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Using Artificial Neural Networks for Designing of Electrical System for Buildings
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Abstract

This paper proposes a novel technique for designing the electrical system of buildings using an Artificial Neural

Network (ANN). The ANN is employed as a classifier for searching the data of the required electrical equipments in the data

base which can help in saving time for estimating budget and planning for the electrical system installation. The data that

obtained from the calculation according to the Electrical Installation Standard of Thailand are used as ANN training and

testing sets. The data for an apartment as follows: types of the apartment, the apartment area (20-100 m2), air-condition

system, electrical system (1 or 3 phase) are used as inputs of the ANN. The size of meter, circuit breaker, dimension of phase

conductors, grounding conductors, metal conduits and the length of conductors are employed as output of the ANN. The

satisfactory results were provided with a short time consuming although it was used by a new designer.

Keywordsl Back-propagation neural network, Electrical System design for buildings

'rinfinurrJiryryrln nrniriarn::il'h,hlr niuviqrn::ruaranf ilfi.rimarduryrnlula6:rlrulnofitgr1:'

'oror:tiil:yiirnrnirricrn::il'llhh oilsiflrn::llf,resri ilNriilurd'urmnlula6:rvr,rnafityq:'



rlsalsoflcnssufllir0s s16u0n65ruus 13

1. uYtlil

il r o riu rru^o fil r ru o o fl rru u : v u u'lvl tlt o rn

16'r r o r ln : r n r : isr n : 1 v{ fi t slo { dt tau o H a''n n r : {o 
ry 

a

q rJ n : ai: v r r h4 rX r r r a v rl : s u', * r', u',, du I d'u t lta o dt

rau orflrcJ o { In : r n t : tdo il : v no rL nr :6'q fr ulo1u nr : a r 4 u

{oonrrrrr{or1#nr :rrLiiiurq fr'nsv : vfo:vil n rrru

ru^ o u a r sr d o r o rfr o o r n {o o n u I u,tl o I o r n oio I 1 d{o ry a

: r fl a s 16 a e il r n : g r u n r : or^ or d'l n r'r 1 vhI r rfl u iir u : u ru r n

6 n rir n r r yt u fl r : o o fl t tu u tfi o ri r bJ rJ : v u't *,'t o', d

ln d'rd u r ri'u n r : 6 q 6'{ o? { si'o I 1dt 
-: 

a I u t u o r n {o ry a fi 1 d'

o r n {fi o qj 1u q : fr o il o o n t ru I : s u u llhl r r r n v n t : a^u rlu

'r i u i 6'u tu il : v til fl 'Iil u u u'i r n r : o o n r rl I : v u l'h'hl I fi

1#}j : t rn : rL n o ru fi lsr o fu r dr u fi hi ru r n fi dl ri'u n u ril u

rrui6'uto.r qorriolfnri rJ:rra?g'lvrtl t tl tflunr:rir

rauolil: ttn:run0rufi lnofdr{ruu lu t o ln visual Basic

ilr,*rulunr:rr{ttp{unr:sirulil nq trasarufl ouGirilitl

o r n r : ua 6.r }J : r t n : ru d'.r n ci r': 1 dlu n r : rdo n iir u': u qo

n u u o't o 11 u u I ta & fl u'l el R I 5 & 1 v'hX r t o I a r o r1 o u r rri a v qn

,vi liu rfi o I n t : rfi u u I il : t rn : ru ru rld1u'r ru : s I u'h"hh

u o n o r n {tfi a u 6'o.: fi n I r ru f n r r u rrir 1 o rfi o r fiu : v u I
lil rl lfl u o d I { 6 r td': f,l 6'o.r fi n r r u f1u n : v t.l r u n r : tfr u u

lil: rrn:ru6n6'tt 6ld'o l1d:vuvtrarlunr:finut

6 n fr'.r du s' u u n r : rfi u u ni o u {r l tj l u r n ri r n fl n u fi hj fi

nlrufd'runr: tfi uulil:ttn:ururriou d":fiurfiol#nr:rjr
tv

norufi rtnofiLlirulunr:oonrtlu:stll'irafi urLmnrrrufi

rir r au o n t : il : v tl n ei'1 dl n : I ri r tl il : v a r m rfi u u 6{ fi

q nr a ru rio^ 1 u n r : tr u n t ra s {0.ry a iit u r u u t n 1 6' i q fl 1 d
d e' " " rLafi'lffinaou 6nri'ri6nr:nl:t:uu?tlav0910llJo

rir u r at rfl u r rl u cr u t u 6 o li r n r : ri r u': or r?o ry a fi r1 o u 1 ri'

vr io ru fiu r{r m rL n ri r 1 rt1 d'ri r sr u rr,5 r,, u r riurr o u n r : ri u u f
hi:trn:rufi ovrjrrurldlrurioon'j r fr rirri'qiilrq ndrilr:61

6 uu frfi rLrer l ld'1u n : fi fi fi {o ry alm ri rrhu r o t t o s n ri tr

1d''jrtilunr: rirnrur{d'ru nr: oo fl ttlJlJ:YUu b'hl rd'ru

{sir u rq ao u 1#n o ru fi r rsr o {fl n :.ru arru r: o'fi u du

rrto Eir u a er riu n o u 1u n r : rir u ? iu [ [a v : v I v n a r lu n r :
oofl uuu:rrJrlrhh

lurvrnr.,ufi rTrriofi z tvnrit ld.riGnr:

rirurm:sur'h'hXrriruiro rnr: Eofi 1dlfl urloryalunr:

finaouln:{drail:varntfiuru r?':{ofi : rflurruvrir

ln:':rjruil:vatnrfi uillqud'{tclil ttasofr uront:il:vqnoi'

l n : r ri r a rJ : s a r vr rfi u il il r 1 d1 u fl r : o o fl t tll u : v u u'h'hh

