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"a dhl.leontke rdte, the solrtue 6 nt tuis trott h inplehe"led b! $ing rufio
(C lonSuag.) |9ith leehtical MATLAB tetsiot 6.0 pockrye.

@
lAt Qtjl )!.ttt y'An'rslt atAt . LEi a41 !-1 1 1!2 ilrir i!-a a$u .lb, i
(tahp, step, uA.At! lttt cUt t 4\ C- trl! L. )1!t a,4!jt ali:l .tE r .rrjt .it;lt

ihEulv)
C. st)!] tAiA .Ai $,44) i&ttob 6!'i a* t ;*+4 a.A.ti ,- iAi ilj,1, i i
etir dJti .th t apjt ,!ra ?&J.e4) .iB;] .LE e..Lrl L4i11 rtair,atttx lb

,ain qat ,.
IraH,r,li- Proces idenrificalion, Newd nelwork, Leloberg-Nlantnardr Leming
Al8orithn, Process sihularor, lnlecQlor proces, dead lime proce$.las pNcess,

Lln@nu.ion
Son computing is a praclical

alternalive lor solving compnrarionall,
complex md ethematiqllt inraclable

idendlicition p@blons, The mosr
populd consduenrs ol lhe sofi
coDputins hefiodoloJdes .re the neudl
nciwork I/r. Neuml lelwolks ee non-
line{ black-box hodel $rucrures. to tre
used wnb convenrioial pdanel{
eslimalion meriods, They have good
general appioxination capabililies for
lcso@ble non-linear srstehs. \Urn
estinali.g lhe pMmeles in rese
sltucruies, rheE is aho cood adarrrahiliq
to conc€ntate on $ose parameF* rhar
hale the Dosl impo(lnce ior the
padicular data ser 1rl nonparameric

u^iEciy ofTchd.{ Bldd rtrAo
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identficadon pro.c$ it is a tecnnique
thar is demaid in dri3 \rork ro $liare
model beha\ior \rnhort nece$arily
usin! a give. pararererized nodel ser
with co@larioh anllrsh. $nioh
eslimates a syieois impuhe .esponse

2-N.urot Netuotk aql Leamnp
Alsorithh

Ibe le@ing algori$m llal is used lo
tmin dre ncNork is comorry
lelenbcrs mrquardt a letsion of back
propaealion .lgorilhn !sed to
Mh mulri-larer leed loNard net*drks
bxsed on nlrlloe& oprimization
technique b) cri,rin,izins Ihe sh of
sqraes oieiDs (sSEl 1J7 This nerhod
is ba\ed on an apB ximafirg lhe s.cond
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order dedvatives by usinS the fist oder
deivalive IJr, rvith barch updar and
Eiable lednins rare, thh method
repres€nis a sinple heuristic stratcBy ro
increde lhe co.ve€ence sped ol the
back pDpagalion algorillxn, th. florv
chan lhal desoibe the algorirhm rhat is
used to achieve this work is sboMr i.
ngurc(l).1,\e LM algonthm s fotlo*
t6l:-

&.p1 lniialize the netvork
weiehl to sall rddon values dd

,t/epz Presenl a! inpur panen.
And calculate the o(pu1 of the .elwork.

a1=ftEvtpt-b!)
4=J'C,w! +4)

./., i RepEsenls the acrivation
tunclions ol hidden and oulpul laycr

Siepj, Calculare the eledeft of
the Jacobian malnr Esocialed wirh
hputoulputlairs by usnrg this equa(ion

,\k + ]) = "(t)-l4 r \ + I' rkN
S/ep, Updale $e weight

according !o the lolloNingtem.
t =!,

.tepj Sro! if lne nclwo* Ias
convcicencc; ehej co back to slep 2.

l-Newdl Lt.htine,
Neu€l networks aie used for

identiliing the behayior of a p@c$
simulalor device, lhe dala iak. non tne

Focesses off-line, tnen applied to lhe
neual nenvo* softsae tml nsue (2)
Fou idenlillers wre ued 1o identifi
fou processes th descibe in this

NNI: -for inregnlor prccess.
NND: - for dead time pio.css
NNL: - lor lag pocess
NNLL] - for rwo-lag proccss

Afier ideititing these fou basic
pmcesses, we cm consmcr praclical

proccss lroh llenr Then tesr sic.als
wer. applied ro le$ and €$ablish the
ttuces bclarior Thrcc{€$ sisnah aE
used impulsc. src]l lnd mn1n.

