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ABSTRACT

This thesis focuses on the modelling of the ionospheric Total Electron Content (TEC)
along the path of the propagation of satellite waves . This model is based on the TEC's
collected data measured from GPS receiver which is located at the Research center for
Communications and Information Technology, King Mongkut's Institute of Technology
Ladkrabang, Bangkok, and also based on the analysis of the sunspot number data and
the geomagnetic index data which are substantial factors of the TEC variation. This
model was designed by using neural network technique to obtain an adaptable model,
which corresponded to long term record data ( from 1 January 1998 — 31 December
2000) , by learning procedure. To improve the model, the backpropagation method was
selected. The last step of this thesis, after finishing the modelling ,is the examination of
the error of neural network TEC model compare with IRl model.

From the experimental result, | found that the error from the IRl model has error
more than the predicable value which received from the Neural Network model equal to
14.46%. The prediction has continued to 192 hours or 8 days, from 21-28 of January
2544 comparing with the error value of the prototype model which has the error value
equal to 2.25%. So we can say that the accuracy result from using Neural Network

model is better than the IRI model equal 1012.21%.



naanssNlsendA

= a - e d”o a U 2 b 4 ° © o n: [ <
‘)‘IIEJ'TUWUﬁﬂLIU‘Hﬂ’Il?“&@ﬁ'Nﬁ\l.lﬂ mamuu:u’mﬂ:mﬂ?nmannua*:uun'mnu

¥ [
Foyathunndidnaseuluiuussemaleleluadef  wwamamnineuszdersiidy

o 2

. [ 4 -« ‘d - = « - -l -
dselagiann o4, usA munsad FATUBINFHRATLANINGNUNUG AT FA. UM /R

“ .
> H

g fdnenwaslumueyiassiainenanstiisesiildidaeasnalianiuasin
° albn e el ¥ v ]
wuzth aeesulszaumsnilu@minAnmiinneeaun  dwidsensuraumszaoviou

aranstviaganiiuntnega
TareUNTZARL NA. areiadd Adlls AlM@saszanlinnuiluGeadnmeniuasly

Auuzt lunsmanatinug

] ]
o <A <4

saraunszAnEfdune  yodn e 7 # 1 dnAnmynaunidiamaalifuusia

E~4

] o o & a; 3 1 4 d. AE 17 o = [ # <4
A Ll.ﬂ:‘l&']iluﬂ._,l'ﬁ')tl AITUUNNNNY ‘I’lﬂﬂﬂ‘l!')iluﬂﬁfy“’mLﬂﬂQ‘BﬂQﬂUﬂﬂ}JW’JLﬂﬂ?i"JNﬂQ

258 o

asldaullsunsy wasfilinnseladedRdpatinelndtanaanun

1 nd' =3 (% 9 2 Vel -]
m'am'auws*zamamw'auaxamtmwmmmauuauu'liﬂﬂmamwwflms‘ﬂuﬂua'm'lmw'\
AINLNUNUTAES

govaeraunindsingtdy AlEluaiuayunisianainugafel

£

nqRen WAlsydns

o
i



win
LA R BT Y NI oottt |
UNAREBATHIBINE. . .cveeeeeieeieeeenc sttt W
DB RNTTHUTENNA oot e e e e e e e ettt e et reeeente e e e e e nbaaaeseeens ]
BATIIEY o oeeeeeere et eereeteete et se s e e e et e st e e st et ea e e v
AUTITURENE oottt ettt e Vi
AITITUTU oot e Vii
LT 1 UMY oo oo oot e et eeee e et e een e 1
1.1 ANTUNIUAZARRATIIBAT UMY s 1
1.2 TAQUSLAIRTBINITANE oot 2
1.3 AUNRFITBINITANE Lo 2
1.4 UHIRITHRAT AN ARITE oot et 3
1.5 WDUIBEINATIRED oo ienuieeretesoeeinsnsn e inssseiansessansiessslon e sansasaeeonnsnsessrsmnsnnens 3
1.6 FURBUTBINATANEY oo oot ieereees oo e es ettt 4
UNT 2 NOMBTATIEVEIZAM .ot 6
2.1 Tarle a2y A€ @ ... [Nl e O v 6
2.2 MANAITNINNINTIBITATIINBUTER . o 7
2.3 Uselomiaoalasanetseanm oo e 8
2.4 23AUTENALMRlANIIBUTERM e 9
2.5 MeFuuSLUUUNSNTZABERUNAL e, 17
un# 3 Aodiiudrsninaasusnetintuaziiiaunuuimdnianiiiiu
WBanasdinasauluiunssennalelelua®es oo 25
3.1 maanuulanBnoddnareuluduussennelelatuaies o 40
3.2 MAUAEMLURARUANBRRE ..o 37
3.3 mwﬁuﬁufmmqmﬁumqmﬁﬂﬁﬁﬁﬁimﬁmm‘éLﬁnmmulu%u
BTN BT AT e, 44
3.4 MALAIUUUAFITAUINUIIROTON oo 52



AN510(Fa)

Wi
3.5 anuduiufrsssaiiaunuimdnlanfulFunuddnaseuly

FutsstmAla AT e 56

3.6 anuduiusreuminiduarigauulaniuFunndidnasauly
133t AT TUITET oo 57

w4 nsebaundsiasnBunadidnarenluduussanidlaleluaies
TAEMATNATATITIIUTERIN oo e e, 61
4.1 nseanuuuAnURenssuTASNENESEA M e, 61
4.2 FURBUNITAFNMLLSVROY oo oo 62

unii 5 nanmaseBuuiauAaERanaaTeLLA R N B

adnarauludunsstnmelateluaieslnameafiatazetnenlszam
Mkd iy Riceo=. Y/ gl WO e Je © 4 71
5.1 uietgey IRE A9 W N QEoasoEesaD 1 T AIINN. & J) ... 71
5.2 NMTATLAUUTNNUBANATRYU TEC ANUUURISB IR ..ottt 73

5.3 HANITNARBINIATATINRANSIATDIULLRIED IRI TLULLLSI809

Fnaddnmseulutuussannidlalatuailoflanmatialasetng
Wzt M NN S LA oo, 78
unii 6 ATUNANITIRBURTIBIAUBUNY .o 80
T RDBIIB oottt 82
DIRBIUAN oo e e e, 84
mManuan n. nauaeftausiasig 7T et 85
manuan 2. nsudasAfFunnBidnasauiuanAnuuRILILBE NN ............ 86
Manwan A, sunsy combine_data.py ..coooeiiiii 87

N1ANUIN 9. NSSDC Model Web International Reference lonosphere — IRI ...........94



1lge

A1ANUWIN ], Neural Network Toolbox 4

d' e =l o [ 3
OMARUIN A uvrmwv:‘lﬁmm?mwuw

o & b

ARRLRBIU

«

......................................................

......................................................

Vi



«

#1515

PRpaRY wi
31 HAMIIAPETANARRTRR N RN AUREUUUSY TEC THUARESY oo 36
32 nammasaaAdlsAvianduiugees TEC Ansuluusiaciy

fusn TEC MAnuluiiafuneuuasiiio 2 0% oo 38
3.3 uansmassnAduLlszdnianduiusaes TEC frnTuluuARzI8n

fus TEC RiRntuluaandie 15 undl, 1 4o, 6 Falaa uax 12 dalue

TUTUII oot ettt 39
3.4 uamsmansanadinlszBvianduiuiees TEC qegn s‘iﬁqm uaziadt

AAsTu LAY NUARAAUANBMATIMUASTIU ..o, 52
3.5 MIWLNLTENNTBINIEAUNUHMANTAN ..o 54
36 uammanesnAdlstvsanduiuians TEC geqn, é’iq@ﬂ LazaRt

FAntuluusasiy fustiaunawimanian A W GO0 S T | T 56
5.1 mmfmumLmu&é‘nm?ﬂuu.a:mﬁﬂ?:naumm‘laﬂaw?;m'mqwm 230 1 VO 76

\2l



gﬂ‘?’i Wi
21 AANIIATRITIITAUTBIRITTIN orveoeeeereeeeeeeeeeereeeeee e ee e es s 6
2.2 UAenlaesunINAITHNIBITARITIEUSEAIMM e 8
2.3 laazunmiioseuiug it LiTlUSauesTosauiiTLSS oo 10
2.4 NUANDFAITTUTTAENFARTAURERTYRIIOT ooveeeeeeeeeeeeeeeeeee e 11
2.5 NIUANOFAITTUTTARAFUUREFUYRNNOT oo 11
26 nusaIaTTuIladen-FnuetFUarRURANOT ..o, 12
2.7 swa:nﬁﬁmmﬁqmuuﬁumﬁwmLﬂwﬁmmnmm? ..................................... 13
2.8 lnazunsufiosauuuuABuna TN IEAIBT ..o, 13
2.9 FIHAUBLATITOU T URLHBT 1oeo e ceiise et s e e ee e eese et s s e ese s e enenes 14
2.10 1ABEUNTNTITEM T AALERT .. oo i ie et eb e eeseeee e e ebeeeeaeeease e, 15
2.11 lnazunsuiiosauiiiuizng ﬁqdqqﬁwﬁnﬁﬁﬂuﬁuﬁwm (W) e, 16
2.12 Tasedneavansaiees (Multiple Layers) MU 3 UABIAT ... i, 17
2.13 lpazunsuaaslaseitevaieiaieas (Multiple Layers) WUt 3 QLEBT ................... 17
3.1 mmﬁq%umimmﬂmmianmm:ﬁummqa ............................................... 25
3.2 msfeUngnsallageaiu o y S— 27
3.3 uﬁﬂn‘lm:uns-uqﬂn7m“7ﬁ€1’lums*ﬁnmmmﬂ‘é’auuﬂm TEC TUUAREM ..o 32
3.4 UADNIABZUNTUNITHINIUTE TEC MELEr .ooiviiiiieiiieeeeeeeiesieestesee e seeeieeee e 33
3.5 Real time TEC meter §U 7633 ......ooviiiiiiiiie ittt 33
3.6 Lﬂ?im‘?ud’mwnpmmm e, e 81 LU SR o R 34
3.7 AEAMIATUREUUIIL GPS ..ottt et et sen e eeee e s 34
3.8 A INIATURIYUIBIIRIAIN GPS ..ot 35
3.9 AnHuEnTAEUULLRAN B ABENATEUIMARZAU oo, 36
3.10 A0ANSA3ETITHIINY 11D Lo 41
3.1 Audiiusresenineusimdnianiudunuaasuncseding ... 42
3.12 499 Lf:mﬁﬁ'xmﬂdqLﬁmé’gf-‘fmq’%ﬂ:qqq Bl ettt 42
3.13 maulasunlaeieniinaeimeiing, wenfdATeswimEnTan
ua:wé’wm%Lﬁnm‘auﬁLﬂ%‘ﬂuuﬂmm&gﬁnm‘i‘ﬂz ........................................... 43

Vil



dsiitygil(sa)

o Wi
3.14 unaddnarauedsuFoufiauiusiuuaesuacseiiindiads

Wisiazimeu g9 NnsIAN — SUIAN 2543

........................................... 44
3.15 Funadidnnrawadslutadeunnsiaalutl wa. 25412543 ...oooooeeeee. 45
3.16 BundidnaseuadnlutanRaununWuslutl wa. 2541 2543 oo, 46
317 hnnddnaseueaniutcudeuiivianlull we. 2541 2543 .o, 46
3.18 BnAdnaseuadsiutaadeummewluil wa. 2541 2543 .. 47
3.19 naddnaseuadnutandoungenipalull WA 2541 2543 .ooooooeecnne. 47
320 FnadidnasauaanludesAeufiquieulull w.a. 2541 2543 ..................... 48
321 1BunAdnareuadsiudasFeunsnganlull W 2541 2543 ..o, 48
322 unaddnaseuaasiudoadeudemanlull wa 2541 2543 49
3.23 Fuadidnareuaasiutendeuiuensulull we. 2541 -2543 ..o 49
324 Funddnasewaaniudondeunananlull WA 25412543 ......coooo...... 50
325 Vhnaddnaseuainiutaadoungainieulill wa. 2541 22543 . .ooooo...... 50
326 FunnAidnarewefludosmeusuaanlull w.a. 2541 2543 .o 51
3.27 quﬁ‘ﬁﬁmmmqmﬁmﬁ’fﬁdmfluquzﬂum'mmmmﬂﬁanﬁLﬁuazﬁgm
viadiNda bRV Q. B O 57
3.28 unuisTaeaniiaBinnddnaseulutlssmalng 58
3.20 AmFundidnasey TEC zeadnlua WA 14-17 nengIAn 2543 ..oooe.o.e.... 58
3.30 AMENNUBIENAZEU TEC 18INFINN WU 14-17 NINGIAN 2543 .ooooooeenen 59
331 AmFuanSiEnase TEC 105 WWAUR 14-17 nsng1en 2543 ..oooorvveeee.... 59
4.1 TAIAENTDTATITTENTERT . oveeeoeeeeereeeeeee oo eee oo 63
4.2 TA3aaF1TBTATITNERABURLEDT ..ot 63
4.3 MTMIUNNT TOOIDOX .oovevieieiieeterieee ettt oo 67
4.4 NT1E9 Network/Data Manager ........ccccoveeie e eeeceeee e ee e 68
4.5 TATITVILIZEMTAIITU oo 69
4.6 msiintassdrmlszamaiairulaeds Lavenberg- Marquardt.............c..cc......... 69
5.1 ﬂ"m'mﬁl.ms'%mgm-?';wﬂ%luunuéﬁam IRI AMuauATinganm
FUR 7 DINGUAN 2543 ..o 74



#1sunygu(sia)

PeI Wi
5.2 HANTATUIUSANULLISARBITREURBN oo ooeeeoereeeeeee oo e ee e 75
5.3 AMMAIPRTUIAIRINAAIHIDI TEC ..ot 77
5.4 HaNITNARBALFIURLLAIAMNRANAIATEILLLISIREY IR ALLLILIAGES
Bunadi§narenlutuussanialalaluaitenemaialasdielszam
TUTENINTUR 21 —28 UATUAN 2544 oo ooooooeeeoeeeeeeeeee e 78
5.5 HANIINARBULFHUNEUAIAMHNRANAIATEIMLLIANAN IRl ALULLAREY
Brinddnmseulutuusstnmaleleluaifefaamedialassneseam
TUFENINITUTE 21 <28 NATVAN 2544 .. __.oooeoooooecere e e eeeee e 79



o
UnN 1

1INU"

1.1 anandlusnuazanudAnysasiiym

nsdemssruumadien  funsfemsidmadieniesaseylueime Wi
aniinaudtyaynd éqnw?ﬁmqoLﬁﬂuTﬂa?ﬂQuﬂnTanﬁ'-}:ﬁﬂﬁnfﬁﬁﬂms‘mﬂuﬂqu'fmﬂﬁ
TnaTu uuﬁqmqLﬁﬂm:ﬁ'gmqﬂnmiwﬂuaﬂaumas‘ﬁ'mﬁ'\ﬁuﬂmmﬂuf‘{ﬁtuty'\mm%u
(Uplink) 1ﬁ'tﬂumquﬁﬁmmqmmm (Downlink) Feazannsodenleanisdearsanani _.
ARl (17

safenldiiRLen s Tenlufusg 1 winlzammsldendls 11 s

1) anaieaiiensieansuuuqasieqn Wy madishah, sadedinae

2) madnaiientsdaanssndnamadioy Wy mafien TORS

3) AeufensAea AR UIMILNMINIUAEINIENNIA UM B TN

4) padieuiensieatsingnszana@os wagdvtinaimd Wy aadion Astra

5) aaifigafienisdnsaalan A19ANNENIEITUTNR | A19LTiEa Landsat

6) AiFiEuianisdrsaeasnd 1 aadiun Meteor, aadien Explorer

7) snafileniswennsalaanid iy aanfin GMS, maie Nova 6-9

8) m':Lﬁﬂutﬁan'\?ﬂﬁﬁmulummﬁ \u A1atNEN Spas, AWEN Skylab

9) safizaitenaniFingaanau W aadfen Jas-1 Whamadian Fuj

10) nafenilenisiuARuML W araiFies Navstar

11) maFauianisinseleuazanAn 1y mafies Cosmos

melufamadinaasiignsaiied - dwraudygimmaiion Tnapduaodildas
uaAnaniulumdnglszasAns i i AvAting L band gniiwnldusstanilunig
ﬁﬁ?’ﬂq'nmmm%u GPS Lﬁmmné'tyrmmmmﬁﬂuLauwmi'm%um?mmmihq 1 *elg
s*unan?:wumnﬂﬁﬁ?mﬁLﬁﬁ"ﬁuszwi'\\mﬁumqLﬁﬂu'?;tﬁuchi'mﬁ’u&ﬁnmﬂu Finlndn
ﬁrycy'lmm':Lﬁﬂnﬁm'mﬁm‘ﬁﬂu"l,ﬂmnﬁrgnvnmtﬁu Fhududn  dannufeauulamng
uanLaqmetaneiuiy (Scintillation effect) Wi Nansuyursana  dfiaruialng
anninllFasameiing1aan annsomiiadeyaiiianaialunisuanfumisees

aadien GPS 18 Tamansgnusing q Ifsuiliandiutatanniunis wasuwlas

4
o ol af v

Burudidnasauluduussainidlalatuaite s N3eandn * Total Electron Content ” (TEC)



