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tr:t' ]t.r: n,ir:ns rlie benei it ol aclviLnc't:t/
ittr.tr'ii.I lt;ist'ri t'rLtttrctI -;ltategies cottsiclet'|ng the incL'c'ased
r:tl;.,it,L:;t.:1tl,:tci'J i;tt t:|tc: ttpterattiutt of ittdustt'ia1 glass
nti:ltrri;1 liu u:,ii'i:s tn zt salb and ltrc,fitable t,vzty, trhile
Itnplel'in.i! iltr. ,qlas.s quttlit,v' ;,url pri:serving u r:leart
r: ilt, i ron i t r I i i t tt l i hi.t n t er.l u i Jtnt t:il t d egra da t.i ott. S evt: ritl
re,; t' ;i t r, i t :, i r rl i es e.r- p l u t c: tn e l lt o d r.t logi es l n o rc/ t' r lo
i)xi)cult) ;t it:.irisjtioil ltc.ttn tlte manual c'r,ttttrt/ r:f'glass
li.tt'n;tcr,, trtil rltt tt.se ()/ t)Jt'rbne ntorlelltng luols to tlte
,,r t t trlrt a t lt l. t ) n i i ue nLttr.lr; l ba.st:cl :^ tril tegi t',s t/ta t c'ittt
t.oil[]ol 1i,i.>:.: iiti'il;rt't's. Tlte prr'.sent ,stLir,l.v explaitts t]te
l)o r ('u ! i. t l, t l t1 t i i t ;,t rlons oi ntotlt..l bit,st:t| erpet t s.'t,s t.ents

;rti li ;t'. ,:riyti;'it lsrtr.t.' t onrtr-tl a1llsltcable to fhult diagno-
.si,c, tltlt ttt,:ti ,:trtil r:intssion elficienc:lr:,s tltcl opetitl:or tt;.tin-
ing. i'lri'tt, i.,; ,:t ri:t'lt:u,, itt'' rnet,hodolc,gies ttsed lbr the
iriIr:1:t';,iitittt rtl' iltr,' cotnptrt;,ttional intelLigettce artd crln-
v'r.ritji;tr;tl rn;ir'lre'tnzrtii:itl nttLcle'llirtg rerJtnttlctgti:s itt tht:
tl i-.s i.i1 t t i t i It i r: t ;t rc lt i c,t I r:r.t n t ro l,nrc h I t e ct u re ol' gla,ss
r ni: I t.l i t4 li t rr tut t'.s.

Tlrr. g1; rss ilir ltr s t r rr is r:xpecl.ing- to nreert. f untrrt t:itallengers
t;c: t l ;r, i lro l i i el r r,iiirie er:ologicallr,' sustainable nratel ials
.rr rr1 3ir.rir;rl iri )1rr i){rtiti[,n in l e rnrs ol the 1-rrice ancl clrutl-
ilv o1'tlrr 1r'orhrc[s, J.'1r,.-r ir-rdristlr- c,lemancis nelv rneth
r-rr.1ollr1ios ulrr-l tt,r:frno[oqies {br the r:pr:r;rtion of glass
rnt:ltirs tlliri,ir i:s irr a -caif'e and prolit-.rble wav rvhile'
:;rl is1f ir rg i lrr' ;:,lass rlualitv sl.recilic;rtions and envilon-
rnr..niai r rr,lriIaiiols rvitLroui ecluipment degradation.

lit-rr. c i r r r 1cr"er I o 1r rnen ts in mat.irt-.rn ittic aI and artlficia1
ir1 i.c I Li rcrii'i' Llr l cicl.I Irt g. s(il)sors antl <:otnput.et' tethriril-
r.rp]-v irr.rri iri iirr,r cli,rreloprnel-It itl ne.rv control str;,rlegies
firr glr,rss iriiriiir-iu pro(r(:ss control. Tltis papcrr is cort-
ct:rni'ci ',;.,iih I hc nse oi rnathenratical ancl ;rrtilit:ial in-

P::per irre::erri::il :t XIX lCC. 1.-ai JulV 200'l
AUth.)r ia \r'lr1)rir ir.lresll(lnt1eflce should be address-od. (ema

r f .rri?r(:a rnvi,.,i.i:ri irtl irt j

r,,/;t.r:r lr.rrrr),r,/rlr i,,1. ll '\ir. I ['r'brtt;iry 10().'i
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telligence rnorieliing (Expens Svstern, i-S, Fuzzy Logic.
FL, Neulal Netu'or-l<, NN and Genetic Algolithnrs,
C A) tools in a hi.er-arciric;rl c:ontrol structure ol a ploc-
ess. 'The ES seems to ltc. the ltexL step fblloling con-
ventional control :tysterrs. ;tclvancecl control (niodel
lrlectictive control, VIPC) and ci1:rtirrisation t.ools. Tite
E,S can be used to cornpile ancl analyse le;tl time dat-a,
C FD (conrputation:r I fliricl clynaini ci) r esuits, operator
obsr:niatiolrs anii iaborator:y anaivsis, to clt:arv int'er-
ence:s and tri isstte Lecomnienrlalions for optin.ral oper'-
arting ol gla-ss rnairine pl'ocesses.

The 1:n-esr:nt str-rcly r1t:sr:ribes tlre nee{l ancl potenti;rl
applic;rtions of the ES u;iticl-r allorvs frtr the crtrnbina-
l-ion of nratlietnatici'rl ancl artiiicizrl inteliigenc:e rnociels
for oir-linr. coutrol optinrisation. 'l'lie :rrchitecture of
the ES lhal c;rn be applicabie ro :r glass fulnace is cle-
scribed. 'lhe cap;ritilities of ct.rrrtnterrcial ES slrliwai'er
packages arre pJiverr to help r-ler,elctpment. eLrgineers riur
ing tlte technoluey trzrnsfel lront olherr industries. Fi-
nallv, ptrrvious sti-rciies in tl-ie field of r:ontlol ancl
srtpervision {br glass processes itre re\/icwe(l.

