuuesuildlulusunsusiuasail S, uagldan elevation cut
off Winfu 30 a3 WiskilMmAnnissuniuandyaarauransds (Multipath) Tnewadesdu
dryayns GNSS aglasudygraananiisuifieauaznaiale pﬁ?é’aﬁﬂé’ﬁﬁayﬂalwﬁ?ﬁﬁ

aglugseTvemavivmMsudadlvalagldidduasuinulatves Linux fsgun 3.4

'
LY

Uil 3.4 Adautadliiddoyavesaant KMITL

mﬂ'gﬂﬁ 3.4 g33gladlnadoyaluuiivesindvil S, @ad KMITLTUS U 3 Wou
wweu U a.a. 2021 wwdasindlagldlusunsy bin2asc.exe nsuvadliddayaluunsidu
W8 ISMR ileldlunswdonnsmienuadauil S, Tuununadevinnsudasinadeyaudiagle
Inlddaya 1 Fusuriaan 00:00u. & 23:59u. MunanesgIudea lasguuuulndfi

mM3wdadlndudndudsgui 3.5

File Creation Date/Time: ? 2?2.72. 2227 22:22:27
Block Name: ISMR (SBF)

521520.000,2151,1,GPS_L1CA,G29,0.345000,0.079000
521520.000,2151,1,GPS_1.2C,G29,0.373000,0.097000
521520.000,2151,2,GPS_L1CA,G31,0.085000,0.037000
521520.000,2151,2,GPS_L2C,G31,0.129000,0.044000
521520.000,2151,3,GE0_L1,5130,0.089000,1.225000
521520.000,2151,4,GPS_L1CA,G27,0.112000,0.047000
521520.000,2151,4,GPS_12C,G27,0.104000,0.038000
521520.000,2151,4,GPS_L5,G27,0.078000,0.031000
521520.000,2151,5,GAL L1BC,E26,0.153000,
521520.000,2151,7,GAL_L1BC,E31,0.069000,0.029000
521520.000,2151,7,GAL_E5a,E31,0.067000,0.027000
521520.000,2151,8,GAL_L1BC,E19,0.080000,0.031000
521520.000,2151,8,GAL E5a,E19,0.085000,0.032000
521520.000,2151,9,GPS_L1CA,G26,0.041000,0.025000
521520.000,2151,9,GPS_L2C,G26,0.059000,0.026000
521520.000,2151,9,GPS_L5,G26,0.040000,0.021000

U 3.5 Inddoyardvil S, 91nasessudibueaeadonunsuiadlndudy
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n5U7 3.5 Trlavinisuuasudiaglvianves GPS week Second of week 983101

13035V vilnvesdygruilasu afisundidygiu anaid S, wazAunaduiiaadu

v
a == VYA v =€

\Wernusnasiyasn anuRaunAvztuemgluafull S, daugidedsaulaanizanudl

Y

Sewaldldaulad@nwdnnaduiiaiadu Yeyardvil S, :nasessulneuvesaniil KMITL

AauAIuN 19 Weoungadnieu a.a. 2019 WWeosndudeyanflsuuuureddidniaunsald

Y

Tsunsusulaautatagiu

3.1.2 WsunsuaulwdvasAnvll S, anwAsassulnauvasaant KMITL

v oA

Wavouamnail S, vesannil KMITLEuaglvA1wawalagisuann 0 3unvianniaan

Y

o v Al

a Y oay vo Yo o oA a a s !
Liﬂmumi@i‘UaﬁUmqm Wa\N']UVI"L@TULLagﬂ']WSUU Sy VDIAIUAD 400 LUNSLTING LLATANVDY

g

=

nasuUNlATuLarAvRIRYll S vaerNA 150 Winelgsnd nalnaslisuuuudsgun 3.6

Y

\time(s) 400MHz (pow S4) 150MHz (pow S4) (noise 400=1.38876e-11, noise 150=2.61186e-10)
0.499995, 1.38876e-11, 1.06045, 2.61186e~-10, 0.969655