-ﬂl Prd ' Ad' o &' [ & ¢=' i 1
WanFauwsusanssnusna q MfstuiusdudyIuameunudnanseny
o J -~ X ‘." i ' : -1 .
sansmdarmslulsmalnedudutiymiisuusindmanelszma Matidumezdnlssna
L d H L g ]
Tnassegluraiilndiuidugudgasisfivszuadidnaseuluiunssenialelelua R
R d
winwduunndnlsunaAnset luIRasRanga
frammuasanganude  aniulddinBunadidnaseuluiunssainialalaluaie?
dunrsimefuiiand Aty lunisaniieiennudatielfeesdygyiumiaiion  Aniudum
[ L i
annsoaaatiumalasuulassnBuinditnareuluduussainialalaluafeimdane
' - P oa L [ [ al @
nsznusiaauBianainresdygusaieaiisnuld  Tasendagadeyaiifiususonun
WuszazoauiufasiaWiiadsslanilunisimuiud laanutianainaesdygyan

«d v [ ° a o 2 o o -
ﬂQQLﬂﬂuiﬂﬂﬂ‘lﬂ m?mﬂquumqamtﬁ‘mcuﬂmnm‘ﬂuqaum'mmﬂtyﬂmqtm

(Y4 4
1.2 JngilszasArraimsAnm

o - & % ﬂ’l'dv 3 d‘ % o - 1 :"

AnentnufariiifidnguszasffieAnmnisairawuustaenFanadidnasauluiu
ussenadlelaluaiRefnsandunafindusianauiiunelasldmatialasednalssan
¢ -y H o o o :" -1 [ 1
FanatiangnidandmiunisaFuuusiaedlupisll Hasauannisalunisdinigalia

} 73 o Y a: < o Y =i -:: < A' [ Y4 o Y o ¥ ]
aanpdasiufaysiiiuiuiinafeainaadien GPS Titistuly 3 dwdssaaiy ldun

= 1 (-3 l‘. 3 d HI o 9 O o«

nzamnavnag, @eebnl wergiin  elilduuusassfisnunsagminunlddémiunig
Aiassansdanialulsemeainalaselulnaiinutianaialunrswannsaldesndauuy
{19890R551 IRI-2001 (International Reference lonosphere 2001) ?N'l‘]’fj’luimgla'm

nmraiuuusasiiudatnainlszmArng 4 ialan

1.3 ANNAFIUVRINGANN
arad e lAduganisAnmiinertinustazlduuudtsesfFuindidnnseutu

usstnndlelaluaifafrsangunmamiuas  Taawatialassdielssamniiacuannsaly

nswansailagbifesenfasunimadissaniieanaduiuden  Mlsznaudaunig
o =

ATUIAINULLAIRBIRTUIUNINNIE UATRAIATUARN A NLNUEINIIMLLSI889  IRI

=

] 1 L 4 v
A nullumBAmssiBuinddnareniulsavdlng  WHesnainuuudtssanaieaui

Wymdeyaanizaelsznalne



& Qs
14 wuaANNAANITluMSHASE
v [ 3
wiudrsenFnautidnaseuluiuussinidlelatuailes Rldfupnutianuniigede
IRI HanwusiluaunsauiEAa lun1sAIuFemsunsieedsiieg 1y 1ual, S
AALTBIANDTAL, AWUMNENIUT (ASFY0, A83FIR), ANNGY  FaNMEFReAung
A InuattuuusnseInndaslunisAtuane Useneuss  ulu® | URSH (The
¥
International Union of Radio Consultative Committee maps) 4@ miumanugiantasdu
UsIENIA F2 (hmF2) , 61131 Bo (Table option Bo) 1@ uiumacumunsesdoumiusiig
A191991ULSTINNA WAT WILRNaeY Danilov & wFumasAdsznavvidiuleasulutu
ussennaA [2]
kd : A’ ) 10 d o
wunsssnaiNTunsInArinlangielszam - Lisudusesandussiowls
° - ¥ 1 o 2/ ° -u&’ v ﬂll 1 e ]
RMNUULA18898N 1 WandesdFutgaliuuudiaesisn fawauandngiassdiedszam
=i = ¥ =t o a =) o ] - o
asfinsBaufiRuuuuunainaueseanaayst Inslfulgpswaniiveainalulas
dnefialildmimuicanngadmiunisaimanduiussond ndunauasiasing Nl
wuuAnassamnsalutgalinaulddieannmgnisaiungudesyaas
.  f & EDD
wudnasInaFIuiiduneunisEaudilasnstin (Leaming and Traing) Tatludau
nMsaanLLLLLLR1aeatunIslFuluuuRtaasasidanldaansunsnszanadaundu
(Backpropagation) nsg¥reuuusanasssaamatialasainalssamacldlilsunsy MATLAB
d' <=t A 1 ISI 3 ° o °
943 Toolbox 3841 Neuron Network #9AzwudIn1sAMIMAREARUNTUFILTIMLILA a8

5 :‘; o [ ' o i Q]
IRI WanwiuiiaududauuszeianninndinisaiuundnsasianAaiassdnelszam

Qs
1.5 AAUVLVAYIRINITIAE
o ] & o A’ } 9 < o
sauaraInsAnE lianalinusariutilsenausdon 3 suifundn As
a o ar - f [ Y. | ] [=3 s
1.5.1 msAnAMNdNNUS1IRRALANIInTuasATidUIWNIMAnTaniL
o <} o B
ansuzmsulaguwlanFaudiannsau (TEC) 1RINSANNANUAT
td’a :" [ 8 o : |d' o o y Lo
anunRnfrevgUnsainiTnaasdfinfsag NAutIRun1sieatsuazinalulad
ANTABNA 41 10 2IAINTUNANMIIRTUATUNT  anTiumalulatinssasuindndn
ar kg A: | o ¥ o
Armnzaanssii fayanldteduiunudeyareiangamnaviuas  TesinnaFeu
»
Wenludassraziaan 3 1 saus unsiAn 2541 — fuanan 2543 Ausiaunudayaasdanin
= [ d' -d'A :,‘ o« udl o o = [ %
daelud  Seaounisasegunsainismasssaginiaiaiddanssuinda  unidnende
doalud  wassunudaysrsedaniagin RanundasgnsalmmaseseginiAda

Banvsalind InsnsemAlANR



152 MSANEMANNTRaNLULRASMIAFLLLIaastTudanasauly
dunssenalelalumiResinmnaiialaseiimlssam (Arificial Neuron Networks)
» 4 L} [
nsAnm ludunauiifiandszasdinslflduuussasimunzandmFunasldau
o« - 3 nl' - A’ + 7 ¥
nernsoi FunnBildnaseunaniatuar iy
1.53 msAnseanIMaaalaFaufisuAanuiianaiatuuuus el R
> P - 4 A o - e °
nsfinm ludunauiiiamlszasdinassiiuiudndrnnutianataildanuunsiaes

TAsagnalssangnAndIAIRINULLIRNSEN IRI - 2000 Nnndaainla

1.6 TuREUIAIMSANE
maAnmlineinufaiil swrsouiduneuasinsAnmennld 5 Suneu fe
161 fussumaiudeaymiBnudidnaresulutunssandlalaluaisd
;Tumunﬁi’tﬁus"mmui’ﬂqa‘lﬁmnmﬁmﬁmm&ﬁnmﬂulwﬂoqnawwdmﬁ] WA,
2 a

2541-2543  dayanlaaniFiesinpadnfunoddnaseuyn 1 il soaziBaneey

3 ' a: ’:z o« = ] o a’l’
AumianunegLnsniniamases 8 3 una fiall
1) NEWMNHMILAT  a¥BiAm 13.7°N aedEqn 100.8°E visasumianaudinanilan
azfqm 2.8°N aadfiam 171.9°E
=l 1 = (o] = (o] A ° [ 1 < o (o]
2) desind axiqm 18.8°N aedfiga 99°E viasmuwmbmuivanianasiya 7.9°N
a8Npiam 170.4°E

3) il acfiqn 7.9°N  aedFqm 98.4°E  viEesumimnawimanianasfian 2.9°S
ABIFAM 169.4°E

& o -~ & 2 [ % = 6 9

1.6.2 TUABUNISAMIVMNWITITRRTAN 9 INFutayanuld
nszuaunIaIsieefing q Wadlusunudmiumsiessd  Wassindndeys
s narauiiuniuinlunanusminitBuiaiuiniuaudnie v imad
Auanldun Bunadidnareuniatuusiariulunsasdanst 15 i, Buodidnnseu
- P a4 ' P ; a g P
WRLTOISYNLAT 15 WIW, ANARIMARENAINANRRELFINUBRNRsAUYN 15 W
WFnndidnasemadausisviuluusiazdaans 15 wiii - BunaBidnasauadasneyn
a1 15 wid), Bunadidnaseumdsludasdy, ArNAaIaARsNaINAaatLFuIw
fdnmrauluiuiinuiuney (Bunad@nasawedsludull - Bunddnnsewadnluiy

2 ‘i' 3 d' -4 or ‘gv ar ' 73 ar

fiaw), ANAANALARauANINAEAE B INBIRnAseuludu UTuiauwEh 2 Su (WFuu

-] -d' o ag o o d‘ [ 4 1 L 4 o 274
fianpzauaaeluiull — uadldnesauaasluduneuniin 2 Ju) Wusiu



& o ’
1.6.3 TURBUMBBNULLUASMTATNULLIARNATIIE]TTAm
Amuamdunauaziaansalandislszamanwsiineanaaliuda vinnns
wWasuulasrmimiieeiing 1ealantolszam Tud sunwaeefliasainalszam,
AMIUTENITEU e WIRaANuRaNaaTInaNATT MSE (Mean Square Error) itiae#
v - L -
gaatinalilszanann
& P ahlvv o
164 tunsunmsuifmuiinunanlanumsistainusinuuusiass IRl
& -
165 Bussumsasluaziiamzinailaanmsnaans



=
unn 2

N tATITlsTE

2.1 Tasetnelszdm
Tasesnalszamm (Neural Network) 1nannanandn Tasednadssammiien  (Artificial
Neural Network) Wufdlesaniassdtedszamiianzludadiddavini  uasiiinou
agududaulunismiteuninndnlasediadssamiienTaF 19NN ULLS 1894019
- I'a ' <4 nﬁ‘ [-3 :’/ ] 9 o L% 1 o -ﬂ‘ (-4 )
AmAANaRs  winisGandariiudaudneianiiueaulifeuGondedin  Tasede
Usrarmiandidnsarnnlssunanadaysadaiussunlssamluanessaayst T
173 . £ 73 <l d‘ ﬁ; o o t - ‘q' Ad' o
a¥nreslaseinelsrainazsasiinisdenlsaifeaRuiuuInuIssEnInNtiogen  hanasmn
wihdudlatlygwuaniewiald . ANN finnsGoudlilasandusoettamiiauiunisminanu
gaeszuLszamansuyseeAnlszaunisal ANN gnadliiTaseaiiunnsiu
lmuannadiaenis  uldluniseanindnwis  (Pattern recognition) , ldluntsdangu
. . i ' o o/ ] ﬁ o
(Classification)  luwss  nisilandmlssamansoinaludnenesnee iy
o v . o N o 3

msFeuf  (Learning)  nsBeuilustuilsramaesddimmnuadesiunisliudianu

wisusalunsd@enTasreslauund (Synapse) Nagisudnstiosauiuiiasau

uangau

ANTAR

Truund

5 a P Y
gﬂ‘VI 2.1 LAAINININATDIUITDULIDIRINTIR



AuMHNaraalATNTItssan

1) Tﬂ?ﬂhﬂﬂ:‘:mwLﬂuﬁ‘:uu*?;ﬂ?znﬂum”wmicﬂﬂ?:mauaﬁuiwuﬁﬁqmuwuﬁ
i Feamsineusadlandistszamamnsainnunainiasaiielandin, ms
denlse uaznistssunananiendinAgnfaesluun [3]

2) iﬂN‘ﬁwﬂﬁzmwﬁﬂﬁoﬂ%mamauunn?:mmmuﬁﬁﬁﬂmumnﬂ?znauﬁuﬂq i
Qmmﬁiﬁmuﬁs*m‘mﬁﬁﬂmms*mﬁumm;‘”ﬁﬂuﬂﬁmun’nm‘iuazmu'wnﬁmmﬁ
flgmld  Felamedeiunisitnuiesasesey 2 dnwus Ao (1) Tassne
ﬂ?zmwéfmmsm'm:fﬂ?:anmsm’lu%’umumzmum?ﬁﬂui’ usz (2) ANAN
uiqus‘a’lun'm%au‘[mﬁu?:u'iwﬁqa‘auﬁﬁfaﬁ"ltiqq'tiwﬁnmm"lmuuﬂﬁa‘lﬁum:

Wiumonudilszaunisod [4]

2.2 BanMsMIuTRIlasatngilssam
Tﬂ?ﬂhﬂﬂs‘:mwﬂsznﬂuﬁoﬂmﬁﬂ?:nﬂu%uﬁmﬁ'lmumnﬁﬁﬁntrmzmsﬁ'muuumj
TUIUNTANAY mﬁ'ﬂ?zn'auﬁugqu‘nmfﬂa‘aimﬂs‘:mw'lé’?uummm?mmmm‘:uu
AsrarmaesRaiidan nstremuesdasitrefidneasnisdenlssninseaflszneumilen
funisinuratanesry  lasdaslszamaiuizaniuianizetelareseAanisuiu
FhmmﬁLﬂaﬂun'm%fr)u'[m?wdwmﬁﬂ?znﬂuﬁﬁ"ﬂndflﬁfzrimﬁwﬁn(Weight) uaz luda
(Bias) Wusendnansin (Training)
‘Eﬂ?q'n"lﬂﬂ?:aqvxﬁ'lﬁqﬂ?lnmuf’q’oﬁwa::ﬁﬂ':'ma'm']s'm"ﬂnwﬁu%uvgm"?;Lﬁ"lmtﬁ'ﬂlﬂﬁ
AeIsWATIAEINTT (Target output) a'1:J'1muammqms*dﬁndmﬁqﬂﬁqgﬂﬁ 21 ms
vfuAnaaslassinstlsyamendandnms Bendnussvdnnendmaiuaeisaiigeins
<

FeazinnslfudamislmeinsdeniiaundidenaynainiasituasaseiualeIsnn

¥

ﬂi o 1 4 v . Jd L 73] a Cal o o 8 1
Meimns et wneiEeud  (Learning) s dfraeBuns - sinadmitinlasadne
<4
A

7
<4 ¥ . .
2 NFTHUTULLAILAN (Supervised learning)



s “' v
LBINANRDINAT

Tasvinadszamitsenaussnasdlsenay »
y oy . o RIEHIVISY
p| 1Teulas (Faramimmin) szwinelasen >

L
1B5THA

funm
o~ 1 g o’
fiataaimin

udsuulas

< < ,
g 2.2 uamudenlaezunsunsdnreslassdnenlseam

o r
2.3 iszlagivasiasstiialszdm
TasatenlszammitlaFunisinanunsainundssgnaldnnnuniianududaulévan
NABAY LW N19anagUlLL (Pattern recognition), NFARNGN (Classification), NSWA
(Speech), NTNBIRU (Vision) WasseuuAILAN (Control)
' ¥
msUszgnildamlasstnenlszamGusunudl A 1984 Taenianldiuguneal
¥
funlpepnunmdesdyyinuuintiun 4 (Adaptive channel equalizer) g1lnsafiisznay
¥ ' =4 1 =t rn; ¥ A” a’l‘v ' 0 @
paalasetnatlssaniienlasdtowes  gunsaingnawauiivdndsrauanudniane
a ; P o - 4 o o o .8 va
gsisadunnfissatntianildlussuuinsAwimaslnaieinmssAudoy gy aadea Wi
L 4 14
A wassniudusiunaninisrgnaldulassitalszami lafuanaiiongauay
annsowisaramir i denadudausine Tida
- Aunsiiu ssuumsiueesluuuudateld,  nsesssanunisnidunig
sy, sTuuAtuANEIMIAEY, NMsanaegnsnifudiuasivaeesannianny,
nsaraasuANRminfrssnsafiudiuesinaresaimaeu
- Aueueun FEULMNERTTR
- AUBRIANT NTUSTINUATAR, NMIATIARBLUATEINANATT
1 3 13 = o 9 o o
- Awnmis  nsddenangs, nistanmdhmnng, nisaedinawluu, samsadu

wuulud, wénd, Ting wermetsssmanasituginaw



2 - o © o i | A 4 1 %4 =y -
Fudidnnsetind  maiwaniadiadud, nsainled, AuAunszuaunInEs,

= o o ¥ = 3 - - «
nsmsziauiianaalun1saieled, n1sueaiuIedATesdns, neduAssd
=4
LN
b 73 o F ¥ cﬂ‘ o tY P,
fnuhudia msaFamwirdauing, mainneagia, n1saFamAtARLAY
1 4 = = k=g o o« b 7 Ly -« ol
funsdu  nisdsuliuadamnzuning, guanislu, Amszianiusnisly,
Pnasmusnilfautuasseuinailssne
prutlseiudt nsdssdivulenng, nmsdadseiwialiuunzaniugndd
ANURARIVNITN FELUATLANNIIHER, NFAATIZHLATBRNULLNER LYY, sTuu
AsaadauAmNIY, nsnadeulind, nisdmzinamed, nsiBALINN
nzzA, MARFITIALN NI laTrsu TR
grunisunng nsSiessissnziiminen,  nisandilistaaeslsanaiuns,
nmatfinlgnunnlsanenung, — mMslasimssazeaivanzanlunisygn
dneadtay, NIRIRRaLgUANEIRNIEY

