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ABSTRACt-: nu, ~p(t ~Kn" "" ItIlfidtJ n~W1II n~fWOri< (ANN) approocb to 

pom"I"W~ hIM·tene, fo,cca.nn .. The ANN IS used to learn the ,,:htio"$h,p 1UlK»l& pas!, 
" .. nau. and fuNrc hourly dau ,ccord!! We <>bIained a .ery do .. fit dunn, Lbe trll""', 
plI-. The uCtal'= CfT'Of 0(24-110111' Mead fo=aslS In 0111' test on lU:t\lal dal' ore shown to 
be leSl than 1" n.c ",wltl for fo,tuS!!n& daat of one mOllllt ahead show Iba l Ibe AN'N 
give'_III'lle et-nmaIc:s for $IIon.ltmI as well aslong-:..." fOlecasti.ng. 

I. INTROOUcrJON 
The coolinlIOl se<Jm'i"""'~ 'tronis of .... y obsctnuIry ore lughly ...n l b/e, on aome 

dlYs .11 Ihe Wee elcmcnl$ of tt.. geomagn.eIic field undr;'JII SIIlOO!h .... d """Iar v&ria~oM 
wh,le on orhe, days lhe" ch"'W"' ate more Of leu ,!TtAulat I I. 2J. The ~c 
>""anOM ""'y be .. soIvcd In'" S«UI .. clw>y:s, 1OI ... dj"""" ..,d I ..... -<I>urnol ~h..,aos 
ond Ibrupl chan"" ,...whn& fmm "'ape". 'IOnn$. Rec.,,,ly. the ptUC nt autho .. , ,,"V<: 

'OI""led 'c.\C",~h..o<1< doat provi<!cd SlIme rotl()ll.O! b .... s fo.- clIatxtcnZln& and ido:nti(yi", 
the Wldcllyi ng fe31Ule l of the geomllgnent vananon$. The pro)C~ lJ be", umcd 0\11 at 
",. riona! ReWll ch h'l "Me of A,lJOnOmy and <m>pllysi" lind Manso .... U .... t1SI!)' !I 
;UrnS III doe dc>elopment of an a"lomu:ed system Ihal ' CCOfds, prOCCUCl. an:llyses, lind 
for(=1$ Ihe ~mll&".~c !len",!), I I MiS$lllIOle [J J 

The presen t worl( ,s an ell len";",, of doe previOUll'UCllcll. It p,_nlJ I melhlld 10 
mike predicnons .boYl geomognetic rime xnell. The \>U>~ mcthod$ by ....t.icll well 
folecuriDI ,. made: mly he cll.S$l lied in:" 1\"0 calClI"ne, in IIGOOldaD~e WllIt tccluuquet 
!bey employ. One approach Ile.1!S the tbta pancm 8.1 a nme snits silfiDlllllld pn:dicl$m.: 



flmclKllt yruua by ulil.n! vanou, nme nnes ... .".'" u:cluuqucs [4. 61 T~ second 
approach i.S$.mcs ,h,I tltere IS nffic:<nl Q priori .nlormllion WI • fim·pnnerples 
cknVallOIO may be m .... 10 conSII'IICI an ~ ... "'e model of Ihe mKklllism ..... luck II 
J(!I<;I'aIIIlil. ,he obKlVCd proc~n fit new IpPfOKk tnud on 14apI.~ nclWOlks lias bo:en 
inlmd"""d recently (7-91 ""d used WltIt some SUc<:O:SII 10 pre<h(I the bckaviOl' of thlOO( 
~ "'" sen",,- deoermitllSftc seq""lI<:<:S whose ""wed orde< lIa11saQ se..., 10 iCldi.ca\e thai 
!Ioqo ..., ru ul" ... 

In Ihe presen. paper, .... present on a1p".hm fo, forcca.snn, the """"Iy ,eom ...... ni( 
orne. SCflC!_ The I/@iDndun uallzcs !he IdIpn-e necworkl: IllIyCrcd pc<.ep!R>a amfiCl" 
..eu,oI nClYoOtk (ANN). ~.$ the casc WIth ame sen .. approxh, the ANN., "",d 10 Ic:\m 
the ",l.auoDotup I0I0II& ~ cunenl !WId flu"", <b.ly p,comayIcnc do .. p>nc:m .. i.1noOeS 
"",..,ous dally pallctnS ""d poedias (i e. e.lflpollles) I fu,ure pancm. The ANN.s able 10 :!""" nonl.ne:It mocklln, ... d~ Icbpl:llaon. We ld:Ip<ed the ANN by ""posin, UIO n ..... 