cirufuornr:qqlfrqiofi + amtTtilod s,tat o rflu

fl r:iloao{ il:vrn^una ttavalilplanr:mqno.1

2. nr:6 ru?ot: vuu'lrlfl riitm YuorEr r:qor

{0ru nfi tvrir'hJ1drflurirto ld'lrtrj:firir hJ

ou u,,u, n rlo I ln :.r ri ruriu o v riru ru n rr: ru rn : g ru fi

141urj: vnna'lvra d'{ei01ild

z.t nr:riruarulmoottl'olXot, e !
riru rat Im annrun^ufi l#aoafi'lurun : rrufi't

ri'o.rnrirrtas#o.rrir rrsihi: rrudufi ,irufi ,fl u:srfi o':tlio

rqdus nt:rituliu0vtt0nnrilil:vmfl clo{#o'rqo irrohi

rj rri 16ru rurirn'lntqofiJ rri ru?fli el'llrel r: r{fi r I zt

nr:xfi t 4n:nr:rirurnrTran#o'rqo

rJ:v

rRfl

A .ivt{ilnil0{

o1.il.

grr:nr:6ruru rrirtlrilu t vl)

lrifi:cuu$rnrril

duorndaunar.l

fi:suurirarrudu

oln{?uRal{l

1.og

01fig

'hirfiu ss VA=(90XA)+l,500 VA=(20xA)+l,500

'lilrnu 
180 VA=(90XA)+3,000 VA=(20xA)+3,000

rfiu rso vA=(90x A )+6.000 vA=(20xA)+6,000

z. cirrin.rtun6o#ru

f'rhJl4nturn;
VA=I55XA vA=85xA

3. qnflrfln::ru

(lnxu'rel)
vA=220xA

rirvuql# e = fiuii#ol1ti:rilradswlio:srfiu{tflu n: u'



14 ?1SfllS5nCnSSUmfIos SlUUonaSruqS

z.z rnior isr nrirs'llhl rro.r#o rXn
A-

fl r.r "r fl r n : o.r ? pr n il r u 1 ?,1 fl r r r : { eir 1 #1 #r u r el

a - ' ut rrt s t i. u
rn5o.: ioru ilro"lv,lr4 rqrrru In aorrio,r qnfrrir u:ar"[6'rLi
.d

rir il u er rl u r q rnio { io u il r u h'l rtr r rir n fr #o.r Err I n o
rl u 'd ';.fl u r Fr gr o.r I u ra n n ? r fl n r r u n t o r n r :'l r'l 11 r u n : u a r.:

(nrlu.) rraynr:'lylflrciruqfinro (niln.) nioldqrrru
.l

er111.111 2-5 t2-31

ji
n r : r.: fr 2 t u r q rnFo.r isr rir n iu #o,: qonJ : v rn m o qjo rda

lrirriunr: 1v'1fi run:uax)

fl r : r q fi 3 1 u r n rnio.r ifl rir n iu #o.: qor rJ : y m n dt fin l ru
nfoiru6'rri'rhJ ldrriunr: b,htrun:ilarql

n r : x fi + r u rn rqio.r isr rir m iu r?o s qnrJ : v rnm oqj o r fro

(rirrir nr: 1Y,|fl rriru4fi nrn ;

nrtr.rd s rurrrrnio.:isrrirnfur?o,rryorrl:cmndrfn{ru
4 , y iu,

r 5 o f r u ri ni'r'[ rJ t ri r r f u n r : 1 r'hh ei r u 4 n^n r n I

z. g nt : fl o{ fiilR:cumfi uto{rndolio
er'aJ
do.r 6 e q"'.: r ry o f fi n r r : n r n o f vr r r d'r u I r,l r r?r

rn i o.r in r ri r u h4 fi r 4 n rn ? o r rryo f fi qr ru : n r n o frio.r fi
.:

fl u 191ilfl qgltrJ arunt:il ( t) t+l

IcB > 1.25 IL (1)

sileufr t*fro rumfiri'nn:yrraclo.?rryoffinru:nrnoflR;,

t, fio n:vrralilan (A)

2.4 nr:61fi iletuuto6'?drilrsfi tilt{l#o{Tel
n^ rie n : y u al o.r d'.: rir rJ : y r r r_r el r rJ dil n r :

fr tzl rqtrayrlorfirurn'hirdnn.jr o ,n,,'.

I, Z I* (2)

iltgmn
| )y?ntililo{

(nr.xt.)

lnangrqnmr
Au

In:o{xn(A)

{ocul6tnto{?n

mll5vltllll.l

ft't1lJl8un1n

d?und1.l

1ilr6u ss 36 ls(45) A I .r'ld

turnu 150 80 30(100) A I rYid

tulnu 180 36 ts1+s; R : u{a

lt:gu1JT1

n'tllJluu 01n

d?uno'l,l

tilrnl-| 35 I2 5(1s) A tv{61

kirn'u tso JO 15(45) A I ry{d

kirfiu eso 36 r5(4s) A 3 u{d

d:smn
t, )sililnfi0{
(nr.r.)

Inaeqlentar

rndosie(l)
rurnlniosia

hifi:crudr

n:rrr0urrn

e ru nar.t

lrurnu 5-5 30 tS(+S) a t n,la

lilrfiu rso t) :o1roo; a r rv{a

lilrfiu rso 30 l5(45) A 3 rylfl

r.r5ytJlJ1l1

n?1!tuu11n

drunar't

lurnu 35 l0 s(ts) a r rr,la

hirfiu rso 30 ls(45) A 1 u,ld

hirn'u oso 30 ts1+s; a : rrla

tJ:smn
A loilunilo{

(n:.1l.)