Current state and needs of control of glass
furnaces
1n the glass inciustrv, the currc:r'rt control il.)'stems require
significant adriances t.o achie.,ie energy and cost
reductiorrs as v.,,eil ?!s a f-ietteu plr-rctruct cortrol. Because
Lurlrecessairy extrzt eltergy is trsed fo| glarss making proc
esses cltre I.o insrrtl'icierrt r,rnd itrcolreci measurenlents
arid nranual corltrul orier lhe futrrzrc:els.

'T'l're conrrcntional PID (proportional Integral deliva-
tive) r:cintrollert's i:;rnno t tl r t.r.t ;1 

jl l r ) ( r(l Fui i ecl uiremerits
o{ pllass nrelting furn;rces contrul, nanrell,because PII)
cont.rollers are ltot easily arlaptaitie to nerv uperatlng
conditions and under the exclusitit supen'ision zrnci
contlol c,l hurr;rn opcr:liclrs. In tJre Pll) basecl crtn
1.rol , il ihe ploce-<-s chal'acteristics change trecause of
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trabie 1 . Cctnponents
) ltt, !t: ))\ ,,1 ,,ijitjtti t.t',k.\

of hierarchical control structure of a process with implementation taols

l,,r i. lt tttl,:' t ,\'t tl

l ,'"r r iL "ltl; rr r) lcir,l
' i rr irrl :rrrr1 ;tii ilrrrt I aLt.

' l,lrr': i, rr'l
rlr{'j J'rL,(liilit i1r|)(tf\,':,rl\) ic!,cl

. (,l;r!. illi;rJit\

l)dt a rr:rirrisitidrr liril rrr:0rrciliaLir..n
iir:gu lat.cr11, cr-.ntrol (|]1D)
r\rlr':rnced corrLrol (\,11)L, Fl,. N|1. C;A)
Sertsrrr r a.iidtrt.iori
i 
)rili."ss rttoni f otirtg
,\lalllir jg zr(j lletris
FrLirit r'iiirgnostir:s
Of )l iruisrlj(jJl zrrri rirraiity
S'.r]len'isorr rra)r)tr oL (Set Poinl. rlrar rqcs)

:)llzrtegi(r derisiL)il
I 
)l:rrrlJrrq :rnd silteilrrlirg.'

L)llSil'i (.rSl( r\1 ),\/F,S
l)( liiirL(.
1-'cl

L,S

S(,.,i1;1i9|,
:l[ ]\i );\iL\
ir:i

St.l,\ rlr\i trli
i-r(.,\ilA i l.S
SCAI)r\1l S

r rr "\'\ i )l ).' j ir{ irrg, i,:oncii[ions (change of colollr, pull lale)
I j ri, I;rri rurrctur s a,i PID controllers (gerin, time coust;1115
(ll ile.r.l iiine) rnu-ql be zrc{justecl c}r retltnecl. Despite
r I i i r i r rlt rooI s (Ziegler- N i r:hols, [lrodia, pr{.)cess rea ct.iorl
i rIi\'(, irri'r1-ri)ris) calcr{liltirlrr of rll)tillrlt]1] PID tuning
\'.iiri{:r), jor iiiilelernt clllerations is not straigirtfonvarcl
i I r r c I o i ;:r t li ( ) I' u n(lorst zrnclirig ol P ID tunitrg tecltrtique:s
;rll(l ilr(,r riiij jcr.rlties i|i obtaining an accul.;rt(' trltrtsfer
lLrrrr tron lirr glass p{ocresses liaving long time derletys

illr{I { irir{lging cl}ziracteristics. Tlierefore, the process is

i , r;I r'oilr.rl 01ar}trrr]l.y by tire operatc]r's acclelltz]llle bltt
rr(it ()t)t iiiil j r,Onl-rol actions. Nlzrnual control affects

lrrrrr iUi'tion I i,ric ilnci g1;rss cluztlity. llor example, it tzrkes
,i ir )n! iirrit' si:ririlise tl-ie plocc-rs bc'canse of iltcorrect
( {rirli()i;ri iiOtls.

i'-rt r ri r r lg I cl ilpr-'r'illurc :iellsors (titet'rrt,:rr:rtuples artcl
I ) [) t i ('l i I )\/r'.)nielersJ used ir l the p;i;tss iI'rtluslr y are very
ililt{,liirl)ic i)ilc].' :,r r,riii1e. 'I'[ter.y r:ii:r:ar,' clue t(i coffL)sive
r- n.,' i || r r i l rr: n 1 arrd esl irn;-ite tenlpelrature inaccr.rrately I r-r

lll;rilil:ii c()n1.r.)1. opc|i11-ofs vilrifV ilnd corl'(lct tli{:'
I ('r rl i-ri. r r,li. i.l ir., I ezii ling {:orrting fl'onr the seltsots. ltrcortect
ls I i t r r iit- i or r oi' thr: t t.r n r ueratlrte ca useli \,vrong adi ttstlnent
{)l lr{,ii1 irritrit ro the pr-ocess.

lir,'r,r':;il;ts;:r \,,ot)'tcal neecl trt assisl r.)perators in
i irr:ir r ii'i ir;ion nraliing especialiv fbr proLiletns relzitec{
1( ) {t i:r\\ { lr r:} lilv. 'l'l ris 1.s nrair}iy dlre to the ilrcl< of plecise
linoir lt'rigi' ;li)out ljoth tht: stt:zrciV stat{t tutd dvnarnic
Irr,ir;n.iriirl of ihr: iliass pfoctisses. T'he t.lrpic;ri cilatac-
ii'r'rsrils r i1 lirr.r glziss rneriting {'urttacels ar€t thc} bIOac[

Irsi.l{,rrl.rl r..re rli..;iribution, sensitivif.jv to slnilll fluc-
l i r ; r i ili r!. csllc(:ii1 i1V in ttatr:li cortipo.sition. llarner coveL-
i!t-i0:ul(i lir,:r,rr {r'zrnst'er, the batcl-r pile tlor;emr:rlts and
ilr;rirrlt'r; in thicllre.ss of the reJl.ilt;tory nr;tlls over f.ime.