"The pIf1lcwar <bill UJcd In tit .. """tlO IflUn ItId lest lIle poedocn,.., pu.....er of'he 
ANN are: ... cnsembleofbo",ly reco,ds of 1M Ik.« SCOmliI'CbC c1.ments H , Z , lind D 
fOl' .he penod of 1984-1993 II Mlssalatc, Helwan, oVId en ... mble of 51mul .... d rcmrds [IOj 

T1tc: OIg.w'l.lhon of the papa" IS folio"",,: the =1\11 $«!I"" prr.sellts" <ktJ:iled 
dcscnpnDII of ,be pattem S!n>CIure of lboc geom..". ... ....."ds. The ANN modd and the 
lI&o<lIlul1 Il$Cd 10 Iflln II", ANN il dQcnbcd In Secnon ffi. In tbc fot:n!o _non, ",.,<Iorine 
tilt foc"tCUllrti problems, show the IOpoIopct of the ANN uJCd '" out umwlliolll and 
anllyu .he pcrlOfm ..... ,n lenru of ..... an (the Iliff., .... becwcen aclllal ... d forCCUled 
dill). A dl5WSlIDII oftbc results MIl c.onclUlloal"-" po-..... ltd inSunon V. 

U. TOE PATIt:R..'" STRUcrURt OF GEOMAGNETIC RECORDS 
For lhe presenl .... dy , ICO""'IV"'DC diu. (or ,he penod of 19&4·1993 ..... ,e otuincd 

from the NlnQftai RClCII'ch IMnMt of AMrontImy:&rld OeopIIysu;.S AI Hc!_. 
Masu",rne.nts were m..Jc '1 llIe ,nJ&lltftc oh<crva.ory II MI!,s"~le """on IlSIng Ike 
"'I3I'tIO"'ettl Type La o;ow This .n<trunlCn' I'CCOfds lite 'ha.~go:s ,n lite ~ognetic 
field on a kIlSIn...., p3.peI' of sill: )0 X .0 cm. The nugnclOnlCl., r«Ofds doe dally 
.ranlnonS a.s Wee InGCs ..... hi(h we d .. 2, H ... d () geom;>gnd>(-6e1d componen ... 
The re.:onI$ ..... e Ihen ."mlned, co!ib ... wI arwI !hCII ..... pled roo-- futthc.- dill praocssift, 
lind Maly$lS. The ..ampl,ns file uted fo. ,his "udy II I _pldhow. Fi& I dlllSlJalel • 
rypocal o:IInplc of lite hourly ~mc ruords for. period of OM month. 

A .e<:tn. StUdy rcponal by die pracn. autbots(l\ baslUe1tedlhlllhchowly 
'"""'~C .-do we ..........ndom sigJLal, .... d they e><hibj, tbroc CCNiSlCnl!)'JICII of 
syslcmaue paIICmCd oomponcnu; • slo\Ol--f3!c ilue"' .... "" oomponcnl ..... lucll ",OOCII !he 
lOlli -lena variJliollJ in the Jt'lMI.Iy.eftc fldd (mW\ ~ S day.). a ~I &hen. 
,",lIlion Inn$lCIII 'ncrcaoes of 2 ............ period (iii"""" f1uClUafton COfnpot>Cll.) \OiUch ore 
~Itivdy I .... and ""ttlli""e. _]Orf • ......,O(I"" reI:OIds ~Oocli ... !be ...... """" 
linked 10 Ihc sun: and I rapod fh"rualion ooml""'en, which ..... "" lrIDSlen' incrcuts or 
I ) hour period. 

The inYCSlill"n"" of I~ ~,,"I illCCQses pIocnom .. on in the "'jlId 1l""lUllion 
oornpo ...... hal I/Iown .hal Ihe transients ore pac.enu perued by lOme eIIpliol 
undcrlY1l'1 meek..,;..., Ihat org.anizes 1M \Wa inlo ,hi, opcalic ron... ,,&-2 ilhulJalCllhc 
Ihree iJOlated ]llllemtd ""mpontalS for the Z-dcmen. 
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... 

rig 1 A ~p"al monthly gromagMDe record{NoVClllba 1986) 
(a) H d.ment. (b) Z demenl, and (e) D duneor 

(., 
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· ··~·3.~~. ··· «, 
< LJ V . :~~~,\, \~ 

... h. n. h,.._~. h. 
Fill A rypeal o:.umple of the !.IlDllted palterned com]XInents of the 
Z-dCrnetlt (No..".,t.:. 1\l86~ (al Slow ,. le nuclu,rion component. 