The NNI struoure deraih are shown
ii lisrre (l.a). oN node in lhe input
layer. one hidljen layer silh nfteen
nodos and tln€e nodes in the outpur
layer. Durirg raining phase lhe lcinirs
ser ofIl)e signal is pitsenEd manylnres.
A taining c.respondins to sisnal
Fa$jng over fie entire rraini.B sct G
called tlinins epoch or liaining cycle. ln
ordcr 1o have Cood mappins oI a neural
model to dre plad resFonse manJ,
expeinenls have been done includinr:
chmees in the number of hidden unils,
and the non€nrun ptrmelo one oflhe
experiEen$ Bprcsenrs good mapPing
suh squaEd eror as show. in figuE
(l.b) sho*s thc SEE vs epo.hs ed
fisuE (l) c, d, e sho{ rhe ao{ual oltpur
of rhe iiregnror prcces rhat is
eles.ied by c) and tie \^-I outpur
that G reprcsenred br (o), lor rh@

rhe leaming ratc k varying accordi.g to
rhe valL'e ol ero' belo,e and afld
updaling lne parameteN in each
itealion. One advantage ol Levenbelg-
Mdguardale alsoridrn is lhat, not all the
iteration nr LM algornho h ufd to
update the nc(rcn, pardrereB, iusl rhe
iieralion, qhich decreases the eror, is
used in updatnB dE network paramele*.
'lhercfoE dE .nor lvill never indease
ihrongh lhe le&inB proces, and h€lca
il lill have a $an-lite perfomance

Simtrlation resulh showed thal. LM
lraining algoftbnr colld reoch aDy
deeree of accuracr \ith tuore nedion
ard degree ol Ireedon in rhe hidden
layeN, equation (l) rcpEs.o! lhe NN.*l
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,.!d (r)= +/i,() (l)

,,(r): Enresenls tle inpur voltase.

,,-o) | EpEsents rhe outpur vollag..

l: Eoesents rhe inGe.kl!r1tr.

S r repEscms rhe Laplace sytubol.

Neual n wo( is used for
idenlifying dead rihe prccss. lhe nrpur
ror NND colshts of (228) pardns each
one has xvo values one for (D) lalue.
(D) nnse is (0 9) NND tnined lor
D=(1,5.7,10), rlD second vatue
rcprsenls the input signal valu€. NND a
slructurc delail is shown in fisure (4.a).
lwo nodes in inpur lar.,er. and one hidden
hyer wnh rcn nodes and one node in
output layer, Ilgure (4,b) shoNs th. SEE
fi4 is reached by uing LM on NND
nodel figurcs(4) c, d. e sho\' ihe
epons of lhe $ree signah, equalion
(4) EpEse,l rhe NIIjD prcces :

4,(s)= 4(s! " e)

i, (s)r rc!resnis fie inpur voliaee

/oi,r(s): r@esen$ 6e outpur lolrace.

D : Ep.esents rhe dead iim€ ralue
S:epEsenls the l-aplace synbol.

3-3 NNL Poces
Neml network k

idendlyins lag process, the input tor
NNL consisrs ol(285) pafttus each oie
bas rwo values one for (.) utrE, (rl
.anse (0-9), NNL train.d for
(Fl,l,t,7,l0), the second latue
Epresents the input sig.al lime value.
Tte slrudu@ delail h shown in ngtrre
(s.a), tw n.des inpul layer, tud one
hidden Iayei wirh fifty,file nodes &d
three nodes in output Layer.
rbe sh squared emr and tie kainnr!
cpo.hs dc ahoM in 6sure (5b) Ilr

NIl,,rL outpui is sbo\n i. tis (5) c, d. c
thEe signJs qirh dillirenr r values.
equalion (3) repesen! tne NNL procesr

(l)

I^(.\]: rcpreseils rhu lDPulvollase.

, /(r) Errc*.u the ollpul vohoee.

i rePEseds nE iae linre value lollaBe.
t : EpEscnh 1e LaPlacesymbol

.,-4 Ll\tLL Ptdct:!
Neural neitru[ C urd to!

identiryins a (vo-la! pr.cess, rhe inpur
lor NN-LL consisls or {21 I I pattems each
one }as tso values one aor (r) ir mges
(0.9), NNLI hin.d r'or (Fi.2,4.6,8.10)
\alues. the secodd \alue repEsetrts ine
irpur sigial valuc Thc strucrure delail is
shosn nr fieurc 16j).llvo nodcs in inpul
lxler, and tlo hidden layer, the llrsl one
lilh nfty firee rodes &d rhe second
one wi$ finy Mo nodes with nfty-five
nodes and tltrse nod.s nr ourpul lay.r
The sunl squaEd emr lnd rl1e tElnins
epochs aE sho\ro ir figure (6b) lhe
NIl.lL outpd is shorvn b ng (6) c, d. e
ttrloc sig.als \rnh ditlerent r values,
equalion (1) reprsent ihc NNLL