Inonglqotar

rn6oc{n{l}
curnmiscin

hifi:srurir

n?1utuu01n

fl'l!nd1.l

tillnu 40 36 tslas; a r rv'la

hirfiu ros 80 rolrooy e r rv{e

lrirfiu rzs 36 rs(+s) ,q, : ry'la

IJ'YUUYIl

n'lllJtuuiln

d'tuna'l,l

hirfiu so 36 rs(+s) ,q, r rda

hir6u rso 80 30(lo0) A l ry'ld

trilnu 230 36 ts(+s) e : rila

rJrsmn
tr ir
ilt.|nr0{r

(etr.lt.)

Inanglqntar

rnfsqin(e)
rurnrniolin

tlj1l:su1llt1

n?t!ruu01n

fl'tilno1,t

lurnu 40 30 15(45) A I ryld

hirfiu ros t5 :o(roo) e r rv{a

lutnil 125 30 ts1+s) e r n,la

lJ:ylluYn

ft'l1ut0unln

d-]l-lna1.:

tilrfiu so 30 ls(4s) A I rdd

hirfiu rso IJ 30(100) A I ry'|il

hirfiu zso 30 l5(45) A 3 ry'ld



rlsflls5Fr?nssuFTrdos sluuona$ruqs 15

lnofi r- n^o rurnu^ri'on:vrracJo'rd'ljr tal
4?aJI n0 flilrgrilnnfl:&lldljo{tryo5nfllu:fl[no: (A)

CB

z.o u:s6'unn (Voltage drop)

r r : r siu n n o r n 1 o f u'l ll o u fr r 1 n 1 db{ q or q rr ri'r u

: r n riu do': hi tdu s qo n t : rir u r u ri r t t: I siu n n n r ru dru n r :
11 (3)-(6) t2-41

t rr'fazerg tn *.,l-Zt?cosl+ Xsin?) Q)

%vD = (2) x roo% e)
\220 )

: rr'fe + aru .VO -,f Zt(ncos2 + X sin7) 6)

%vD = (A x roo% rc)
[ 380,

loufi ra fio tt:{6'unn (v)

r 6o n:vrra'lv'hflrfilma1uxo: (A)

R fiorirnluslrunrumrltdu?fl o'ld1u'lv'lth <o)

x n^orir6uo nt tn udn r{ rdurcJ o.ldru'lv'hh (o)

cos d rtoo nir6'rrj:snourirdslollilao e.r.)

2.0 fl ilrfl drsfi u'uo'ru?frfl q{lvlfl r

n r : 16o nt u rn aru 6u n r ru n r",rt n uu,nf u u

fl o.:ti'un:vrtatfi unrrunr:rlfi o Ist

nr:r':fi o tutnaitqnto{drudulo'tui6'arq{lv'hflr

+urnirqera.rn, af,'l

gsoi?fuci1t{{h

, ,<6rrirnnqnll ,

' (nr,ilu.) 1 
,

t6 1.5*

20 2.5*

40 4*

'70 6*

r00 10

200 t6

;
?r u r t n4 E * t u r n oir q or t o.r d t u er^ u t o.t u 3 fi or qi't v'hX r 1 #
. - j a /qyt ri tq I I

rf rr:-ufi oqjorfr uil5-oornr:to':{1'fr "tvlfr oqjlnf irriortila.t

:vrriirnrirunrutu:vrlv 1oo rllFr:

2.? 6ril?udrulyh{rgqoluvio{osats

nr u ?€u o r fl v{ ufi u rh6'n : ruri., o u ru,,u,
rilfi ont oratur1 nrdu 1uvioiouarud'o{ hjrfi ufi rirn uo
.i*iieettt
lu fl t: r.:yt 7 [3] tftuv{u 111't l-t'lgtnfl o'1 vl 0 : ou dlun lu ?tll

j
gnrJdilnr:n (7) [4]

A=Ld'0)
4

oioCievtg.-..:.loam A fio YtuYtllulqacjo.lvl0:ou6Ilu (mm-)

a n^o td'udruqutinax 1--;

rr 
-, r,0 d u dufi m rh6'o' q{ q a 5 ? il rr o'l dl u'h'l 4 n rdu

fi n rfl u io a a v rfi u u fi u vt' u fi fi #r 6'sr I o': vi o io u a t 0

6rurusrsluriaarg I 2 g 4 mnnir4

aru'h'l 4 nvfi nu nriuarolfi o

rJaonnvrilfl

53 -tl 40 40 40

aru b'l lfi nirla o nn I rirril 55 30 40 38 35

g. Ifl:{drurj:varvrrfisil (Artificial Neural

Network)
- : a /ul I o -cl -e)luil oquuunouv{?[elo: lrlQnu lil l.[$ I lu

odtn{xt rrltrsifr{n{fi fi nnlruarrur:rrl"r rioroqitfi orfi uu

^,ij"ag)
fi'u aru o Iruuuu fr { ailo{aril I:fi 0fi 0l tlne t: uu;0 1n

rJ:vaunr:ailuo6sruavdrililldfiiacrrunr:aiiloqriu

d'.rriuo'.rld'fi nr:fi nurnr:rir.:'luto.lduo'lrfi orirrurtfl u

rru u iit a o I t o': rq n drj : v a tvr In :'r ri t u il : s a tr tfi uil

(Artificial Neural Networks) ttav fi nu rn: v llu n r: G uu f
) " I taea i

(Learning Algorithm) tvtorjtrutrJ:vqna tsnUta:o't
a JA " 

dr --l----!^-.^l--.- 
j

fl oilv{'rtero: ctr.1fl t:u tnqufl oixl to'r]n:lriruil:varmYl

r'irunr:ri'oturrurrortlfi ufl rurrJ: vqnoildfi'u'rruo3{ilodr':