I'l r i.:,t r',.;r rpli:,xities of' glatss nrelting processes requii'e
r' :: i r.' r r: i r' r' r i)o(i c ilil l g uglilrlf ir:ts and corresponLl ing seli-
:;or' ''ir..,'r.lirlrLlrent e{}brts such as olt lilte cletei:1l}ineition
ll rircil ('{ )lri1 iiuenls. ( ix)tgen activit-y nleastlreolents antl
ll:rrrrc ,,'istru ilis:r{ ion 1br lurther irnprovemeuts.

Flierarclrical control structure of glass furnaces
llt, il'ti rrri rlr(,,(ontfol systenls o{ glass ftrrnaces is io
iilt,rr i ii(r [)rr)( c]ss v,n iiri)les (lerripr:r'atrtre, pre:isul'e . l(rvel.

r'1. I irt f irrir st'r1. p{.lints altd effecti\rel,\, hanclle ll-re

rssr,,tt ial i)rr)blerlrs of' tLrr: glass intlrrst|y such as (rllelgv
sir\'iirg. gias-r proclr:ction v,,ith fewer delects (br,rbbles,

l:irrir rls. sl(-rncs. clr:,) anrJ tlrc reductir:r1 of changcover
ti:rr' rrli lrrll r ltettqls.

.i{i i ,,,.;'. lillttir.tl,'tiv \,rt . Mio. I It-'itttr;tr'" !00.1

Seirs-" ol rltc errr'ir;rrlrent

Lr:rtt nirrel
r\, irlJr I ir ! i or l

Re; lo n il;l

l)lanri irrq

l-iielarcirical corrtfol sti'itcturc is a frrnctional archi-
tecture rvlrele the iriisic col)t{'ol activities such as regu-
lartory controi, sltpervisloll of each contr)l Lrnit, data
storalle arxl i,inal_vsis, anri ln;:'rlt-ntachille inl-erf:rce are
irisi:r'teri in a liier:rlr:hic:al rriannt:L in olcier to co;le vrrith
the r:omplexity. I'he (ron{..epts ol iLrtelligence and colt-
tnri :rre clcrsclv t'{rlate(i. Sincr: zr coritLol svstenl is ari
lrrtelligent systertr. the chalacieris;rrion ol an intelligent
svstelr n1a.y p|ovicle a g(-)(-)d uirclcrst.anclinb- L)f tlil.
complex col'ltrol problerns. 0i

Tlre rnrrltiievel concepl. tl1'the hierarchicai control
structul'e is ciispla_veri iri 'lable I r,vhich desclibes the
c[]lnponents of the hier':rlcirical corrtroi structute of a
ilrocess with the irnplementatioll toolS. The hielarchi
cal contlrtl. strlrctr-rfe r-rf a pror ess is r:ategorisecl into
t.hree levc:is as lcillons.
1. I'he lou'er- k'ontrollerj ievel inciudes data acciui:i-
tion (iiO prtii:r.ssirru) , louging aLld nrcoilciliarion. irr-
si.rurnenlation and basic rcgrrlator_v contlrol (f'lD). 'Ihis
ex€:cri1.ir-ln lerveri is alscl cailed ir;iv [r:vr:l of intr:lligence itr
tenns ol the ciraracterisation of an intelligent s.ystem.
At a mininrurn, iltcllieence rerluiles the abiiitl, lo sel)se
the environmerit. to rnake decisiolts and to control the
aclicllls. Fot- erzrnrple. J/O 1:rlocr:ssing typically refers
to the rneasurerrent:i urith zi tnillintal 'inteliigence' at
the I/O lroint. fhr: Slnur't' I/O, r,vitli at least a nrinimal
local irir:rnor.y arrti l)r'o(i{rssirig caperbilitics l<eeps thrr
orltput;.rr. a f ixed levei u,'hen communications are lost.
2. The intelniedial.e le:vr:L is aiso calleri superi'isorv level.
'l'lre locari controliers anr etialirated in ortler tct conf irm
rrrtretlii:r they satish tire ples():ibc)d pcrrfirlrnance criterria
or r)ot. ['he optinrisation tools spe(]il ,v the set poinls of
the r:ontloliers. 'fhe rllagnostir: syslcnt, r,r,hich detects
and predicts fauits and failut'es, relluires complex lea-
sorling activitics that r;ail fbr c:onrprrtational intelligence,
incli-rding the ES iiric.l sott colnputing (FL, NN and
(;A' 

)

3 The lrigher level ir-rcludes managetnent, planning and
srJrerluling.. Iligl-rer level int.elligenrte nta-y irtr:lude the
Lrbility tii letarn ttorv tit co1.rr: r,virh tlir: chzrngirig uii rum
stances. t.o iict al)[iropriatelv in an unr;ertain environ-
rnt:nt zinci ta) r'f.ztson :ritout :inci plan titel hrture.