¥

suninensuiuazingssutg 1 lusunnsdisas
AU NIFATLANNITIARENN, NITENIBITENYULIME, TTUUNNTHALIAY
o o L) o o 1
grudeann meaaandeans, mMeliudmdey, nasutiuenidesass
FuinmANLaeait N13AILANAUAARIAUAD
@ o al e = 2 4 o e
prudeans  nisludanonuande, nnsnsdeyadaluis, nisudanimuuy
Faaind, szuunisdissAniEnizagnAn
AIUIUAY NIFAATITUNITULATBITALSINN, NITIATIINNIIAAIPINGINRT, MT

Fassissuudun1afuse

o ]
24 ﬂﬁﬂﬂ‘é‘zﬂ’ﬂﬂﬂlﬂﬁtﬂ’iﬁ‘ﬂl'\ﬂﬂ?zﬁﬁﬂ

‘l’ v =2 [ o -g ¥ A: L [ A: 1 < 5
waliidrlatwmdnnisinenatiesiu luntibiasaniasdiedssamiugiuinfinig

s < ] - -g o d" % ) o
[nadAtseney Fandn ms'auwugﬁu Tae 1 mi‘ﬂuwugﬂu ﬂsznaumﬂmﬂuv!ml?mm

ananf 1 An uadlifidluda  wilsevinliudelinsauinfianlssnaudaABunnFan

ananf 1 A1 uaziiAnluda 1 A1 faguin 2.3



10

Bunm  Daseuiliilluse fuma  Toseuniiluda
N7 A N7 N
p' " n’f a’ p.".’z n’f' a’
lb
—/ \ J (AR )
a=fwp) a =f(wp+b)

d = X i 13 o~ —n i -~
51N 2.3 uandlnezunsuiiaseunugunliiiluda uaztiareuniluda

) ¥
dafidunmBuinaingrd P dgliaseussgnansiandidanivdn  (Weight) 1didn

Wuainand wp sirudh i lulasetaeniuiiidluenffswinizeamauaaifeidn T

wsmmBunuangfunudon a nsludadan b wnadamsuanddaluiu wp inldia

madaunaidy f lunndradeefduam b A1 n duBuiuainaiimiviinduensioniud

samsuaieiNeTiuliAY wp+b  f AB nemawaiaridusing 4 Wy Weriduduivle

b S cor oo ' a > s, ¢ el
(Step function) 938 FnuetANATEY  AMMIPTADIN w UAT b UABAT AlNA1TNANITD

dsualdaastiosan

24.1 nsmaasNanturastiisau
nemgiie iR dunlenlddaulngjiull 3 wiia Aa
2.4.1.1 nsugnaiNiitustinasaaiin
nemaeiaidualinanfeadiin  Widaiems 0 Wedunaeriauiud n daandn 0
L) - dl - [ =) 2 - ' <4 [P r-..c - &' o
wazliAesing 1 JleBuwsanfauwiud n snndwidavindy 0 Weridusliatigniinan

ai196a%uf (Perceptrons) evinlitiosauannsasndulanissuunissinly



11

A +1 +1
.............. S i Bt
a = hardlim(n) a = hardlim(wp+b)
afnanAMIuAe ATy afmaniamsuame s tuieluga

U 24 wsamuaeifiidusiinafrdlinuscdgansol

2.4.1.2 nawdanasHandusingadu
nemawaieiduriatadulinnuduiussestiuynaadnaniminueisnmiluwuy
Gadu  ToseunldinsmamaiMadduslialigninanldenuy  dwimdmidusolszanm

FadulunesasuaindtisMawmas

y4
/
a = purelin(n) a = purelin(wp+b)
Fadunsusie iy Baudunsuamafiaifuiieiilusa

<l o fo o o 1% «
319 2.5 wsmmmuaaiiaifusiiaFuduuasdoydnsod

24.1.3 nawamaiNaidusiiadnuass
nenaeflausiatnuendll Sunmenfiahniidqle 1 Faus - o aufle +oC Az
Wanasmaidneusduiadnes S ludes 0 Ta 1 newaafariusiiaiignidlulas
gerliaunsnszanediaunay (Backpropagation Network) {insannaunsouanuezAy

UWANANNTENEUNA LA



12

a = logsig(n) a = logsig(wp+b)
faninnauaieiaridu fangmauaiieieriiudielituda

g% 2.6 nuameifaidurindan-inuesduacdyanmal

2.4.2 faseunuuaAdunwsmihilFnaaines
farsantisseunuuAmaunaiuffinunaneiuag R A1 ABunsnAmaiusas
o ¥ 1 4 o %’ o ' ﬂl‘ ¥ 3 ‘0‘
FAUNUGRE D, , P, ..., g AMFITFGIMIN W, , |, W, , ..o, W, ATILFAINNNTERMN
o :’» o’ dl a; ’lﬂ” k3 [ Ly <5 )
winanueasgnsaniu dwavansann idtlddydnraiunupe W, laaiinaannszuaunig
senltssnissudnauuyiznd W funeawmes p Arerfauiniaeanaua e f Taunu

1 4 = p 1)
BN ﬂqu'\?ﬂlﬂlﬂuﬂuﬂ'ﬁ“.ﬂ'ﬂ

N=W., P, WizgPo...- T Wigpe +b (2.1)

aunsii 2.1 gnidouduldalulisunsy MATLAB 1441 n=W*p +b



13

Bunm finreuBunANINAIEA)

C N7 A

L L R J
a=f(Wp+b)

< a a " a «
Uv 2.7 uamneazidanredtisrauiuuaAIduwalv Bununamas

#anranlugil 2.7 azwuditiasey 1 dadszneusaneandansie  unisiiansan
TAT9118NATFAUINUINNINUATLNATIANAUIMA NN a1 soaswilulaezunsy

nensesvBaauNetiieenlUly A 2.8

Bunm TrauBunaninansA

)

p a

Rx1 WF\ o W
1XR %f
15}

‘ R . 1x1 .
—’ L J
a=f(Wp+b)

d - A
31N 2.8 uamleezunsutivseunuudgunamiulunnaned

AR ABIUIATDAIAABTOUNA p T9TIUIA Rx1 Wvisnd W Haw1m 1 una uas R

o o

' .s' ¥ a :: b3 g o ) (3 1 B
ABRANY AN 1 "nL‘nﬁ1ﬂ1uuqs"auuungnQrumﬂmnms"lum b diualsairesiarangme



14

vFnuiidunissaniuaesAteaimin (Wp) , Arluda (b) uasnsuawasvaidu () Tan

neunaiduw Banounames p azhilidouniduawed

2.4.3 daanilnanssuiassiradssanminas

2431 ey 1 waeed
W37 2.9 wammsaziBen1ealasatnessamMARBUNAA U R uazauIY

uasaulu S

71N 2.9 uanseaziaeAliosen 1 1awas

BunAnAwes p IensafuwAazisseulaiivEndsadaaiomin W Atesimman
Hareusdun i sanuagmssudBunauaTitaniwminsaniualuda  Geazlddn
I g o o ' < F ) [ I3 I3 o
dluangan n(i) HesAtsznaudnuan S A1 aztiulddiiayarsuaefidunanesnedusl
a lnesnuuaunaareflisiusssiAviniusuautiareu
avALsznauresBuyAanAameingnilawdglassitatszarminaziesgndasionin

¥ = L ?'; o
AYLUNTNDOINUIUUN W



15

_W 1 1.2 T VVI.R |
M/2,1 2,2 .. 2K
W = 2 s : ® ( 22)
w. 14 - W
s.1 §:2 SR ]

AMIUUNTBUNYVENTG W UBNTNAUIUTLTEN  LATAUINABANTLIBNTNAUIUAUNA
Ndrglasataneuasiomstonimin - A1 W,, ABFZAUAIINUSITBIRYQYIRINBUNA
o o n; o o o d. L3 o o ] )
aeun 2 lifiatiasausiausn  inalvinsindalaezunsuuuutieraslaseinalssamuuy 1

Wead AL S Haseuuss R Buna gnisaulnadldnagii 2.10

Buns \aieaEl S e
N _ -\ D)
P a
P W P ik
SXR n
Sx1 f
19 b
R Sx1 S
ALDC 2N o

a=f(Wp+b)

< a -
$UN 2.10 uanslepzunsuiiaseu 1 iaiuef

P Aedunaneweiiiacue R, W AamvEndama SxR, a uax b fhusaimes
ANENI S
2432 Usaunasialeas
Tlasetsuuumaneaeefuiaayindsdaminmineaniumyindfadasiming
L%ﬂuﬁuﬁuv!m wazuvndFdonimindidensswinaawes -‘ﬁagnﬁﬂndﬁunmmﬁ
(Input weight) WAZLALEBFIIAN (Layer weight) Tmﬂﬁﬁﬁnﬁﬁzuﬁuww (ﬁqu?;am) UaTITYy
Uaneng (ﬁq%usn) SafuAFadsTINuATeIAsEneLEY 1 Melulasdielszam

Tnsuanslanzunsuls Asgin 2.11



16

Bunm 18
~
al
lWl.l -\ . ?x—|’
S'xR fi
SV x1
b!
R S'x1 St
— \e J

a1 = fi(lWup +b1)

v
— e b o

< a i o of -, o
1N 211 uaalaezunsutiarauniuyiENda A MINATaNTLBWNE (IW)

w'"’ vlmﬂ?nmw?n'iﬁodqqﬁ'mﬂn?;L%ﬂuﬁuﬁuv!m aefidumaihusiwe 1 uss
Uaemedhuawedi 1 fan dniuesdlszneuluiawedion iy Anluds, BUNATRY
Taseine usniarsnmaziisaanidy 1 v luaeeftanazld&yanmnl LW unu
wvEndadosinuinidessudnnaitef 180183 MATLAB  @MuNs0@HuULNLUANNS
adamanies W 49Tl netiw (1,1} dovdunmlassinafidgnauameieidu
TudenaihilAaln MATLAB I8sfhi n{1} = netIW{1, 110 + net.b{1) -

Tasstnetiaiess 3 awefauFauruEndfdiniminteuaises 1 wnudos W'
uazAaENdF s minTedalail 2 unudes W uazAtavEnddataaminaes
I0es 3 unudas W' mudndt seidasediew 3 ieefanansa@ausnesintuld

o i i z o o e o i
AagLn 2.12 uaziveWiazaanauanunsanmuadydnsaitadulaacunsuldfagli 2.13



WIRTTHTHEVITAN NIZaauinmaanszul

17
Bunm e 1 WL 2 \wiedi 3
£t & A\ X
Wi, nh a'y Wihar n* a
- » 1 2 Hedp
B f 21—/ f
by b,
1
pl n!z al2 "’2 a.-.:
] f1 z S 1] Fid
4 i b, - J : .
3 e . ' 1 . 4
Pr R's' a's’ nig! @¢?
WA 1>
b's. lTb?Sl
1 1
2./ L >, N\ »
a'=f1(Wip+b) a?=f2(Waat+b2) 8 =13(W:a+b3)
a3 =13 (W3 2(W2f | (Wip+b')+b2)+b3)
gﬂﬁ 2.12 uamlasdnanaisiaiees (Multiple Layers) Wiyl 3 iaiead
funm i 1 nLeed 2 \aLgasi 3
£V A R% 7 N7 .
LN P —a.-) w2 ot w _',’
3
Rx1 x1 2
x — - N x y,s‘\ n? i x1 px’\ & b Sx1
'x1 Rx1 Px1
19 b 19 b 19 b
R Stx1 5 2x1 $2 Px1 I
%= NG J L 72X J
al =11 (Wip+b?) a?=f2(Wa'+b?) a =3 (Waz+b)

- ' - : I’
gﬂw 2.13 uamslaazunsuaealasadnevaneiaiees (Multiple Layers) WUl 3 LaLeas

a> = £3(W3 L 2(W2f  (Wip+bi)+b2) +b?)

2.5 NISITAUTULUUNINSEALLAUNAL

n1suNInsTafBLLLEaUNa (Backpropagation) flulassdneszamnldngnisGuul

Ansan-aann (Widrow-Hoff Learning rule) lasiansouzivdnaaslassdnaanaipaiiulage

drauateiateasnuaninasuieibansuainesvanduuuuludadu  (Nonlinear

48945



18
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@uuduaunisuananiazGusulasn

a =p (2.4)

winresirauluaweigaieaniludesinareslasedne @auduaunisuans

b
anazgavinalds

a=a (2.5)
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252 aguuanilszansnn

o A" 3 [ 73 o dd' ] onl o «ai

sanasnunisunsnszanadaundulunsdintulasdreuinmasiaeefisaiuamlss
gnsnmnilauiudaneinuusaidued (LMS Algorithm: Least Mean Square Algorithm)
masdanesnuld “Araufianatanndegaaads” (Mean Square Error: MSE) (flusasatl
vanlss@nEnm (Performance Index)  1mTavAsRREaTlungRnssuaeslastited
wmaulfatiramnzansegndnliidanasnulugunnugadayaludnynsirellife
{p1,t1 } {pz,t2 },...,{po,to} A1 p An ABunAlulantte was t Ae Adlhwnoersins
- ] [ 4 i ) © - 3 L3 ) (3 :lf
aunausiazsiaid llulassdasasinlildiadyanasuudnirdnaidwaniulyuFou
] o 3 o ad' ar 1 =y [ d' 9 o )
Woutudtiavune  nedaneshussdiuanisiimeslulasedtaialiinnAraan
fAanatants@ndafnilAes  aumsuaAIAIANRANAIATR9TATI T TILLLR e AT

o d"
AUNTTENY

Fixy=Ele’]|=E[t—a)’] (2.6)

slal e

AN x paLAeFIMInuasARefludaradlasadte lunsdiniansannlasedauuuvans

iaeasasliaunisaail

F(x)= E[e‘e] = E[(t —a) (t— a)] (2.7)

¥ = B o ar d’ " =t o o 9/
wrasdssinaiianuianaanageRanrediantie - lugthwumeeduiunasle
fanginuuiLLesisuen laaianutanaianidiaamamandisasimunliuaniedly

Warlduaas k Jaunngaail

F(X) = (t(k) — a(k)) (t(k) — a(k)) = €' (K)e(k) (2.8)

ludanesnuafvinaiiaanun (The Steepest Descent Algorithm) azilseaunuAinay

fanananidegeansiluaunisaall

OF

m

WI.]

w (k+1)=w, (k)—a (2.9)



20

. i OF
b (k+1)=b"(k)—O— (2.10)
ob”

Toed O AednsnisiEaus (Learning rate)

253 nganid

d' < Ai' = Z ¥ o rolf o 3 ’0’ ar L= [ 8 °

Wasannanuranaannssulssdaniuiandusndeninminludamuaiesd 19140
Wusiasandunggnld (Chain Rule) 189uAsgdautIAIABYius wdnnisreanggnids
ool aunAliNesdu f ifuiaiduiisuldaauna n dussainisuieayiusess f e

fusiauwls w isiaaldnggnidfiaunisdall

af(n(w)) _ df(n) - dn(w)

(2.11)
aw an aw

fINFNatiNg LY

flm=e" n=2w f(nw)=e" (2.12)

Weldnganidasmanléifai

dof df d
(n(w)) £ (n) & n(w) — (")) (2.13)
aw dn dw

wannsaldnannisnpanlfivenimeniusiuannisi 2.9 uaz 2.10 Tnaldaunisaall

OF OF On"
=——x (2.14)

5w:; an‘_"' aw:i

OF OF an,"'
= X (2.15)

8bi'" an;" abi'"
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Tumaniaearedunis 2.14 uaz 215  awnsnAannaldioiiaein n dluidunws

{Asedngrauaead m Fafluned

b o “i’
KIUITONANNTITAIU

A i

m—1

S
m _Z m m+
n’, - Wuai

j=1

fdswdsdamaulugtrassiadaninmin

+b

uazluda A1 n

(2.16)

(2.17)

(2.18)

Apnlares F ulfsuwladhinnesfszneni i aestuwalaseing (n) iaeas m A

PURNNITN 2.14 Uay 2.15 arunsadauvaitluannissail

OF
=s a
m ol
Ow;,
OF
= Si
ob”

i

m m—

(2.19)

(2.20)

] ¥
sanasnuaniiiaiiaamsisansadsuluglnisdszunaimilamiluannisaail

annsodsulugleeanrisnd

w, (k+)=w (k) — Qs a

m—1

b"(k+1)=b"(k)— s,

whk+y=w"(ky—as" (@)

b " (k+1)=0b"(k)—Os"

(2.21)
(2.22)

(2.23)
(2.24)
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O On” (2.25)
s = = .
o | e

254 andlansunsnsEanagaunay
n1sAruaAtmsnlanisunsnszanadaunay S™ (The Sensitivities of

Backpropagation) - fisal¥nnsAtuanuiuanseesnidaannggnid udunsunisAiuinien
A’y :ll v 3 nd. |8 [ '
pulatldiasendawmeniiuasmnduiusaasAiauloniawad m aInnisAtuAn
pnloawes  m+1 - SafAnnensaueniiiAndaunauanlasa s A uesnaNT
a & d‘ o ' 3 ¥ o 4‘ o o 2
nedunmnAsiiuiisnessmdimsunsnszanadiaundy  ienpuduiusluiiAnieten

ndu AraounlarunsaMdwyRndanladauni laseannissail

on™  on™" on™" |
On” On; an's"m
5n:'+1 an;m an;"+1
anm+1 it
={ On’ an;" On". (2.26)
on” ' . 3
+1 +1 mH
6n3”m+, an:w ansm
On’" On, On".
| s" ]

o [ & t:ll . N = ¢ L~ o 3y
Nansouasdlszneu® i, j luwyisnd anunsadaunanipaiuduiusladn

s
a an+1am +b.m+1 m
an:"’H _ g id i i _ . aaj
—= - =w, s (2.27)
on’ on’ on'
on™ or"\n”
0 ) )