rurnrrumarudru t'ju In:nruurnrL rjrurlfrlunr:fi lrloryn



16 rls€nsoncnssumcrGrs s.luu0nadruqs

uayfl rr :euufniluo'er Iuf6 nr:urJantull$n nr: ondr

rfiu{ nuondrnrn nr:rniirliluru drosono"ruuurdr
o r J a o J !-o

ua ; rir g il n r n fu rru-o n u 6 n n i.: u o n o r n fr u l fi n r : 1 #.r r u

r,uu6u niu nr:1*1u:yuun?uqtl nr:irn:ry#nr:narn
rflusiu

1ud'rurornr: rir lnr.rrirurJ:sarnrfi uxJr{rilr
I dqrlq jj

rJ:vqnril,fr1u.:rufi rfi urril'h'lrtrrrira'.rfi nar0drurieufi u
niu ilrgnrlnnnh{ai q.ouo now) lunr:uotn:oin?trj
sio.: n r : rit d.:'h'hh g-oaa norecasting; Jsl ua v fl qn r nr : iiru

Jr n rr o dr.r fi rJ : s fr n r^n t vr (Economic Load Disparch) [6]
nr: il: s r r ar rir n rrl qqrdovr r {'ly{fi rlu n r?o rrrJ a,r

iirfi riru p,sl rfl udu,u'uo olnq* dufn^lu nr:uunuos
do 

ry o rir u a u r rn ld Io u 1 dn r r rE u u fua v o n iir rio 
ry n fi

'l dil n e o u 6 n ri'.r ii n r : ri, u, *, fl u,, u u cr u r u noo rir n r :
rirueorrloryaiirJoubflvrfloud'udrnrunrirlri'klrirnouri.r

u vr u a r u fi 6.r fi u u r n^ n fi n v rJ : v g n eil #l n :,: ri r o il : v d r yr

rfi or lu nr: o o nuu u :y uu'ly,hhdrn :-u oin r : En
ln :,rriroil : s aryr rfi urrfl u da n oin ufi 16su

uurnr:r3oufiroraruo.ruluti dufl unrrrf;orusiorurorn

rryndil:yaryrd.ruciil d{rryadrfl u In :.rriruloufi 6u uvr
q nrirrvrior{rriu4nrund grJd r uan.r,,u u,iru uotu u

rryodil:caril niofi r:oufi fi uaroo'uqn

grJfi r uruo"raortorfi r: oufi fi raroo^unvr

lunur.:rryodrj:sarmxior.rutr,ru'.::ouil:vnou
h rY a
lrJriroduqvr xt, xu -.. xo qnrdoreiou?rtirrirria.r

rir r u-n,{weigh t, w 
r, 

w 
", 

*, -* o) In un a q ot t o.: O^u 4 vr fiu
rirrir.rrir n rin rv g n:.rrud'u i'uriinluuo a @ias, b) rfl u
o^ u 4 n r o.r fl .r rifu si r u I o u I n u fi r n' o fl .r ri#u ci r u I o u

(Transfer Function) fi.rfimaroyfio orfi rgiu Lin"u,

Function rio slgmoio Function ryt'orfl urorr{Umc,o.t

fir:ou (Jr) n]udilnl:fi a ts,tol

! = -f(i',''+b1 G)
,=l

fl.rrii'uriruJoil (Transfer Function) rfl urit
rir u u n ri r ro r ri4 vr fl .r rifu ri ru Io u ur u Sigmoid d t*lu
nr:flneou rluaunlrd g

.f(u) = I
(l+ e-') (9)

s.r nr:6uuf,todn:sdruil:carnrfi su

nr:riouftor Jn:{druil:yarfl rfi silrvfi
rJ : v fi yr tn r u r fi u.: 1 n du du o qj d'u ni r ci r,r rir n fn I o.r

J n :.r ri r a il : c ar m rfi o u d.r n r : ao u ln : { ri ru il : s er yl

rfi uil 6o nr:nrrirrir.r rirrfnfi rrr rv al l#udln :.rriru
riul fr.r In:.rdruil:s arilrfi aruarrur:nrniroonrfl u z
:J : y m n n ru dn u il y n r : ri u u ffi o n r r ri u u fr r n d'r o d r.r

(Supervised Learning) nr: riau f5ifi nv fi n r : rir r u rr {
r o r n r :fl n ao u : v n.j r r 6u 4 vr riu ro r rf4 vr fi do.r n r : 1 #
Jn :.: d r a il : s ar m rfi u u fi riun.ir "rl,r:u ua.u ril f @raining
tatrs;" ln:lrirail:yarilrfi ururvqnilnaou'lrJsrrrLiiru.:u

ro.:{fi rlouliiruru{ro.:o^uqvrriurorri4miirio.rnr:hi,

ln :.: ri r a il : s er m rfi o r ffin ; ro r ri4 vr fi n"r u a nr,l do r n

ln:.rriroil:yarmrfi uuovq nnJiauriifl ul#aoendo,: riu
ruJ r il u r u ri r ru^ sr n a r n fi r fi , fi u o, q n 11 u u n aiu hJ I n :.r d r u

il : c a r il r fi u il u o c ril 6 u u u il n.: ri r ri.r.r rir n rin 1 #a o er

n do.r 6'u ri'a n o a' n'ru fi rir b{u u r hiru r o .r rio fl^ e u a r o fi
-j

r n-n fi u : y u'i r.r ro r ri4 vr riu uJ r n r r o J o u rn d u fr ri r gir a,r

r d'r o r n n r :71 n eo u ln : wi r u il : y ar nrfi u u o s 
Q n il n do u

Jn ul#rn ilrs rir 6u 4 vr uoihjl#ro rriqm fi syo.: nr r unr
fi o r : ar r r o r rfil vr fi kio r n I n : { ri r s il : y a r m rfi u il I n d,r6 u.r

ri'u ri rro r rirl vr fi q ndo.r m io hi
nr:Guuflilfi d':odrr (Unsupervised traming)

n r : 6 u u f I n o iG fi o s fl o u {o ry n o' u 4 vu{r { In :,: d r u u a s

xl

x2

'v3

xn
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n ru lu ln :.r ri rfl o v fl lr u o ro rri4 m if r u r u N n ft J lm u n r1r o ii'u