ln glass l'umaces. at. zr lo\\/er ler;el, the shol:t ternl
controlvarial:lers arer liling rat€', itir llorv i'ate and batcLr
feed i'ate. Interrnc.cliate and highel levels dealv"'ith long
terlr-r colltrolling pa.rzrntetersi sucl.r zrs batch prepariitlon,
fuel tvpe ancl clu-.ilitv itncl trrrnacL' conclition.

rr {N( )r) i:11it:irrrr:ie:
r)nLiiii(jJr:

iil ,rr.i
. l,:r: t,|i,
. | , , . 

lr,
. 'rll , rrl'1:
li i .l|r,.1 I rr'riir:tivi, r orrttrrl l- i
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lher 1'ltrn r.ri lc.rov,rii:ctge and data betuteen tirese lev-
rls r t:r.1r.r1.rr,:r ;,rn adr,,ancer:l haldi,r,ar-e ancl softlrrare tech-
nr)log.v. i'lri lonventiorial contl'ol systefils itr glass
fl.rrriar:cs lrrr: lr;r:;er.i orr the DCS (distriblrte[i contloi
systenr) airti {1rr: PLC (prograrnmable logic corttrol-
lr.rs).i:'' 'i'ilc ri;rta Ls tl;rrsrnitted fr-oni the instnrnrerrts
to thr. l)l (i tlilorrgh the SCI\I)A (supervisorv corttt'cli
arlrl ciat.a .r{ rirllsit.ioll) . SiIAIJA i;ystenrs prorritle a cc)1rl-

lrlr,,lr,'i.orrrllrrici ir-iter;tr:tion ivith t-lte cr,'rntrolle(l lJfoc-
css. l'hl r'i'iiolt. Jrnrt:ess is vierryecl ;rnrJ monitot'ecl by
glirptric;,rl usiri Lrtt.t:r fzicers. 'T'Lio oliitr'?ttL)r n-tay irt'leract
itfld sr.ri.rt'l-,'isc' it irom a control station. 'flre llS nrav be
r:on:sjrlcrlcri ;,rs ;,r SCAI);\ s.vstem €lnhancec[ r'vith nratlr-
r: rn a t ir a l a u(l ill tc.lli g(]n l rnod ules tirat may lnf'er ltt-t <-tutl-

,'rl,".r' It rirr I.l('\ ;itrt tl:'ln.

Expert systems
'I'he irrode llinp., in an expert knorvleclge enviionment.
il; classiiicci inl o t.irree calegories.
l. I{irou'lt:r.lg.t' basr:rI g-uitlar](:e iri rric.iclelling:,ES rirzry

pror,'icllr sirJ)p()r't ibr a CF I) applir,:atiorr drtring. the gr"id

8{rn€)r':.r I ir ii r. irrl r'"r l- dat:r gerieratioii at'tc[ seIrtctiori of
lr'lirrrri rr.rrr l).,i r'.:rineter\. Ilitnsultative h]S rnav br: useil
1.r.r i:r rl t ii';i1 i: irrrxlri:r'ir:rrr:er,l engineet's aLrd culllputel'
,spet,iarlisfs intrr C. li'D eugineel's.
2. [.orllriniiu; nrodclllng ancl knorvledge batsecl sys-
lerns. iitc ES is a dynamic tooi. llie perfol:mance of a
l.)lo{ress rri:rv l.rc tesled peliociicallv. lt allor,vs the trser of
f.trf) rirorlr.is i'or on-line ccitttrol by employing
p reclefi rrer l s iili r r l ;,rtiot r t'estrlt s rl,hlch r'vc-rt'k as ref'eretlce
irptiinai oprrlzrl ing r:onrIiLiotts.i'r)
i1. l:ir:ple:;r.niing krrovtileiiple irr niodels: the nlle baserl
lcrp rcscnlir i i{.r ii o f il rrou pro c:ec1ut'a1 kr rorvlr:ii ge nla}'' l )e

irsecl .:r ir i r r r l l i t.zr i.ivc rnoclel in case a \/alidated nutr-ieric;rl

rlo,:ir,,l rioi.,! rrol cxist. lor exartrltler, lhe ittterzrt:ti0n
I)et\.\ieeLr gIess i rt|r'i:rtis and refiactolies.

Basic prrnctuals of expert sysfems
I;igure' I :,hr.iu,s .r lryl--ricl svstern lhat cotrples a rr.tle-

l-;:r secl crprri' i slistent rvith clifTerent utttleri curl modellin g
to()ls irr ,rr tlr:r 10 execllte a-n r:n-line controI
{) D (.i|ri i:.irti o i 1. 

-l-lic) 
:;vsl.e lIt ciltrsists oi :

l. a i-noniir.;r'ing s-r,stetr whic:h converts a htlge alroullt
ot' pror:r,'rs ri:ri:r (se nsot' r'eaciings). cortring finnr each
se.rtiorr r.il tht, i.)r'ocess, ir-it.o trsefr-rl values that t:an be

1 
ri tlt:t:s:;r,'r1 irv t l'lr' I-iS,

2. a rilorlti lilrrar,v that (ontailts rrariorts nroclels (CFI)
nroderls, :;o1i i onipruting, simple nroclels. oi)tilnisation
Iooisi ,.,i'lrlch pt'r>duce ieference c-iata fbr infet-etrce
rneciialii;nt:; rtncl infOIrllzrtion lirr llrocess evaiuzttion:
and
il, ;rir [-.S si'roll lhzit per'{brnrs zt riec'ision maliing ?]ctivity
ir.y coLrrprlinp lhc euzailable l<ttor,vledge fi'otn process
r.l:rtil. rriodel librar"y and operator experience.