On” Yoo v
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Tne

f" (n;' )z — (2.29)

[ 9 :" - -« =l = b1
savisvirndanladisudaulsdu

On™” =w"E"(n") (2.30)
, On" '
Tnen
@™ 0 .. 0]
0 7 (n)) ... 0
F'(n")= \ - . (2.31)
0 0 f'"(n:m)

wiEndnuampnduiusresanlaluiisnedeundulnaldnggnidae

m aF (an’mh )T aﬁ ( )(Wm+1 )T a~ F ( )(Wm+'| )T m+1 (2 32)
S = n .
an'" On" ) On™ on™

A’IJ v & e AA' [} ¥ o d‘ I o 4' ' 4' e"
mmzum‘lmmuﬂanmmma*uwa*n?:'wﬂﬂﬂunaummuaunn‘nﬂ mm'm’h@:ma’auwmn

1 ) 4
ndufiAnaunssisdusieaigainenidusweiusn auiAnIal
M M—1 2 1
S —>8 —P...—>S S (2.33)

aanaInunsunsnszanafiaunsuldinatianisussunAnaiviianiaaigwinuun g
Tusanainuuasduea  AnndudaulunisAusuainsdauiassanAtaylatsenas
] 2 ar 1 ’o’« L4 <5 AI dd. o m 9 ‘i‘
WNFNTTaNafiaunNaunen dunauLsnIaIniITAmwIAeiENngAtane " taaldannish

2.32 azimlildAnnulsenaaigaiiadil

,_OF _du—a)u—a) OZl,2Y %,
s = =—2(t —a) (2.34)
6n" on"
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118931091
aa, _ aa," __afu(n:)_ wl
L= = — f n (2.35)
On"  On on
el
s’ =—2(t —a)f" (nlu ) (2.36)
dnlugtsmsndg i
" =—26"(n" Xt —a) (2.37)

o a b ' o
255 dgUdanasNunuUNsnsELtauNau
ﬂl' ' v o Ad‘ ] 73 ar t @ a‘l’d
mnwnmquﬂumumumu'\s‘naﬁ:ﬂaanﬂmun'\mws‘ns‘:msjﬂﬂunan"lﬂmunﬂ
:” ¥ Vo « b 4 22 3 :‘/ 3
(1) muui'nﬁmmmﬂuvgﬂhmﬂmq'l.ﬂmwmmm‘fﬂ?qmﬂmvmmnﬂu {aeande 3 aung

L o a’l’
NANAIU

(]

a =p (2.38)
a=a"a"" =" Ww™a" +p™") da m=02....M—1 (239
a=a" (2.40)

t 4 ¥
(2) TurausalufsnismAranl luhisnadaundunaaanialastie

s* =—2F"(n" Xt —a) (2.41)

T _mh

Sm =Fm(nm)(Wm+1) s Lﬁﬂ m= M-" s eve sy 2 ’1 (2.42)

3) dussugairuRsAtdriminuasAludagnitReuudadbnilneldnialssune

= -« [ g
wuunganwinaniag s

W'k +)=w"(ky—as" @) (2.43)
b (k+1)=b"(k)—as" (2.44)
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i : 1 A - z

dayanldluntsuenivaniozduussainialeleluaifefaninisilaaunlauingu
atnglaiy daulugiimaslfiiuadidnaseuluduussannidlaleluailes (Total Electron
Content: TEC) Whunisfwmefudn TEC 1HannisnlFuiaididnnsaunanuanuidunia
miahndunse Svdoently Unit TEC daiiAn 10" BLANAIALFABANINTUAWAT Yia 10™
AANRIAUFABANTINAS [8]
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y = Yp (3.1)
gr A
AFINGRe
Vo = A (3.2)
Vuss ¥, Arruduwusiunnaunis Rayleigh Aall
Vv =V _ -4 ud’ 3
e Ut &9

Wesanduussaanadlelalual afiludnarsnuunlasuulatAaaiuaiud

: 4 ]
(dispersive medium) AgtinisinnrastuussaanAduRaiduiuauti iruGangu

1

hivinfuenundara  Tagacmu$inguuasanuFanaausodauaunisauduiusiy

1 e = o o é’
ANATUNIIANIV 71, UBT 1, AN

T 3.4

AN, (3.4
C

Vph:—- (35)
7 ph

Aralsudasaunash 3.5 saapguduwusiu A 1%

av C dn
2o 2 (3.6)
A nm dA
inannishl 3.4 - 3.6 wnualuaunisii 3.3 azldmmduiuiees n,, uas n,, Al
dn,
Ry, = Ny- A d;, (3.7)

aun1sh 3.7 AeBnguuuueeannis Rayleigh Tannsodnglannmsilmilanandanay

Aunufaes Ause f
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' (3.8)
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- P o o ol
QaunNsn 3.7 Nﬂqqué’NWUﬁnUﬂ']anﬂﬂ

dn,,

o (3.9)

ng,:np,,+f

» L 4 L 4 H v
fuursanalaleluaiafiissnaudondutsuvaradulauag Nseiuaugerius
[] v
dszanas 60 — 1000 Alawrswmiiafialan  wazAsfinananudsdnduussaniAtlusanans
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¥ [ ' e <t o ‘£| o t:l'
'a'amﬂaaqnumﬂ'numwnm'nmMmqmmi‘nﬂ?:mm‘l@mu

C C [
A ¥ 2 3 4
nph - 1+_..__+._+__

7t gy 4 (3.10)
t 4‘ l"é’ L » d‘ ) o/ o & o 1
ARNUSEANE ¢,, ¢, ¢4 TildruiuArAuDUARN NS ILRINMILLY
AENATAUAMIEUNINIZUNTNIZANBARY  AduAINIsIMIANIsTINIBIATing M

waldlaanissindausanasynsuiatudunasacsansmnaaniyl eazld

c
n,, =1+f—22 (3.11)

mmsanarudnaannish 3.11 avlmily

dnp,,=-3;—;— df (3.12)

wnuANNTTN 3.1 uaraun1sh 3.12 aaluaunsi 3.9 uasldanudiuiusasannish
3.8 AngUlmildiduannisi 3.13

n,=1-2 (3.13)
f
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dleunusnlszann ¢, =-40.3 N [9] azlddglinsinmnguuasinasail

ny, = 1+3(;32N (3.14)
403N
o =1- 77 (3.15)

d' Q - a4 hd 3 o
WasanAraumnuiuBienasau N asiidduuonians i AA group delay uas
z -1 -« o o [} 1
phase advance TU UBNRINUNANTIATIAAIN GPS ALAANIIMURNUALINATIBIARUNIT
azifuuuy phase advance "W code pseudorange Rdaldaraniulususnivarsintu
U3 j+ ) t!‘ =] [ G 1 < o d' o

winduiulldameuiussgsn )N EnINANaNAIIATEF

ARARANTAITTEENNRdRlANUSTEINASY  gniFandassaznisinimilassindy

usstnmdlelaluaies @auunusag AL

AL= [ndl, - {dl, (3.16)

AL= j(]—%)dlo - [, (3.17)

unuAn ¢, =-40.3 N 14

40.3
AL, = _[fz Ndl, (3.18)

TEC 74 total electron content AlieNuAa
TEC = [Ndi, (3.19)

i p o o
RMNANN1TN 3.18 uazann1sh 3.19 Milarnuduiusae

40.3
AL, = | 7 TEC (3.20)




31

laszaznnasandeull(AL ) misdsmnuiEaiaun (C Anuisaugs) sty

L) 1 4
wnaminsresRfuduan (7,) seannssalilil

T,= 1%‘5 xTECx10” @u) (3.21)

ANANNFaiL LA ENFILATAMNMUIURLANIIIARLENITO AUV TEC 18

UATIINANTUUANSNITBAIRMURATYQYIN L, UaS L, 193a1978N GPS 151@1)130u1 TEC

anaunnsselalil
v R PR VN (3.22)
AT,=134 x TECX[ y - - 2} (ns.) (3.23)
(fi2)" )

2 2
= ATd ': (lez) (fLZ) 2] (el/mz) (3‘24)

134 (fu) "‘(sz)
~TEC=2863 x 10° xA T, (el/m?) (3.25)

L 4
Sa £, =157542MHz.  f,,=1,227.6 MHz.
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3.1.21 aUnsaluasiinmenaans
lumsmasesldldgunsallunimasstuaaniuufenlaazunsul&ignli 3.3 Real time
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1 & ‘ [ 4 a
1aleluaiNedslngldArdnlssansandaunus

o - & o o . . . o <
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L
AuAuRusraswls 2 Ardnlianerausansusiuetnels Ineldaunssaail Ae

L= D0=)
VG =D (=)

(3.26)

VR p<1l . |p| Aa 1wIm1es P aruendtdautls x uaz y Haudiiusiuunn
vidaten lunsdin lp| =1 uamsinfiavdimiudiulugluundady with p <1 wame
dnfianduiusnuluntemsaiudau [12]
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.8 2543 0.93 0.92
n.A. 2543 0.95 0.92
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4./, 2543 0.95 0.94
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.8, 2543 0.98 0.98
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qafuIaInneRRsinzulfuwateaanst  usiliasandimeesnedlianass
mnasanaiindldlasasalinsainuasenaibimuenls  aeduuussaiiisdaisnsn
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3.4 msulasuwlssssiiauiuimanian
3.4.1 aunwiwanianuslalaluainies
lunmsinmGastunssenidlelatuaiieffmilifiaasnmeougivlibonRaaun
wdmanian Lﬁm'mnwud'l'l.umsﬂmmamnuu’mé‘nmm?nmuaumnméauﬁmm
lololuaduld uazanawimdndiinasensunsnszananiu
ammm‘mﬁnTanv!'q'aﬂn’-nnTanua:é’aumutan‘l’fimaéuqﬂ‘?';a‘:ﬂzmﬁqﬁmﬂuﬂfnu
gndledeuiuaiilanszanm 3 win snldinsdedetuusstnnaiia « winfilnades -
(Magnetosphere) Faneumihiazdunduussanniadn * Wstatuaias - (Protonosphere)

waz “ Bntaaias * (Exosphere) WiaRarsanaingyld 3.1 viulddwnniilnaRefaghniu
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vsunlalelumRefssiumiugge 1 ﬁqﬁuﬂﬂngm?rﬁ*?itﬁ'mimﬁuammwmé'n'[ﬂn
uszlelelusfeRafmBuntimdmniavgauaingnlan
'Lum?ﬁnmL"'s:mﬂmngms'tﬁamnuﬁmé’nfanﬁm?wﬂamﬁ%u‘rnluﬂq‘{l A.A. 1600
1o Willium Gilbert ufluinant1maniaes Queen Elizabeth $18aZBHATEINMIMARE
Aeldfuswimdnda - leleRalau  (lodestone) undmilunzanay udninnAnmiinng
NISUNFNSTANBUNWIMANTEL 7] 77 TnummasepsiiumAsdlamirasdiawnuuingn
laneg TnalanuBruafiouwivdnmsnasunaivajadiefuuduiviniinn dluns
neans  lutlqtiumannnsoigaunanismaseseen Gilbert iuannimiainmaniees
aunallatna uasfmudnnaiildasmiiouiuzes Gibert Wedunmanmuniagindiui

Tan

H
<l o

m?ﬁuwuwmﬁzysiamtﬁﬂ%uluﬂ a.A. 1722 Tae G. Graham Fuflugnainuninalu
szmAsangy anlFdanaiurunlfmueiiieaufduiialusesiu ussfefuny
nITTUNIUUNINAN  (Magnetic disturbance) Lﬁm‘iglmﬁmﬁmﬂﬂngn'\?nimquﬁmﬁn‘[an
siannnsAuAd1T8q A, Celsius Wax J.C. Wilcke Aunvdaiiamanissunauuimdniinasie
nMsuasiumaiauaanianadlsl (Aurora)

11%) A.A.1843 H. Schwabe Wedunafaofuduauqasuuunenfiadinfianmoy
wiasuuasdniusiuaiaa ua:siﬂu')ﬁ'flﬂejm?ﬁ’uwudﬂﬁnumzmﬂﬂéﬂuuﬂmLfJu
muwm&uﬁmmﬁuﬁuﬁﬁumﬂﬁﬂms‘mmumqﬂ?iumfmﬁwqua:?umummﬁmﬁn

faN1 Chapman Uae Bartels éqﬁnﬁnmmam“?iﬁ?im.ﬁmmn‘lum?ﬁnmfs':mﬂﬂng
nsofaunaualmdn FARiueenidy A, 1940 amddzresisaadlifieedasiudes
“ nagluaeiznlaunlu " (Atmospheric dynamo) Faflundnnisres Balfour Stewart ﬁuﬂ
fansAinmleleluaiRed ngufsie q luseunasldgnufinlssise A. Schuster

K. Birkeland uaz C. Stormer GunasAnmienisaaaufizaseymaliinluguna)
wEnlandaRendasiui@aeafin Aaun Chapman waz Ferraro TERNWRAMUNTANT
Readenlfaesauniagias (Solar particle) uazauwivintanifuafusn Wil a.a.
1931 quuﬁﬁudﬂﬁuﬁnm?ﬁLfluﬁugmlum?ﬁnmﬁnnmzmqmﬂmw‘nmmqmﬁmé
uazlansnufangefiwguimdn denecwiifadunsGusiunisinmluideauuuimgn
TanuazlalaluaReflunaiseun

342 prudunwiwmanian ap uas Ap

il AA. 1949 J. Bartels ldAnssuudaiiaumwimdntanty Werwenfeszaiuan

usstasavnwiwmanian  salavinudmaniandunisdaAa I NuNmEn 3 a9A



54

n‘ - A’ <t o d’l - < o .'r ' ) d'
Uszneuifisgusinaniiinnipiudulaeiinisdann q 3 daluailudr ap Anedesnn 8
[ ) o =l 3 " » ) dl 3 = o 1) .'1 ) t
A1 ap luusazdu Fundt * Ap " laadfldutananiiidn 13 winszaraialanieundn
¥ '
" Planetary Index " [17] usnanfudasriaunuwimaniangafivaaszuusail winladu
ANTity Aa Ap uas Kp wsillasaandrlumsufaudauaniunsldaelil Kp azliazan
Wasanliaglugtiundady inlinasidan Ap wnzandwindudainldlunsinm

WAeTInuSIaNT TR Kp uar Ap Hrouduiusiufi

Kp Qo O+ 1- 10 1+ 2- 2+ 3- 30 3+ 4 4o
Ap 0 23 4 5 7 9 12 15 18 22 27

Kp 4+ 5 5 5+ 6- 60 6+ 7- 7o 7+ 8 8 8+ 9 D
Ap 32 39 48 56 67 80 94 111 132 154 179 207 236 300 400

=i 1 s <
AMTNN 3.5 U4 mmmmﬂ?zmmmmqamuu.uman

Uszum NaNFINL Huaddald | asndeasiunsiio
Tusau 111
U | - srunWi@amsion fisnag Kp=9 4l
WarasgUnsal Ap = 400
- wiawlaudems

- Ang HF Wendhild 12 5

- podeihse enldld 15

- Adwingaonadan e lilE
hadialua

- fauaamilauaslAfiuFion

ATAqAILImAn 40°
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UszqIMiusssziufamuianan
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wsiman 50°

Kp=7
Ap =132

130 Mlu 111
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frganisifiauiuenaiibindaulas
RAevne
nasufjiiAnasiasaniAaziianag
AEALARBUNITIMNE2aTAAS
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Kp=6
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@ a ¢ ar o 3 (~1 v = G &
3.5 AnNdNNUSTRIATUEUINWIvaniannulsSuualanasaulutu
ussenidlelalusaiies

«l ' &£ o & °
ANS1N 3.6 UAMINANTITNAABIMNAIANLsANDANdNWUS 189 TEC §9gm ,A4m uas

:; d' - d" ] [ & » o ol ' =3
wasminruluusaciu Aussiiaunuwimanian Ap

Ardunls=Ansanduwug

ol TEC quqm & Ap | TEC f1am & Ap | TEC 1@t & Ap
N.A. 2543 0.33 0.08 0.19
n.N. 2543 0.29 0.09 0.09
§.n. 2543 0.37 0.09 0.15
g, 2543 0.50 0.02 0.27
N.A. 2543 0.46 0.11 0.06
1.8 2543 0.24 0.15 0.14
n.A. 2543 0.25 0.18 0.15
a.A. 2543 0.31 0.07 0.24
n.t. 2543 0.43 0.11 0.17
f.A. 2543 0.49 0.04 0.31
N.8. 2543 0.41 0.00 0.14
5.A. 2543 0.38 0.01 0.07
Flaan 0.37 0.08 0.16
ﬁhtﬁmmummﬁqu 0.09 0.06 0.08

ranMAsRIAdLIs REauAIRLS 189 TEC qugn Angn uaziaAETiAd L
wiiszdy Audaliaunausimanian Ap WudiANANLETIEY TEC gedm, TEC s‘iqqm uay
TEC 0@ fiusn Ap fiindulsrAnsanduiusiaan Ae 0.37 ,0.08 UaL 0.16 AUAHL URY
ﬁﬁhtﬂmmummgm 0.09, 0.06 uAz 0.08 MuAIL FatiudagUlédn TEC qagaluusiay
fuSeuduiuslufiamadeaium Ap annfign  Asudriusinatuwiiullmaun

Waeegi 3.13
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v @& ¢ ° ' [ a ar o G &
3.6 AnudavusraswmiaduasfsauulaniulSinudidnasauluguy
vssanndlalelumies
Ai' 1 ) Ail = g =l &'
Q']ﬂﬂq?ﬁﬂmﬂﬂ'\uu']‘luquﬂ?zlmﬁ n’l?LﬂﬂﬂuLtﬂmlﬁ’uﬁm’ﬂLaﬂﬂi‘ﬂu TEC dA9U

Vo -l o a nn:; Ly 4‘ d' .=‘|’ o 9/ = <}
agiuyndlisresnneindmidududgns  asniguiiasi ineindlaasasemsne

wniiga  wailgsailalawaddindauganduniawinbinianisless luedu

& uaniBunnfildnaseuniimgeaaiagtnudusudgasacdanatinFnudidnaseulunn

“¢

qnrealansan [18]

] Aumindufsedlaniilyyatisresnasefinginiy 0 Turian 12.00 u.

