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Abstract

In this project, we set up-a dual-frequency GNSS receiver network.in Thailand with the
purpose of measuring and analyzing the characteristics -of ionaesphere in. Thailand.  An
ionospheric and GNSS data center has been established at’ http://www.iono-gnss.kmitl.ac.th. The
obtained GNSS data are in the RINEX format, then the total electron content'in the ionosphere
is then analyzed and used-in the two-dimensional (2D) map construction ‘based on Adjusted
Spherical Harmonics-Model (ASHM). The ionosonde, on' the ether hand, gives the output as
images known as ionograms. They are' scaled to give the ionespheric «characteristics such F2-
layer critical frequency (foF2), F2-layer: peak-heightthmF2) and“Spread F, for instance. In
addition, the research team, has developed a software-suite “to” analyze the TEC and the
interactive interface to demonstrate the.graphs and-outputs given desired input files. Most
importantly, the analyzed data from 2005 to 2013 have been presented in International
Conference and used to improve the existing International Reference lonosphere (IRl) model as

well.

Keywords : GPS; lonosphere; lonosonde
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fluctuation

awil 2.2 Usingnisaidudiaduleleluaiies (1)



fulsvilsiendlumsanwmswasuasesirifnlutuusseinaleleluadiios
lawn USunadianmsaways (total electron content) wie TEC [1-4] Usuaniamnumuiiuiuwanauuie
sdnmsevluduussennied (mie: electron;s/mB) 1 TEC ialdiivslenifivarnvare awnsn
ildlunsfuinesmuuvatuusseine (slab thickness) wazdlaiSsuiisufiuvaneuiiom
1ndfu awnsansisdeunsindouiivestuussenelunwninels uanmmﬁumasﬁgwﬁ"w LUl sz
v Amasine TEC (differential TEC) dlavhmsiaszsisiusuiniosiiedu 9 Wy Sky Imager awnsold
Anw1 plasma bubble Lﬁumjm&ﬁnmsauﬁﬁnmén 7 Fremedouiilulufievsing q wardnansgnu
podtyaMnL B Fetumshuneisskasanmiives plasma bubble #etendunisifiu
Joyares TEC

Tumsin TEC o swvdanils § wubaidisalédaunnanerusewissouss q Tulan
TnsazaruulsusauiianiuleufiSonia Equatorial lonization Ahomaly (EIA) 1Huu3niieglulun
+15° voudugudgnsuiivantan | (magnetic | equator) adgutilan « edaaumnuludidnasey

A L = 84— 8l = v a a g '
Wasuuasluiu e g9 Tuardndnsases | luami 2.3 uansszauvesduiatulasanumuiuiiu

dildnevou Fedlannusuusafigatutinn, £15° veudurudansisianianuazuivntalan @)

2 LT

AN 2.3 WNASUNISIHRTURaYUY



hudinuiuia Usmﬂlmaéﬁgmg‘tum EIA i uinsfnwe TEC lusuussenielele
Tuadlswileusamalneduiasuiilslivu lnefinsinsnaaidindundusnde 5 Yk anms
faodumeluladnazsomndihnummimanszdildtadetumiasan  National  Institute  of
Information and Communicatioﬁ Technology (NICT) wulasen1s Southeast Asia Low Latitude
lonospheric Observation Network (SEALION) 5] Tnglulassnisiiigniasavuaiiios 4 Ssmfalulsema
Ingloun Yovimdoshml ngammn yuwsuasnifin wasdndunuvilrunnuiuiiofuumine doien
16 IuanIie as‘ijJu Snnuiidesinnlunrsinsiwazitrsest TEC Tulsswdlve dedlsufuussma

Guuddluilagu finderianridsgunsaiiaan TEC (fusdruauannii 1,000 90 Wudu (6] odnslsfin

A153A1 TEC mmmﬁﬁlsﬂmamiLLUaﬁaga%ﬁwaammmﬁ‘lﬁtﬁu TEC

2.1.2 933U International Reference lonosphere (IR!)

mMydwhuinsg R ulasanissesuumeRtnenlavesinds | NASA  Useind
ansgewsnuaglisunisatvayuvanainaeviiassuleun | COSPAR - {(Committee ~ on  Space
Research) wag. URSl-(Intetnational Union on Radio Science) Asussguunasgd IR dvne aaed
auldn R workshop  Tagfigausrasdifetssyimaninausnuidofiiates . Sndaduns
uaniAsudeyauaresdaudinegiidamuddytensdnetunsssaniavadlan . Iasianzedrebedu
usstmieleleluatile’ Wilagtuiuuuiassdustsangna¥iiuiiofnuuagiuieduysinag udy
ussomlelaluaiiles uwuudiaaeiRl Lk tesunessuduiuihmesuusie luduusserne
ansaldlévilan uazinisuiudsiuuudassosemings wuusees IR gnadeiusuuiugues

uwvasdayaviuanileginlan wuudiass IRI-2007 Wukuuiassarganimuiniainiuusiass IRI-2001
Fauuvudaeudy wuudiaes IRF2007 gnuiuussunandediinsneg fileglunuusassiuneu uas
wWunsuuugeluivina Topside  wastuussemaleleluailasiiinadonisiunumdiuim

Adnaseusiy (TEC) Tuduussennia asduluuiiass IR-2007 Jsensagnldaulivarnvaneguiuy

1T FesauludanisAuiuen TEC (Total Electron Content) 8nda8 9nv1103AN1S NASA HB9YIINg



[ v

Neouagimuuuiiass IR-2007 Ialaliusmsmsainmmisyhunssnlneguestuuisenfne

N1sANETITENIUNTY  http//ccmc.gsfc.nasa.gov/modelweb/models/ i vitmo.php  lmglivde

v v
[

' V) a ' = J ° ' v = ' '
Algelela vivdu ag1lshd wudwuudaasluea R @andidnnuRenaineguinias@nizeselu
waaziygas wulundsavalve sdudndudsdinsiudeyassegeriiauiuusieluiiosannuds

a

HunuInInsgley

2.1.3 nMaUsunasanasauluduussennidlolaludiies
Iumai’mﬂ%mmﬁﬁﬂmau@w% (Total Electron Content: TEQ) Tutuussennalelelua
= & U d' =1 i d' ° =2 d' % d’ a c :j
Wes wansanIng 2.4 InsdlunanunviinisanesiginumsasusUasdianasauluduussenna [23]-
[26] Wu MIAnAulasasiaUTnadidnaseuluduussenidlelaludileslasmslddyyraanaiiiey

GPS [23] mia%fwLﬁﬁa"dwsflummaﬂLU%w%’agaﬂ%mmﬁtﬁﬂmauiu%“wﬁmnMiaiaiumﬂaﬂuﬂismﬂ

argannad GPS

Low:Noise TEC Meter ADUNILADS TEC
JAVAD

\ 4

v

Amplifier Uszaiang

A 2.4 Udenlaazunsngunsaifisdnm TEC
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2.11 OBSERVATION DATA G {GPS3) RINEX VERSION / TYPE

teqe  2007Jun2s 20100301 23:59:48UTCPGM / RUN BY / DATE
Linux 2.4.20-8|Pentium IV|gce -static|Linux|486/DX+ COMMENT
BIT 2 OF LLI FLAGS DATA COLLECTED UNDER A/S CONDITION COMMENT
NNKI MARKER NAME
DPRI KYOTO_UNIV OBSERVER / AGENCY
1 TRIMBLE 5700 -Unknown- REC # / TYPE / VERS
-Unknown- TRM41245:00 ANT # / TYPE
~1339941.5478 5922995.5581 1944220.4377 APPROX POSITION XYZ
0.0001 0.0000 0.0000 ANTENNA: DELTA H/E/N
1 1 WAVELENGTH FACT L1/2
4 L1 L2 P2 ct # / TYPES OF OBSERV
1.0000 INTERVAL
SNR is mapped to RINEX snr flag value [0-9] COMMENT
L1l & L2: min(max(int(snr_dBHz/ﬁ), 0), 9) COMMENT
teqc windowed: start @ 2010 Mar 2 00:00:00.000 COMMENT
teqe windowed: end @ 2010 Mar 2 23:59:59.000 COMMENT
2010 3 pi u] o 4.0000000 GPS TIME OF FIRST OBS

END OF HEADER

10 3 2 0 0 4.0000000 0O 8G-5G 4G27G2BG17G 2G10G 9

-3780944.87547 —@§930020.94149™=23 669572\ 8024 23669976.2734
-30308766.99648 -23451931.79346 ~20768188.7324 20768191.5344
-4887905.40245 29401 45 277904
-36682816.46548 /-28571449,94145 214653562.9074 21465356.8604
-30750069.02748 -23432043.09846  21428781.1274 il 42878412 %
-15887091.9874#7 -11458758 8045~ 2 086P0¢ . 5834 22086013.4764
-15524864.73848 -12003207.66845 21943689.4614 21943692 .9664
-2003158.65646 24031558.8594