1.49999, 1.08957e-11, 0.933587, 2.83962e-10, 0.811662
2.49999, 1.20413e-11, 0.837%44, -3.28114e-10, 0.88137
3.5, 1.22539e-11, 1.0414S, 2.95884e-10, 0.790823
4.5, 1.25691e-11, 1.16565, 3.8535e-10, 1.11753
5.5, 1.05806e-11, 0.879324, 2.98254e-10, 0.940437
6.5, 1.63684e-11, 0.779056, 4.07033e-10, 0.959733
7.5, 1.19278e-11, 1.04674, 3.58952e-10, 0.876c627
8.5, 1l.66245e-11, 0.781196, 2.26433e-10, 0.81366
9.5, 1.008l4e-11, 1.2364, 2.7438e-10, 0.812635
10.5, 1.32343e-11, 1.024593, 3.14275e-10, 1.04098
11.5, 1.29379%e-11, 0.822336, 4.05396e-10, 0.891637
12.5, 1.750%4e-11, 0.863851, 3.34521e-10, 0.830722
13.5, 8.79954e-12, 0.940764, 3.26838e-10, 0.50998
14.5, 1.45783e-11, 0.946118, 3.60641le-10, 1.29791
15.5, 1.1914e-11, 0.814891, 4.35322e-10, 0.922828
le.5, 1.2849le-11, 1.00809, 4.09676e-10, 0.930811
17.5, 1.29324e-11, '1.16433, 2.6939e-10, 0.693208
18.5, 1l.1le467e-11, 0.978303, 3.32615e-10, 0.75393
19.5, 1.172%2e-11, 0.500831, 3.12901e-10, 0.877566
20.5, 1.22707e-11, 1.22089, 2.93377e=10, 0.9410%94
21.5, 9.338958e-12, 1.139%61, 2.81926e-10, 0.975601
22.5, 1.2788ee-11, 0.975224, 2.74332e-10, 0.793573
23.5, 1.41046e-11, 0.887231, 2.77538e-10, 0.859527
24.5, 1.27015e-11, 0.846446, 3.46954e-10, 0.959675
25.5, 9.09675e-12, 0.98076l1, 3.63151le-10, 0.979%9641
26.5, 1.0698e-11, 0.772278, 3.76682e-10, 1.07346
27.5, 1.32871e-11, 0.859932, 3.64951e-10, 0.915634

5UN 3.6 Inddayaduiiaduannisssudygianiiiiemiddaasidnouresanii KMITL Tu

Uit 4 Sluney e, 2021
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(9

Foyanisiinusingnisalfuiitadulasuainias essulnsuiaiey Maniiu

Y

[y [ =

walulagnszasunandinunsainnsedaduneiu dyaratasuiniudviadu 150
wnzldsng lnedmuiun s lnsuunainaindioy FS71 89 FS76 iavun 6 A Lag

AABUNT 6 AsazLAfouNINTAAngTuAn ARz iuean LAasiiAugaUsena 550
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Wit TegaaienldlaasiUnauayluiailaasaiuinuinusyana 10 undl Teuamsuil S,

Y

31nAsessudnauvetanil KMITLazga1unsaldlanausdun 19 ihaungainiey a.a. 2019

Judayaniizuuwvuiianunsaldlusunsueudeyaliaubedaqiu

JUT 3.7 angoimAvasiaTessudnamaiienlaasiinay

5UN 3.8 asesiudyaunniieindaasindaey

TagunAA1veesvil S, nesessuidueaeauarUroulufunlunuanuiaund
YparuUsTEInAlaleluailesasdiatiasnin 0.2 [21] wag 0.8 suanU AeuIslamaineue
WatinanuRaUn@vesdn S, anesessudbuedpawarinauwintu 0.2 wag 0.8 audsu

AIMTN 3.1
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a J ca Yo o A | di v A < v a =
A15199 3.1 ALNUNNTEUSUA1RYT Sq INLATDITUUABULLAZLATIDITUILDULDALDE