20 > \\
15 X N \
10 / AN

DIAY
o
N
/

—— jy EIRR |
-25 3

5.A. WA DA LA WiLEL WA, Ng NA. AR DY AA. WE. 5.A. WA
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b ChIN

- - nJ ' ° [ d <
3.27 uamniisresnneindmiandugudlusumiedanniduaziqavie
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- dealua acfiqm 18.8°N ansdian 99°E \

- NN axiqm 13.7°N a89#qm 100.8°E e

-in azfqe 7.9°N aeFqe 98.4°E

¥
o

d i o -
gUn 328 uamunusesaniiafnadidnaseulutlszmalne

POST-PARTNERS Vertical Tec Data
Yibb ChiangMai 2000/7/14 00:00:00 - 2000/7/17 00:00:00

..... F ARRRERIA" T - BEa (DS i TN e 2o W A < L SVALAREE § VEARL
12001

- T T T

Vertical Tec (10 !5 els/m 2)

TIME UT (Hour)

<t ' a o = ' o d‘
519 3.29 uamsAnFunodidnasen TEC aaatealua wiun 14-17 nengnau 2543
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POST-PARTNERS Vertical Tec Data
Bangkok 2000/7/14 00:00:00 — 2000/7/17 00:00:00
1400 T T T Frrereges T T | L Ty T
1200
1000 L

Vertical Tec (10 !5 els/m 2)

TIME UT (Hour)

51191 3.30 uanANBunBIENAsa TEC 18engainm Wudun 14-17 nsnjaau 2543

POST-PARTNERS Vertical Tec Data
i Phuket 2000/7/14 00:00:00 — 2000/7/17 00:00:00

..... T R B AR SRR RS BT ZARS [ A Y Y B LR B
1200 |
1000 |

Vertical Tec (10 !5 els/m 2)

JUL.17

5119 3.31 uamsAnBundidnasen TEC s Wiui 14-17 nsngnan 2543
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[

snnuammaaeslugiil 329 - 331 GiefRansananuiAemia 3 wie wuddidu
afdRqaN InflATIT NN gadumuilsBarziaulalummaassiidafluduaciign wudn
sunas TEC Halatidunniign ReaoiidadolmiFesieglusiumiacfiqage unuiise

o [ (-3 A‘ ol o @ o -« cl. :’t n‘d’e 4' )
dudamdagiiadaanidalndiundugudgnseeslanuinign  Melifilleansand e
dlsresananfiadludendeunsngraniundisquindnacigmlszana 20 °N @ng
7 327 Fafluduamlndiudedminnnign sewaiRangann  usrdusugaitafe
afn  dwmsliBuan TEC finsuldsuwdswnnGasmusiduaoniiinldsesaliuiife

4
Feluad | ngamw uas Qifis AuaIAY
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[ o a & &
ngdsenuuaaalsinuaianasauluduussannid
lalalusidasinamnaiinlassangldszdn

4.1 mesanuwuuanilnenssulasetelssam
AnsasArtiateatinausnluniseenuuuaoninunssnsedlassinalsrampretunan
-4 » - o 3 a‘ ° - - k4 ] -‘l’ w“ o °
inglasadnatszamiisiuoutitle Jeduougunanidnglassiteianilufnmundtuau
wwaftunnreslassdinelszam  TneBunaiseniueRiddnylunshasinilaseine

]
<&

awnsaindayaiiHlumsinedild  FeannsAnmmudnduyaiinsfined®
IMNNTZANATWIU 10 BUNR AB

1) FnnddnareulufuusssmdleleluaRefnatla ¢ : TECH

2) AnadtBnaddnaseuludussimealalaluaifefaanls 1 : ATEC(H)

3) AasBnaddnareulufunssanialaleluaMafiaarriaum 1 49l :
ATEC(t-1)

4) AmamFnaddEnaealuduusstindlalaluadfeMiasdomiingn 1 dalue -
ATEC(t+1)

5) Bndidnasenluduusstnmalelalua@affnansaaniian 1 faluranile
Junau : TEC(t-23)

6) Bunddnaseuluduussannidleleluaifafinaigaamiinen 1 Falueseile
ae3dunew : TEC(t-47)

7) uasvrennudidnarauiingla 1 fusiesmBuntidnaseuingla 1
Delta TEC(t) = TEC(t) — ATEC(t)

8) naf1ee R s nArauRuatitin 1 faliuseamBunaddnaeud
aH N 1 Falie TEC() = TECE) ~ ATEC()

9) AAALAIBTAE : SSN

10) sanauNwtwmanlantlia ap : ap

AuermaRfansfidgieaninainiasdiefigenisl 1 wwiwe Aa Al
adnmseulufuussemaleleluafefludn 1 Galuednew : TEC(EH+1) mn‘ifﬂu”alutﬁm
ﬁu‘fmlﬁ’TﬂNm%’wmﬂq'[ﬂs‘uhﬂﬂi'za'mﬁ’fﬂqﬂ?znﬂuﬁw%uﬂmLﬂas‘f‘?;ﬁ'i'luou%uwm 10

Twua  uasfiievinmaweidannueisma 1 Tuua  dauseeimbilddunmaeiuay
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L # [ ¢ o [ 3 N é o (- [ 8
wsmmaiteiissFundi@amuaiand (Hidden Layer) Tanismuuadidamuaiaiazil
uuniatinlmiuliR’suIsInAN NI aNTadA R LARINNNSI1aednuNITRl

e WifiA IndiAeiuAneswAnsBInIsINNgR

& 1 4 []
4.2 AUARUNITHTIIUUUINADY
Wiriduneglunseasieiinges NNT (NNT Toolbox) 2eslilsunsy MATLAB dwiulu
nmstinWanefA3satinseatiniisa (Feedforward Neural Network) e lWilasednaaunsa
nusFunaiidnasauluna 1 Fluedramdhld  ddumeunisiin (Traning) 4 Tumeu
pasa Ll
1) sausandieysildlunistnlasating (Assemble the training data)
2) a¥13lAsatne (Create the network object)
3) tnlAsedne (Train the network)
4) A1seegnrunIsniinegnisiiaalasssiaRaiusuna i (Simulate the
network response to new inputs)
121  nsafaianasidsatlinisa
Ardalulsunsn MATLAB fildliameniinusuatludau NNT network object #1847
“nnt " WaldAndsinadninidAeacidlassioaulan Tbifivasfinafaudnmusagnie
] ] " a: ] o } 4 o :’r &® o 2 v °
Wlasednemas  Aadulasstrefliganasaniaulsd  daiusidtsnflusasnavua
[ < » ) -« d' » 0 }
AuAnEurAN  1elaseinsluniandune lilasdisaunsoninale
>> net = network ;
o o’ d'v -~ ¥ 0 -2 «
AuANEurauuInsaRasanlunisafelasinelszam Ae ¢ wwef *  awedlu
1 S rld'da 1 1 :" o i’, =3 Ve
pmngresiandetszam  wnelseeiMitereuatiniy  AnhusAkitusou
O“J - (] i H ] o’ :’w L ]
wwainiihi@unannsn  TasdimlssamifilassaFainuansiuiuasisauaeesla
vt wazpmuaaiRnelulisseubimiieudy  Tanafnredlassdnelssamlugln 4.1
GFandt * Tassdnavilaaieas " (one-layer network) daulassdnelugiil 4.2 Fanda « Tasa

dneandaleas " (two-layer network)
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- . LaNeWe 2 ATau
Buna 3 .

= , :
7 4.1 uamianadnreslassdievilaawed

Lms?vg'ﬂ 1 #278u

S'LW!GI 10 ¢

Saaulalua’
3 n fivan

= s
719 4.2 uamlangfnredandsasuawed
‘ﬁ' ' e:d = o :" 1 ﬂ;elA v
Watanlasatradszannfidssdnsniniuaasaziulasitaiidsaauiaisasaon
satuluntsadralassdrenaldlunisafrsuuusiasBuirudidnmasauasiiinsea¥raily

wuuipsetineaaasEead TRsiIanuaafings 1 wees
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122 msafraaead

t 4 t 4

dumauusnasanisaaaifantsivuaauaniRzeuaeaiBunn Ty NNT wuis

nl' (4 [ =3 3l O 3 (3-4 1 ' '
ansonasiuaaeeiBuna ifidwaunnndt 1 wweefld  wifliwelsnguirewda
=l Sam, [ ¥ & & :" < o vo o
flasliBunasiuaivanaiaieed AniuRanvualiiunuaeeiauyaiiiu 1
>> net.numinputs = 1;

:’l ] 4 o o - o 4! o < 3 1

durausiantRenisimuaduiiarauluaie®uns  Tlaslnfudaacsasiidin
fusuaressaudeysildlunisinlassine  ArdanldRa netinputsii.size A1 i Aasa

L4 3 ¥
sryfAuTeNaEefBuns neditiawefRunsiiiemliaawad A1 i 3aviadu 1 Wesan
dnlurausiuldnanliudadndaystunaiamuau 10 8una  nisnvustissenlwaieas
= < o o & o a’i’
funrsamidlasnisiuial
>> net.inputs{1}.size = 10 ;

HaNIHMUABUNALALATAUGR  TUABUABNIABNITIMMUASIUINALLEIINNATE
Tasvdnedszam  TaeldAd@e net.numlayers wazdumaunisnivuasuautinsauluusas
wieafleel9Ad3 netlayersii).size

sl' ¥ Ly o=l = « ot a
g 42 enulasafndawwaeaiil n Hosay ustiaiEwARWweT 1 Taseu
pavunsimuassiasldAdesasalili
>> net.numlayers = 2 ;
>> net.layers{1}.size = 3 ;
>> net.layers{2}.size = 1 ;
123 msdaulsuaead
lunisnmualifinnzdenlaaaeaiBuyasdasnmuali net.inputConnect(i) Ay
é o Ld o= A=il ' o :’ ’ 7
1 SalpesnFssimuaaweiBunni 1 ieu ANAY i = 1
>> net.inputConnect(1) =1 ;
nsnamuansdansasiwafariiansuenisimuaiuuuuavind - Taagiunsa
Amum net.layerConnect WWHANANY 0 visa 1 d1en (i) gninuualiidlu 1 nuneasudgn
4§ rA . o= A’ Y o~ oa e,
wAnaaeaii j insrenlaudrivdunmawas i
>> net.layerConnect (2,1) = 1 ;
dJurausiaunABIaTFaiiniuuan ndenlasiiesimeaiefneulasnisiimu
net.outputConnect(i) WAl 1

>> net.outputConnect (2) = 1;
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FumeugaiAensdeslsuawefiendmdniusndimng Fedniuannlunisin
wuuguleflad (Supervised Training) Inennsnavue net targetConnect(i) = 1
>> net.targetConnect (2) = 1 ;
124 memwuanausaiNigu
luusasawefilszneudomsuamefariduiiuanseiy faduausnrusans
Farnunies mdmidlunnsinuuamsuaeieitude net layers{i}.transferFcn nseiif
indasnsiuninussfsuameRT Ll Iewe R 1 uardmusdidlefmsuamias
Farduliiuawas® 2 wnldlaansRuisndesasioluil
>> net.layers{1}.transferFcn = * logsig ’ ;
>> net.layers{2}.transferFcn = ‘ purelin ' ;
msfmimmsuaneeffuaauanmslianiilg  Suegfunnithidon 3
ansonsuneeremaudmaFia e i usadilunmanuan n.
125 msmwussadaniminuaslusa
daiildlunss s lugalifuswes A net biasConnect Feanansofmunliila
i 0 vga 1 i wul netbiasConnect() = 1 MUBANINAILDT | filusadatuuy
wieaf Tumsinmunlitlusafatundandoisannnldindeieluiis
>> net.biasConnect(i) = 1 ;
NILUIUNNSRNMUARN 2 EaIAY (initialisation procedure) sassataaninuasluga
anunsanssinldlaedandastalalil
>> net = init(net) ;
WalldArawinuasludadullsmuiiisndanis  sdasinisfiuunsesi
net.initFen. Witleni * initiay * Inefiunisndasiels
>> net.initFcn = “initiay * ;
Funausielldadinedmundiandnuadlusalifundaziawes  Taaldaad
netJayersfi}initFcn N1t vusAtiengl 2 wnime 1. Nyuten-Widrow initialisation fnuws
F “initnw’ 2. ANMUAAN ‘initwb’ AMSRNMLAAILLLIMAT AN IATaA MusANM BusulR Ry
Amminuazludauanesnanniuld dndenld initnw Fesanidndesa seluls
>> pet.layers{i}.initFcn = *initnw ' ;
gr@enld * initwb * axdesszyAnbifusdaniminueludausnanniulaaiifdent
AunlduAe * rands * FedndentazimunidadanimimiseludaurRldannisga

W@aNIENINe —1 D9 1 IneunAdasesaluil
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>> net.layers{i}.initFcn = "initwb ' ;
ms'ﬁ'mumrh%uvgm‘hdoqﬁfmﬁnlﬁﬁ'umma? i WAool
>> net.inputWeights{1 ,1}.initFcn = *rands * ;
nsfmuaslusaldands
>> pet.biases{i}.initFcn = ‘rands " ;
nsfmiaAnaEndFadaniminldmda
>> net.layerWeight{l , j}.initFcn =*rands ' ;
1mtl net.layerWeightsi , j} nneReminsEui e j fusas i
426 matmuaNandulunisiinuazwisfined
nstinlaseinautiseanidlu 2 38
1) Incremental training Wunasulasuussfadaainminuas lusandaanniisisetine
Fdlunnstindnanifies 1 A
2) Batch training Hunisulasulasiadasiminusslusandaniitimnsnaildiy
nsAndamfenduiags  safunsdniiediulunisaiauuusisedanlasde
Uszamifterinune A Bunodidnaseuludutssenalelatugfes
elafmuildads « train * nsdinazgaiomualitziuunduuuy Bateh training
windu TaelifimsAnilvieqiunresgadeyefililunidin Hafduildrugiudda train
fvaeatiaguy gradient descent , gradient descent with momentum , Levenberg-
Marquardt 1ufin  Seusasassefihidsnalszansnm i bisuiudadld
incrementatl training
ATAIMUAAINT LTUAIUAANLTTRNEAINNTNU (Performance function) @13136
intalaamsRaniandafesialis
>> net.performFcn = mse ' ;
lunsimuanisfiwesing 7 Welilumsfnaupluniisiden swnsomlfdse
WiAe lunsaifisndeinsinlasedinelnglddaneinuuun Gradient Descent with
Momentum Fasfnuunansasielyl
>> net.trainFcn = * traingdm ’ ;
uﬁmnﬁuﬁﬁm?ﬁwumwmﬁLma‘?"?{'l'ﬁ'lun'\sﬂnm’mgﬂuuu'ﬂm Gradient Descent
with Momentum
>> net.trainParam.lr = 0.1 ;

>> pet.trainParam.mc = 0.9 ;
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Tuiismualian Ir Aednsnisdeug (leamning rate) wazA1 me AaAn Ty
(Momentum term) souvasaiinmime i dee " A8 net.trainParam.epochs Taaflunns
fuundnuauafaniiaaiildlunsiinlassinadaegadeyauas net trainParam.show
Feldlunnstamuanainisseeuanuzlunisiln  nmsldauamnsaiunalalasnisind
fatn9ag

>> net.trainParam.epochs = 1000 ;
>> net.trainParam.show = 100 ;

&30 NNT Toolbox Mutaaffugeust 4.0 uliwudnnasldenu NNT Aeudnafiazazaan
iasannil Network/Data Manager 1l sinlsinnssmuapsing q ulassdnelszamiy
Wlfethdinetu Muazduasing “1 284 NNT Toolbox v.4.0 i":q:'aﬁuilunﬁﬂmuqn q.

uthaananfinmefidleldann NNT Toolbox v. 4.0 lupnsiingmubimuasng 4 amsain

W uanlilugli 4.3 - 4.6

ﬂl“inancial Toolbox To get started, select "MATLZ

B anstrument. Control Toolbox 35
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2. WHURIRBIAMNMNLLLEIANATAY
- Chiu lonospheric Model
- Bent lonospheric Model
- Penn State Mk Il Model
- SLIM Model
- FAIM Model
3. WLUSTAR8N F2-Peak
- CCIR foF2 and M(3000)F2 Model Maps
- URSI foF2 Model Maps
- 18S-b foF2 Maps
- MINIMUF/QSTMUF Model
- IONCAP Model
- WBMOD lonospheric Scintillation Model
4. WUURSENRUNNBENATEY
-  Density Dependent Electron Temperature Model
- AEROS Electron Temperature Model
- AE/ISIS Electron Temperature Model
5. uwnudnaeesdlssnatlaseuuaranudasendeuredlessu
- DY lon Composition Model
- ISR lon Drift Model
- St Santin lon Drift Model

uUUdMRBIATIMILLINAE N RreuT Fathauninane lunsBamumadioy  Aewu
{1883 Chiu W8T Bent UWULST88S SLIM Lﬂuuuuﬁmmﬁmums%uﬁ?ﬁa?lmnmﬂ'ﬂnquﬁ‘/’f
#3710 grid value dauuundnaes FAM unpudnaessngaitdzuuntes Chiv uald
HASNEANULLSIS8 SLIM $aniu Tslndanamnuindidnasaunidasinliifia peak
14 2-3 peak #iundn A1 F2-Peak ?ﬁqLﬂuﬂ"ﬁiﬁmméqﬁqjLm:tﬁﬂmmmﬁuﬁuﬁ'ﬁumwﬁ
ANQR foF2 wudn F2-Peak  Hronuduiusludnensdaduiunnudingd foF2 anfngs
489 uenaanii IRl SaRmmLLLSABIANIENSAATY 1y WULANABIgUUNNBIENATaY,
wuudnassesflsznaviensy usaruuudtaeIrSIneu@euTadlesan (lon Drift)

¥ O o ° o oo o ) g e‘l’d ] k4 (=] L g
mmnmmLLum'mmﬂuwmamaquium'auuﬂﬂﬂqmﬂimmox"luLnﬂﬂmn{]m?mum
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NSSDC

International Reference lonosphere (IRI-2001) Model
You submitted the following name/value pairs:
. DATE: year =2000. month=07 day=7
TIME: hour=14.LT
Geographical latitude = 13.7
Geographical longitude = 100.8
height = 60.
start_height = 60.
stop_height = 2000.
step = 50.