Thp lir lirrr,' rirrllltrttti)rltation of t.he tlansient flFl)
niociels r)ir tlrt' rontlol syst.elrs is lirlited tlue tcl the
cxc(,'ssi\/r' Corlil)rrl.ation tinie l-rut the ES llrovi(ies the
irsr: r.ri stcarll' :;tr,ile []FD codes at t1-re supervisctry ler,,el.

OItrIJ r:r';rlc:; arc' rrserd tu er:rltefate a (lertarbas(r rt-n'crlt'tg
lhe langr r>{ plocess opc'raitions and sinrplified moclels
.)r firr('1 iori:j lirl the rnoclel library.

i'l ri: l ii r::ur lrt: used cither oit-lirie or off-line. ln the

(.)la.st li't ltr;r;1,'r1:, \',,1. :l I '\tt. i I:'eliLutiq'20()!i

Figure 1. Aconfrguration of fheES

fbrmer the ES givi:s lr:conrrnencl;rtions, tvliich specily
the best controi strateFly t<t 1ir1lor,r' in pr"eclefined situa-
tions, to tlir: operator'. lv4osL cullt:ntl\,intltir.ntentecl ES
nlns in tandern lvith existing control strategies. r,virich
allor,vs plant. ol.rcrators to seier;l rvhicfi contlr-il ac:tion
to fbllor,v.'2r ln the latter. oiler:l[ots enter into a dia-
logtre vvith tire ES su1:rplyine anslvers to the questlons.
What-if analysis prcivicied from the o{f-line use of CIlD
rnocleis in the E,S can ire trsed for training of inexperi-
enced ol rrerv operators.' " f he open arr'lr itecttrre shown
in Figure 1 allcrvr,s orr iine access t{-} reler,ant data and
inlbrnrirtion but is lirriited tr,r ilte rnerrruly ancl CPIJ uf
computers.

Tire sur:cessfiil apl.rlicat.ir-rn of the ES ciepends orr
the orrercorning of lhe knorryledge ;rcrluisirion bottle
rieck, the knovvlectger itaser rnairiteriaitce. tfie int.egra-
tion lrrithin erisl.ir"rg systems ancl the tlansparenc_v of
tl're inference rnechanisr.ns. Rr:sides the above implemen-
tatiorr probierns, the expert svstells are ltot good at
lecognising in case no anslver exists or u,hen the prclt-
1em is outsic{e their area oi' expertise.

Expert systeffi building tools

t'he ES tool or shell is a soft\&'i-rre cleveloprr,er-rt
envitonrnent.i-r As sitor,vn in Fieure 1 it t.y'pir:al1y
consists ol fc)ur basic conrponents:
1. a knorvieclge base which r:orrt.zrins knr:rvleclge tfrat is
r-epresented as lF-'T'HFIl.j rlrles. ll'antes or lc-rgir:al state-
nlent:t:
2. a leasoning- engirre r,vhich rvorks r,vith iiri inl'erence
rleclranisin sricil as thc bacl<r'vald chalning lF-THEN
rules and the object olientecl. c:.lse base and nrodel
trased reasoning^
3. a databarse that contains k nou4edge that r,rras enlerecl
by a user or cr:nciudecl Lly tht: systelr itself; and
4. ;i useL interf:rr:e r,vith r,vliich the expert syst€lfil
cornrlrunicates u;itl r t.he trser.

ES shells (C;2. ELIREK.A) l-rar,,e come to tl.re market
lecently.lri''I hese tools are usrrallv eqrrippecl wlth reacJy-
tr.;-L{sL' k norv led ge re 

1.r 
leseit lertiori sc h e: rri:s, iri{'elenc:e

engines, databases anc'l usel interfaces. a linowledge
eclitor ancl orriy the knowlerlge l.tase neecls to be imple-
mented. The rules in thr: l<novilecige base are classifiecl
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.ilr rrir.jirrg irL thr:it'lrsa!{e are;i, such as fault knorvledgc.
lr:isi,'. lnr igsion and r.llicir,ncy knolvledge i,rase.i'r'

f:tsttit rjiaanosis by expert systems
'iar-iir rliagi.rosis is one: of the potentiai applications of
tirc i-rS. 'f iic rrizrliurrctir:r-rs of a process are expressed as
i'rtlrr.r l i;riiurr:. i,r'hir:h rneans an operat.iolr;rl irleakclorvn,
i ir',r i.rrrii. t"hicii are deviat.ir)l-ls from the nornral opera-
iion:rl r. oiirliiit>ns."rr 'T'he firult. ciiao^nosis inclrrrles lau1t
isoirtrion {1.e. loral.ion o1' the f;Lrilt) ;rnd ldendfication
(i t'. nr;iqniLucle oi fault) t;rsks. Thr: ES c:ari be desigiieci
ii ; r' ri i :r qrrr,rses irrclurl ing ecluiprnerrt tailttres, process ab-
rrcr r irirlil ils iinci clcfects. The cli;rgnr:rsis irrclucles pattern
r'i'r'o!;riLiorr .rrrl le:isoriing aclivities.'lhe basic steps of
tlrr: ririqrosrs a.re l,ls fblior,r,s:
l, !rrtisr:)t Vaiicia1 ioil:the zrnalysis of the nrerlhLrlctions'
r'()oi ( iuisl' ril.ilrts u/ith the interprel,?rti(ln of'the sensor
leacilnls. liorne solt of far-rlts inay be e;isily detected
I r 1.' c h i,r: l< i rr g thc lirnits. Hcl\ryerier. icientification of sensot
lri;rs ol ilctcliorirtion prerecplislte c:orupil:rlir-rn of knotl-
i. rligr i)'r.r i-l [)r()( ess r nor1e1s, qualita t-ive process relat.iol'l-
:; lii ps. c r r pili ca L c:orre. la tit-rtr, histlrt'y of sensitr an (l clatzr