= ] oA i
A 2.5 Lid RINEX Lardeyaifeaastainud

gy [24] msiawdkuungnstiaufissuiisnspnsamstinadidnasedluduussenidle

Toluaiflas [25] Msiaulnadidasseulutuusssmealalaluaiiaimuiudsngqasdlan [26] 1y

a = Y

unaduaudges ushnuduasaga Iusudygnifiieagesenuiniulan sggniiveglulngd RINEX

Y

1<

Fadunasiumnuinigu lnedniiadusinleun pseudorange Yo%iida MR P1, P2 uaviwg L1,
L2 2l 2.5 waneinedelng RINEX uazdenaifiaaaasand insassuiieannsiuideldegaedinig

swamlnailvng 1 3w uaz 30 Jund

1
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Phu Thuy

g‘-; V-Ghiazx‘gvﬂa; B /‘GPSS
,‘;‘?cmdg(rucw) \'"2 ﬂaman
: Al o ’

W)

i N GPS-Seint, o ™ . =
. kyimager (20109 . 99139 Mi8ungua
- ’Ban?kok \
Y P i = i a [ )
Chu hg . f Wealvy U8 eLTealng
R
- ﬁ‘ ,OQOCBJ;,}%FMCM nysvwe | aoduwelulagvaianszs
- YUNT anuwmalulagaianszds
Qi grduwaiagiin

0

4 % Equazal
ang
¢ (FICH)

Kotota

lono

&3 i ¥
& L

Y

uyi

95 A0 Tos | 10 TS

Al 2.6 TRsanT3elulAS IS SEALION

2.1.4 1359115 South East Asia Low-latitude lonospheric Network (SEALION)

lasanas SEALION luiasadnemsdnwduussemialeleluaiesluiedonsusan
WHedagslasuiing sidenwdl 2003 nedingUszaatiavhmsindazyiuionissuniuainduy
ussenielelolualiles Inglawrzededeewaran Hewesanniialulasents SEALION fauiiu
lendnwallanziudesindandia 2 aniifeseginnindugududmdnmaniouaslding q fu ldun
aanilyuwsuazandlnlanils (Kototabang)aaldusnnglumivauq lulan iesandavsiaviethosi
< 1% 1 ca & a d a =5 v 4

gou Ludu ad1l5Ad 1asein1s SEALION dazduantul 2554 warludszimalvefiiies 4 anidinlaun

< Sa [

Boaluad ngamm quns uaziin 18n15¥aA1 TEC (GPS-TEQ) wenwilaluainussinalveuddd

MguannInanUssmadulaun Usswadsauu Ju dulaiide wasiaulud
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2.1.5 lasevnaUszamiiey (Neural network)

)
= v

Imaﬂzhaﬂixmw,ﬁauLﬁusswﬂixmamaﬁﬁau‘,amQﬂaiwaﬁumwuLLuumaaauamqwé
[27-28] Usznoulufeanuaiwed (Layer) ndndauanslunmi 2.7 fio dunaLaes (Input layer) 8
uLaLees (Hidden layer) uaziavinalalwas (Output layer) ueazlalwediuarsznauludeluua
(Node) #38 H159u (Neuron) %qﬁmﬁwﬁLﬂuahuﬂixmawa‘uaﬁa;ga uagdlanwaen13vinauAae v
wadauasvasuyed Thseulsznaulude dudeuszuinalvun (Connecting link) fauanuii (Adder)
uazilafdunsedu (Activation function)nisiieuivaslasitiedszamiiisuiiassuuudieiu fio n1s
Seujuwuuildaeu (Supervised leaming) kazn1aiieusiuuliiyaat. (Unsupervised learning) 113

v

Seuiuvvliiidasuduliidusdesdlidudnunavssusasdoya Tasviedseaniisuazlisudaya

UG
nsgaulugvuuudegluseniinsisons Lagagiinas3angu Uy a1 ule Iusednis Al
LY \ o oo v = v Y e &, ' v g 1w
nadwsvelasednguszamienalgnis Seuiuuuliigaeuiiesifunissr ynduue Woyanlditnly
IngazdeiuTsnsdnnguaslatoniantayailassgierevugs dugdiuunnsissusiuuigasuisuneg
nsasdasildlunisaewdlvdugunn (npud) wedestiieyssamidion twelilasineuszamiiion
aSnadnsoenunduedne (Quipu) FeliusgivanrluneuisuisuivedlaswisUssamidion
HaansAInasgNUIISsuigunullvIneg (Target response) Sagfaau (Teachen) auidugasnaiu

mndanuuanssiutupsinueaIniAasu (erron) LAaTU A1 TNAaIRLAAsURInaTagnlUAUIN

n1sUTuussrmtdnd e lulasseUssamiiad-eanaiunaininaauaslvivaetasnan n1s

2 v
< g < 14

USuwsisAnivinlagiansanameauaasadouil agliuadiungmsisous v3etunaunisAuIg
3undn "Sane3viy’ (Algorithm) uansaiu Tngiasdanesviuasiinudnvasuazaussausuanaeiy
agslsinnn TBnsdnlngresniseuiuvuifasuiissdaudaunainidnmsneedamanslud oo

wiatlaN1sIAUNIEaN (Optimization technique)
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Input layer

Hidden layer

ef v ¥ 1 =
AN 2.7 lasdaseiugiutsddassdiayssamiiiel

Tulaseaselud1au eSS N IEALS0UNAY DANDS SUARISUIINNITAIALINLA

Yo

v a v & 11 o v ) a | ) a \ v
wazludaFuduluagudiutesy uiasluadune x;, i = L., mlsdudyahnudune wazddludilua

v
Y]

viaiunluiae sdeu-draglupdou z, j = 1, ., p) FgsandugraBunevio wumdnsienuduiug

o z;,; ADBUNANIVIIIAYEY 2wy PoRTluBaTasiun /) x Fadyaiadunnainlus /i uas wij Ao

Aludaanlundunes i lWdlvungen, Aneinypvedlnusgeudlj Auialsinailaidudnuesd

LNULAUAAD

wasnduIsddyal z; ldsluaediwe f v, k = 1, .., m) Alusednausazluafuaaddaain
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P
Yax =Woe T Z ZiWiy
Jj=1

a

A & ¢ ' A v o ¢ A o ) o .
518 Yinx ABLDITNATINWA Yy , Woy ABATLUSANIUAD WA K, Z; Aedgygudunaanlusgoud j uag w;

o
Y

Aarlugannluageun j ldsluae1aned k nasnntudyaaie1sme v, Amulslean
Ye=PURELIN (¥,,) = ¥4 (2.4)

Tusuillalgign1sunsnszardndunuy-Levenberg-Marguardt

2.1.6 MsAUINAUIIILAIRILLUBIANATOUEND

AL TEC e1dgvann1sni) Werdudanaangiuynaiudiinaaniasiinm

n fueunagniifiy

u(ty=U(t)coss2mf et =Ucos{27rf[—ni—t)} (2.5)
[

3 c
lneh U Ao ueundgn , f/flaninud ) c Rananidies , ¢, Agmniiiivauas x Aosrusnng

fUiinveIRAuA MTUANIA WYY VHF — GulUiennuduiusnuiueud o wasmuviunuuees

Budnaseu N (m>) Hude
n=cfey=1={af2r (2.6)

TRl A=

Cr) _ 806 m/s’, £, =8.854x10"Fm’ foAn permittivity wes free space,

me,

e=-1.6x10" Cuaz m=9.109x10""kg AoAUIzqUazIIAVDIBIENATOU ALEIAY
warismuainmsidumslusseenng L Awadldann

2n f

c

L—%INds+n (2.7)
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Tnedi n Ramluda (bias) seaialuszuudsladvstuen &l TEC = J'Nds fatu (2.7) nanendu

p=22l T (2.8)
of

fauds L anansadanld Weldaesrnud lae £, = of, wag f> = f, un@wg1adu W £, = 50 MHz, p =

3, = 5 MHz Wudu I y,,p, Feavesanud £ uay f, MuaU manwasnamuialaan

q):.‘f/_l__ﬂl_:ﬂ(_lz._%)TEC-kq' (2.9)
p—)g— HE\G= 1)

miAeyusvewna y,,y; glanranadivass £, 5, audau aunstusideulalugy

qa p

qr A PO ST

—TEC (2.10)
dr

2

@:@_1@_1@;(1 ‘ )d

A1 slant TEC, idnaldsndsyaifteadstmnud: sodnasunludesgradum TEC Tuwwn

£ %
=

Ty aunn B duLdaginauuansi Jusgiusiiumiiveswmuieldnied uanandudslla bias

LU

INATITULALLATBISUTN AN AR RID I WA ludiayldaan vertical TEC andidunadlaann [4]

VIEC=5TEC X cosy (2.11)

lnefiyuezdys x AMwilaan
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driavedyanan nizeouinaARaT