In uueiav Ifi u n o v rrn u n { ru t o': r1o ry a d fi q ar aru ri6

nrfi oufi'u rfiofl ourioryadu4vrrrir{In:':druq ovriru?fu
- ? Aa I q a s

ri r n r r ru d'ru ri'u ri fi fi o qj n r u 1 u rser fl o { Au U n I sr u o r do
, ! o dr t) , -?- Vflf1n 1 u 1 14 U fl t1J U 9r ?ttU n n 1 I u t tn n n I { I 0.1 1l o u a 0 u u,

rfi u'li1u lfi u er ro r ri4 vr t o.r ln : { d lu n I : do u I q ui6 fr o s
u I V9t I / s q 4 Y'[rL 

d rru r : o : v t-t tq 1 I t 0 ry n t0 I 11 4 Yl [ 14 u el [9] [lJ u fl 0 U d fl o {

n q'rL lm u {1do v do.r rii n u q to { 6{ u uil 1* lu n r : t tu n t t€r v

(Classification) nl:6'nndil (Cluster) [5]

g.2 dor{tnsn::il{o$nt{druil:ssrfl tfi uil [g]

1u nt : a#tIrrynd'il : s a rvrrfi u.rri ujIrry nd In ald

ruu ?n 1il fi o 0 t ntrya dil : s atyt vt i.: drivr o t n r : o s dr trya d
I d qv vrt! - ia

il:sarmtfi u:JtJr16.rru'lririu 6o.tlftqnai:J:vdlmtvluilYlri

qord'nuorvrirfi'u trirrir.:rirnrinovrirl#qararuffi to':rryad'

:J : s at vr tfi u ru r roi a v twa dfi q or d'n u cu v t tn n ei r'r fi'u'hJ I ru r

rfiorusiorryn dil:udttl?tatu6'l 6'l{r6'rafi'ulfi'rfi qa-nuilv
d, J a j< , cc_-.-!.. :r.i

clorln:{{rutiludu"l il50Yltiufl1l talu0: (Layer) s{

il:vatvrtryaii'uriav6'rfi oqjludurdurfi'uov hifi n r:rfi oru

si o n'r fi'u il : v rn r I o { I a : { d ir I n r : tfi o ru si o I n : I ri r u

il:varmrfiuil noostrriqoontflu z ttuu fio ln:srira
,dJo

il:vatntfi uuttuufuldu1 (Single Layer.Neural Network)

o s il : v n o u \ il 6'r tl rrya drl : s d 1 m tfi u il fi i'o rE o'r d'r o qj 1 u
' '-^' ' ! ^ ! t i-

fi'uoi r'r 1 6'u ld't rri fuou4vruav futo 111411 dltfi E110el,, : ^ a - &

In:raixttttufi tfl uttuudutGu r tfi o ril l0lnuufu

ro r yiil vr rfi u I du rG u r rvi liu'i r rfl u fiu t o I rrya d'il : v ar vr

dru;udu6u4vrov'hifi tr:uljrrfl udurLo'rrryad'il: v ervt

rvr : r, rfl u du fr 'hj fr n r : rJ : s rL ? a fl a 10 1 o v rir u #r fi rfi tl I

ruifudoryadu4vrr{ruttravti.rsiol#d'uduti'erlilrYirfiu

ln : {d ruil: va rmtfi uurru! dut6tl rfi {o'f r fi'pr

h'i o q'n*-trt1uilt.:n:fi1d'rlni6'u6'r1d''lndtrur:ou trLl tstlniliL

rirrauogilttttutolln:':ti'tuil:; arntfi uiltruilnaradu

(Multilayer Neural NetworD,fi'r$In:1ail':ornnr:6'prtiu'l

qro'r6'rrqadrl:varvr6'.:rtri z *'ufiuhJ 1'hjril: lrudu6u4vl;

lor t'r : il I o { n t : ri r': ru fi r1 o u \rJ c?r { il #r (Feed - Forward)

' J l.^ J t d ,

6 r fu fi o qj : I u'j r.r #u 6u r1 m tt a v f u to t ti 4 vt t: u n r I

" duryou (Hidden Layer)" fi.:duqiourfl u6'rtfi'run':rru
.999

arrur: n1#ruilo:rriro ri"rfi iirurutordu.douarur:crfi

'ld'ru r n n'i r r du iir u r u t o.: du,io u rra v iir u ru t o.t
,ttt

fi r : o u 1 u r rsi a v fru o v fi ri r hi n'r fi 6.: t rsi a v #u o r o o v fi
d | - & | lqv

0 r u 1 u u ? : o 1-r 14 ttn nn l.: fl u lJ u 0 g n il n I : u : e -q nfl try{ 1 u

n lr gr.lfi z qrr rlo rya ro rr{4r,fi lti'o rn$'um fi .r t r q n ril h?
dtlaq-'

rflu{ory a6u4n rf rnfufuoio'bJ lourirtord4n#u

qor d'r u 6.r ro r ri4 vr t o { Jn : i d r uil : s ar I tfi o ru o ; q n dr

'hJ nJ5 a rl tfr a il ei r n m ru fi o n a r o ri'u ri r to r vi4 m fi d'o I n I :
(Target output) nirn rrufi n u a refi rir u ril ld'rir h | ld
1 u n r : rJ f u ri r ri I { dr il f n t o { I n : { d r a il : s ar vr rfi tl ru hi'