Jl c.rnr ,rtiierr sellsofs. etc.(/r
Z. llcriil rrniil.ysis; :,r dztta ariah-sis tecltrtrque may brt
rrsi.ri to rlr,rterlrlrin€ lher iate ol chattge of tlre process
ror ir iitio n,
1.1. ( ,i.rri.raLion oi' rrrarlfunction hlipolheses. a tror:ble-
sllrt;iroi-l or rlcr:ision ffee is lcirlned fbr the diagnostic
:;r.:i|r'lr l llis apllroach is a process oriented approach
tirzrt is irirscd on :rtn,rctur;rl rieconrposition ol the lltocess
irr ili rrrs of irinctlonerlil..y ol t.he sub pIO(:ess{rs iin(i tlnl
rierrti'rI irru1t cr,itegot-ies,(r' 'lhe Iivpoil-reses are hierar
r'lric;ili\' rrlr'art.rsed. Fbr' i:xarn1.rler, the ltierrarc:hicerl ar-
r.;rrr!le1n(:'nt o{ ilypotheses i'or the glass nieitlng
l)r'ocr)s\ -rre:ltirrg, r'efinitrg, ccirirlitionitts anci glass
rlrilli{.r'''- r}1a',!' firlrri the notles of the hieratrclt-v at tire
rr1r1.icr lil.'eJ o{ the clec:on11)osition. lvlrtr-e sltecific Inal-
lirrrrt.iorrs. such as specific mocies o1' fallur"e tlnd im-

l)r.)pcr opr,'r'a1i6g r:onciitions^ r..,,oulcl be the rrodes of
l ltc i i in'c r lc ve ls.

J. l:.,';rlr.r:rtion clf hvpothesr-:s: the rlecision tt.ee is
:t::r r ( ht:r I L r'r'r ilsi.ii:i.y iry applying arI infererlcc) nteclia-
rir.rir ro evirluate the larrlt ol failure hypotheses frorl
tirc :r'irilrtoilr coririitit-rr.r, whicli is relrt'esetrted in tlte:

lirlnr r-'i ruirr. ln r:ilse mult.ipie hypotheses are ident.i
I it:r I lr,',' lirc r lieigirost.ic serarcir, the conse cluerices of the
sviirl)t()lrs a|e ilseal to rletermine a possible hlterac-
1iorr irt,rvu'r.r.rr t he nralIlrnctions.

,rr r'rrir,' i,r:ised krrolvleclge is more ttilll.sparent and
nrn irr,','llifieci by tirc donralr'r expert. tf i.lN is trsed
lirl ihrr riiaprrostic sealch. the ES is noi able trJ tell the
i)llor;rror iron' a spccilic lauit sittli-tticln is c'leflnecl.

Advanced control applications in the glass
inrl u stry
lrr lucent \,tli1is nlucil attentii)t-t has been pai{,l to c{,)l-l-}-

prir;rtion;,ri iirtrrlligernce in orderr to triakrt cott|r.Lillefs au-
li.)ni)inr)t-ls anri inf.elligent.. Sonie of the receltt. studies
lib,:l rt ulirss turnacc corttrul trt the stlperviscrry irtrd re:gn-
li,it()r'\' (()rlirol k:rrels ol the ltierarcltical contrcl archi-
t(,c1.rirc :rle r-iispleryc:d irr J'able 2. ln these studies(f' ''r)

rlill'ercni rnocleis, haiving difl'erent levels of complerity

2ll ( Lt::.'. ii'r.iilol,,ttv lttl. -l l Nr;. ! Febntal, 2003

Table 2. Advanced cantrol applicattons in the glass
industry

AdviLaceri t otttrr;l .\4tlicat ion

[\

Ni iJC

F Iilrnr iuraqe

L)rocits5iUil stsielt
Nr\ arrii iil

Fl ,

(;A

Olrtirniszrtiol tii| urct et tl:t)
Olrliiiliratiorrtrrrci!la:, l,;trrzrihc & i\!)giera'r"rr

rlrr:rlil\r
(-llass (lualitt Lltrnelar el :llrl.IeirrpertrtuieconilLrl 

Scltillt,r;t-tr"
'leilll)crirlrne(r)JlLfarl (-'Llrtrl;tr eral'l'
'teinj.)etiilurc 

f otil.ml jlulslillrr lr .r/r'r
Ol)tirr)isatirrjr (lorrciir r,a.r1r"l

i lr,.lorrr lhanqe Llauer r,i atiLll
,\ sits lrerirLlr eonLrol l'irrrr.clotr rr-,:r/r'','Ie;nl)eratLlrr]r'{inlrol \,lalilL'))
'.l.i:,s lrrtrirr! ;rror:rs-r ZLro li \ i("rr

lirrrlrL:lrirrrerrrrlrol l-!rLkitq;irn;r &I(inrruzt'rr'
O1;lirrrlsatir-.r }rirn & J.i;rL;ri/rl

ancl r.rsefllnr,ss th;it rlepend on clif]erent approaches,
are used.