R, cosa

. E
X =aICSIN] =—————= ’ (212)
R, +h

e o WJuyuwevesanudiowy, R, Aesailanuay h AoAMuatvBItuLTIEIMAlelaluailes B

aunAguIwiiu 400 Alawns wmnswaludaveeiisuaziniasiulunsiuin vertical TEC &4

Wauwnume TEC azla

TEC:(STEC-bS -br)xcosx ) (2.13)

do b, femuszinludavesnioafuifiea b: Aedvszuaeslusanuiendsldaneiedie
GEONET uvninendetienls %uﬁum%aﬂzjwiﬂ%’aga%maa as19tulae Geographical Survey Institute
(GS) Uszmmdtlu Feflirdasfuduniadieasuaninnndn 1000 Lﬂ%aqﬁﬂé&%ﬂizmmﬁﬂu [Miyazaki
et al,1997] AUszinames bias nLATessudReamunlanansIsusda Juimdaserils Suauale
ogludaquu lefisnasussananiitansinsfussritnsdifirsesiuiannnes ety Sanislunns

Usznadwiueiosiuindenisr vildlagardenasinumniisafounasguman [4)

2.2 uAteiieades
Tuunanw [4] Juadleltany@sansAtaniAn’ TEC uundda(Slant TEC: STEC) 9naesanlaun
swHgMaLiiEl (pseudorange) P1, P2 uaziwa L1, L2 andyiadfieadesaiud %’aag‘lulﬂé RINEX
Tarh  TEC  wwndssiilésuanszesmaiiovasiidyarausumuiuesannlusasideldinalunis
Amarseund willdodefeonvaziinsnstlanveanaduvigues 27 fufusifudesinisusuen
Wifleuadelnedafuan TEC wuandosildanssesmadionane Tasunien bias vesmmifiouuas

wInssulluthdendniivilinisauima TEC wuass (Vertical TEC: VTEC) flannupaiaiaasy satuss

o & v a ! o w & a Sy ada o !
ﬂ?LUU@@QMﬂWiUiSNTEMﬂ’WLLatﬂ’]%ﬂaaﬂlU quwmmu WANTUIFDTUINIWLBEADIANUAUINAIY 200
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anviluasuussemadUulu 20 Tou wavauuddnan VIEC luusazlguasil sage STEC Winluusiaz

Tou wazduu@inAn bias dArAadluLdasTy NTuliuasSndvinn1suseanaA VIEC Wway bias 489

o
° i

PTiEuLazAIssU §63F least mean square error wenanuuluunANadauedlunsdiffianid
FagruuliunuTouwsiug 1 annil awnsalden bias anadisuaniulevives NASA wagviin1suseanae
bias 1AS5U&Ya 01835 Minimum variance

Tuunanna [30] WédnsAinmnd VTEC lafesedalus a Swmdagums senined 2004 8 2006

wuie TEC zren Wudulunsunaisiutazanadlunaunandy niilaswdslul 2004 Tidgeninly

3 2005 waz 2006 ag1slsAngIlTn 1A UIRAY bias TUuna LT WaNAIMULTILATNITAIUIAIAIINNRUN

v
£ =

vostuleleluaiflosme duilugasteunaidiniiiseduiigainund egnalsifluuneuia TEC #
5ulaildRansananunarirRe ursstanlflunsiua A STEC

Tuunanu 127-28]- Idadruuudiasddagivatialaseniolssatinguiauiedn VIEC Tu
Uszineo3nld Tuumanna 291 Idadralunanisviiuisey VIEC sedaliis lulsemadduain
wiotneUszamifien fayeisruradiszarnanmnny 50 ¥ ulaisaivy feedforward H8unnldun
Ju Wou U Usinauuaeiing s

Tuune (31} lonatadialasinas SEALION sutfuainusaaiiiosznaad National Institute of
Information and Communication. Technology (NICT) UsemAdivuduniagu/andunisdne
aotuneluladwszaesindniaumsaiansyds Ussimali dafinnshnasgunsaidneiduussen ne
leleluailes Adavesamiialilasensdeaiidusnfrealionsdiiosnnianidda 2 andddeeg
vuuRuhsndumududminmaviouas ¥ A TEuA anndyums Ussinalnewazandlnlam
T4 (Kototabang) Usemedulaiide dslivsinglunivdug lulan ewinersvsfansianiethaseou
Fudu ddurilfaunsodnwdsingnisaiane 9 Tuuiun BIA Suflviinudidnasougaviadinitund

TulpsesnsiUsemalneaniiindnu 4 wis laun Weslnd ngamw guns wazgiin laeligunsalnieg

1oun leaaluwaus (ionosonde) adasindiloaantanuduazinsosinauuwlindnlan
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U9 3

A5N19ATLUN15IY

3.1 NM39BNUUULAZWAILILATYIBLATDISUAYYIUAILABLTINIDAHDIAIUD

Location Lat/Long
i Phimai 1528 8102.5
o Srisamrong 1= / IR
o Nongkai 18.06 / 103.27
Chiangmai 18.76./198.93
Chumphon 10.72 / 99.37
Phuket 8.09 /. 98.32
| Bangkok 1373/.100.78

o s ' a 4 o ax =
AN 3.1 AIUNRUIFDIULATDITUINLRE 2 A1UA

v
a v 4

Woannlulasns SEAUON. \dnduidnivaniiaidn 4 fwiaud uilutigtudeys
samuagnasluds NICT Ussweddulnonss Mduastinsdeteyani 4 Faadunsamaudiandu
wAlLlag NIz UNANIIAUNMIMNTAIANTHU LLazLﬁaiﬁﬁaawﬂi’mﬁmauﬂqmﬂizmﬂlwamrﬁu Jaui
andindn 3 uvisldun dandnnuessany (Nongkhai) glusie (Srisamrong) waz uAssIANT (Phimai) e
‘mezﬂﬁﬁuaﬂﬁy’am%"aqﬁaLLé'aLwié’dlﬂﬁaaﬁ%a;gamim@ué Tums1efi 3.1 LLamﬁm%aﬁﬁaqﬁu@LLam

v
aANIUIN
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A15797 3.1 S18FeNVBILAaLEN1LIR

9970

Wi89ungua

\ealnd

UINEFLe sl

glavie (ASdlse)

ADNUUVALLY a1ANTTUS

Uy

annvuwaluY anenseUs

UATIIVFUN (RU"Y)

AUNUNUKE

IRIAINTAUNNINEEE

NN an1duwialuy annsed
U Ingn1sdu $01n

HLUNS anTiumalus annsedl

QL gardumalus a1anszds

ANUATILAAIAN DENLNINYDIUIEO UL USTIAIT A

A01UNUDIAY

PN O TRTRIE N [GL G e

ANA 3.2 AUVUDIANE




anilgluniy (A3dal59)

AN 3.3 A0 19AIALSS

4010UATIIYEUT (Wu18)

AW 3.4 @0 UNUY

v

AT 3.5 uaasssuumsaiiuesadiegudeyaiiiea datussiinnsdadayasinanndaig o wunsau

Audnan1tumalulagnsgeundninavmsainnszUs wasiivelllanndinfiaseunguusevalng

paduluariimaduneludianiilinsqieiinisiinsinisaietieiu-dedeya uenanisuludeuniy

watian1smuauszaglng (remote control) WmsIaLENATISINLAIY
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GPS
Receiver

Y
;

GPS |
Receiver

—

N ——
GPS i
Receiver

GPS Station
AT 3.5 sErumisaiiaeseviegudeyaifiloaaacr i
3.2 MmsAnwuazlianzideyaiiasiianuinn TEC faardiutsuazaaiiduy
aa e v
IBmsAuteya

v
£

° v v aa = I SNa A Aa ' =t AN
a’]‘Vﬁ‘U“Ual‘J‘ﬁ INLDF tUBIIINADTUANLDE V‘mﬂﬂﬁuUUﬂqjimqﬂﬁ]ﬂﬁqﬂ ‘]IUUigﬁLV]ﬂIVlU LWudnitan

<b

wemlaaaunaANs INdeiUAMYANE IMans IaINTE) IIvende Joyantaaniezossudyauiniea
gniufinleedaludididnniosrsuiainesvesdniod OAAUYNN ARSI INGT AR INYIANERT

L4 a w <, o N i =a & ues v v a lﬂ‘
PN WIveay Ui mn ¢ ey lnektuseuuduaeside doya TEC Tul Ju (Fur3sinaen
24 71319) e Uszann 200 KB

\eann dyqyrudviied Aignawwiainaaifieadiea aslimstusuniuesdygyaiiiownain
a a 3 = I3 i «;’ o ¥ n:ll d' Y [ =l
dwnasoudaszlutuleleluailes leemnsulsUsmtianrsoawalilagns: andeyafirsssiudyynd
Woa Tuiinld Amsudsuniuvesdyy i ssgniddeuliegluguassuinusuvesdidnaseudasslu
Us58M¢ %30 Total Electron Content (TEC) wille anil3fiveatiu q nsiesizv doya andoya TEC Ald
PNINEE ansauluiesiev

