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КNОWLЕDGЕ-ВДSЕD ALGORITHM

ОF HYBRID ELECTRONIC DEVICES IDENTIFICATION

Ьу V, LMesyura, Д.М.Roih Д.Y.Еfimепkо

Vinnitsa Sиtо Tcchnical Univcrsity, Chmclnitske shose, 95, 28б021, Ukraine, Vinnitsa

Abstract. The аlgойhп of iп-сirсuit сопропепts' апd electric ,onnrrtion'

identification iпtо рriпtеd circuit boards (РСВ) of the hybrid electroпic devices (which

iпсludе iп their соmроsiriоп both апаlоg апd digital соmропепts) of упkttоwп struсturе are

discussed iп the report. The algorithm provides coпsiderable rеduсtiоп of the task dimепsiоп

Ьу usiпg the blowledge about their dеsigпiпg апd сопstru:сtiпg rules апd it dоеsп't пееd

iпсrеаsiпg of tпеаsuriпg relources,
1l

The result of the atgorithп wor& is the сопstruсt of РGВ glaphical image ihich mаiпtаiп

all iпfоrmаtiоп песеssаry for РСВ mathernat|ic,a| поdеl buiЙttg' 'uр апd аtulоПаtiе gепеrаtiоп

of in-circuit tests. I l

[пtгоdчсtiоп

The suggested аIgоrithm ргеsчmеs thc solution of ргоЬlсms in two lcvels:

о the idcntification of ап object structure ( componcnts' revcaling, а location of its placc and

thc idcntification of сlссtгiс connections between thcm) [l]i

о the identification of соmропепts' typcs.

The iteration proccss including thc next main stcps is геаlizеd fоr it:

о а ýоlutiоп of ап uppor lcvel ргоьlеm (аftеr revealing of Рсв components and соппесtiопs

bctwecn thcm) Ьгiпgs to а call of а псхt lcvcl ргоЬlеm;

о thc initiatcd рюысm is solvcd complctcly oi partially (irr thg case of аьsспсе of а sufficienr

'l',,,i
information at the given stagc) and аftеr that а rеtчfп to ап чрlЫ level takes plabe;

],,,,



,.. а ncxt Iоwсг lcvol рrоьlсm thc most full using accumulated iлfогmаtiоп to this mоmепt is
:

In this case thc pssibility of cxcluding somc idcntificating stimulus difficult fo5

rcalization fоr of сопчсrsiоп of idcntiflcatcd соmропспt into а sct of рrсdеtсrmiпеd statcs is

pюvidcd.

Thus, thc main fасtогs which ргочidсý tho cutting of lаЬг-сопsчmiпg components'

idcntification whсп rcalizing thc given mcthod це:

о iпfоrmаtiоп accumulation about cach Рсв соmропспt in thc ргосеss of solving оthсr

independent рrоЬlсms of one апd thc same levcl;

. the usc of knowlcdgo about functional and ýtrчсtчгаl сhагасtсristiсs both а sераrаtс

rеfеrспсс components, and РСВ in thc wholc.

Knowledge гергеsепtаtiоп abut the object of identification,],
Knoyledge сопссгпiпg the dcsigning апd сопstrчсtiоп of tho PCBs аrе Ieproscnted with

]

thё facts and ргоdчсtiоп rulcs.

' Тhс cxample of thc facts mау Ь thc ncxt statements:

о thc соmропспts аrс placcd along the Рсв gюmctrical сооrdiпаtс axiswith the probability

Р1;

о the maximal distancc botwccn соmрпопt pins isn't mоrс thап L.

Such knowlcdge is uscd for reducing of the identification ргоЫеm dimension due to the

limiting of the subscts' caгdinalitieg of tcýt points btwccn which thc mеаsчгеmспts аге made.