{bl Do"", .. n"'lUMR com]XIn<nl . .o.nd (e) R~pi~ flucruation component 
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leu I""" a p!cdele,""n.c:d .hfe.lIoold. n , na""nll ".,.; '"""oted .. di".' .d by """OUS 
dtmenu in.c:[udinll olIc compl",,!)' of ~,. p!oblcn, !he numba a f oUuo, the .lnKNle or 
nelWOrl<, and olIc '''"'''"I par"",e'e .. used. 

OUTi'IiT 

Fi& 4 S~CNte of a woe·layered percept"", !)'pC ANN 

III. 2 Procedure for Tr:lil.ling tbe Network 
We uSC llIe eml' b&ck ptDP'SI~O" oLaonlllmofRurnclll&necal [I3Jlalt .. nthe 

ntlwO,k., UI,n, mean sqU&led .,.ot (MSE). 0 .. ' ~'e It .. ",", samples :IS !he objc<:li ... 
NIICI>OtI Acco. (bnll 10 ,h. difference bo;lweo;n lhe l"odged and desircd OUtpulS, lIIe 
"elwcnk', we'shls [W,.l are adjusled 10 .educe '~e OUtpU' error. ~eml'atllleourput 
I.~t PtOpliples ~d 10 Ille ludden la~ •. \Ul~1 il ruciles olIc inpul hryu 

The Outplll from nellfOn I. 01 , is coMecled 10 Iht inpul of IIClIfOnj through L[u, 

in'tttO""ection weigh ' II\. . Unless nellfOn i is 011(: of the inp"cllClUon, ibo ~le of-the: 

IIflUon. il : 

0 , - f( rWu 0,) OJ 

who.e f(~) - 11(1+ c' ,), IlId lIIe sum is 0 ..... all nellfO.' in lIIe adjoccntlayer. Lei tbe tatset 
""'" of !he output a.lIfO" tall be: defined as: 

E "~ {I. - O. )' (2) 

"'herc neuron k .. !he cUlp"' neW'OfI. 

The padient descent alEPtithm oda.pu the weisht. according to tbe gradient e.....,'.; ' " 
OE QE iXJ, 

r1W" (I: - -- - ---- 0' 
cw,/ to, cw" 

Spel:ifically. we de6ne thc: error si[!.llal OS . 

" 6 · .. ---, '0 , ,., 
With $Orne marupulanon, "'" con lei lIIe folio"';"S "'lu.~on . 

£ -43 
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'" whcri CIS'" "IopIonoQ p,,- 6, i. cor.opu~ bucdoo wIIc1Ioef.,....,. ......... ).J "' .... 

QII.lpUll~ If ........ J II _ of doc o w",,", ... ...--

") 

If IIt;UIOtIj IS nol .n 11M: outpUllayes, 

6,.OJ{1-0,) L6,W.. (1) 
• 

III Otdct II'> ""pro'" IlM: tooo~&tDU u...aatn$bCl, ~ c::.n ,ntl'OClucc. molllCllNm 

term Wllh tpin CliO EqulnoR S . 

"he«:" .ep<exnullIe " ... "'011 Index. 
Onu th. lIeU'&! ndwo.k iJ uIIMd;1 procluo<es very r ... Outpul ro. II""'" "'puI data. 

II only mtw.a. few mWnp!iCIIQOI\.I. """nOM . .,d cek"'._ (00 .gnKlld f~ (.~ 

TV. RESULTS 
TIl. ODflware "led (0 •• he ANN hat. 'J 1M er .. 1\MaIu:r wIIkII if _loped by 