TunisAnwunednulnd RINEX  dusuieiasiaansuszian 1aun JAVAD way TOPCON

v v 1 v U = ! = Ao ' Y o 1 =] [ v '
Ui%ﬂ@U@’JB‘U@ZﬁJ}ﬁ@Ng} VL@LLﬂ ANTTYTINYY, ﬂ']LWﬂ, G]’]”JLVlEJiJWNV]TUﬂ']I(ﬂ, ALUUININTY LJUsUY AN
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slant TEC Adwialaaindeuaifieddssaiud aeslimsudludesannduar TEC Tunuidyao

Y

AMLiBNd Az IaILNLANANTY Yusgiudunirasnningudniea uenandudulia bias 0

YU

P « v o v o = = A v [ L v S v
ANILVNYULLACEAIDITUINLDAVIADIATUINN LN'EJLLf;ﬂfULLa'J;\]zuLﬂﬂ'] vertical TEC ﬂ']Uﬂ']U'JEUlW’\]']ﬂ

VTEC=STEC xcos ¥ (3.1)
Tnefiyuerdys » Auaildann
.| Rycosax (3.2)
A= archin{ &=
R, +h

loefl o Wunugevesaadieny, R, Aesellanuas h - Aeerudwastuusseindlaleluailes &

auuRFIUIWVNAY 400 Alalns MNTINe) bias ATaMENLaIAIo S UlUNTSATIM, vertical TEC Futiau

wnuA3e TEC agla
TEC=(STEC - bs = br ) X cos y (3.3)
W9 br?wamﬂizmmsuaa bias LA3995UIN0A bsﬁaﬂ'mixmm‘um bias a1uey

ftansINsiUasULUaIA1 TEC (Rate of TEX index) #39A1 ROTI l9d1mSun1305219@0uAIY

Raundtunisiasuwlasan TEC A1 ROTI auisaAiuleunilaann

7y 2 (3.4)
ROH:J@HI)AmHI)
!
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o ATEC Pawamsvesdn TEC Afnfy, (ATEC?) - (ATEC)® Aeanuuususiu uag Az ABLIAI0UA
azuaula
AN 3.6 LERTUABUNIIATUIAT VTEC 37nlWd RINEX Ailasuainiasessudniaddatadnudds

Japsuszinmielna Observation warlwd Navigation lasiSuAuainmisuisiauds C1, P2, L1 uag L2

)Y
Y] [

nivadszian Observation WA WA STEC, uay 9nuudenaniznidlndiyuseganitszfuingl

e

wu 30 o9 Judu ndindulzviinisususzauan STEC, luagiseduAnadeves STEC, A1 STEC #
sawUastifsddmveanludaniiieuuarludaasesivedy Sriuindudssaumieassesnnay  dmsu
e Navigation WUALRIR L UIuIn I AgNlunAR (%y,2) ONUITINNUALNUY

w3asTuaAwIAIWY AyuweiazialdldluntsAaudns stant factor tWeyhnisuuasann STEC i

[
\u VTEC
Input RINEX RINEX Elevation > I
O ¥av Mask Method
h 4 ¥
Extrat pszvdoeange (C1, P2) ad E’ Calnizme —
carmier ghase /L1, L2} 5 Satellites - Caimiats £ =18 -
(wter) & | Posson 7 bt > STECwVTEC
2 3| &3 (TECT;
8 2
2 g
2 Y L 2 v
. Caiculate Calnzlaze Caleulate
STEC, STEC. —>|  Flevamion
(ECT; (ECY) Argles
y l I 4
Fitter cut Eizvation ancle : = gu?;@_—?
(Blevedon > Elevazon Ma:k) < Receives hizz
A
Y ‘l' VIEC
(TECT) (€
Dowzload
Satallits DCE Adjust STEC,
s 10 STEC, level
;0] 32
y l' TimeDelsy |
STEC = - ®
Covert 1o Satallita (inchuded Sareliizes apd g SEERERCL Sateliite
biases (TECT) razervar bias) biazes
‘}‘ Output

AN 3.6 N1IAUIUAT VTEC 2701895 UINLad@anIA1ud
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3.2.1 A1 TEC #il&a1n IGS

AT IGS %38 International GNSS service Usenauludisaniidinieaasianinud

oteay 350 anvivilan mirgunaresseginiieUfUAnas Jet  Propulsion  Laboratory

=

Faguaszuuteyanand (Central bureau Information System: CBIS) waznisidiiandnfusideya

Y

Uszulaianisusnig e IGS uinisveyadimiuunuy TEC  Faarursannidluanlaain

ftp://igscb.jpl.nasa.gov/  Yeyawmariiluteyanny asedalus lasildludaluvesuum IONEX (The

lonosphere  Map EXchange) artluanlaain ftp./cddis:gsfeinasa.gov/pub/gps/products/ionex/

A9 3.7 wanadegsndluosuum IONEX Tusufl 9 UAsIms 2006 lnedazfgniunuain 87.5° anad
1.0 ICHOSFHERE MAPS MIX IONEX VERSION / TYPE
cupenk vi.2 CAGE/UBC 24-3an-0¢8 18:3832 BGM / RUN BY / DATE
ionex file contaizing IGS -COMBINED Igonosnhere maps COMMFNT
glckal ipnpsphire Mapsfor a2 W 203, 20086 DESCRIPTION
ICNEX file contadinpalig the COMBINED IG5 TEC MAFS and DE3s DESCRIPTICH

IONMEX «files gof the following IALCS were, cambined? /ccd| DESCRIFTION
&83 DESCRIBIICH
Jpl, DESCRIFTICON
upc DESCRIPTION

Contact address (e=mail}: man@el@mat.upc.es DESCRIPTICNH
2008 i 9 G 0 o EPOCH CE(FIRST MLP
20086 5 1g s g & EPCCH OF) LAST MAP
72090 INTERVAL
13 $# CE.MRPS IN FILE
Co35Z MAREBING EONCIICN
8.0 EDEVATION CUTICFF
companed TEC calculaged asi/weighted mean of input TEC valGesCBSERVABLES USED
¥ OF ST
¥ OF SATELLITES
BASE RADIUS

MEP DIMENSICHN
HGT1 / HGTZ / DHGT
LATZ / DLAT

/ LCHNZ2 / DLONM

|
(7 R
Doow
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START OF TEC MLP

'

2008 1 9 0 g o EPCCH COF CURRENT M&P
87.5-180.0 180.0 5.07°450.9 LAT/LON1/LON2/DLON/H
31 31 31 31 31 30 30 3¢ 30 39 340 390 29 239 28 29
28 28 28 28 28 27 2 27 28 28 28 28 28 28 29 28
23 30 30 30 39 31 31 33 31 32 32 3z 32 32 32 32
32 3z 32 32 32 32 3z 32 32 32 32 31 31 33 31 31
32 31 31 32 31 32 32 31 31
£5.0-180.0 1890.0 5.0 450.0 LAT/LCN1/LCN2/DLON/H
3z 32 33 a2 32 32 3z ai 31 30 30 39 29 28 28 27
27 286 2e 28 25 25 25 25 25 25 25 28 Z7 27 27 28
28 28 29 30 31 31 3A 42 33 33 33 34 34 34 24 34
34 34 34 34 34 23 33 33 32 32 3z 32 32 32 32 32
32 33 32 32 32 32 32 32 32
82.5-180.0 180.0 5.0 450.0 LAT/LON1/LONZ/DLON/H
34 34 34 35 35 35 35 o 831 35 5 32 31 30 23 2% 28
27 2€ 285 25 249 < s 22 22 2 g, .2 22 23 24 25
28 23 28 23 30 -5 32 33 34 34 35 1 35 35 35 38
35 36 as 35 34 33 38 32 32 2 31 31 36 33 32 32
32 32 32 82 33 39 39 33 54

AN 3.7 Inlaluguduu IONEX U1 9-3n357e8 20062710

ftp://cddis.gsfc.nasa.gev/publ/gps/products/ionex/

WWlay 2.5° uagnenil -87.5" dusuansdyaiitlugaenin -180° LUf 180° Winduitay 5° Awgeves
tuleloluaiesogn 450 Alawing

o T g ; 3 9177 A" o v 1 a Ho)
\esin IS Liflanntinasegnyuws faduinfenantdalnaiuegiaziyn 107 way

100° WARIFINING 3WUIIAY TEC v 210 TECU TaglllWalansAniinisaat 10 Aewifu 21 TECU
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.0 ICNCSPHERE MAPS MIX

crepcpb wvl1.2 gAGE/UPC 24-jan-06 19%9:32

ionex file containing IGS COMBINED Icgnosphere maps

glcbal icnosphere maps for day 009,

ICHNEX file=s of the o

2
»

(%]

0

o]

I
[T}
™ Q
ot

v
[*8
o8

[ S
n

w

w

el ]

[}
IS
R ¢

0 R I S I 9 ]
© ¥
D O

[T )

[ & I V)