S, index Disturbed Quiet
GNSS >0.2 <0.2
Beacon >0.8 <0.8

NAN517 3.1 gI3elanisindavil S, TuTuniinnuanuiaunfAvestuussena

lololualasuariud liiAnAURAUNRLIYIINIT A LIMNALNMY neLRdaa1nydl S, 310
a o A o a A o A a a a o

w3 eesulmoutuunfasdaiuseuin 0.5 wagluduninaauiaunAvesd uussennia
lolaluaiflesanvesnail S, aneIessulneu tnewnaeivesrinwl S, annpsessutnauly
NINFIUTIUTLINEIINNITAUNALALINANRFBVDIYILIATAAAUEAUNALAZYINIAT
aau UA1UsEana 0.8 FalananaeiiiatinAuRaUn@lin 0.8 wazinuianunfvesannydl
S, 11N 1 Wil

=\ a

3.2 N157LATILNAEDANITIANAMUAAUNAVIATLBUNA AT U LAt UV DY

4
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AT
Av aa

NNIsENEILUALLLIAYsANeTUALRAUN AT UUSSENnAte L lualaslne

|
a a ¥ =

aulaneneundgaguiiaiaduisnuidgneuntiaulafedduanudunusves A18nsIng
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U5581N1E Ll U ES AN IRIN1TINT 3.2

M13199 3.2 asUnununmussunssEngadunsAnwINMALIMAANELTUEUR IR

ROTI wazA1nal S,

o

J t% I3
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YayailasuaniaTasiu Septentrio PolaRx5

PR Fuil 11 wgAdneu Seiuil 31 funeu U .. 2020 (51 Tu)
o @01l CPN
uwag U A 2019 A.A. 2020 Uag A.A. 2021 o @0l KMITL

Sampling rate 118309
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a s
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1381 5 il
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s A o
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AN 0.5 [24,25] AU UANUINT LFIILANNIAU 0.2 bhag 0.5 AUAIRUT Iwanaly

AN 3.4

A1519% 3.4 AN lrEInsUA1 ROTI warAnydl S,

Disturbed Quiet

S, index >0.2 <0.2

ROTI >0.5 <0.5
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Abstract

Ionospheric  scintillation is  caused by the
fluctuation of electron density in the ionosphere.
Severe ionospheric scintillation can degrade the
Global Navigation Satellite System (GNSS) signal
quality and performance. In low-latitude region, the
phenomenon that may cause the ionospheric
scintillation, called equatorial plasma bubble or EPB
frequently arise. Rate of TEC change Index (ROTI) is
utilized to detect the EPB occurrence. In this work, we
aim to determine the relationship between the
amplitude scintillation index (S,) and the rate of TEC
change index (ROTI) at Chumphon, Thailand. The
data are collected from a multi-constellation multi-
frequency GNSS receiver from 11 November to 31
December 2020. From the analysis, the results show
that the percentage of enhanced ROTI and S4 events
are 21.57% and 17.65%, respectively. Moreover, the
statistical number of simultaneous enhancements of
ROTI and S, show the good correspondence. Refer to
GALILEO and BeiDou, the S index of low frequency
signal is disturbed more frequently than that of high
frequency signal. However, this phenomenon cannot
be seen in GPS.

Keywords: Global Navigation Satellite System
(GNSS), Ionospheric scintillation, Rate of TEC
change Index (ROTI),

1. Introduction

Global Navigation Satellite System (GNSS)
applications are widely used in positioning. The
GNSS signal may experience rapid random
fluctuations when it passes through the irregular
ionosphere. Understanding scintillation is important
for assessing the performance of a navigation system
[1]. the businesses that require high accuracy
positioning and time such as aviation, exploration.

military. navigation, time identification or even
entertainment, particularly, in low-latitude region. In
previous works [1-6], they studied the correlation
between rate of TEC change index (ROTI) and
scintillation index and found that the correlation
coefficient is positive. To study the irregular
1onosphere, there are 2 cases to be considered: one is
disturbed condition caused by equatorial plasma
bubble (EPB) and other local. global phenomena, and
the other is the quiet condition. In 1999, [2] evaluated
the relationship between ROTI and S, index by the
ratio of ROTI/S, at Ascension Island. The results
show that the values of the ratio are between 2 and 10.
In [3-5], the authors evaluated the relationship
between ROTI and S, at Sanya, China, and Polar
region and Hok Tsui, Hong Kong. respectively
indicating that the ROTI/S, ratios are varied between
0.3 and 6.