,i hro A I
nJduuliliuyr r':fi qndolrutnfiu ts.s I

Hiden Hiden
Larer Lzrl-er OutPut

fif Q) L:rver

;il fi z 1 n :.r air.r I o.r 1 n :.r ri ruil : s d.t m tfi s I t tl u 
" 

ulofi u

. 6t,s | |
4. nr5il:vqnri'['f let:.11t tulj:sdllltYlutt

lulm n :ru fi rdo nldln :.rriruil: v aril tfi uil

,,u u n o', o du fl o u ri I hJ {r.r u ril (Feed-forward Multilaver

Neural Network) rravfi nr:rJilrirrixrjrmrinlutrsiav#u

t til il t [v{ i ri lflou n dl (Back - Propagation) ri : v no ud'ro
9'

duou4n (Input Layer), #uqiou (Hidden Laver), du

rordqil (output Layer; lnafi nr:r6oillu{luusiavfut tutl

si o fi .r fi'u il il q n^o U n 1 fi ? : o u lu fiu 6 u 4 vr o v ri'r ii'ry ry r or
.'.'.olr9
b I fl r fi'u qio u f u r r: n .i'l ei o'[ tJ t u it=': ryu ry o u q n Yl I u r t a v

I

o v ei.r ii'ty tg I tu'lrJ a'r du ro r d4 vr if; n I : rir u r or d'n u iu ; fi

fi fi on tru d'nu su s d'q n ci rlj r Forward - Propugation riu
d'o

si o "hl ovrilu nr: ri tu : gtt ttu u Backward - Propagation fl Y

rirn nd'nr{fi16'o rnro rrf4vrln: lrirurL ttil:'uutfiuufiu

ro r r{rpr rfl r n ru r u rft o rir u r or ri r fi q Y{ a r q t tdr ri r pl a si t'r o r

-r2

I--1

,Y,
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q n ei.r n d'u hJ o'.r f'u qio u,Tuol u u q o' r4'", u o v ri r ri r fl^ o fl a r et
irny q9/q ta
vr 

"l 
drL r l,f I u n r : rJ iu ei r ri r.: ril fi u-n J n u n I : rJ :-u ni r ri :,r

rir r rin r r a y ri r 1 u r r o a o y fi 6'a fl o a^ ilorr cir n fu 1 dl u n r :
rJ f u ri r I e u n q o r n ni r n : r ru n' 

" 
n n'r 

" 
d, fi 

",,ju 
r r dlir ni r

fi qilamfiulilriruranr ridr.rrirrrinuaynir'luuoerirlnri

n : v u r u n r : o r n a"'r hJ dr qir 1 u du s, o u r : n o u n : v fi'.: ri r
o iuy<, y
fron nrnfr ldfr ri nioun'jrnirpl^onaroroirqnrfi rirnuqli tsl

Jn0d'ruil: 6u4vrrirniuln:miruil: yarmrfi ail
i " qv
frilrrrlflrurirmfuoonul:_rornr:qoriiruru r r?o,r fie9

li.rmruo + d'rurJ: n^o t.n^ufi#o.: 2. rl:ymmro.rornr:qn
3.:yuudrnrrrudu rray +. :silul?'lfir r-rur.rrr.rd s

ornnr:rirurariirururiorynfi rjrhJrirnunnird':uil:6unvrr s ";'-"'- "
fi iir u ru ri'.r r rLe 8 10 s" a n ei'.r o r n riu ri r nr : rJ iu r7o 

ry 
o du 4 vr

fi 1 d'o r n rir n u q rird'ruil : o^u { t4 (pre-processing; 1 #rfl u
uror:grur6o':riu (Normalizationt l#odlurir.r _r d,r r

nruerunr:fr l0 [9] uay o^u4vrcirriuJn:triraq nrruj
9t1:'t.tyt 9

I zx( tnput _ Minlnputl jNormalized Input =l ,' ' ' -- -'-'-, I-[
l(M"*tnput _ Minlnpul 

I

(10)

md.rornld'r?oryadu4nfi do,:nr: rirnr:rirrun
ri r d'l nJ : r o r ri4 m fi klo r n n r : rir u r ar n r u ru r n : S 1 u n 1,
sr^ n d'.: 1 r,l fl r rir u :-u il : y 

r n a'l vr u d { a i il r : n u ri.r o o n'l d
q il:ym m rloryanruorr:r.rfi ro 6,:oy1#1fl ur?oryauan.:

rualu l-r-up talte louiiruru{0ryafi biornnr:riruurr
rird':urJ:ou4vr fiqiru?uf{fiue 8l0 qn uri,roonrflu
qorflnaouiiru 1u 730 Eo uaemedouiiru:u ao qo

rlrrod ro nrrrirruorird'.:uilrrorrinyr

nr:rfi s doryadu4vrfi rirriufl naouuavmqaoillo:,rdra

.:
trnil

NorsBredins
I Ayililn$ill

(n)
rrrs$n .

' '",t
{gi!-}tl}t-

, i"urr*
:ia**

wuulffi

I

z

3

-0.616 1 I

-0.616 I I -0.96

-0.616 I -0.98

809

810

I

I

-0.960

-0.960

-0.960

-0.960

-1

-0.960

nr:r.:fi 8 nr:rirrunrirrn"'rrn]:6unvr

14put Posslbh Values

i ;y
ilullilor 20- 100 9n:'1,:ru9l5

uty[R7l t : o{orf,u

z : rirrinlru rio#rurirri't lrj
3 : Ogld]finttru

: ylJUtl l

n?'|l./[uu

t :'h.ifi :cuudrnrrrurduorna.:unarl

2 : fi :ylurirnrrlrduorncirunar.:

r' hifi rrovfi :srlrirnrrlrfr uornrirunat't

:srub,hh
t ry'la

: rlla

oIt
a

*
F

lnok+ry Tat{e

tummioozn
'- (A) ,

tu:fl
rned
(.An

.ff6
,.d*,
i

l{$.'
,''6lr
rllt;1

rio
Ia$c
ru2l

. .t:ry.L
:,\fD,:26

: i;..
[!un1

2 s(rs) rrda
nr,lu., nlln.