719 5.1 uamAmsimaiBunene Flunsiaed IRI AMATINGIN

TuW 7 nengnAN 2543
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Results of MODEL calculations:

URSI maps are used for the F2 peak density (NmF2)

CCIR maps are used for the F2 peak height (hmF2)

BO-Table option is used for the bottomside thickness parameter BO
Danilov- option is used for the ion composition

The foF2 STORM model is turned on

Scotto-97 no L option is used for the F1 occurrence probability

| Peak Densities/cm-3: NmF2=1457831.0 NmF1= 0.0 NmE= 184988.4

Peak Heights/km: hmF2= 449.82 hmF1= 0.00 hmE= 110.00
Solar Zenith Angle/degree 28.6

Dip (Magnetic Inclination)/degree 9.50

Modip (Modified Dip)/degree 9.55

Solar Sunspot Number’(12-months running mean) Rz12 119.5
lonospheric-Effective Solar Index 1G12 142.2

= ° °
?"J'ﬂ 5.2 LE4AIRANITATUINIRINIUURGEN IR!
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-l ¥ (-3 d ]
A9 5.1 LaasAtAIMILinBEnassuLaresflsrnauTeslaaauNANGIRnN

H ELECTRON DENSITY TEMPERATURES ION PERCENTAGES/%  1E16m-2
km Ne/em3 Ne/NmF2 Tn/K Ti/lK Te/K O+ N+ H+ Het+ O2+ NO+ Clust
600 -1-1000 -1 -1 -1 -1-1-1-1-1-1-1
110.0 184988 0127 -1 -1 -1 0 0 O 0 38 62 O
160.0 214454 0.147 876 876 954 15 0 0 0 28 57 O

210.0 265233 0.182 1091 1091 1643 66 0 0 O 8 26 O
260.0 425338 0.292 1160 1160 2279 88 0 0 0 1 1 O
310.0 729311 0.500 1183 1183 1183 88 2 0 0 0 O O
360.0 1082472 0.743 1191 1191 1191 98 2 0 0 0 0 O -
410.0 1370033 0.940 1193 1193 1199 88 2 0 0 0 0 O
460.0 1456860 0.999 1194 1194 1272 98 2 0 0 0 0 O
510.0 1206245 0.827 1194 1194 1346 98 2 0 0 0 0 O
560.0 836336 0.574 1195 1332 1421 97 2 1 0 0 0 O
610.0 561718 0.385 1195 1477 1498 96 2 2 1 0 0 O
660.0 396539 0.272 1195 1580 1580 94 1 3 2 0 0 O
710.0 302410 0.207 1195 1664 1664 91 1 5 3 0 0 O
760.0 248455 0.170 1195 1747 1747 86 1 9 5 0 0 O
810.0 216796 0.149 1195 1830 1830 78 1 14 7 0 0 O
860.0 197771 0.136 1195 1914 1914 68 0 21 10 0 0 O
910.0 186124 0.128 1195 1997 1997 66 0 31 13 0 0 O
960.0 178899 0.123 1195 2081 2081 44 0 41 15 0 0 0
1010.0 174379 0.120 1195 2164 2164 32 0 52 16 0 O O
1060.0 171639 0.118 1195 2248 2248 23 062 15 0 0 O
1110.0 169745 0.116 1195 2331 2331 16 0 71 14 0 0 O
1160.0 168615 0.116 1195 2415 2415 11 0 78 12 0 0 O
1210.0 167903 0.115 1195 2498 2498 7 0 83 10 0 0 O
1260.0 167452 0.115 1195 2582 2582 6 0 84 10 0 0 O
1310.0 167168 O.'115 1195 2665 2665 4 0 85 10 0 0 O
1360.0 166987 0.115 1195 2746 2746 3 0 86 11 0 0 O
1410.0 166874 0.114 1195 2816 2816 3 0 87 11 0 0 O
1460.0 166803 0.114 1195 2866 2866 2 0 87 11 0 0 O
1510.0 166759 0.114 1195 2910 2910 1 083 11 0 0 0
1560.0 166732 0.114 1195 2953 2853 1 0 88 11 0 0 O
1610.0 166714 0.114 1195 2995 2995 1 088 11 0 0 O
1660.0 166703 0.114 1195 3038 3038 1 089 11 0 0 O
1710.0 166697 0.114 1195 3081 3081 0 089 11 0 0 O
1760.0 166691 0.114 1195 3124 3124 0 089 11 0 0 O
1810.0 166692 0.114 1195 3167 3167 0 0 89 11 0 0 O
1860.0 166687 0.114 1195 3210 3210 0 089 11 0 0 O
1910.0 166687 0.114 1195 3253 3253 0 089 11 0 0 O
1960.0 166687 0.114 1195 3296 3296 0 0 89 11 0 0 O
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(Ne/cm-3) simanigvinliiag lumisuaiinasausiagnuiaiiuasinlalaenisans 10° aaniiu

NINTBURINTATINATANNMUILURBIANATEUGAINEIAINET 60 ~2,000 Dlawmas Taadidaq

ANGY dS 1w 50 Alawms WasanAugLR 5.3 wudiANmuILuBIANAEusINE
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TEC = 13.414x 10” x50 x 10° = 670.7 x 10" el/m’ (5.1)
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Buadidnasauluduusseanialelalusilaslnamaiinlaseine
Uszamn
desinisufoudisuvuansnsaasianuiianaineaudiae IRI i

BidnnsaulamaliatassiilsramiimaiisaunnandeyaiildfinanAaiiiiususon

AREATTEZIIAN 3 1] AAUA HNTIAN 2541 — SuanAN 2543 WudnAnAdRaNaaTiElunng

g Bina@Enasewludn 1 dalusdnamieesiuil 21-28 unsAu 2544 TBINgINN

uansldfaginng 5.4

80.00

60.00
~—~
o~
<
E /
o 4 d —&—IRI
e ! & 3 o
< 40.00 ] 3 U 3 g 4 Measured TEC
= f . , A
it A 8 i AR T U
8 : : e ANN
- A7 I : F &

20.00 : %Pj \

0.00 T T T T T T T T
0 24 48 72 96 120 144 168 192

Time (hr.)

d 1 - o o o
g1 5.4 UAAINANITNARBILFHLITIELAIAINRANGIATBILLLANSES IRI ALULLLANSE
Furnadnasauluduussanidlalaluaesisamaialasadnedssan  Tu

SENINNTUN 21-28 NNFIAN 2544

AMNRANITVNARDINLINAIANRANAIATBILLLANEDY IRl HAAaamaeullninngn
1 d' v ° ° d‘ v 3 a ] al g
AN IAAINNITNIUILAINULLA18BINAFT19TUNI T NnARATATIT 1 Ussa nTaaiAn
14.46% lugaanrswensniatinesaiiaaiiuaine 192 dalus vize 8 Ju luszudnadun

d o U - i i 4’ 1
21-28 UNTIAN 2544 HalFauiauTUAIANRANAIATBILLLSIABINAFINTUNINLINH



79

1 - o :lf 1 d H A’ o 1 ] o
AIANNAANGNS 2.25% Aetuaziiuldiuuudnaaanaiiaiuanisaniune At teudugn
N914 12.21%
' a d' o 1 a o a cla b7 Y o dl
ANANNRANAAT LA lunsug AR e nAreuluen 1 dalued1aniinaesiun

15 — 22 NUAUS 2544 TBINTINN waRlFFsgNINg 5.5

80

-

Measured TEC

TEC (10*16el/mA2)

0 24 48 72 96 120 144 168 192
Time (hr.)

o ' a o o °
g1 55 uapInaN1INARLNLFIUTBLAIAINNARNAIATBIULLAIAES IRI TLULLINASY
v
Funsaianmseauluduissainidlelaluanesisemeainlassdnedszam

FEMIN9TUN 15 - 22 nUNWUE 2544

ANNUANITNARDINLINAIANURAANAIATAILLLANEDY IRl HATAaaAaaRllNInndn

U 4=ll ¥ o o a; ¥ 3 a 1 a
AN LARINNITNIVIBRINULLUA1ABINAT 19T NI AR ATATIT 1Usza nlaadAN
15.47% udaanisnensaiatinssadiaatlunante 192 dolue ¥9e 8 Ju luseudnedun
o (.3 i o U a o H &' 1

15-22 NUATWUS 2544 e Fa U UAIAINRANAIATBLLLANABINAFIIUNINLIN
U - o :lf -3 0 i H A’ o 1 ] L
FAIANNRANAA 2.35% AINUAZTIULATIMLLAN AR NEFI9TUaINITaN BN AN LN REN

N394 13.12%



x
UNn 6

dgluan1siqeuazralauauue

danansinmBunudidnassuluduussannidlaleluailes (TEC) luiFesnanu
fuusrzningaflraaneing (SSN) uazsrliauinusimanian (ap) whignungoss
o [ & 2 -d' ) 73 ] (.’ v d’ o 0
nauauguRusuu unisulasuuladlfetnaunidala WBRINNITATUIUNIAN
“' - H ) H 9‘ o« ’.: [ & e [ t: ]
dulsransanduiusildreuinafiazen  sdnh@eiiaudiiudsiulussdunn  wilingsd
o 1 1 t i - o z [ 24 - :" (-] .
uangquﬂﬂNﬁuﬂi‘:nam'lmﬂﬂﬁﬂuuﬂmxﬁmmmanmﬂumunuﬁf-wzmmm sl
d. - < o - :‘l =’i’ v -y 4' (4
ananasdnlsmiduaudrAynagactiaanlilfiainnisiansnn  Teauasnsoresuysd
» { [ - o : - = rIJ
TiReanaiaruanuualiupuduiusls ilfesudusesiaunalianeadamaning
) :" 4‘ o e a‘l‘ i ﬂl‘ 99 - ' :lf :‘i’q d' ] -ﬁ'
adi Selurmddeilideniaclfmatialasnelszam - MlifilisanainyasuluiEes
Anugnunsalun s uldlaetssaunisamenumnn  Gasasniinisiniassdnadscamla
b 23 1 - 1 a‘ (-3 v 1 ) A!' v ]
angadeyarnBuindidnaseuniiusousaniiatdaties  lunsafulazadtelszam
avfmuslitdanasnsdlunuy Backpropagation  laaldlusunsu MATLAB #ifi NNT
Toolbox Ml elunsldu - TasataashifaudeaifunAidensamiiauiuusnian
A -3 0 ndd.l 1t o ¥ v li. 1 [ ]
Feazivduihdtndelifaududaunin  lassassiaaaaumaudnezin 9 199
) L-d - L) i ﬂ)
Tasetraudmiinstindoanisflimeinisiinluaundiazld Performance Index Mitieavnign
Falunlis et “ mse " A1 mse NlAazuamliiutsdse@nsnmaaslasaineaiaiia
é’ ’ _ 0. Y o o o &
FudnfilssAngaaaiarr WldfiiuuudiasnFnagidnnsey
: [l B o - - 1 H 1
WaliuwdladiuuusnseafuanddnasaulnaaiinlassnalseaniaFreaull
prfianatala N eI AsgIN IRI - 2001 anfisaninla isamnsaiainig
AsagdauAIANRaNaInlE  TearanIsnaseInldnLdIAIANEANAIATEILLLIATIREY
al iﬂl y ’ nl' b 4 [J o a; » &’ -9
IRl #ArAatanaaulluinndiAnfildainnisiauigannuuuanaesnaFeauniaanmaiia
lasetelszaminadian  14.46 % ludaanisnainsaietnesaiiaatiunante 192 4ol
148 8 Fu Tusendnadud 21 — 28 uns1AN 2544 WanBuuRauiuAIANEANRIATEMLL
[ -J 9 4" [ < o’ ‘o" (-3 | 7K [d o=
A1809Na 59BN LTITAIANNEANATA 2.25 % satiuaztiulddiuiuanaeanalinla
drelsrananunsaniung At lsidug ndate 12.21 %  UAZNANITNARBINLIVAIANNEA
NANATBILLLANADY IR HArastatadanliuinndnAmifann1siIuganLLLANaesh
z —y ) 3 t & ] ) 1
a¥9rurannmaiiairsetialssaninailfi 1547 % ludasnisnansalatinesaiiantiu

WAt 192 FaTuevita 8 Ju Tuszuinadui 15 - 22 nuaWus 2544 BianfFaudinuiua



81

AR NG TR RSN TR Romenn 2.35 % Fauaziiuldin
wdnamRai 1 uaunsnRunaen lduiuingnde 13.12 %
lunsAnmnsairuundnsanBundidnaseulaslasdolszamiqadesseuun
q"'\amﬁu‘\'nmsﬂu‘imﬂTﬂNﬁﬁﬂﬂ?za'm'luémmsmuqnmi‘fm'mfiﬂu%qﬁq:éqmn uay
msWnanlunstiniassinenlszamluwspseiliuanuaiacuaiedalie  uiearnalsd
AanuanimasesiildatuayuauuigunimeseviuiudtsenBunadidnaseulas
Tassdnenlszanmifhumnafenanmaniisfignnsannn ilunsinunealusuenldadineg

Usz@nsnan



(1]

(2]

(3]

(4]
(5]
(6]
[7]
(8]
(9]

82
PUUIRDDN9DY

J.E. Alinutt, Satellite to ground radiowave propagation, London : Peter Peregrinus.
1990.

IRI. “International Reference lonosphere.” [Online]. Available http://nssdc.gsfc.
nasa.gov/space/model/models/iri.html. 2003.

J.J. Hopfield. 1982. “Neural networks and physical systems with emergent
collective computational abilities,” Proceedings of the National Academy of
Sciences. (79) : 2554-2558.

Martin T. Hagan, H., et.al. Neural Network Design. Boston : PWS. 1995.

Mathworks. Neural Network Toolbox in MATHLAB. Boston : PWS. 1994,

M.P.M. Hall, LW., et.al. Propagation of Radiowave. London: Short Run. 1996.

D. Kenneth. lonospheric Radio. London : Peter Penetrinus. 1989.

Nihon Tsushinki. Model 7633 Realtime TECMETER Operation Manual.

B. Hofmann-Wellenhof, H., et. al. Global Positioning System. 3. New York :
Springer- Verlag Wien. 1994.

[10] lgarashi, K., et.al. “GPS Observations of lonospheric Total Electron Content and

Scintillation in the Equatorial Zone as part of PARTNERS Project.” International

Beacon Satellite Symposium, United Kingdom, July 1994.

[11] asawdd washin. “arsAnmmsulfsuulsnBunadlinasauluduussaina

lelalusRefiFunlnfidugudgasniinanssnusedyauaaiion.”
Fnanfinug FAanssuAtgAsINIGR a1asRdanssi I Tufisanaide,

annfunalulatinszanuindidinummsaianesiia. 2542,

v 1
[12] n3efF wiaim. anstasizinisonons. RNAARIA 2. nganwy : unAngndt

INMATANART. 2542,

[13] K. Bilitza. “Sunspot Number.” [Online]. Available : http://www.ngdc.noaa.gov/stp/

SOLAR/SSN/ssn.html. 1995.

[14] NOAA. “EVA Mission.” [Online]. Available : http://www.sec.noaa.gov. 1998.

[15] Spaceweather. “Sunspot Number Archive.” [Online].http://www.spaceweather.com

fjavalarchive.html. 2000.



83

[16] Kyoto University. * Geomagnetic Index.” {[Online]. http://swdcdb.kugi.kyoto-u.ac.jp
/apfindex.htm!. 1996.

[17] N. Balan and P.B. Rao. “Latitudinal Variations of Nighttime Enhancements in Total
Electron Content.” Journal of Geophysical research, vol. 92, no. 1, April 1987.
pp. 3436-3440.

[18] A.K. Rigler, J.K, et.al. “Variables in back propagation learning,” Neural Networks,
vol. 3, no. 5, 1990, pp. 561-573.

[19] Krittaya Nakprasit and Narong Hemmakorn. “The predictability of vertical TEC
using Artificial neural networks on Bangkok.” International Symposium on
Communications and Information Technology (ISCIT 2001), vol. 1, Nov. 2001.
pp. 654-657.