Obviously. only the GPS constellation is utilized
in previous works. But in reality, new GNSS
constellations as well as new frequencies, e.g., L5
band (the bandnumber may be different for each
constellation), will be used in real applications. As
such, therefore the understanding of scintillation and
disturbance parameter such as ROTI are crucial to
users. In addition, the statistical analysis of
scintillation over Thailand has not been well studied.
In this work, the GNSS data are obtained from GNSS
receiver on our Chumphon campus, Thailand
(10.65°N, 99.37°E). The data period is from 11
November to 31 December 2020 are analyzed. The
constellation of GPS, GALILEO, and BeiDou on the
frequencies of L1 (1,575.42 MHz) and L5 (1,176.45
MHz) are used to analyze the relationship.

The paper is organized as follow. Section 2 and 3
describe the methodology and experimental setup
used to measure and compute the ROTI and S,. The
statistical result between S, and ROTI is given and
discussed in section 4.
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2. Method

Equatorial plasma bubble (EPB) is known to
originate from the bottom side of ionosphere,
particularly, near the magnetic equator and polar
region, after sunset [2-3]. As the GNSS signal passes
through the disturbance region/altitudes, it may be
rapidly fluctuated by ionospheric scintillation. The
multi-constellation and multi-frequency GNSS
receiver can measure the scintillation parameters
which are the amplitude and phase scintillations. In
this work. we focus on amplitude scintillation (Ss)
index commonly studied in low-latitude region as
opposed to phase scintillation in mid/high- latitude
regions. The S, can be calculated by [5]

5. ’M . %)
(s1)°

where SI is the signal intensity and (-) indicates the
average process over the interval of time. The basic
formula of SI is

—Wi
= NPT, )
(NP -WP),,

where NP and WP are narrow and wide bandwidth
power, respectively, (NP —WP),,. is the low-
frequency filtered part of the NP-WP. It can be
calculated from the average value of NP-WP over 1
minute. for example.

The rate of TEC change index (ROTI) is computed
from the standard deviation of the rate of change in
TEC. It 1s often used to determine the irregularity in
the ionosphere, and it can be estimated based on the
dual-frequency GNSS data with the time interval of 5
min [7]. The ROTI index can be expressed as

fl ¥ Y
ROTI = |— Y (ROT(i)~ROT)’
N;( @ TA | @3)

where ROT, the rate of TEC. is the difference of slant
TEC between epoch index 1+1 and 1, 1.e.,

ROT = STEC(i +1)— STEC() | “

where STEC(i+1) and STEC(i+1) denote slant TECs
atepoch /+ I and £

3. Experimental setup
In this Section, ionospheric scintillation data are

collected from a Septentrio PolaRx5 receiver that is
installed on Chumphon campus of KMITL. We use

the GNSS signals including GALILEO E1,
GALILEO E5a, BeiDou B1C, BeiDou B2a, GPS L1
and GPS L5. This receiver 1s capable of recording
GNSS pseudorange and C/NO data at 1 Hz sampling
rate. The obtaned data are in the period of 11
November to 31 December 2020, a total of 51 days is
used in the analysis. To reduce the multipath effects,
only signals from GNSS satellites with elevation
angles above 20 degrees are considered. ROTI can be
calculated from total electron content (TEC), that are
derived from the code and carrier phase pseudoranges.
We estimate ROTI from 1 Hz dual-frequency GNSS
phase data over 5-min period.