16

trr',la
2x6 1x4 3/4 60

3 ts1+1 ru,la

nv'lu.

50

try,la
2x16 lx6 I 53

/ ts1+s; ru{a
nr,lu.. nr'ln.

50

try'la
2xl6 lx6 53

5 :o(roo) rn,la

nr,lu., ny'ln.

100

try'la
2x50 lx10 1-I/2 61

6 solrso; ru,la

nr,lu.

125

tu{a
2x70 lxl6 t-1/2 65

7 ts1+s; :u,,la

nr,lu.

50

:rr'la
4xl6 lx6 Lt/q 106

8 ls(45) 3tila
nr',|u., nr,ln.

50

trr,la
4xl6 lx6 t-t/4 106

9 :o1roo; :u,,la

ny,lu., nlln.
100

:rr,la
4x50 lxl0 2 120
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orn{oryato.r + 6u4vt ttar t rotrirlvr iiruru

730 Ta o;qnrirurflnaouln:ldruil:variltfiflu nrrr

:rJd r rrasln:rafxtorln:{rituil:cerilrfiuuto{{ru
firirrauonrrugrJfi +

a ae
vlllvluo.l

urgmvnlnlf

tvuudnaetrrfiu

tcuulr'lf'1

Hiden
Layer

Q)
Inputs

P1 Output
La.ver

" 0 200 400 600 800 1000 l2lJlJ 14UU lbuu ruuu

2t)63 EPochs

:ilfi s nru::nusnt:flndouln:':rirsil:vntmrfiuil

P2

P3

P.1

:rJfi s aorilnun::ruln:{druil5Ydlmlfiflil

IIiden
Layer

(1)

gilfi + In:.ralr{1o{ln:':liluil:varmrfi uilfi ilrtauo

In:.rdruil:cervrrfi orufi ldrj:vnoil'lildrg +
tt

6u4vr z {'uqiou rrav t furorv{r1vr lnol#fl'rrifrudrulou

Hyperbolic Tangent Sigmoid (Tansig) luduqiou (Hidden

Layer), ttds Linear lu#urorYi4n (Output t-ayer; Iotlri't

ro rv{4vr tfl u ta t 6'ryfi fi 141u n r: dri r Look - up Table

1 u ci : u d'a n o? vl'u lu n r :fi n a o u I n :': ri r tl il : v a r vt

rfiouldrtuu Levenberg - Marquardt [12] tll^o'lolnfi

radu:nrn ttasfi6'n:rnr:finaoufidu ttavl#tratnr:

fl naourlou 6lornnt:fl ndouilu'i1d1u':ufi r: oud

ru.rurvauludu'dou 6tiooen Luv.rl d t rvir6'l ts fi'l:ou

rravduqioufi z rvir6'l t4 u^r:ou rfiol#ld'rirroti4n

n : { fiu Au q Yt fi r1 o u r{r hJ lfl u au : : o u v fl o'l fl : v 1r ?u

nr:flnaouln:{rjruil:carmtfiuuorrru1rlfi s 61finr:

fl nao u'f ru':u 2063 : olr fl ad'Y{ffi ldtorriryrrfl u rat

6'vfi r n'.r s lnuosdr'lilfiril t*o - up Table elllJsll:1'l

fi t o rnio l#fi n r : t tder { n a rfl u rio ry n fi ri r lrJ 1 #lu n r :
il:srfi u loufi nr: ttao{fl addtn t: oo nuuulurudo{du

nrrLilJfi o

pJfi o nafildorntorvfilntatd'1fi t ttav z

5. t{anllnnao{
ln : lrjrorJ: v arvufi olfi rirunr:fl naou o; qn

vr er do u 1 or ofl o u {o rya 6u 4n t o'r qnfl n do u t ta v d': tn st

p{ a to r Ti4 il fi tfl u ra t riryfi 'j r n : { 6'! En ro r ri4 vr fi l#rfl u

6'rotir.rlunr:fl naoumio'hi 01nfl a0rnnl:vleldoul'{il'ir

l n :'r ri r u rJ : v a r tl tfi u il d 1 ru 1 : n hi'ri r n o l fi q n do { fr{ il il er

>> Daia'

Dati -

eq_data ( li

>> D.Ea - eq*daea{z}

..""'riraai: 5 t15) utxi' 1 tvld nr{}f nl"{ri"'
,' rCB: 16 tT 1 tytd'

'rfrutr"ld: 2x6 3q-t0'
I ,delld$: 1x{ 3q-rur'

'gr.ror4alnr4vz 3/1*'
"'t5re8rlti.lvD2* 60 lJ.|s't'

nrrunrur.ntu,it.tfrurt.l

lilrunru
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ff.ruaq{'jrln: {rirsq drur:fl ,i'qil:yrnnIo,rouun uas
aAe<,

I o I li tr m fr 0 n pio I u n-r t r n riu 1 d'ri r cio ry n fi r n:' o ru 1 i
yrerdou iiruru so qn loorfi onronwdrdu4mruriladoil

rravrirr.rad'vrffi kiornrorr{qvrrfl uraqrd'ryfi ornln:{riruq
il 1fi fl u ri'uri r ro r virl vr n or ror n, ou u ri'u 80 Ea 0 r n n r :
nercollilu-irfirord4nfihiqnri'or iiruru 3 Tn orn 80

| 4 - oirqo n ri r I n' o r n r li'ryfi fi 1 d'rL r o r n I n :.r d r u q ki q n olo.r rruoo

ru r rir u : ru ni r p.r^ o il a r q n^ fl r fl u nI o f r 6 u rf 1 d' 3 .7 5 Eo 6 I
1 u n r : rir hJ 1 d.r r u o ?.r kj d'o,: n r : ni r n l u pl^ er n a r o rr r | ?r q