Cahfoml. Sc,.ntif,c Sor""",,, [14J ... lei 01 ....... ~ recordJis utallO_1I 
d", ANN. Tn additIon. lalll'J rrairunl loCi. III .ndepdldenlltl .. "SI be ~.IO C"III_ 
!he: ANN perfo,"",,"ce. The hoIdoutlectm,qut " acItlpred. ~ ...... 11IbIc daIa record! Ire 

splined IRIO two ",.,..,.Ily ~cI.."vc ... : tm rrlllllll&clllI KI:vtd lhe IHI JCI. The dill 
from lhe 6,, 1 KI are UKd 10 train \/Ie IIdWO<t.. The ~ ifill ralllll &om d,t lnin.Jnl 
prDCe$$ .1 thCfl d\fded .... "" 'he dill &om m. lUI data KI to deIemLiIw: wbm.er IlM: 
II(IWI'l .... is • good "preMnl.uon nrlM ~rM ,eri., MIl CUllhcrefoo-t "" ... ~ 10 make 
IUSOI\IIbI. pleo:Lcnon , n" "'P "'"I ICCI'Impi iJ/la:l in IWO _ys: (I) 10 ItS! f.,.. sMn-{Offt 
prm,c_ KCUfKy and, (2) 10 Itsl.hc nelWOfk prediction lbolil'y fOllon,·term prediCOOlll. 

The ~ ntlWOft ImKfule" _II in 11Ii, piper, Il>ciudi nl the si:tt of the llidden 
(oyer. WCft cho_ from -.. tevrnol __ "TK clio ..... SlnICfule ;, the OM IMI 
pvc the bw ndwo.k periOmllllCC In lenni of KCWX)I 111_ -. we foutld ... 
oddinlone 0< two fUdclen RCWl)n1 did nOlI li""fiCUllly atr~ .he ........ nc..-k AI;CWI<.'y. 

Table ( r./Io"" Ii." selS u$Cd 10 1 .. I.he lICIIfal ItCfWOfL Each Ie( c:ontai,.., IIOnftaI 
~I n.e. IerIII lIMa were"", _d ift the ""'''",proceu oflh. MW&! nclWO.k. 

T.t.l. I T ... 0.. Sow 



To cvalu",c lhe resu!hn& ANN'! ptrform.onu. lhe foUo",,~& portenl:\&C woe
""'lUtUt io used W""!I>DuI III .. pIIpC. 

''l 
rv.1 Sborl-Term Foreu sring 

To [e., for shon ' [erm p'edichQ<r ""' .... acy. [n. l>C!VoOtk IS Slve" ocNal values from 
[he Ie$! d.l!. >eL as its 'ft""L ""d 1M rQu!Iln&OUIPIU iocompared willi the nclC' llme ..... u 
dala por .... Th" ~ dor>e for ""try poo.n' 'n [he Ie., da[. K1, .. ~d [M .nor s,ansae VI"'" 
C;llcuJM~. ThoS errof .snmilles Ih. a<;Guracy of Short' Leml pr.dlonoM II)' Lhe nerwalk. Tile 
ANN ""'" [nuned [0 recowuzc Lhe followin" ~ 

CilH 1; Peak VII"'" ol UM d~ 

Tne peak volue al day d is de6ned 11$ Ihe maximwn ho .... value of the day j ,e,. 

ma>.! !'{I.d} . .. V(2~.41' (10) 

The 'opology of the ANN for the polk valut fore<:&Sling is 1$ folio,"",; 

I,..,... rH:lllOOIs ; V(k.7). V(Ic~). V(Ic, 'J. v{k"'). V(Ic.). V{k.2J. Odd V{k-IJ 
Hidden 1>C1ItOfI. ; 14 IUdcIen lICutOIU 
O\Irp"[ ncwvn . V(k) 

""~ k· day ofpmb~ value, 
V(k) .. ~(Jt val,,. at day k. 

T~ble 2 s.hows llIe p"'cc'" <:nO' o( o:xhday , .. lhe lesc sets. TIIt.-.erage enol for 
all hets;s I 68 %. 

T,bl. 2 Eno. (%) oI P .. k V,,,, FO.eG..u..a 



COl, !: :,\-l u u n lu. ortb. day 

" MQII Value II! day d '" (~)'( ... ,d»{2_ ( I I) .. 
where V(It.<l') ;s the ,eom"S"tric doll value .. how It on day d 

The lopology of lite M'N fer lhe mean value foreclI!ring to as follows: 

OUtpUI neWOo 
where 

V(k.1). V(k-41. V(k-~1.V(k.4 ),V(k.3J. V(k-2), .,,<1 V(k-I) 
14 bidden ".uroftS 

V" 
k· doy of~dicled .. a1 ue. 
V(k.) .. ...... " W1l ... at doy "-

Tlble 1 shows !he aTOr (%)0( each doy In llIelesl JeIS. The ,vmor,c mor for aU 
SscIslsUl'Y. 