0
d
o
fe]
i
(%
e
=
g2

450.0 adf § ogo
87 i §-2.%
-180.0 180.4 | 5.4
12.5-180.0 38050  5.04456L4
388 396 408 || 402" 3834733%¢ | 292 ) 240 1ZGZT11ED
104 104 103 1055107 1ol ees 1895990 Y96
90 83 76\ WTil4E) 67 6840 590, 5HI)54 58
52 &3 7 Fid 1303 157\ A egmes4
297 295 29 307 4328 35% 376338
| 10.9 0 5¢0.450.7
363 376 39 392 “/3sxy -314 2B 203
123, a2y 13 W SEgi110 117 BT
a1 =2 7 6N N5z ¥ 8, 52 52
52 B4 = 118 w87 i85 234
284 281 27 282 306 232
7.5-180.0 o 5.0 450.0
336 349 366 383 384 364 327 2 247223
144 142 139 140 142 142 132 121 115 114
a1 E2 7z 64 53 58 54 51 50
S3 66 84 104 121 138 180 209 229
278 275 271 270 276 290 309 338

TEC MAPS and DCBs

A\Cs were combined:

calculiated agweighted maenof, ioput \TEC wa

=

P>
oo
OV, (e T

Fy

b
[

w0 o
10

o]

4
254

IONEX VERSICN / TYPE
PGH / RUN BY / DATE

COMMENT

DESCRIPTION
DESCRIFTICH
DESCRIPTICN
DESCRIPTION

1

[ R e

(2 I

n W

[ % s 1 7% 198 |
w
b
L]
=]
[
@]
b4

1
"ty
[ ]

EpPCCH, OF LAS
INTERVAL

# OF MAPS QN FILE
MARPPING FUNCIICON
ELEVATION CUIOEF

InesCBSERVABLES USED

% OF STATIONS

# OF BATELLITES
BL5E RADIUS
MAP DIMENSION

HGT1 ./ B6T2 / DHGT
EATI /-BEATZ"/ DLAT
LON1L/ (LON2) /- DLON

LT /LON1;/LCN2,/ DECN/H

106N 57 B )114
ad 89 a0 g2
42 25 47 17

VT __289) 295 o297

143
a3

a7

IUT/LONL LON2/DLON/H

1664, 192 4189

e}
e |
w
s

1
b
wm
LRI Y
wm
[ Y T
oy ur

i £y
85
a7

2 282 /285 2 283

LAT/LON1/LON2/DLON/H
o 190 166 151
1 106 101 3% 39§
£ 45 2 44 48
3 271 275 277 279

At 3.8 ndlusuuuy IONEX vasuiiagunsluiui 9 unsau 2006
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3.2.2 @1 TEC Alda1nuuuidnaas IR
A1 TEC Fildannuuusians IR lusidisendn IR TEC Fslaanivles

hitp://omniweb.gsfc. nasa.govivitmo/ ii2012_vitmo.htmi/ Tuvthiiuresuuudiass IRl asuwiadu 4

v

| (% 1 a v A a I3 { i v i Y
ﬁ?UIG‘lLLﬂ BUNE AIIABNBUNR E‘ULL‘UUﬂTﬁLLﬂﬂ\‘]LE]’]G]WWLLﬂSLEﬂﬁV!G]ﬁGIENﬂ’Ii AN 3.9 FRENUULIY

° a s a 5 a v
Luulaay IRl QWHLQ‘U\L‘UWLLaﬁﬂTWVI 3.10 LLEWNLa’lmwmmamqiﬁuamlﬂ
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Vivtual Ionosphere, Thermosphere, Mesosphere Observarory (TTTAMO)

lnternatlonal Reference lonosphere - IRI-2012

This page enables the computation and plotting of IRI parameters: electron and ion (O+, H+. He-, O2-. NO~) densiries,
total electron content, electron. ion and neutral (CIRA-86) temperatures. equatorial vertical ion drift and others.

% Select Date and Time
Year(1958-2016):2000
Note:[f date is oumde the Ap index range {1958-2013/10), then STORM model will be turned off.

Month: Januar F ' Day(1-31): ot

Time Universal v Hour ofdayv{eg 1 %)% 15 ——

% Select Coordinates

Coordinates Type  Geographic v

Latitude(deg from -90 to 90.). 50 . Longitude(deg from 0. to 360.) 40
Height (km, from 60 to 2000 ) 10U v

¥Select a Profile vpe and its parameters

Height km [ 60°-2000] + Stam 00. - . Stop 2006 | Stepsize 50

. Submit : Fi;aset'

Optional Input:
Sunspot number, Rz12 (0. - 400) ~ Ionospheric index, 1G12 (-30. - 400.) - N
F10.7 radio flux; daily (0.~ 400.)  F10.7 radio flux, 81-day (0. - 400)

Electron content: Upper boundary (km.: from 30. - 2000 ) -

Ne Topside zQu F peak model foF2 Storm model
Bottomside Thickness »«BT’_‘OOQ ""75 F1 occurrence probability: WS"cono 1997 noni: '
foE auroral storm model m_{ v Ne D-Region IRI 5'

Te Topside TBT 012 v Ion Composition RB"10’WSO3 ':

Note: User mav apeur the tuhu ving four parameters onlv for Profile tvpe "Height"

F2 peak density (NmE2), em™ z\lU - 10 *} or F2 plasma frequency (foF2), MHz (2 -14):0
F2 peak height (hmF2), km (100 - 1000 ) or Propagation factor M(3000)F2 (1 S-4 10

E peak density (NmE), cm™-3 (20— 10%%1 B plasma frequency (foE), MHz (0.1-14) ¢ -
E peak height (hmE), km (70.-2000:0.

% Select output form:

= ) ' v < ° 2 s
AN 3.9 Feg1ratIuLuuIIass IR ndulee

http://omniWeb.gsfc.nasa.gov/vitmo/iriZOl2_vitmo.htmL/
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Independent Variables

.. Month

... Day of month

.. Day of vear

' Hour of day, UTLT
{depending on user's choice above)

- Solar zenith angle, degree

# Height, kan

... Geographic Geomagnetic Lanmude, deg.
{depending on user's choice above)

... Geographic'Geomagnetic Longitude, deg.
{depending on user's choice above)

IRI Model Parameters

# Electron_density (Ne), m™
! Ratio of Ne and F2 peak density(Ne NmF2)>
./ Neutral Temperamre Tn. K

.. lon Temperamre T K
... Electron Temperature, Te. K
..} Atomic Oxvgen ions (Q7), percentage

... Atomic Hvdrogen (H™).ions. percentage

.. Height of F2 peak (hmF2). km

... Height of F1 peak (hmF 1), km
.. Height of E peak (hmE}, km

... Height of D peak (hmD). kam
of F2 peak (NmiF2), m?
of F1 peak {(NmF1}. m™
of E peak (NmE). m
of D peak (NmD). m”

. Density
.. Densitv

. Densitv

Indices used by the model
- 12-month running mean of sunspot number (Rz12)
- lonospheric Index IG12
' Daily Solar Radio Flux F107D
..: 81-day Solar Radie Flux F107_§1D

... CGM Latimde, deg.

2 CGM Longitude, deg.

... Magnetic mchnation (DIP), degree
- Modified dip latitude_ degree
 Declination, degree

. InvDip. degree

. Dip latitude, degree

AMLT. hour

i Atomic Helum (He "), ions, percentage
(i Molecular Oxigen (05 ") ions, percentage

. Nitric Oxide ions (NOT}. percentage
it Chaster ions, percentage

i} Aromic Nitrogen (N7} ions, percentage
# Total Electron Content (TEC). 1018,
L TEC top. percentage

" Propagation factor M{3000)EF2
" Bottomside thickness (B0). km
i Bottomside shape (B1)

 E-valley width, km

¥ F2 plasma frequency (foF2). AMHz
. Fl plasma frequeney (foF 1). MHz
. E plasma frequency (foE). MHz
1D plasma frequency (foD), MHz

AW 3.10 lodnediansadanlatumiiv R
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3.2.3 n13auuA luddLATaeSy

VTEC VTEC

with unknown <

A 4

GPS receiver bias

Try out

GPS receiver bias

{L

Inimum

standard

deviation of

Selected

GPS receiver bias

GPS receiver bias

96 values for a day

o E : L e
AN 3.11 TuRBUMIAIUIALUSELATBISU
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3.3 nsadegudeyaifeavesussndlnauaziaunszuuasaumaNalLaunsTaya