[20] J. Cander, S.S., et.al. “Dynamic ionospheric prediction by neural networks.” Proc.
Artificial Intelligence Applications in Solar-terrestrial Physics, 1998. (acceptd
for publication)

[21] Klobuchar and John A. “lonospheric Time-Delay Algorithm for Single-frequency
GPS Users.” IEEE Transactions on Aerospace and Electronics Systems, vol.
AES - 23, no. 3, May 1987, pp. 325-331.

[22] neyad WaTRWRIWY. “msAnsFnnddnaseuluduusstnnalasidanadien
GPS.” IngniinusimnssuAansuniufia atedeimanssuiiin Toudin
Anands, anotumalulatinszasunddaummsaianssiia. 2542,

[23] Killeen, T.L., et. al. “On the relationship between dynamics of the polar
thermosphere and morphology of the aurora.” Journal Geophysics research,
vol 93, 1988, pp. 2675.

[24] NOAA. “GPS derived TEC.” [Online]. http://noaa.gov/INOAA-NOS-NGS-GRD TEC
page.htmi. 2000.

[25] K.M. Hornik, M. , et.al. “Multilayer feedforward networks are universal
approximators.” Neural Networks, vol. 2, no. 5,1989, pp. 359-366.

[26] D.E. Rumelhart, G.E., et.al. "Learning representations by back-propagating errors.”

Nature, Vol. 323, 1986, pp. 533-536.



84

dgj I dl Y o U 14 dl = 1 gj 1 Y o ¥ € v 1%
nansihluenansianulidwiunisldanuienisfinyirintu leygelihllduselesimunism

Lidnsdilaqnsdu Snvwvnuiilvisaudadiion wazdesdededadivaaenaisynasaninisiluly



MNMARAUIN N.

nsrudinasNangusingng o

Transfer Functions
Name Input/Output Relation Icon m‘ﬁnﬁ
. a=0 n<0 )
Hard Limit a=1 n30 m hardlim
. . a=~-l n<0 ' .
Symmetrical Hard Limit N7/ g n ::EI hardlims
Linear a=n S purelin
a=0 n<0
Saturating Linear a=n 0<ns<1 satlin
a=1 nr>l
ic Sat - a=-1 n<-~l
R Li;ear ting a=n -15n<l satlins
a=1 n>l
, . > 1 .
Log-Sigmoid a e logsig
Hyperbolic Tangent - : .
Sigmoid 1t e Fa tansig
. e . a=0 n<0 .
Positive Linear e poslin
Competitive a = | peuron with max n C compet

a = 0 all other neurons
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Tds1nsa combine_data.py

Tsunssiilddmiunsulasdeyaluinddnas (xis) nraglugiiioyaalinase uda
ﬁmﬂmfa'\nﬂ?ﬂgmm?a'lﬁﬂq"lugﬂmmmw‘?n*ﬂ'lﬁﬂﬁqzmmmLﬂuﬁ’ﬂgaﬁwﬁu Neural
Network Toolbox 1§ L""nﬂu%ummnn']m Python

Tsunsuiinesiearnilsunsution 4 hsunsu Ae
1. Tdsunsu addtime.py w"'mﬁh’v";u.ﬂma’l’mg,ﬂlu'lﬂﬁl,é‘nma (xis) WagflugLiiayaasa

WaWind alltime.all

import string
import sys
lines = sys.__stdin__.readlines()
count=0
for line in lines:
print count%96,line.strip()

count +=1

2. Tusunsn kmitl.py Mwiriudlastayalulnddings (xis) aneglugldayaasi

WEWind kmitl.all

import string

import sys

lines = sys.__stdin__.readlines()

tmp =[]

year = sys.argv[1]

for line in lines:
tokens = line.strip().split()
if lines.index(line) ==

head = tokens[1:-2]
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elif len(tokens) > O:
tmp.append(tokens[1:-2])
if len(tmp[0]) != len(head):
exit(1)
for i in range(len(tmp[0])):
for tin tmp:
if len(head[i]) == 3:
print '%s0%d%s %s' % (year,int(head[i}[0]),head[il[1:],ti])
else:

print *%s%d%s %s' % (year,int(thead[i][0]),head[i][1:],t[i])

3. lsunsu avgtec.py fimshiutasdayalulndings (xis) snaglugdiaysassa

W&ind avgtec.all

import string
import sys
lines = sys.__stdin__.readlines()
count=0
for line in lines:
print count,line.strip().split()[-1]

count += 1

4. Tdsunsu ssn.py imiulasdeyaluli@dniga (xis) snaglugifieysassa

WAWIng ssn.all

import string
import sys
lines = sys.__stdin__.readlines()
for line in lines:
if iines.index(line) != 0:

tokens = line.strip().split()
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year = int(tokens[0])
day = int(tokens[1])
month =1
for token in tokens[2:]:
s_month = str(month)
s_day = str(day)
if month < 10:
s_month = '0'+s_month
if day < 10:
s_day = '0'+s_day
if int(token) 1= 0:
print '%d%s%s %s' % (year,s_month,s_day,token)

month +=1

T1lsunsa combine_data.py fiansihfiseusandaysiindliedlugtuisnd lnausazgm

14 = dl

ayadunniiidng Neural Network Toolbox Usznawusiag 10 M

import string

import sys

lines = open('ssn.all.txt','r").readlines()
ssn = {}
for fine in lines:
tokens = line.strip().split()
ssn[tokens[0]] = int(tokens[1])

lines = open(‘ap.all.txt','r').readlines()
ap = {}
for line in lines:
tokens = line.strip().split()
ap[tokens[0]] = int(tokens[1])



lines = open(‘avgtec.all.txt','r').readlines()
atec = {}
for line in lines:
tokens = line.strip().spilit()
atec[int(tokens[0])] = float(tokens[1])

lines = open('kmitl.all.txt','r').readlines()
tec = {}
count=0
for line in lines:
tokens = line.strip().split()
tec[count] = tuple(tokens)

count += 1

data0 =[]
datal =[]
data2 =[]
data3 =[]
data4 =[]
data5 =]
data6 =[]
data7 =[]
data8 =[]
data9 =[]

for i in range(count)[47:-1]:
data =[]
output = float(tec[i+1][2])
time, date, value = int(tec[i][0]),tec[i][1],float(tec[i][2])
previ1_date, previ_value = tec[i-1][1].float(tec[i-1][2])
prev2_date, prev2_value = tec[i-23][1],float(tec[i-23][2])
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prev3_date, prev3_value = tec[i-47][1],float(tec[i-471[2])

check1 = value != 0 and ssn.has_key(date) and ssn[date] = 0 and ap.has_key
(date) and output |= 0

check2 = prev1_value != 0 #and ssn.has_key(prev1_date) and ssn[prev1_date)
I= 0 and ap.has_key(prev1_date)

check3 = prev2_value != 0 #and ssn.has_key(prev2_date) and ssn[prev2_date]
I= 0 and ap.has_key(prev2_date)

check4 = prev3_value != 0 #and ssn.has_key(prev3_date) and ssn[prev3_date]

I= 0 and ap.has_key(prev3_date)

if check1 and check2 and check4 and check4:
data.append(value) # TEC(t)
data.append(atec[time]) # ATEC(t)
data.append(atec[(time-1)%96]) # ATEC(t-1)
data.append(atec[(time+1)%96]) # ATEC(t+1)
data.append(data[0]-data[1]) # DeltaTEC(t) = TEC(t) - ATEC(})
data.append(prev1_value-data[2]) # DeltaTEC(t-1) = TEC(t-1) - ATEC(t-1)
data.append(prev2_value-data[3]) # DeltaTEC(t-23) = TEC(t-23) - ATEC(t+1)
data.append(prev3_value-data[3]) # DeltaTEC(t-47) = TEC(t-47) - ATEC(t+1)
data.append(ssn{date]) # SSN
data.append(ap[date]) # AP

data0.append(data[0]
data1.append(data[1]
data2.append(data[2]
data3.append(data[3]

data5.append(data[5]

)
)
)
)
data4.append(data[4])
)
data6.append(data[6])

)

data7.append(datal7]



data8.append(data[8])
data9.append(data[9])

for d in data0:
print '%.2f' % (d),

print "

for d in data1:
print '%.2f' % (d),

print "

for d in dataz:
print '%.2f' % (d),
print "

for d in data3:
print '%.2f' % (d),

print "

for d in data4:
print '%.2f" % (d),
print"

for d in datab:
print '%.2f' % (d),

print "

for d in data6:
print '%.2f' % (d),

print "
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for d in data7:
print '%.2f' % (d),
print "

for d in data8:
print '%.2f % (d),

print "

for d in data9:
print '%.2f" % (d),
print"
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NSSDC Model Web

International Reference lonosphere - IR
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»DC .
StoODELWeb International Reference Ionosphere

- IRI

This page enables the computation of IRI parameters for user-selected profile. The
available IRI partameters are electron, ion and neutral (CIRA-86) temperatures, electron
and ion (O+, H+, He+, 02+, NO+) densities.

Height Profile

Year(1958 - 2006):|
Note:If date is outside the Ap index range (1960-9/2002), then STROM model will be
turned off.

5l pay(1-31):[

Time [o»== 5| Hour of day (e.g. 1.5):

Coordinates [c== 3|

Latitude(deg.,from -90. to 90.): l— Longitude(deg.,from 0. to 360.): I__
Height(km, from 60. to 2000.): Starty  Stop|  Stepsiz

Optional Input:

Sunspot number(Rle)l__ Ionospheric index(IGlZ)r—

Electron content: Upper boundary (km., from 50. - 2000. )

F peak model | "5 ¥] Bottomside Thickness [ ¥] 1on Composition [o=i 5]
foF2 Storm model |~ | Topside Te |* | D-Region Ne | 3
F1 occurrence probability: |’5€°“°“‘”7 LE

NmF2/cm-3 (1000.-100000000.) or foF2/ MHz(2.-14.):|

hmF2/km (100. - 1000.) or M(3000)F2(1.5-4.)]

@ Profile Listing ¢ Profile Listing and Plotting

Latitude Profile

Year(1958-2006):|
Note:If date is outside the Ap index range (1960-9/2002), then STROM model will be
turned off.

Month: IJ*“'“*“Y i Day(1-31): l_

Time IU"‘W‘ i Hour of day (e.g. 1.5):
Coordinates IGW‘P““ i Longitude(deg.,from 0. to 360.)|



96

Height (km, from 60. to 2000.): |

Note: Enter Height=0. to obtain peak heights and densities,

or Height= -1. to obtain bottomside/valley parameters and plasma frequencies.

or Height= -2. to obtain F-region equ. vert. ion drift and F1 occurrence parameters

Latitude (deg.,from -90.0 to 90.0): Start|  Stop]  Stepsize]

Optional Input:
Sunspot number(Rz12)| Ionospheric index(IG12)|
Electron content: Upper boundary (km., from 50. - 2000 )

F peak model |'*' ] Bottomside Thickness BTl 7 Ton Composition lDa“""V » i
foF2 Storm model | Q Topside Te |**° =] D-Region Ne l"“ i S

F1 occurrence probability: |S€°m«r"397noL

@ Profile Listing ¢ Profile Listing and Plotting

Longitude Profile

Year(1958-2006):|
Note:If date is outside the Ap index range (1960-9/2002), then STROM model will be
turned off.

Month: IJMW ﬁ Day(1-31): |——

Time IU'"versal =] Hour of day (e.g. 1.5)

Coordinates |G°°gmp'“° @ Latitude(deg.,from -90. to 90.): I

Height (km, from 60. to 2000.):

Note: Enter Height=0. to.obtain peak heights and densities;

or Height= -1. to obtain bottomside/valley parameters and plasma frequencies.

or Height= -2. to obtain F-region-equ..vert. ion drift and-F1 ecCcurrence parameters

Longitude(deg.,from 0.0 to 360.0): Stard Stop | Stepsize|

Optional Input:
Sunspot number(Rzlz)l Ionospheric index(IG12)|
Electron content: Upper boundary (km., from 50 2000.)

F peak model [ 5] Bottomside Thickness [ | Ton Composition [ &
foF2 Storm model ﬁ Topside Te | D-Region Ne qu 95 i
F1 occurrence probability: |S°°"v'997 noL

@ Profile Listing € Profile Listing and Plotting
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Year Profile

Month: Im‘a’y i Day of month (1-31):r_
Time l”""““' i Hour of day (e.g. 1.5): |

Coordinates |CGcerphic
Latitude(deg.,from -90. to 90.): | Longitude(deg.,from 0. to 360.): |

Height(km, from 60. to 2000.): |

Note: Enter Height=0. to obtain peak heights and densities,

or Height= -1. to obtain bottomside/valley parameters and plasma frequencies.

or Height= -2. to obtain F-region equ. vert. ion drift and F1 occurrence parameters
Year(1958-2006): Start]  Stop|  Stepsize]

Note:If date is outside the Ap indexrange (1960-9/2002), then STROM model will be
turned off.

Optional Input:

Sunspot number(Rz12)]  Ionospheric index(1G12)]

Electron content: Upper boundary (km., from 50. - 2000. )

F peak model |"**' =] Bottomside Thickness |**"** X] Ion Composition W
foF2 Storm model I‘m_i Topside Te |** D-Region Ne F;%i

F1 occurrence probability: |S°°"<*'”7"°L

@ Profile Listing € Profile Listing and Plotting

Monthly Profile

Year(1958-2006):|
Note:If date is outside the Ap index range (1960-9/2002), then STROM model will be
turned off.

Day(1-31): l— Time IUniversaI i
Hour of day (e.g. 1.5): | Coordinates Ingmphic i
Latitude (deg.,from -90. to 90.): | Longitude(deg.,from 0. to 360.): |

Height (km,from 60. to 2000.): |

Note: Enter Height=0. to obtain peak heights and densities,

or Height= -1. to obtain bottomside/valley parameters and plasma frequencies.

or Height= -2. to obtain F-region equ. vert. ion drift and F1 occurrence parameters

Month (1-12): Stard_ Stop l_ Stepsizel_

Optional Input:
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Sunspot number(RziZ)I Ionospheric index(IGlZ)l
Electron content: Upper boundary (km., from 50. - 2000. )

F peak model IURS‘ i Bottomside Thickness |* ™ &| Ion Composition W
foF2 Storm model |°" i Topside Te |*™* D-Region Ne ’Eh
F1 occurrence probability: |Sconﬂ997 nolL

@ Profile Listing € Profile Listing and Plotting

Day of Month Profile

Year(1958 - 2006):|
Note:If date is outside theAp index-range (1960-9/2002), then STROM model will be
turned off.

Month: |y H

Time U'"'V;i Hour of day (e.g. 1.5): l_

Coordinates |6ce=hic

Latitude(deg. from -90. t0.90.):] ' Longitude(deg.,from 0. to 360.): |

Height(km,from 60. to 2000.):

Note: Enter Height=0. to obtain peak heights and densities,

or Height= -1. to obtain bottomside/valley parameters and plasma frequencies.

or Height= -2. to obtain F-region-equ. vert. ion drift and F1-oceurrence parameters

Day(1-31): Stard— Stopl_ Stepsize:l—

Optional Input:

Sunspot number(Rle)l_ Ionospheric index(IGlZ)|_

Electron content: Upper boundary (km., from 50. - 2000. ) l__

F peak model |'*s' X| Bottomside Thickness |0 ™" i Ion Composition |"f’““°v95 i
foF2 Storm model IT Topside Te |** D-Region Ne |*

F1 occurrence probability: |S°°“‘*‘9‘)7 ol

@ Profile Listing ¢ Profile Listing and Plotting

Day of year profile

Year(1958-2006):|
Note:If date is outside the Ap index range (1960-9/2002), then STROM model will be
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turned off.
Time IU“W““‘ i Hour of day (e.g. 1.5):
Coordinates |6coe=hic
Latitude(deg.,from -90. to 90.): r_ Longitude(deg.,from 0. to 360.): l—

Height(km, from 60. to 2000.):

Note: Enter Height=0. to obtain peak heights and densities,

or Height= -1. to obtain bottomside/valley parameters and plasma frequencies.

or Height= -2. to obtain F-region equ. vert. ion drift and F1 occurrence parameters

Day(1-366): Start| Stop ,_ Stepsize r—

Optional Input:

Sunspot number(Rle)l_— Ionospheric index(IG12)[—

Electron content: Upper boundary (km., from 50. - 2000. )

F peak model |"**' X]| Bottomside Thickness |> ™" @ Ion Composition W
foF2 Storm model W Topside Te |™ D-Region Ne W

F1 occurrence probability: |S°°"H997noL

@ Profile Listing € Profile Listing and Plotting

Hour Profile

Year(1958-2006):|
Note:If date is outside the Ap index range (1960-9/2002), then STROM model will be
turned off.