r LJI=.:- r lr r r4l

1-Sih.lotio" Resuhs
Four processes hale been built using

neual networks, ll1ey can be used lo
counrucr addiional pocesks, these
processes car b. huilt and lesled by
applliirg one oi rre inpft lencd signals
rahp, step or iDpuhe lo idendry thc
beh.vior ol thal pocess. Simularion
resulls show rhe abilities ol neural
lelvoris to adapi re nerv pmcesses 4d
1o live g.od Esults. 1lfte ncs
pDc.$es aie obraioed Nr-Dl, NNDL



1.1 NNDI Pro.t\r sin ot. ibr 5, sanples 6r three qaoples oa
sierah thar $!re selected to lesr the

[.o.es. cquarion (6) rcpresenl thc

] l\l 1 l' h)

Tiis proc.ss s"s built fBn borh dead
lime NND od inlesrator NNI prcceses.
nSure (6a) shoNs thh proces. For
inruhe inpur (i$ D=lsecond. NDt
giles su square eror (SSD=0.0068),
inlulse rcsponse G shown in igure
(7.b). For step inpd Nnh D=6 scond,
NNDI gives sum squaE eroi
(SSE=0.0431), slep Espon$ is shosn iij
lgur (7.c).1'or ranp inpur snh D=2
second.lhe NNDI give sm square ein,
(SSE=0.0160), Rmp iespons. shosn in
tsEe (7.e).iigure (7.0 sross the .rroi
curves lor 5? smples for tlEe exmples
of signals that weF selecled to lest lhe
pmcess. equadon (5) iepresenl rhe NNDI

o)

f, 6)r rePEsdts lhe inpul vollage

, /(r): repesnls tne outlul.

i Epiesenls the lag tihe vslue vollase
s : €presenh 1he Laphce synbol.

4-2 NNDL Pmc.$ sihtldt
NND Md IaC NNL prccesses $e!e

used lor consttucling this proce$ figuE
(8.a) shows this piocess. Tbe NNDL
gives apptuximarion resulls wbich agE
with the oiginal o.e NNDI tesred by
aPplying thEe bsted sisnah, ro eacn
dead tihe (D) and (, ro e h sisml
NNDL pmduced diffeent suB squm
ercr For lfiluhe inpur uirh D=2
second, .=lsecoId, NNDL sives sum
sqlm eror (ssE=1.4106c-5), iEpuhe
r€sponse is shown in ,eurc (6.b). Ior
step inpur with D=4 seond, r=9 second,
NNDI gives sun squ@ etur
(5SE=1.2301e-4), slep responsc is
shown in figure (8.c), For runp inpur
wilh D-2 econd,.=ls.cond, 'fte NNDI
gives sun squ@ eror (SSE=l.l9r4e-
4), Iffip Espon* G shosn nr figue
(8.e).Fiaue (8.i) sho$ l]1e emr cuN*

4-3 MIDLL Proce\t Si tlat
NNDLL prcces Ras buill tom NND
lith lwo lags NNLL processes, igwe
19,a) shows rhis p.ocess. Thc new
poce$ NNDIL rives approximarion
resulB which aglee wnh the origiml one.
NNDLL {6 tesled by applying thee
Esred sisnals. to ercb dead tnne (D) and
(, 10 edh si8nal NNDIL produced
different sun square edos. ror iopuhe
input wnh D=2.j sc.ond, .=9 5 *cond.
N\-DLL gives sum squaro ero!
(SSE=2l1il+7). nnpulse respome is
sho*n in fiCnre (9 b).For step input wirh
D-_5 second, .=2second, NN'DLL gives
sum sq@ emr lSSE=2.80t0+6), step
response is shom in fieuE (9.OFor
ramp inpLi unh D=4second,.=7second.
NNDLL gives nLm squde emr
(SSE=2.0603e 6). , Bnp Esponse is
shown in nBuE(9.d). EisuE (9O shows
lbe eror cuiles lor 57 samples lor ihiee
examples sighah rbil {ere selecred ro
tesl lhe proces. equation (?) rcpLesent

('1\

lConclusions
The lollowing poin6 outline the most
inpononl results dut havc bcen obtain.d

I The P.ocess simulalor derice here is
Eplaced by lour neuial nelwo.ks. so
manyprcbleds !E dvoided such as:
. The manrienancc pfobllnr -Since
NNs is inpleme.rcd in soltwd€ nrthod
and lhe proccs sinulalor device is a
hardwde rool. no maintenance is
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