The S, index i1s obtained directly from the
receiver. Table 1 shows the defined threshold for the
disturbed and quiet day conditions. Normally S4 and
ROTI are below than 0.2, then make the threshold set
to 0.2 and 0.3, respectively.

Table 1: Thresholds of ROTI and S4 index

Disturbed day Quiet day
2 —5% | >o02 h W< 0.2
ROTI | >03 < 0.3

4. Results and Discussion

In this Section, the analysis of relationship between
ROTI and S4 index will be presented. At first. we
show the example of a disturbed day as indicated by
ROTI which are computed based on GPS, GALILEO
and BeiDou as shown in Fig. 1.

© @
Figure 1: ROTI values from GNSS data at
Chumphon station on November 11, 2020

Figure 1 (a) shows the ROTI values from GNSS
signals on Day of Year (DOY) 316 or November 11,
2020. The horizontal axis represents time in UTC and
the vertical axis represents the ROTI in TECU/minute.
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The different colors indicate the ROTI which are
calculated from different satellites. and we separately
show ROTI by the different constellations which are
GPS, GALILEO and BeiDou on a disturbed day as
shown in Fig. 1 (b). (c). and (d). respectively.

In Figure 1 (b), 1 (c). and 1 (d) show the ROTI
levels on November 11, 2020. The ROTI values on
this day are higher than the defined threshold in Table
1. therefore, this day 1s considered disturbed. The
values of ROTI are higher than 0.2 and more than 1
satellite are affected by EPB. These results clearly
show that all the constellations are affected at same
time (about 11.00-16.00 UTC), but each system will
experience different levels of ROTI values.

Next, Fig. 2 shows the computed ROTI levels for
all GNSS signals on a quiet. DOY 325 or November
20, 2020.

ROTI (TECUmin)

: ;’mn (urc) J
Figure 2: ROTI values from GNSS data at
Chumphon station on November 20, 2020

The values of ROTI from all satellites consists of
L1 and LS. Then, the amplitude scintillation (S,) on

11 and 20 November 2020 are shown 1n Fig: 3 and 4,
respectively.

o %

o ] i3
UTC(zec0nd)

Figure 3: S4 values from GNSS data at
Chumphon station on November 11,2020

] 5 10 15 2
UTC{se000d)

Figure 4: S4 values from GNSS data at
Chumphon station on November 20, 2020

In Fig. 3, S4 values are higher than the defined
threshold of 0.2 at around 15.00 UTC. Therefore, this
day 1s a disturbed day. In Fig. 4, The enhancement of
S, index is not clearly seen, so, this day can be
considered a quiet day. Because low frequency is

typically affected more than high frequency, therefore,

we will separately show the Sy index by the different
constellations including GPS. GALILEO and BeiDou
at L5 frequency on a disturbed day as shown in Fig. 5
to 7, respectively.

04
o* oy
0 1]

L:‘T(:hxuwl) ;
Figure 5: S4 values from GPS L5 data at
Chumphon station on November 20, 2020
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Figure 6: S4 values from GALILEO E5a data
at Chumphon station on November 20, 2020
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Figure 7: S4 values from BeiDou B2a data at
Chumphon station on November 20, 2020

Then, we compare the statistics of amplitude
scintillation (S;) with ROTI when they are disturbed
i Fig. 8.
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Figure 8: Statistics of S; vs ROTI
between 11 November and 31 December 2020

Figure 8 shows the number of disturbed days
between 11 November and 31 December 2020.There
are 9 days in which the S, index 1s disturbed mn
November. For ROTI values. 1t can be observed that
there are 10 days and 1 day when the ROTI values are
higher than 02 in November and December,
respectively. The ROTI and Sy index are disturbed by
about 21.57% and 17.65%, respectively. From above,
sometimes ROTI is disturbed only, but S, 1s not. We
can see the good correspondence between S, and
ROTI. In this case, the number of days in which both
ROTI and S, are disturbed is 9 days.