I o { n r : fi q ?,{ a r fl rujo,r ru r r r n ni r r o,r d': r nJ : 6 u 4 m fi ri r
q-Y4 - J
[fl Alfl U i fl U 0 I nt U fl OU nO U fl : yU 1U nt : (pre_processing)

lu n r : n n n': r :Jfi n il a r q a r il r : n rir I d'l or u dr uq {o u n fi
a : ' i '-

rioy{a rnil llnr'rJluqofl naourrd'rrirnr:fl naou Jn:{rira"l,
o n n f r d r u n r : r r d er r r.r a uiu fr u o qj ri'u r a r d'vfi ro r ri4 vr
dy 

' il tn,r i 6 I n I Q n ef o.r r y 1 dn r : r r aq.: ru o fi q n ri'o .r niu ri,u

lunr:fl naouln: {tiruq riu ryldnol,rodun?:
or n n r : m o a o { ldr.: a r 1 u n r :fl nd ou t2 u r fi Iq u il : s il r 0rJ:&
n .: u t* u o qj d'u r" r u I u rio 

ry 
a fi 1 dl u n r :fi n a o u u o v n : r ru rf r

fl o { n o rl y{^?ra o ffi ld usi ar ru r : fl a q r.r a r lu n r :fl n ao u 1 ds-lt
t0un r:rfl u iiru rurryn aiil:yarvr lu.f;'uwou 

1 t o1 luaru
I

I o,: n r : ld{ r u riu o v 1#rr a r rlo aru r n lu n r : il : y rL ra ru a.{ a,
lu 0,1 0 I n[ilu n I : il : y tJ ? dt{ a I tu ufl u.lu 0 I n nt : m o a o { ld
naril:yrurar o.oo iurfi il:yru:apralofll#lil:rrn:il
MATLAB sl'lu n o u ?r^ln o ffi ld cpu, penti um + n l ru rf r
1.80Ghz RAM: 512 MB

6. aqrJalanr:noao.t

nr:finurfi rfl unr:rirrduonr: il:vqnoil#In:.:
ri ra il : y ar m rfi uu yu^e 

r ril d ri rrlo u n fi'r 1 u n r : o o n url 1J

:suuh^Ifi rriruirornr:rpr ornprnnr:dnurrrae.:1#nXu
, qj"

?t ?rrlu rtdu odrrur:ourrirnou rrasrirulu nr:ooil [:J U

1 d' rrr?1 ri fi n ? r u dr u r q 6 n ri'.r a o :, a v re a r lu n r :
o o n uu r'l d'ru r n fi n': r lL o n qlo.r 1 n dn r r u rfl u oi,r Iq u fi

a ,-.i
n : r il p.r ef yr o r o o t1fi l.t s u" dr ar ru r : o dr hJ 1 0 r a l#ri.ilvAo.l:^
fi o .: qo fr fr t u r n n u fi h.r qj t*u 1 d' rfi u.: r r ei il iil cio il a fi 1 #
lunr:finaou

rirutorn:yurunr:fi naou [rasnr:yrqflou

I n : ni r fl il : y e r m rfi t', il u an.r 1 #r# u'i r ti'r rir n r :fl n ao u
I nilo
do ry a 4 n go o v 1 d'ri r qr o r fi fi n': r ru q n d'0.:'hi fi ni r n.r r u
p.r^ pr fl a r n u a v a r ru r : n 1 dr fl u r r u r vr r.r 1 u n r : rt'sl u r si o hJ
luournel

1u arucr o { nr : 11 o,r fi'u r?o ry a 1u n r: r1 o urio 
ry a

6u 4vrfi n n a rn rfi o fi o v l#ld'rirn o u fr fi n ?ril q nd'or ri,:
hi 1 d'rir rfi u n i : u a y n r : il : s rfi u rJ : y fi vr fr n r yr r o.r iG vrj

rir rau o riu lu u n o r'r u d f,,r hi 1 d'rir n r : rJ : y ur^u r rsi fl
rrurmrlunr:n'rru^unr:Irranr:rirlrjhir^arn:r1oonuuu

: y u u'h^1 fi r vr q a o { 1 d r r a v n : r o a o u rfi u il n l ru n n ri'o.r ri'u

n r : rir u r u u:-r u n t,#oqj

ronil:dt{a{
-_ - 4 a J I

I l I u 0.: :etu rJ :vrcfg "lvrfl 
, 2545. nl:?\rrffi unr:drslroo

rua v o.ru fl o u iirmyro rn r : qoloaftJ:un: u
Erorufi rrsrof lomr:qoril:vmnornr:eirfinrru

4ri
ridorJ:smnfi oqjord'u;. ivtoru^t{ u f, ?a:n: : u
flrdsr:urirf€ufi fl errriryria:n: :ru lr4rXr.

ruurimfl rd'ariln Ju IaEn:voorLrnd,rruui.

tzl dolfiunolfi a, 2541. nt:ooruuuuarfiosis:ruu\r{r{",

ilrn:gru. tr^urfu11fi 2. n!.:ryrlr"r: a.rra?rL

rvrnIuIaE rlvru-fi{ur.
l3l afl1n::ildorurmlrj:- . --.t o 

liyrilfl 'lmulun:v 
u: ru : r grlo-tri.

25s0. il rn: gr u nr :6 o6'w r.r,l v,h{ riir nfu
rJ:sryrn'lns. fi ur{n;.rd 4. fl :.rryr il",t : inrn: :ru

anrurnr.:il:vrnq'lmu1ufl :vu:ru:rgrJti,ruri.

t+t rJ : y fi vr n{ n^vr ufi'ex li, 2548. R r : o o nuuu:v u unly,hih
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