TunsWaiuszuuansauwmaliusnisTouadIn.od ﬁLﬂwmaiumﬂﬁu%ma&ﬁay)asialﬂﬁ

U

1. a1 slant TEC
2. @ vertical TEC Ailsandayaninla
Ima%ﬁwmia%mﬁﬂﬁuLﬁa‘lﬁmm%ﬂ"ﬁmﬁ'U‘ﬁ"uussmmﬂla‘[ahaLWsJ%LLasmﬂiuiaﬁ‘%'ﬁt,aa

v
v aa

wazddueaniiules www.iono-gnss kmitlacth Tausliasrdmsunsanilvanteyananiiaineg

L%'ENmu%aamﬁLLazTJW']miLﬁU‘?Iaga

3.4 MIsWawIYaganAwIsA1TITUTATIEAY TEC
o Ivglonmurgrgansikasluntsiins e TEC tteviimsuUasdn pseudo range iy

slant TEC wag vertical TEC agllusunsu MATLAB wagn s
%aﬂizﬂauﬁaasﬁv’umaumm sanelui]
1. 5ulwa RINEX wagfansniwes C1, P2, L1, L2
2. AwIuAT C1-P2, ag L1-L2
3. yhmsghsgauresdn 12 Whnoeisesumiadeves C1-P2
4. ynmsunlaioyele’slip
5. AIUIUAT slant TEC-(STEC)
6. aumludanavisuesnande 4
7. dnsusznadlusansessudyga

8. wuasAn STEC TiduAn VTEC (vertical TEC)
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¥

3.5 mn%'ﬁwmsﬂ%’uﬂgsmmsgnuﬁwmwwsqﬁmas‘%’umsmmﬂla‘laiumﬂai‘
vhnsdsdeyaiiianzianyszmalng Whitunisududgeluea Interational Reference

lonosphere (IRI) wazid139un3UszYu IR Workshop @siinsdavng aeed

3.6 Mswauluean1iwieal TEC dmsudwiaguns awlasadnguszamiiisy
° = aw v ! = A o N PN o
wimsAneiteuarasnlasvUssamiisumoiuie TEC lagluSuusnazisuainaanil
' = o au o = ! = S a o Ny
guns tnglassigdszamiisnmhunlgluiasse-wWlasagUssamiien itinsssusuuvilgEey
siladaiuludrant (Feed foward network) Fstogansriudnlasmnsyszamiiieundunsiaees
wazazdeihunnawesnidluddnaeoiniaunseniisueminaaioes  uagl¥, back propagation
algorithm  dw¥umsusulssandmin (weight ‘adjustment) ~lusynininszuaunisnisiseu; e
Tassnedszamidignissusauaninsatndnguuumuivhansanasulyilaua Aagyinsyiunee
LwimAeany MNtuszihnsTeuiaue e ldtui i afiediusamranliana1neenun
' < qy @ L2 ' él' < £ ° '
warleudnnuRaviaiednduludilassameadunisivdpieriansntunsyhuwedunssuiung
YSumdwtn FalasennalssamivisuarinTIuseunseuaNn1wenang tiuiies g auninasiainI
a o L2 { A o %
Hanwaianasaesiade (MSE, Mean-Square Error) AUl
dlonsyurumsiadaaiaduay - AszdndnsruauniadSeuidisudssangninusdlass 90

Usza oy 39U52ansameaalasetieUseamidssiuaninsalalasin  AsInnanIuadauRanaIn

mdedaalads (RMSE, Root-Mean-Square Error) @sduisaatauleaingunisasil

b 2
RMSE = \/7\7, Z} (eC,,-TEC,,,) (3.5)

o N Aoduiuventoya TEC,ey Ao TEC gNYTuIgaInUuuiIaed uag TEC .o Ao TEC AlARN
A13UsTIANNAINAIeLTUdyy I GPS wuuassanudtues lngluisusuazlddeyasinl 2004 uaz

2006 lunstinuasnaaesyinuiedn TEC Tud 2005 ntiunenesiuiudlnlaied 2012
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lasstheUssamifiendussuuuszinanainms suuszneulumeiawe idunn lawaidou
(Mialalasnsenans) uaslalwasiondng uiasiawesaziviheyssinanaiioninlus, wiae, wad viie
fasau wiazdrseudumbisyszmnanadeuszneulusedauion (ink Fvanuasileddunssdu
(activation function) laseinguszamiisuawisadiluldlunisuszuamuduiusldidudadulae
mstinliSeuiandeyaiiileg lududasinsadiddassholszamioudmiua TEC Tngl#lassnely

PN (feedforward) NHNITHWINTEIETDUNSULAAIAIATNT 2.35 laiaieas dunails uiy 5 lun

q

v °

wnuduwe 5 wiladeiiveyadnuiu 32,112 arewedveudimiou 9 lusuaviawwesiondwaiduay 1

Y

Tuau

DNS
DNC

HRS

HRC

Input laver

Output layer

Hidden laver

AN 3.12 1R85 110 0alASIReYS S T MITIE UE 1S UAT TEC

ﬁaLLUiﬁiﬂumﬁmmmgﬂﬁawaﬂﬂsaﬂhaﬁﬁmmLLazmiLU%aULﬁaumﬁﬁwmaﬁumaﬁqﬁ 2 YUARBSIN

V038 NURANAINAGIdDIaAY (root-mean-square error) 38 RMSE fanulgain

RMSE = Z\l (7EC,,, -TEC,, )

=1

1
N
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e N Aedauteys, Ao TEC,ey MvuIBaNUUUTIADY UaLABAY TEC 00 ABAT TEC UUIAIUTD

VTEC uagA1 RMSE fivhnsuesueladvse NRMSE denuléain

RMSE"O}"H = RMSE (3 . 7 )
g e

L1

18 TEC . PR TEC Wadeiuasuslad fiduldvianasuustoyardn TEC \u 3 druredeyavesl 2005,

g

2006, 2008 uaz 2009 l¥dwsun1sinilu (training) N13ps33dau (Validation) wasdeyavestl 2007 14
dmsunsnagaeu (test)
dunailddmsulasstiglsravidionduiinanssnuaest TEC toun vanaavdalus (HR)

welariu (ON) S 1uiugeuuniiefind (SSN) e il ayatinusoilasasimisuuasBunameilendu

DNS = sin(zﬂDN j,DNC =C0s AEY
$65 25 365.25

4 (3.8)
HRS =sin (27[HRJ,HRC = cos(zsz)

A1 SSN UIUaNTem Lk NUda 198 s dansasasIvsanlaanmiulev ftp.nedc.ncaa.gov TunisuAiily

Hlulasetneusramidisuiiamusangiuuldun @1 SSN uaas T (NN1).ASSN w@ae 27 Yu (NN2)

warA SSN Lade 81 Ju (NN3) uanimea 3,13 (n), (1) Las-(@)

3%



120

[y mens

Sunspot Number (SSN}
- Sunspot Number (SSN)

“ooe 2007 2008 2000 2010 Hos 2006 2007 2008 2008 2010

Lz = ¥ o [ 4 = =2 & 1 2 o £ ¢ v t4
nansiiluenasnanulidmsumsldnuieniggnuvingy leygnlmhluldusylesisunism

lidnsdllas vy Bnnsnudlidauaalien uazfesdndadsdvesenarsnnassidinisunluly



Ui 4

NAN1S1IY

4.1 NM15DBNLUULASHRAILILATEYI8LASESUF A WiBsTNIadaa 91D
lavhn1sesnuuusEUUNSWaNRaTE I a1l inAe) udaaitus lesinIasialansussny

1A JAVAD uag TOPCON sraesvetdariinruridsladminivles hitp./iono-gnss kmitlac.th

lnauinsteyalololuailesuaginoanantnan ng 4.1 wazamn 4.2 lagami 4.2 uanuaieny
wsesdudyaaiiieatatininsinanduusseinidleloluai@ios_amil 4.1 Wanamihivesauyten
“Data” Fwansdsfteyalwaussan RINEX. Mlusnstesragdniil InouusUssmaumiseuiln

' & a v aw = ' e P < & s ¢ v P oA
ANilelunsity 1asen it wsantsenuiiludesetnsal Tuunrilaladrvasteyaluusasl

d‘ a ! dy 3 : 1 @ Q’: T = w d v A d'
wazillanmdsAnantitzuanslildvasisias Tumas ui 1 4309 365 asanasginiulusruuidniea ami

4.2 uanamsethevesasediudyniamseaunsaldunansainiualulsemdlne Ieediunanizsnuiy

nsuiiu NeuzITedtlilddnsaEamisteteueinied
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gty e 2

Fiom

2NN 4.1 miﬁmafﬁa@ga”l,aiaiuaﬁiEJiLﬁx?}ﬁL@ﬁiWﬁﬂﬁuléaﬁ

Ionospheric and
GPS Data Center

A 4.2 1seUnen3ssudy ez Inan wtuussemaleleluaies
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KMITL Data
Center

GPS station GPS station GPS station

A 4.3 Mseusetayamdngesiaianidumalulatv a1anssUs laes rsync

d. d % v = ) ) aa Yo o

AW 4.3 uaninisitendedeyaiigusaiinesnanwualulagd s aaanseds lag 33 rsync nslarnds
a < & ado ¢ ] o o3 — = < )

rsync w30 remote sync Futuagdmianavisluduesaissegmalnaganlyaxdimuiigand
M3lEAds scp (secure copy) 1HBIIMANE rsync azdnundeya Qusuluduasvaan) nudeulian

3

Wit walunas¥ia rsync AssusnIgauilnavisvuanen uanannidmasrsync galdluunindties

N1 esnniinisdweilanistuoaveyatiinliaie Amdamwuguved rsync Ao
#rsync options source destination

Tnglugiuves options fimidenlaud
-v : verbose
-r : copies data recursively (but don’t preserve timestamps and permission while
transferring data
-a : archive mode, archive mode allows copying files recursively and it also preserves
symbolic links, file permissions, user & group ownerships and timestamps
-z : compress file data
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-h : human-readable, output numbers in a human-readable format

Tngun@n1svh rsync deuldousiuiudds ssh (secured shell) weldasiugaugiu
Toyawmanils fmegnmamldmnedilndaniaiaei@nantd Glun) wdugeineinaudreuiines

Y

PdInusnsreuRmasnan Ity (amsa) lawn

#rsync options ssh source destination

#rsync —avzhe ssh root@192.168.0.100/root/GPS/2013/046.0./tmp/

nsaseRgdmsundlaneanassluvleas vlelasnisiaanaa

S ssh-keygen -t rsa -b-2048 -f /home/thisuser/cron/thishost-rsync-key

Generating public/private rsa key pair.