5. Conclusions

This work examines the relationship between
ROTI and amplitude scintillation (S,) index analyzing
the ionospheric ROTI and scintillation data collected
from a GNSS receiver nstalled at Chumphon,
Thailand on 11 November - 31 December 2020.

The statistical results show that the S, index and
ROTI are related. All GNSS signals are affected by
disturbance. but each system and each frequency may
experience different levels of ROTI and S,. The S,
index 1s clearly seen in GALILEO and BeiDou, but
not in GPS. The ROTI and S, statistics will be useful
for disturbance prediction.
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Abstract—lonospheric scintillation is caused by irregular
electron density in the ionosphere. Severe ionospheric
scintillation can degrade the Global Navigation Satellite System
(GNSS) signal quality and system performance. In low-latitude
region, the phenomenon that may cause the ionospheric
scintillation, called equatorial plasma bubble or EPB frequently
arise. The effects of EPB on the scintillation at different
frequencies and systems need to be analyzed as the study will

h our EPB under In this work, we aim to study
the relationship of the amplitude scintillation index between
from GNSS and satellites beacon receivers at KMITL, Thailand
to determine the size and characteristics of EPB. The GNSS data
were collected in March, April, September, and October 2021.
From the analysis, the results show that during locally disturbed
time, satellite b signals the GNSS signals to
indicate EPB occurrences.

Keywords—Global Navigation Satellite System (GNSS),
lonospheric scintillation, Ionospheric pierce point (IPP)

I. INTRODUCTION

The Global Navigation Satellite System (GNSS) is widely
used for positioning, navigation, and timing (PNT) services
for many applications. The GNSS signals may experience
rapid random fluctuations when they pass through the
irregular ionosphere. Understanding the scintillation is
therefore important for assessing the performance of the
GNSS system in low-latitude regions [1]. Conventionally, the
amplitude scintillation of the signal is measured by the S4
index which is defined as the ratio of the standard deviation of
the signal and the mean of the signal intensity [2].

The causes of irregular ionosphere at low-latitude and
equatorial regions are due to local conditions such as
equatorial plasma bubble (EPB) occurrences and other
ionospheric events, as well as due to the global geomagnetic
and solar storms. In the literature, the irregular ionospheric
structure related to EPB events was studied using the data
based on the GNSS (medium-earth orbits: MEO) and Satellite
beacon signals (low-earth orbits: LEO). In [3], the two-
dimensional structure of ionospheric irregularities associated
with EBPs was investigated using the total electron content
(TEC) data from a dense GNSS receiver network. The
researchers in [4-5] studied latitudinal ionosphere structure

Lin Min Min Myint
School of Engineering
King Mongkut's Institute of Technology Ladkrabang
Bangkok 10520, Thailand.
linminmin.my@kmitl.ac.th

Pornchai Supnithi
School of Engineering
King Mongkut s Institute of Technology Ladkrabang
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and predawn plasma bubbles using the ionograms from
Ionosonde system and TEC from GNSS receivers and GNU
Radio Beacon Receivers (GRBR) together. On the observed
periods, they can detect the primary and secondary plasma
bubbles only one event that EPB is occur. Moreover, the
relationship between the large-scale wave structure (LSWS)
at the bottom side of F layer and EPB occurrence was
examined with the beacon signals from low earth orbiting
satellites (LEOS) called Communications/Navigation Outage
Forecasting System (C/NOFS) [6]. However, EPB expansion

is not always accompanied by the existence of LSWS. In 2021,

the authors have studied the modernized L2C (1,227.6 MHz)
and L5 (1,176.45 MHz) signals affected by scintillations
compare to L1 signal of GPS. They found that L2C and L5 are
more susceptible to the intense scintillations because those
wavelengths are longer than that of the L1 (1,575.42 MHz)
signal [7]. However, the scintillation effects over Thailand
still need to be further studied.

In this work, we analyze the different EPB events based
on the scintillations Sy indices from the GNSS receiver at the
frequencies of 1,575.42 MHz and the beacon receiver at the
frequency of 150 MHz located at KMITL station (13.73°N,
100.77°E). Bangkok, Thailand.