'I'able 2 indicates thaf. art.ilicial intellicent tech-
nillltes arer uscri liil tl're cl)lttr'o1 and rliagnosis of glass
rleltinpJ furnar:es. T'he FIS acts ars a knorvledple man-
ager ert sr-tllervisory corrtlt-ri. Applicat.ion of treinsient
CFD nrodels 1ol on-line contritl of glirss furnac:es is
lirni t crd l.ry the co n.iputation zr1 rerl uileniernls invoivecl.
The L)S provides the Ltse of str.adv state CFD nlodels
;rt tlie supervisory lt:vei for the on-line evah-ral.ion of
the indilect control p.irzurlelel's srrch :rs tire pollutant
emissions. thermai elliciencv and -q1ass qualiry.li) iri

Due to the lala-e amoilnt of cornpul..rtional tirne re-
cprirecl for calclrlation of' bribbles lronr the batch, a
knor,vlecige basr,. t liert l'epr'(rs{tr} ts iiri'n;rcer operaticiri,
behaviour of clefer:ts and blistel chelxistry is used to
a nalyse c hemicai c:on'r1.ros i tion oI br-r bbit:s. { r2r Another'
point o{ illterest is the trair-ring o{ ne\v oper;ltors t{,)

conti'ol giass firrnac:e:s anrl lr:fiers[ring olcl r,rltelatoris
knorvledge ale inrportant, tlnle arnd money coltsllm-
ing. The ES allo',r,s tire ol'f:line Lrse rl1' ClFt) rnociels
for" optimum contlol clecisior-rs e\s well as fite knor,vl-
cclge o1' exllerienceci olterators fbr' ;icceptziltle contrr:l
r-ic'cisions rrnder t.1,pical operating cor-rditiorrs simulatec[
ciriring the tr;rinl'rg r.rf opelators, liigure 1.

As air altelrrative t(i PiD-based conLrol N4PCI rr,.fers
to a class of algorititnrs il'rait corrput.e a secluence of
rnanipulatr:ri varial.rler arljust.ritcrrts iri olrler to opt-ifiiise
the lirtr.rre trehavior.Lr of r-r plocess. IJue to the solutir,rn
ol conl.ained optimisatiori ltrr,rblern in its aigorithrn,
MPC c;rn lranclle sulter\risitr.y crxrtroi proirlenrs, e.g.
g,l;rss qtrality. The per-fbrmarlce ol MPC {_}n glass fur-
naces cleper-rds on the accliracy o1'd.ynamic ntodel cap-
turing highiy nonlinearity of'the process. CFD results
are nsed fbl tire cierlvation o1' a step response mociel in
t\{PC fitr tcntperature r:r)ntrol.'r:'\'fhe NIPC whicit use
a lir-real clyn;irtric mclde{ ir.lentifiecl frotn fest data, is
rused fbr: ternperatrrre t:or-rtlol'r'1' brrt. tl-re use of a sinl-
p l if'i ui nor ili nca l rn ocl el, r'lerivtri 1i'orn simli lifiecl r-nzrt-h-

em;rt"ic:al ilesc:ription of tht: g-lass rneiting process
(nrelting rcrdox, linirrg, fb;iln fcilrnatiorr, hornogeriis-
ing) for \4PC is inves{.i,qatecj"t"j)

As can be ser:r'r lrorn Tabler 2, thc application of soft
compritilig (FL, NN, f!,,\) to nonlinear controllr? 2'r) is
anotlrer :rlternative rvhen the ziccuracy ol nonlinear
meithematical moclel is rrnsatisflrctor'lr lll;namic test,
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inp citirirrq rhc l)r()cess i-\ necessat'y 1.o create the knorvl,
{)fill-(.r b.r:ill lirr tht,corrsttllction of inpr-rt olrtllut rnr:clel
(NNl ).i"' r;r' r'tiits (l.i-1.tl"' Due tcl iimitations of meas-
r.lrellrcrllri in inln;-ri:ers fbl tire (onstnrction of clynamic
rrorleis. c)prr'aLoi's knorvledge aincl CFD t'esrrlts irre in-
legt'al-crljn :r fjreri fbn"-ar-d adal:)ti\/e l.Jeuro-Fuzzy cr:n-
tr:ol ' 'l

5r;r'rit ii:clrrriceri adrrarnces h;rve rroi yet been incor-
1,rr.ri':rttr i i i ir o tl ir: giass ;rrocluctiori ci introl. f)ornputa-
tion:rl irrt,iiir:,orlr: krr ex;rrnple FL rrociellirrg is not.
iitcor.poirui:ri irto N,1PC krr',elass litlt-race control. lti
ilic,rst 1,t1.;1rilt :ltit,r|ts zrtirr:rr-[:i:c[ crlntrollers trrr-r iIr tandem
il'itii t,:risrir iq i.'LJ-J contr.oilers which needs retr,rning fie-
rlr-ir-rrr.1\: l'irr l'lD conlrollers a ttining knowledge base
r:irn bu r ir'r'cJolrltl l-ri, using conrputalior-ral intelligertce
1r:cirniilrri's rirrri lr.S c.rn supplv PID paranretels fbr clil-
l'crul o1-rcla i-i114 r:onciitions at execution level. 

'Tlrc tun
ing knc.iv,,it:cipe barse c:rn zrlso be used lbr trerining of
ne\\' ollf l'ill.()i5 i)lr a control scenaliO.