Enter passphrase (empty for no passphrase): [press enter herel

Enter same passphrase.again: [press enter here]

Your identification-has been saved in /home/thisuser/cron/thishost-rsync-key.
Your public key'has been saved in /home/thisuser/cron/thishost-rsync-key.pub.
The key fingerprint is:

2e:28:d9:ec:85:21:e7:ff:73:df:2e:07:78:f0:d0:a0 thisuser@thishost
Faagldadlulnditaans antuimisdddlusuatoslun

$ scp /home/thisuser/cron/thishost-rsync-key.pub

remoteuser@remotehost:/home/remoteuser/
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lumséf@naﬂﬁﬁmiﬁﬁa;&alﬂuﬂi:ﬁw ATavlalasNIAaY crontab WM

JUsUUAAugIuTeY crontab tneisuaINN1saseaRsuR

#1/bin/sh

RSYNC=/usr/bin/rsync

SSH=/usr/bin/ssh

KEY=/ home/thisuser/cror.w/thishost-rsync—key
RUSER=remoteuser

RHOST=remotehost

RPATH=/remote/dir

LPATH=/this/dir/
SRSYNC -az-e "S$SSH =i SKEY" SRUSER@SRHOST: SRPATH SLPATH

nuuduAnlWanILaa sync-remotehost-backups' udvinnisisunaasusiivenisds

WAdulszdn vndadau

0 5 * ** /home/thisuser/cronfrsync-remotehost-backups (for a daily 5 AM sync)

0 5* * 5 /home/thisuser/cron/rsync-remotehost-backups (for a weekly (5 AM on Fridays)
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Abstract

In this research, as a part of working towards improving the IRI over magnetic equatorial region, the critical frequency of E layer in
the ionosphere (foE) derived from the ionogram at Chumphon station (10.72°N, 99.37°E), Thailand, during 2005-2008 is analyzed. The
Chumphon station is located in the magnetic equatorial region at the magnetic latitude of 3.22°N. The seasonal variation of the foE
measurements is compared to the IRI foE predictions with the optional input in the sunspot number (Rz12) and the solar radio noise
flux (F10.7). For a declining phase of the solar cycle 23 during the year 2005-2008, the study shows that the IRI foE prediction is similar
to the foE observation during the period of 2005-2008. The maximum differences between the IRT foE prediction and foE observation are

about 500 kHz during daytime period of 2007.
© 2015 COSPAR. Published by Elsevier Ltd. All rights reserved.

Keywords: E layer; Critical frequency of E layer; Equatorial ionosphere; IR1-2012 model; Sunspot number; Solar flux index

1. Introduction

The critical frequency of E layer (foE) is an important
ionospheric parameter which directly affects the radio wave
propagation through the ionosphere. It changes dramati-
cally with the time of the day, month, season and variation
in solar activity. Previous works reported the ionosphere
responds to the solar extreme ultraviolet (EUV) irradiance.
The solar EUV ionizes the neutrals and thus forms the ion-
osphere which happens to be correlated to the solar radio
noise flux index (F10.7). Some researchers investigated
the daily variability of critical frequency of E layer in the

* Corresponding author. Tel.: +66 816109362; fax: +66 23298443.
E-mail addresses: s4611846wkmitl.ac.th (P. Wongcharoen), kkpra-
serfwkmitl.ac.th (P. Kenpankho), ksupornci@kmiti.ac.th (P. Supnithi),
mishii@nict.gojp (M. Ishii), tsugawa‘nict.gojp (T. Tsugawa).

hitp//dx.doi.org/10.1016/j.as1.2015.01.031

0273-1177/© 2015 COSPAR. Published by Elsevier Ltd. All rights reserved.

ionosphere (Kouris and Muggleton, 1973a.b; Rastogi and
Mullen, 1981; ¥Yamamoto et al., 1991. 1992). Abe et al.
(2013) examined the variability of foF in the equatorial
ionosphere with solar activity within the equatorial
ionospheric anomaly region. The study revealed that the
JoE increases as the solar intensity increases. While foE
increases with solar activity as expected, they find that
the relative variability of foE decreases with increasing
solar activity.

JfoE measurements in the equatorial region assist in the
development of ionospheric models such as the Interna-
tional Reference lonosphere (IRI) (Bilitza, 2001: Bilitza
and Reinisch. 2008: Bilitza et al.. 2011). Some studies in
the literature report the measured foE data obtained from
different techniques at various locations (Kouris and
Muggleton. 1973a.b: Yamamoto ct al., 1991, 1992:
Schlegel and Haldoupis. 1994).
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There were also many local and regional ionospheric
models related to the E-layer critical frequency. Kouris
and Muggleton (1973a, 1973b) used foE data over a period
of 11 years of many ionosonde stations all over the world to
obtain the dependence of foE on latitude, season, solar flux
and local time. Zolesi et al. (1993) developed a regional
ionospheric model by using Fourier analysis on the monthly
median values of ionospheric characteristics including foE
from seven ionospheric stations in Europe. McKinnel and
Poole (2003) established a local E-layer critical frequency
model over Grahamstown, South Africa, by using neural
networks. However, there were a few regional models
related to Chumphon station, Thailand, at the equatorial
region where is influenced by the equatorial ionization

anomaly (EIA) phenomenon. In an effort to improve the .

IRI model, the comparison of the foE measurement and
the IRI-2012 foE prediction is made in this work.

Despite the series of studies on the dependence of the
ionospheric characteristics on the solar activity, a few
attention is given to the E-region of the equatorial iono-
sphere especially in South East Asia location. The monitor-
ing Chumphon station is a part of the South East Asia Low
Latitude Ionosphere Observation Network (SEALION)
(Maruyama et al.. 2007). SEALION aims to observe, mon-
itor and forecast the ionospheric variation in the Asia Paci-
fic region near the magnetic equator. It is a joint project
among the following institutions and countries: National
Institute of Information and Communications Technology
(NICT), Japan, King Mongkut’s Institute of Technology
Ladkrabang (KMITL), Thailand, Chiang Mai University
(CMU), Thailand, National Institute of Aeronautics and
Space (LAPAN), Indonesia, Hanoi Institute of Geophysics
(HIG), Vietnamese Academy of Science and Technology,
Vietnam, Center for Space Science and Applied Research
(CSSAR), Chinese Academy of Sciences, China, and
Kyoto University, Japan.

2. Observation methodology

The critical frequency of the ionosphere is a function of
many variables: local time; geographical coordinate; sea-
son; magnetic and solar activity. Good knowledge of this
parameter is greatly essential for ionospheric researchers
and users. The physical nature and dependence of the ion-
ospheric characteristics on solar activity still remains the
subject of study and investigation. The purpose of this
research paper is to study the variation of foE at equatorial
latitude station, Chumphon, Thailand, and to compare the
foE measurement obtained from the ionograms with the
foE prediction extracted from IRI2012 model. The period
of study is divided into 4 seasons; September equinox,
December solstice, March equinox, and June solstice.

2.1. foE measurement data

The foE measurements are made at Chumphon campus,
KMITL, located at the geographic longitude 99.37°E and

latitude 10.72°N, Thailand. The magnetic latitude for
Chumphon station is 3.22°N, close to the equatorial mag-
netic latitude. The foE values are measured from the fre-
quency-modulated continuous wave (FMCW) ionosonde
with transmitting power at 20 watts and the repletion per-
iod of 5 min. The ionosonde continuously transmits radio
waves from 2 to 30 MHz and receives echoes from the ion-
osphere to provide the ionogram profile at every 15 min.
The ionogram data are automatically uploaded to KMITL
in Bangkok to be analyzed. The observation parameters
are summarized in Saito and Maruyama (2006). The sea-
sonal variations of foE are measured for 2005-2008. Spo-
radic E occurs frequently in the low latitude region. We
removed such erroneous data by using the median value
of foE.