This paper is organized as follow. Sections 2 and 3
describe the methodology and experimental setup used to
measure and compute the Sy, respectively. The relationship
between Ss index from GNSS and Beacon receiver is given
and then discussed in Section 4.

1. METHODOLOGY

EPB is known to originate at the bottom side of ionosphere
at the magnetic equator and polar regions, particularly after
sunset [8-9] until pre-sunrise periods. As GNSS signals from
a satellite pass through the EPB, they may rapidly fluctuate
due to ionospheric imregularity resulting inaccurate
positioning. Some specific multi-frequency GNSS receivers
can measure the scintillation parameters such as amplitude
and phase scintillations. The amplitude scintillation is
normally used to detect the scintillation in low-latitude region,
but the phase scintillation is used in mid/high-latitude regions.
In this work, we focus on amplitude scintillation (Ss) index to
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study EPB events. The Sy index (scintillation index) can
generally be computed from [2]

S < f(SF)—(SI)z . )
4 (Sl)l

where SI is the signal intensity and () indicates the
average over the interval of time. The SI values are calculated
by
_ NP-wP o)
(NP-WP),,
where NP and WP are narrow and wide bandwidth powers,
(NP — WP),,,( is the low-frequency filtered part of the NP-

WP that can be calculated from the average value of NP-WP
over a period, for example, 1 minute.

I1I. EXPERIMENTAL SETUP

In this work, we use two Ss index values measured from 1)
the GNSS signals recorded by a Septentrio PolaRx5 receiver
and 2) the satellite beacon signal recorded by GRBR receiver.
Both receivers are installed at KMITL station, Bangkok
(13.73°N, 100.77°E). In the GNSS receiver, the S; index is
generated based on the L1 frequency (1,575.42 MHz) signal
from GPS and GALILEO satellites (22,000-km altitude). The
S4 index from GRBR receiver is computed from the signal of
150 MHz from LEOS satellite (FS71-76) (550-km altitude)
The sampling rate is at 1 Hz. We considered a total of 21 days
with EPB events in March, April, September and October
2021. To reduce the muitipath effects, the clevation angles
above 30 degrees are considered.

To determine the locally disturbed periods, the thresholds
of the S4 index from the GNSS and beacon receivers are set
to 0.2 similar to [10] and 0.8 based on the empirical study as
defined in Table 1.

IV. RESULTS AND DISCUSSIONS

In this Section, the analysis of relationship between Ss index
values from the GNSS and beacon receiver will be presented.
An example of a day with disturbed event as indicated by S4
index from GNSS on Day of Year (DOY) 89 or March 30,
2021, is shown in Fig. 1 (a) The horizontal axis represents the
time in Coordinated Universal Time (UTC) and the vertical
axis represents the Ss values from the beacon receiver. From
12:00-20:00 UTC (19:00-3:00 LT), as 9 satellites are visible.
As each LEO satellite is visible over a short window of 5
minutes or less, in the figure, the S4 plots appear like a
straight vertical line. Fig. 1(b) shows the S, index from GNSS
receiver. The different colors indicate the Sy indices which
are received from different satellites. The Sy values from
GNSS receiver from 14:00 to 17:00 UTC (21:00 to 24:00 LT)
are higher than the defined threshold of 0.2, therefore, this
day is considered a locally disturbed day. It is evident that
more than one satellite are affected by EPB. All the
constellations are affected at the same time, but each satellite
experiences different levels of Sy values. Fig. 2 shows an
example of a quiet day on DOY 96 or 6 April 2021. On that
day, the Ss index from GNSS is less than 0.2.

TABLE I. THRESHOLDS OF S, INDEX TO DETERMINE QUIET OR DISTURBED

PERIODS
S, index Disturbed Quiet
GNSS >02 <02
Beacon >08 <08
1
PX— ; . 1
3 i
o8 i '
% s 0 s E)

utcmn

KO
Fig. 1. (a) S4 index from Beacon receiver and (b) S; index from GNSS
receiver on DOY 89 2021.
i 1 h . ¢ i
o N
’ 0 W

x

Fig. 2. (a) Sy index from Beacon receiver and (b) S, index from GNSS
receiver on DOY 96 2021.