Month: [~ 5 pay(1-31):[
Time |Urivesal Coordinates |Geog=hic
Latitude(deg.,from -90. to 90.): | Longitude(deg.,from 0. to 360.): |

Height(km, from 60. to 2000.): l

Note: Enter Height=0. to obtain peak heights and densities,

or Height= -1. to obtain bottomside/valley parameters and plasma frequencies.

or Height= -2. to obtain F-region equ. vert. ion drift and F1 occurrence parameters

Hour (e.g. 1.5): Startl Stop| Stepsizel

Sunspot number(R212)|_- Ionospheric index(IG12)|_

Electron content: Upper boundary (km., from 50. - 2000. )

F peak model |"**' 3] Bottomside Thickness | "¢ i Ion Composition ID*'"“‘W” i
foF2 Storm model ﬁ Topside Te |*'** D-Region Ne |*

F1 occurrence probability: |S°°"‘*'”7 JoL
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@ Profile Listing € Profile Listing and Plotting

[8] Go to NSSDC home page

If you have any questions/comments about this model available from NSSDC, contact:
Dr. Dieter Bilitza, E-mail: bilitza@mail630.gsfc.nasa.gov, National Space Science Data
Centr, Mail Code 632, NASA/Goddard Space Flight Center, Greenbelt, MD 20771

Dr. Natalia Papitashvili, E-mail: natasha@mail630.gsfc.nasa.gov, National Space Science
Data Center, Mail Code 633, NASA/Goddard Space Flight Center, Greenbelt, MD 20771

NASA Official: J. H. King, king@nssdca.gsfc.nasa.gov
Last Updated: 6 Febriary 2003, NEP
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NIANUIN Q.
Neural Network Toolbox 4



The Neural Network Toolbox extends the
MATLAB® computing environment to
provide tools for the design, implementation,
visualization, and simulation of neural
networks. Neural networks are uniquely
powerful tools in applications where formal
analysis would be difficult or impossible,
such as pattern recognition and nonlinear
system identification and control. The
Neural Network Toolbox provides compre-
hensive support for many proven network
paradigms, as well as a graphical user inter-
face that allows you to design and manage
your networks. The toolbox’s modular, open,
and extensible design simplifies the creation
of customized functions and networks.

Working with Neural Networks

Inspired by the biological nervous system,
neural network technology is being used to
solve a wide variety of complex scientific,
engineering, and business problems.
Commercial applications include investment
portfolio trading, data mining, process
control, noise suppression, data compression,
and speech recognition. Neural networks are
ideally suited for such problems because, like
their biological counterparts, a neural
network can learn, and therefore can be
trained to find solutions, recognize patterns,
classify data, and forecast events.

Unlike analytical approaches commonly used
in fields such as statistics and control theory,
neural networks require no explicit model
and no limiting assumptions of normality or
linearity. The behavior of a neural network is
defined by the way its individual computing
elements are connected and by the strength
of those connections, or weights. The
weights are automatically adjusted by train-
ing the network according to a specified
learning rule until it properly performs the
desired task.

he MathWorks

KEY FEATURES

Graphical user interface (GUI) for creating

o2

training, and simulating
your neural networks

Support for.the most commonly used supervised and unsupervised
network architectures

A comprehensive set of training and learning functions

A suite of Simulink” blocks; as well as documentation and demonstra-
tions of control-system applications

Automatic generation of Simulink models from neural network objects

Modular network representation, allowing an unlimited number
of input sets, lavers, and network interconnections

Pre- and post-processing functions for improving network training
and assessing network performance

Routines for improving generalization

Visualization functions for viewing network performance

gy R e o
e TEDA ER A B
| e | e | [ U R S
I e o S ) 2 :
: e B P D "1’ a‘,

i
S} ;
i {
This window displuys porfions of the neural network ; » i
GUI. Dialogs and panes allow you fo visuolize your i | ;
network {iop), evalucte training results (botiom), L P Vel SR B I e

and manage your networks {center).




Because neural networks require intensive
matrix computations, MATLAB provides a
natural framework for rapidly implement-
ing neural networks and for studying their
behavior and application.

Neural Network Toolbox GUI

This tool lets you import potentially large
and complex data sets. The GUI also allows
you to create, initialize, train, simulate, and
manage your networks. Simple graphical
representations allow you to visualize and
understand network architecture.

Supported Network Architectures
Supervised Networks

Supervised neural networks are trained

to produce desired outputs in response to
example inputs, making them particularly
well suited for modeling and controlling
dynamic systems, classifying noisy data, and
predicting future events. The Neural
Network Toolbox supports the following
supervised networks:

+ Feed-forward networks have one-way
connections from input to output layers.
They are commonly used for prediction,
pattern recognition, and nonlinear function
fitting. Supported feed-forward networks
include feed-forward backpropagation,
cascade-forward backpropagation,
feed-forward input-delay backpropagation,
linear, and perceptron networks.

» Radial basis networks provide an
alternative fast method for designing non-
linear feed-forward networks. Supported
variations include generalized regression
and probabilistic neural networks.

* Recurrent networks use feedback to
recognize both spatial and temporal
patterns. Supported recurrent networks
include Elman and Hopfield.

* Learning vector quantization (LVQ) is a
powerful method for classifying patterns
that are not linearly separable. LVQ allows

103

you to specify class boundaries and the
granularity of classification.

Unsupervised Networks

Unsupervised neural networks are trained by
letting the network continually adjust itself to
new inputs. They find relationships within
data as it is presented and can automatically
define classification schemes. The Neural
Network Toolbox supports two types of self-
organizing unsupervised networks:

+ Competitive layers recognize and group
similar input vectors. By using these
groups, the network automatically sorts
the inputs into categories.

* Self-organizing maps learn to classify input
vectors according to similarity. Unlike
competitive layers, they also preserve the
topology of the input vectors, assigning
nearby inputs to nearby categories.

Supported Training and Learning Functions
Training and learning functions are
mathematical procedures used to automati-
cally adjust the network’s weights and biases.
The training function dictates a global
algorithm that affects all the weights and
biases of a given network. The learning
function can be applied to individual weights
and biases within a network.




104

Conscie

t learning function

ebb with decay weight learning ru le

Control System Applications

Neural networks have been successfully
applied to the identification and control of
nonlinear systems. Included in the toolbox are
descriptions, demonstrations, and Simulink
blocks for three popular control applications:
model predictive control, feedback lineariza-
tion, and model reference adaptive control.

Model Predictive Control Example

The following example shows the model
predictive control of a continuous stirred
tank reactor (CSTR). This controller creates
a neural network model of a nonlinear plant
to predict future plant response to potential
control signals. An optimization algorithm
then computes the control signals that
optimize future plant performance.

You can incorporate neural network control
blocks included in the toolbox into your
existing Simulink models. By changing the
parameters of these blocks you can tailor the
network’s performance to your application.

Plant
(Continuous Stirred Tank Reactor)

T
e s |

R e

e Y T e

s man R |
|
b o B § ol ot o 7N
g s e,
Lo e e r‘ ""',.\"E ik o nclutedic e, - S8

This window displays a Simulink model thet includes the
neural network predidive conirol block and (STR plant mode!
(top lefi). Dialogs and panes allow you fo visualize validation

data (lower left) and manage the neural network conirol
block (lower center) and your plant identification (right).
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Simulink Support

Once a network has been created and
trained, it can be easily incorporated into
Simulink models. A simple command
(gensim) automatically generates network
simulation blocks for use with Simulink.
This feature also makes it possible for you
to view your networks graphically.

Pre- and Post-Processing Functions
Pre-processing the network inputs and
targets improves the efficiency of neural
network training. Post-processing enables
detailed analysis of network performance.
The Neural Network Toolbox provides the
following pre- and post-processing functions:

* Principal component analysis reduces
the dimensions of the input vectors.

+ Post-training analysis performs a
regression analysis between the network
response and the corresponding targets.

+ Scale minimum and maximum scales
inputs and targets so that they fall in the
range [-1,1].

» Scale mean and standard deviation
normalizes the mean and standard
deviation of the training set.

Improving Generalizotion

Improving the network’s ability to generalize
helps prevent overfitting, a common problem
in neural network design. Overfitting occurs
when a network has memorized the training
set but has not learned to generalize to

new inputs. Overfitting produces a relatively
small error on the training set but will
produce a much larger error when new data
is presented to the network.

The Neural Network Toolbox provides
two solutions to improve generalization:

* Regularization modifies the network’s
performance function, the measure of
error that the training process minimizes.
By changing it to include the size of the
weights and biases, training produces a
network that not only performs well with
the training data, but produces smoother
behavior when presented with new data.

» Early stopping is a technique that uses two
different data sets: the training set, which is
used to update the weights and biases, and
the validation set, which is used to stop
training when the network begins to overfit
the data.

Neural network simulation blocks for use in Simulink
can be automotically generated using the gensim
command. Here, o three-layer neural netwark hus been
converted into Simulink blocks.

Documentation and Examples

The Neural Network Toolbox User’s Guide
was written by Professor Emeritus Howard
Demuth and Mark Beale, developers of the
Neural Network Toolbox and authors, with
Professor Martin Hagen, of Neural Network
Design. The User’s Guide is of textbook
quality and provides a thorough treatment
of neural network architectures, paradigms,
and neural network applications. It also
includes a tutorial and application examples.
Additional demonstrations and application
examples are included with the product.

For demos, application examples,
tutorials, user stories, and pricing:

« Visit www.mathworks.com
* Contact The MathWorks directly
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the Middle East, Africo, and the rest

of Europe.
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ABSTRACT

Recently, there has been much interest in the use
of artificial neural networks (ANNs) in ionospheric
prediction models.This paper is divided into two
parts. The first part presents the characteristics of
long-term vertical TEC (ionospheric Total Electron
Content) on equatorial station of Bangkok,
Thailand. (KMITL: 13.7°N 100.8°E Geographical
Lat&Long. ; 2.8°N 171.9°E Magnetic Lat&Long.)
during 1 January 1998 — 31 December 2000. It is
further shown how much the nonionospheric
geophysical parameters representing time, sunspot
number, and magnetic index correlate to vertical
TEC. In the second part, the TEC is forcast 1 hour
in advance by using artificial neural networks. The
input parameters used for the neural network are
past observation of TEC, geomagnetic index (Ap),
time, sunspot number (SSN), mean TEC, delta of
TEC and delta of mean TEC. The performance of a
neural network is measured by considering errors.
For the errors to be more meaningful, training and
test times and times for comparison with other
results are selected from the same solar activity
period. Among the various backpropagation
structures of neural network, the best configuration
is found to be the one layers with two hidden layer,
giving relative errors of 4% while errors for the
international reference ionosphere model (IRI-95)
around 18%.

1. INTRODUCTION

A signal travelling between an earth station and
a satellite must pass through the earth’s
atmosphere, including the ionosphere. The
ionosphere is the upper region of the earth’s
atmosphere, which has been ionized mainly by
solar radiation. The free electron in the ionosphere
are not uniformly distributed but form in layers.
Furthermore clouds of electrons (known as
travelling ionospheric disturbances) may travel
through the ionosphere and give rise to fluctuations
in the signal that can only be determined on a
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statistical basis. The effects include scintillation,
absorption, variations in the direction of arrival,
propagation delay, dispersion, frequency change,
and polarization rotation. All of these effects
decrease as frequency increases, most in inverse
proportion to the frequency squared and only
polarization rotation and the scintillation effects are
of major concern for satellite communications
[4jayi et al., 1996] .

(F } ROTATION

“? POLARIZATION
N

Fig. 1 Major ionospheric propagation effects on
satellite — to - ground links

The modem measurement techniques for TEC
are based on propagation effect observed on signals
transmitted from the satellite to ground stations. In
this experiment, the Differential Doppler Effect
technique is used. The ionospheric total electron
content (TEC) is a parameter of great importance
for transionospheric radio waves propagation
systems and for checking the validity of
ionospheric model. The ionospheric corrections
that have to be applied to determine the satellite
position accurately are proportional to the TEC
along the radar-satellite path. So for ionospheric
corrections, TEC measurements are required, or
TEC predictions from ionospheric models can be a
useful tool [Ezquer et al., 1994].

Dynamic ionospheric forecasting, for resource
management of GPS navigation systems, requires
accurate real-time mode and in hours-ahead



prediction. It was the non-linearity of this
prediction problem which was the reason for
application of an artificial neural network (ANN)
method to find its solution.

2. METHOD

2.1 Ionospheric Total Electron Content

The model 7633A TECMETER is a receiver for
continuously monitoring of all number of electrons
in the path of the wave. It receives radio waves
from GPS satellite, currently being operated by US
Department of Defense. The GPS satellite emits
two radio waves, L1 (157542 MHz) and L2
(1227.6 MHz). These two waves are “coherent”
and are 154 times and 120 times standard
frequencies of the GPS satellite. TECMETER
measures propagation delay time difference among
two P code, L1 and L2, by correlation between two
signals.

GPS receiver antenna

TECMETER

7633 Realtime F_—;
GPS time antenna ﬁ
R/

GPS time

Receiver Y oui

Fig. 2 Block diagram of TEC observation system

The GPS measurement method provide correctly
TEC by principle of delay time of 2 different
frequency signal.

AT, =134% TECX[ 1 1

T MNTS

AT [ () U ](el/mz) &
=4\ Vn) Vr2) )
134 [(fu)z _(f“)z

SCTEC =2.863 % 1016 X ATy (eym2)  (3)

where f11=1,57542 MHz , f12=12276
MHz.

] (ns) (1)

2.2 Neural network architecture

An artificial neural network is a structure of
computing elements which allows easy integration
of a priori knowledge, as well as having the ability
to represent a complex dynamic system through
training with data [Haykin , 1994].

108

We designed to apply multilayer network
because it is more powerful than single-layer
networks. Two-layer network having sigmoid first
layer and linear second layer can be trained to
approximate most functions arbitrarily well.
Single-layer networks cannot do this.

The backpropagation algorithm for multilayer
networks use the performance index: mean square
error. The algorithm is provided with set of
network behavior:

{P1.T1}. (P2, T2}, ..., {PN, TN} )

where Py is an input to the network, and ty is the
corresponding target output. As each input is
applied to the network, the network output is
compared to the target. The algorithm should adjust
the network parameters in order to minimize the
mean square error [Cander et al.,1998].
Performance Index:

F(x) = E ['e] = E [(t-a)" (t-a)] ()
Approximate Performance Index:
F(x)=€'(k) e(k) = (t (k) - a(k)T (t () —a (k)) (6)
Sensitivity:

sm = ainf.m. (7)

Forward propagation: form =0, 2,..., M-1

0

a=p ¢
amtl = g+l qym¥lgm 4 pm+l) 9)
a=d" (10)

Backward propagation: for m = M-1,..., 2, 1
M=2F" ™) (t-a) (11)
"= F @) )T s (12)

Weight Update ( Approximate Steepest Descent):

W™ (k+1) = W™ (&) - &s™ @)T (13
b™ (k+1)=b" (k) - A 5" (14)

Fig. 3 Schematic diagram of ANN
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a = 1 (TWup+b)

a2 = f2(LW21 a1 +b2)

a =3 (LWi.zaz +bs)

a =3 (LW32 2 (LWl (TWup +bi)+ e} b -y

Fig. 4 Architecture of three-layer network in detail
( First layer and Second layer are hidden layer ; Third layer is Output layer)

2.3 Input to Artificial Neural Networks

Since the difficulty of making accurate forecasts
increases with increasing lead time, this neural
network has been designed to have a short-term
forecasting ability, in the order of an hour ahead.
The functionality of the ANN varies considerably
depending on its architecture and energy function.
Fig. 3 shows a schematic diagram of the hybrid
time-delay multi- layer percepton neural network
used with inputs as follows. f{z): TEC at time t;
Mf(t): mean TEC at time t; Mf(t-1). mean TEC at
time t-1; Mf(t-23): mean TEC at t-23; Mf(1-47):
mean TEC at t-47; Mf{t+1): mean TEC at t+l;
Delta f{1) = f{1)-M(1) ; Delta f{t-1) = f{t-1)-M(t-1) ;
Delta f{t-23) = f{t-23)-M(t-23) ; Delta f(t-47)
= f(t-47)-M(t) ; SSN: daily sunspot number and
Ap: geomagnetic index. SSN and 3 hourly- Ap are
internationally published indices while Mf values
have been calculated using only the learning set of
data to produce the background daily variations of
TEC. There is one neural network output value,
f(t+1): predicted TEC values at t+1.

2.4 International Reference Ionosphere Model
(IRI-95)

One of the most widely used empirical models is
the IRI. The TEC value can be determined by
integrate the topside electron density and the
bottom side electron density in the ionosphere. The
TEC variations used the CIRA (COSPAR
International Reference Atmosphere) and URSI
(International Union of Radio  Science)
coefficients, which included the solar activity
indicated by smooth sunspot number (SSN). By
input the location, time of day, the TEC value can
be determined (for which the data are easily
accesible from the internet) [Bilitza et.al.,1995].
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3. RESULTS

3.1 The correlation coefficient of variations v.s.
TEC

Fig. 5 shows three- year TEC variations in each
month that impacted by solar cycle. In analysis ,
we  found the average correlation coefficient
following:
(1.) Yesterday TEC f{t-24) v.s. today TEC f{?) is
0.96

(2.) 2 day before TEC f{t-24) v.s. today TEC f{t)
is 0.95

(3.) 3 hourly- A, v.s daily maximum TEC is
0.18

(4.) 3 hourly- A, v.s. daily minimum TEC is
0.13

(5.) SSN v.s. daily maximum TEC is 0.37

(6.) SSN v.s. daily minimum TEC is 0.07

3.2 The comparision between IRI and ANN

Fig. 6 illustrates an example of the comparision
between IRI-95 and ANN during 21-28 January
2000. The ANN prediction (dash line) presents
more powerful for forecasting TEC in any period
while IRI-95 (line with rectangle) can forecast
closely to measured TEC only in some period
especially in the night for each days.

4. CONCLUSIONS

We have investigated the application of artificial
neural networks to the estimation and forecasting
of TEC. The ANN provides a useful memory of
histrical ionospheric behavior that can be easily
and conveniently interrogated to discover trends
based on different input criteria. It can provide
answers to questions such as, By what amount, and
in what direction, on average, will TEC change if
magnetic activity changes from quite to disturbed,
at 1000 local time. Such information is useful for
the study of the theory of global circulation.



The trained network can be used to predict TEC for
Bangkok with the reletive error that improves on
the IRI-95 by 14%.
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Fig. 5 The variations of 3-year-TEC monitored during January 1998 — December 2000
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Fig. 6 1 hour ahead forecasting of TEC for KMITL station (Bangkok, Thailand)
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