-rlble l ~rro. (%) ofDl ily M .. g foroe> .. '" 

Calu Hourly 1'"" ..... ofoo."'"y 

The ANN was " .. ned 10 fOreeasl hourly pancnu fo< fulure d~L The lOpOlOlY of 
!he ANN fi.>r ooe day ahead fo'cC&S1lJI, is as fclluws: 

Input r>euroIIS : 

Hidden ",,\WIllI 

OUlPUI ""won 

V(Q. r"I.2, .. .. 2~ 
24 hidden r'IC\UODS 

V(II).II -' ,2.",24 

r '" hcwofinPl'lw" 
V(Q '" inpul panent II how I. 

Ie .. bou< of pr<:diCleol .... 1If; 

V(~) · ~d~/.dpol/l"''' how I< 

Tobie 4 mows li>e "tTOI' (Yo) of e..:h dIIy in Ihe le.'ll sel1l The I""rlge ttro. for all set is 
found 1Q be 2.02 'Y .. Nole !hal each days •• sWl lI I~.aged eva .2. hour period , 
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r,~} __ r.-o cnmpIcs of ,he holltly _ .. arod ro..cuted panemll (Iho<,.,,,",, 
(tIftaIh"l) fa.. ..... day ahead, 

.. -.... ... . .... 
... . 
,.~ . 
. .. ,. 
' ... 
' ... 
' .. . 

IV .2 Lo II~·Ter", FOr t(lUtill& 
n.c . ,,/), of Ihe ",,1WO<Ir. 10 .... 1oqe:.\CmI prcd!c1lDnl_Il$OI .. :cd To do 1fIIs, 

llIe _k " ,,_ '''f''II hourly plRct1I of _.day f!'Om ~ Iat daliid The OUIpuI of 
.. nct_k. o,ofIIcII" 1M prcdoaal !\o.u.e IIolltly pIl<cn." lhen ~~d .. I'" nul '"P~I dati 
OCI n.e ""!pilI r.om 1M ICC()n<I pr",ceo"" '" hke",~ ~~ ... tho t1u,d llPUI da!:J St1 
Connnwni the prmtll ,n Llti. way. 1M n~ fec\USlwdy P"OI'l&IWes!he IlInC ICnCS 

roo-d ,n n ..... 10"""'" I"'~""" '" lO day. w..i 
FI,6 sIoows Ihc raul,. of ~_ "'ec&/.I>IIllto, I period of 00" """oth oho;ad' 

lCf~oI da&a of one day (2-< """')onIy .. ' ~ted I. '" or,,,,,, aM ,he ."" ... ,,~ 29 doy, ~ 
pr..:L",.d, Fil 7 jU\lSnOlcl!he ~.w." of ~}. day I} ",d day 20 f,,< Lho: WIIC _Ill Tho 
percen,aae .no, IS 11:$1 .!wI 10% The ...Juily of lite p<ediCled do" ... 01 .. collfinaed 
by COMp;II"'& the lOla! ~ . . ..... ;JI'wdc dismbUllOn. lind II", """,be< of «CIO """ ...... of 
... reo! ..... pmli"'M r~ " pod ..,oem_.' ofllw: ""'''lind prediCled vol .... " 
obIa:no:cl 
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V. CONCLUSION 
We hO"e p<ucnled ~ "e"nol ne""',,,k app<oach 10 fOleca,ring geom~gneric IIn,e 

se n« In Our wo,k rell ond .imWaled d.;ol. ha.e b<en U1<:d \(l tr.m and lUI Ihe prowell"" 
po"",r of Ihe Ottl f,e"d neuro! nctwOrb Rem.,knble s""co,. has been .dueyed In <mining 
Ihe "e"vorh 10 Ie:.rn II><: d'l~ P'lrlCrn. ""<llhereby 10 mal:e :lGCurole d'I<a prewcnons. we 
obtain" .cry close fir during lh. troinmg ph .... The ,Vet.S" erro , d<>es nor aceed 30/, in 
Our , .. Ion .crual d31a. Our results sho w thAI 'he neural .e!WOrk approach .'\1"" goO<! 
tsri",,"e, fo, ,hon.rem> and long·lent> foree .... ng. 
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