We can receive the beacon signal several times on each
day, but we can only see one beacon satellite at a time. Then,
in Figs. 3 and 4, we show examples of Sy values from the
beacon receivers on 30th March 2021 for disturbed events and
6th April 2021 for quiet events.

In Fig. 3, S, values are higher than 0.8 at around 15.00
UTC, thus, it is considered a locally disturbed event. In Fig. 4,
The enhancement of S, index never reaches above 0.8, so that
this time period is considered a quiet event. Next, we
investigate the EPB characteristics and the area of the
disturbance by observing the S levels from the GNSS and the
beacon signals at the lonospheric pierce points (IPPs) (at 350-
km height) during the time when we can see both the GNSS
and the Beacon satellites simultaneously. In this study we will
consider three cases of EPB events.

Fig. 5 shows the IPPs of S4 index from the beacon (line),
GPS (circle) and GALILEO (star) systems on DOY 89 at
around 15 UTC. The situation when the S, values from GNSS
are above the threshold is indicated in the red color. In this
figure, only Ssindex from the GPS satellite G15 is affected by
scintillation. The S4 index from the beacon satellite at around
15:00 UTC is also in red. Interestingly, the beacon satellites
can capture the cluster of EPB between 98 degrees and 103
degrees. The satellite G15 also confirmed that EPB occurs in
that area. We considered this situation the case #1 (when Sy
values from both the GNSS and beacon signals in the same
area are affected by scintillation).
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Fig. 3. S, index from Beacon receiver on DOY 89 2021 around 15:00
UTC.
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Fig. 4. S, index from Beacon receiver on DOY 96 2021 around 13:40
UTC.

Fig. 6 shows the satellite IPPs on DOY 280 at around 13
UTC (20:00 LT). The situation when the Sy values from
GNSS are above the threshold is indicated in the red color,
otherwise the gray color. In this figure, only the Sy index from
the PRN G15, G26 (GPS) and E30 (GALILEO) are affected
by scintillation. However, satellite beacon signals are not
affected by scintillation. This event is considered the case #2
(when only Ss indices from GNSS is affected by scintillation).

In Fig. 7, the satellite IPPs on DOY 279 at around 16:25
UTC are shown. The situation when the Ss values from
satellites beacon is above the threshold is indicated in the red
color. In this figure, the GNSS signals are not affected by
scintillation, but the satellite beacon signals are affected.
According to the figure, long period of EPB occur around
16:25 UTC and it can be considered as the bottom side of EPB
is detected by the beacon signals during F layer is gone up at
the midnight time. Therefore, we can observe that the GNSS
signals at higher latitudes than beacon satellite do not capture
any disturbance.

Finally, we summarize the statistics of each case in Fig. 8
whereby 21 days with the disturbed events associated with
EPB event day in March (4days), April (4days), September
(1days), and October (12days) 2021. 25, 8 and 43 events of
case 1, 2, and 3 respectively were observed in 2021. From the
results, the S4 index from Beacon signal can detect the
disturbances due to EPB more often than that from GNSS
signals because it can capture the EPB over the short period.
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Fig. 5. TPP of S, index from Beacon (line) and S, index from GPS (circle)
and GALILEO (star) on DOY 89 around 15:00 UTC.
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Fig. 6. IPP of S; index from Beacon (line) and S index from GPS (circle)

and GALILEO (star) on DOY 280 around 13:00 UTC.
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Fig. 7. PP of S; index from Beacon (line) and S, index from GPS (circle)
and GALILEO (star) on DOY 279 around 16:25 UTC.
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Fig. 8. Statistics of each case in March, April, September, and October
2021.
V. CONCLUSIONS

This work examines the EPB events by analyzing the
amplitude scintillation (S4) index from the beacon and GNSS
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