2.2, Rz12.and F10.7 data

The data of the sunspot number (Rz12) and the solar
radio noise flux (F10.7) are from the Space Weather Predic-
tion. Center (SWPC). SWPC is one of the National
Weather Service which is a component of the National
Oceanic  and - Atmospheric Administration (NOAA).
NOAA is an Operating Unit of the U.S. Department of
Commerce. The daily F10.7 index and the 81-day average
F10.7 index are entered into the IRI model. The data can
be accessed at http://legacy-www.swpc.noaa.gov/ftpdir/
warchouse/.

2.3. IRI foE prediction data

The International Reference lonosphere (IRI) project
was initiated by the Committee on Space Research
(COSPAR) and by the International Union of Radio Sci-
ence (URSI) in the late sixties (Bilitza and Reinisch,
2008). With the objective of establishing an international
standard for the specification of ionospheric parameters
based on all available worldwide data from ground-based
stations as well as satellite observations, the IRI model is
continually upgraded as new data and new modeling
approaches become available and, consequently, this pro-
cess has resulted in several major milestone editions of
IRI (Rawer et al. 1978a.b. 1981: Bilitza. 1990, 2001;
Bilitza and Rawer. 1996; Bilitza and Reinisch. 2008;
Bilitza et al.. 2011) progressing from a set of tables for typ-
ical conditions, to a global model for all phases of the solar
cycle. More information about the IRI project including
the information on the IRI Newsletter and the IRI elec-
tronic mailer can be found on the IRI homepage at
http://www.irimodel.org/.

In the CCIR model for foE (CCIR. 1973) the critical fre-
quency at the peak of the E-layer is given as (Kouris and
Muggleton. 1973a: Kouris and Muggleton, 1973b)

foE' =AeBeCeD (MHz) (1)
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. The four factors in Eq. (1) depend on the 12-months
running mean of the F10.7 cm. solar flux (COV;), on the
solar zenith angle at noon in each season (}uson). ON geo-
graphic latitude (¢), and on the zenith angle (y,). respee-
tively, and they are given as follows:

A =1+0.0094(COV;, — 66) (2)

B = ¢08” Yioon (3)

_ { —193+192cos¢ for|p| < 32° @)

0.11 —0.49cos¢  for|p| = 32°

_ {23 +116cos¢ for |p| < 32° 5)
92+ 35cos¢g for |p| = 32°

D =cos" g, (6)

1.2 for > 12° :

" { 131 for :z: <12 (7)

IRI 1s the empirical standard model of the ionoesphere.
The most recent update is the IRI-2012 model which can
be accessed at irimodel.org and can be computed online
with the help of IRIweb at hutp://omniweb.gsfc nasa.gov/
vitmo/iri2012_vitmo.html/. Different from -the Interna-
tional Radio Consultative Committee (CCIR) model
(CCIR, 1990), IRI defines the minimum foE value allowed
for the critical frequency as follows (Bilitza. 1990):

foE_min = 0.121 + 0.0015(F10.7.12= 66) MHz (8

The IRIweb was used to compute the foE values. In this
work, we use the IRI-2012 model with optional input for
the sunspot number and the solar radio noise flux.

2133
3. Results and discussions

The four seasonal medians of foE values during the year
2005-2008 are shown in Fig. 1. The vertical axis is for the
foE (in MHz unit) and the horizontal unit is the time period
from 7am to 7 pm at local time (LT). For the different
phases of solar activities, we find that the foE values
increase after the sunrise, reaches the maximum value at
noon, and decreases from noon to sunset. The maximum
value of foE is 3.6 MHz in June solstice 2006. The mini-
mum value of foE is 2.1 MHz in December solstice 2008.

The seasonal variation of the foE measurements
is compared to the IRl foE predictions. The foE
measurements (Observed data) are plotted against the
IRI foE predictions (IRI 2012 model) at Chumphon
station in (a) December solstice, (b) March equinox,
(c) June solstice, and (d) September equinox, from
2005 to 2008 as shown in Fig. 2.

Fig. 2 shows that IRI predicts the diurnal variation of
the observed foE data quite well. There is a tendency to
underestimate the observations in the afternoon and even-
ing. This could be caused by a misrepresentation of the
sunset time in IRI. The largest difference is found for the
December solstice (Fig. 2(a)) where it reaches about
0.5 MHz at 17.00 h in 2007. During the March solstice in
addition to underestimating the afternoon observations
IRI overestimates the morning observation. This shift of
the IRI diurnal curve with regard to the observed curve
indicates again a misrepresentation of sunrise and sunset
times in IRL.
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Fig. 1. The median of foE values at:‘Chumphon station fronm/2005.t0' 2008 for September equinox, December solstice, March equinox ‘and June solstice.
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Fig. 2. The foE measurements (Observed data) are plotted against the IRI foE predictions (IRI 2012 model) at Chumphon station in (a) December
solstice, (b) March equinox, (c¢) June solstice, and (d) September equinox, from 2005 to 2008 .

To evaluate the overall performance of IRI, we calculate
the percentage of errors (%FE) between the IRI foE predic-
tions and the foE observation as shown in Fig. 3 by using
the equation

(foE g, — fOE,;)

E =
% fOEobs

©)

]XIOO %

~
3

A review of the Fig. 3(a) and (b) shows that IRI
describes the data quite well (within 5-8%) for most of
the day with very good results for noon time (just a few
percent error). The big errors occur at sunrise and sunset
and this is most likely due to a misrepresentation of the
actual sunset and sunrise times i IRI since TRI describes

the average sunset/sunrise times for the whole month and
uses a mathematical formula for getting the sunset and sun-
rise times.

Moreover, we use the root-mean square error (RMSE)
to measure the difference between foE values predicted by
the IRI model and the observed foE values from the
Chumphon station. The RMSE of the IRI model predic-
tion with respect to the estimated variable foE,, 4. is
defined as

Z;’:I (foEobx.i = fOEmode/.i):

n

RMSE =
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Fig 2. (continued)

where foE,, ; 1s the ith observed values and foE,,, 4. ; 1s the
ith modeled values and 7 is the number of samples.

Table 1 shows the seasonal averages of the RMSE val-
ues from 2005 to 2008 at the Chumphon station. The
RMSE values are very small indicating the good agreement
between IRI and the data. The largest RSME (0.030 MHz)
is reached during the September equinox 2005, while the
lowest RMSE (0.002 MHz) is reached during the June sol-
stice in 2006 and 2008. As Fig. 2 shows the maximum val-
ues of foE measurements and IRI foE predictions are
reached during noontime and the minimum foE values
occur at sunrise and sunset. A close inspection of Figs. 2
and 3 indicates that with the decreasing solar activity from

R12 =29 in 2005 to R12 =3 in 2008, foE also decreases.
Similar results were reported by Kouris and Muggleton,
1973a4,1973b; Rastogi and Mullen, 1981: Yamamoto
et al., 1991, 1992: Ouattara et al., 2009.

The foE of the equatorial ionosphere is more stable and
regular in the high solar activity year than low solar activ-
ity year. That is, at high solar activity, the foE is minimum
in variability than low solar activity.

Comparing our foE values with those reported by
Abe et al. (2013) for Ouagadougou (lat. 12.4°N, long.
1.5°W and magnetic dip 1.43°N), we find that the foE
values measured at Chumphon are lower than the ones
at Ouagadougou which was studied by Abe ct al
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Fig. 3. The percentage of errors between the foE observations and IR1 foE (IRI2012 model) predictions in December solstice, (b) March equinox, (c) June

solstice, and (d) September equinox during the year 2005-2008.

(2013). Both stations have similar dip latitudes but are
located in different longitude sectors. For-the yearly
averages of the foE values from 2005 to 2008 at Chum-
phon station, the magnitude of the foE is 3.6 MHz but
at Ouagadougou is 3.26 MHz. These longitudinal differ-
ences could be due the effect of the neutral atmosphere
on foE.

4. Summary

The foE of the equatorial ionosphere at Chumphon
region increases with the increase in solar activity
and declines as sun begins to moves towards dusk
for both low and high solar years. Following the solar
zenith angle, foE' reaches its ‘maximum ' during local

noon and decreases towards sunrise and sunset for all
the seasons. This is in accord with the submission of
most researchers that have worked on such or similar
ionospheric parameter (Oladipo et al. 2008: Abe
et al., 2013).

In this research, for a declining phase of the solar cycle
(2005-2008), the foE measurement from the foF2 data at
Chumphon station, Thailand is compared with the IRI
foE in IRI-2012 model. IRI predicts the Chumphon foE
measurements quite well, closely following the diurnal var-
1ation of the data. Largest differences are found during sun-
rise and sunset indicating that IRl may not accurately
represent the actual sunrise and sunset times. Since IRI is
an average model, the sunrise and sunset times are also
averages over the season and altitude range.
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