llil'flr.i.riticrs ii'r lire: acclrratr: nronil.orino- dtrer t.o pliysi-
c;ri lr:strt:1iorr oi iriElii terlperilture antl hostile enrri-
r(lnrnciri l:aLrstr rlissirrg i,ital irilbrtnzri.ion ancl ltence
rli.ll(c i()nIlr.,l ol' {ire firr-nace inherently diilicult.'T'he
sl.a1.i-rs oi il'rr: st'irsor Le:chrroir.lg.y lcil the glass rrtaking is
ava i i ab i r,' i, I ser\,r, h ere. i:'jr As clerreloitment in settsor tech-
noLoq.,' r:lrri ii rtrcs c:r.rntlol strat.egies r,rri11 ire rnoclifletl
accolriiirll_ri. lIr;r' lloat. Iurnaces, hierarrctrical glass pro-
ducl.i{lr l()nrr'oi l.rasccl r:rn integrzrteci r:ontlol systetn,
riil-ricIr cornIrine:; px'rriucI sellsors anci ttnnrerical rnodels
rlrcl Nl'\i. ir; orrtlirrccl l.ry 1-luber.(?{) Or-r-iine ctllaracter
iszii.ii ri r ,.rl' t l'ir: ilir.ini: gerottrutrv (:ar{l ite corlelater,l n itit
ailif irr:l mtio, levei of nitrogen oxide elnlssittt-ts;ttrd
ll ii r i ic l-r:ri irr.r'atu i1r.,.\ rn o(le [ ].r aseri cotltt'oi strat(ig)- lor
olll.inlili cr.rntlol of firej eiTiciency ir-r glass filrttar:es is
der,c-ri,rpi.ri"'' ;rrrl ii flzrrner vier,ving:ivst€:rn is usec[ fbr iltel
ronlioi i,rl ,iIornisation air. lviitr t]re conventioltal
contLoi t'lrii'J'r Ll;e:s crLrwn tel-nperature to control airi
ltrtri i'uiii.'. " A rrerv applir:ation at'ea of NN in a glass
f.ulrract,i: it:rroenition of the flzrnte patterns as a
f r rrici ion o i o1rc:r'a{.ioirail conclition.'?r')

Conclusion
lhe 1rrr:sei11 slrrcJy is concentrated on the state rtf the
;ri't iLi tlrc iicld ol ad-;artr:ccl mocl(tl lrasecl crtritt'ol str'at.-

cg3ie.s to lrl irsi'cl irr the glass inclustr]. (jorntnettts iln
|e|r,rnr rrri:1 hrrrJoIogies ii-rI the inLergratiott of rrlodellirrg
aud ( ornI)iriiiti.)lraI irrteliigence technologies irl the de-
sign. ol' irirlrir r irir:iri contrcrl arc:iritectut-e of glzrss melt-
iLig liii niri r.s :ri'c eitre rt. 'lhe irirpoltattce of iruproved

l-iiocoss r r.rnltr)J i',,it ir rnoclei baseld cxpelt s.ystems i.s

e$rphusiscci . L-,;tpr:r't systems as a knowledge manager
.r1.:) suir('r'\iri;or.V ievei ptovicle lretter; plocoss control by
trsiLig (.l"I) r,rltiliciai lrrlelligence ntoclellitrg 1-ools and
rre r 1..';r I I 

r lc.'r:i-: ss ('r.\ pe f i eltce ll o r n the i nti u.stry,
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i l, iJzrirer. il..\..l:ji:elker:. Il. C. C.. N'lrivseni;tr.q. fr. & iiiurouis, F. ,r\rlvrurced
r:rrrrlrirl oi gilss lltrks b\, use til sIr|-Liariitri rrrOilt ls. I 7|h int t..'ot;gr."s.s
on Cle:,s. Ilttjirg \l)95.

i8. ]:'irov,rlorr. {). 1( \')irclrtscvarios. C. 1., Zhrng .\. J. 8, l.lernrr. \,. I. Glass
(larul;r(ilr-'l'irjq: Nlodelirrr;lrri ct-.Lrloi ol a ga: lsearth. lTtlt {lt
( oogit'.ts t)tt 1,.1ar-<t P,r'ijiri11. Ii)!)5.

i1) \1nlih.S.,'\. lrrprovet{ prorlucri'..iLvJnXl,is:,nrarrullcturlngvi:rcivnainlr
rxpei i s):,lerns. 1/?r. t.,Lr.!:r .1. lll9l), (ll9). 2l{l..1.

2{1. Zuo, S. J l,r Yi, L. Y. I' yz', r:ontrol o1 tltu rtrrLside, diatleter. oJ ,lll,ss
tiibts itt cianncr l)rfress. lftl1 lttt. Congitss rlr 6l1as:r. Bi:ijirig, lUUJ,

21. \akagarna, '1. & Kinlura. i. \'lriltir,at jalc r:urrtucl tluolrgtr lirsjrrrr ol
quarttittlti\'e irnri qui-!litative ao[]pieiltelltatil\ li;r \'uzz-_r,

tiyrtatulral. L>'() (.unl. tn f'tutri;u;itrrl,tl: ul (ila.s; 5tit'rit.t: ;ttri
I it.hnol otr,. lclice. I !)0i].

22. I'jna,.l. & Lirrra. ll .:\ rrrrL)tl.objr:cl.ive ol){inli\atjon \\,s1eln li)r ir r-llii\s
l u lract'. l: u ro lt t:a n C oil t rol ( o u /i-tj t: n ce l L'( ; {.) l/..1), 1(arisrtrhe.
Ger rrarry I99l).

2 J. lllLber i\. J. .R: L1r:erkr:rtr. i(. (. (.1. \tattr-r ol s-"nsor tellltriogt f ot glass
rttrlrirrr. Lir;rl Rr::e:tr lttt: []ull. C|,t,s 5ci. ,Ltg.. l!{ll, I (?). 4,/

2,1.11ui;er..,\.\/1.:iol:).)r1u5io'rli)rilti.lligenlltr.)cesscr)ntr.)l(qlass). hil.p:i
,/rtrl,u;.oil.iior,.qor',sells--itoll.,/presenlittirils/ltLor:c:;s,'sldU11.litm.

25. l-,ichtner. E. L)iriqriostic rrnti r:ortrol lrl ri:rLulal,rrs firc<1 lirrn;rues yja
l'l:rrrri:jtttaqeanaJr,\rs.lltip;,/.,(,w\r.oi1.(la)e,ll()\,./iirtrs,s(1rf.1sells tt)]lt.ht(r.

r,'i /l \,, i l:,'l,rtt.rJ 1()()') Z9