The cxamples of the рюdчсtiоп гчlеs агс the following:

l5l

. IF the digital соmропепt pin is conncctcd with а grочпd bus THEN i,-i, inpu, with thc

.-

рюЬаЬilitу P=l;

о IF two digital l оmропепt pins аге iпtегсоппссtсd дND аrс поt соппссtеd with апу othcr

рiп THEN опс of thсm iý ап output and апоthсr is ап input with а ргоЬаЬilitу P=l;

. IF thc active imalog соmрпспt output is not соппсс!еd Шочgh passivc twо-tеrmiпаl

соIпрпспts with по оthсr acdve analog оr digital соmропепts' pins THEN this рiп is

auxilary pin with а pюbability Р2.

тhс using of this гчlеs in соппссtiоп with thc iпfогmаtiоп recoivcd as а геsult of the

object strчсtчrе identification (the solving of thc чррег lcvet ргоьlсm) makcs the decisions

about thc choice of identification stimulus application points еаsiсг in thc ргосеss Оf the

identi.fication of соtпропепts' typcs (thc solving of thе lоwсг level рrоЬlеm),

Identification of stгuсtчrе of ргiпtеd сirсчit Ьагd

coordinates оf РСВ test pints, to which the access Ггоm mеаsчгеmепt tools аге

mаiпиiпсd, and, also, knowlcdgc abut dcsign characteristic, fог ехагrрlе, such as а relativc

location of соmрпспt рiпs (а system lihary ol rсfсrепсс components) апd РСВ dcsign гчlсs

аrе initial dates fоr its structurc identification [3]. Ап identification fulfills Ьу mсапs of

mсаsчriпg of R,L,C - рагаmсtеrs алd р/п-jчпсtiопs Ьсtwесп test points with usagc of grоuр

mcthods of tcsting, without an application of а supply voltage on РСВ.

А classification of somc mчltltсгmiпаls соmрпепts (МТС) оп апаlоg and digital is

реrfогmсd оп the basis of parameters' mеаsчгiпg оf сhагасtегistiсаI trчо-tегmiпаls соmропепts

(СТС), included in MTS. Uпdег СТС we mеап опс ог mt)ге гапdоm соппссtеd tcr c;ich оthсг

elemcnts оГ iпtсгпаI N'ITC strчсtuгс (of R,L,C оr р/п - junction type), to which the access via



pair of its cxtcmal tсгmiпаls is possiЫc. ln this casc. tho рrореrtу of digital-componcnt Ь, fоr.. .:i. 
_ --. 

.- -_ .:_

схапiрЬ, thc рrсsспсс of input ргоtссtiчс diodcs апd/оr output ýрчгiочs diodes [6], and thc

р-Й оr апаlоg соmрпспts is thc рrсýепсс of СТС of R,L,C оr VD typc. l

Тhо rcsults of а dсйсс ýtгчсtчгс idontification аrс rcprcsentcd in thc fогm of graph, thc

verticcs of which rсргсýепt соmропспts, апd the edges mар tho links Ьсtwссп them.

Моrсочсr, graph conиins ап iпfогmаriоп aЬout twо-tеrmiпаI passivc соmропепts' рагаmсtсrý,

фочt if sошс MTCs аrе Malog оr digital, апd for individual МТС, about their typc too.

Ресчliаrlfiеs of analog соm;юпепЬ' гергеsепtаtlоп.

The matter of fоrmаl rсрIсsспиtiоп of digital соmропsпts Strчсtчrаl апd functional

charirctcгistics frоm thc pint of vicw of the idcntification аrс considered in [4].

'll
, In contrast to digital соmрпспts, the functions of analog соmрпспts аrс included in

explicit fогm into РСВ functions too scldom. Bccausc of this, thc problom of identification of

trапsfеrгiпg functions' ршаmсtеrý not of individual analog compononts, but РСВ analog

fragments; fогmсd Ьу collgюtion of activc and sct of passive two-tcrminal соmропепts arises.

Note, that majority of thc most fTequently used МТС can Ьс сопsidегеd as some

gcncra'lized active tfuес-tсгmiпаl with two inputs and singlc output. Such tfucc-tefminal is

гсрrеsспtеd iп fогm of а grарh the cdgcs of which аrс dctcrmined Ьу МТС ргорегtiеs. Оthсг

tcrminals rергеýепtiпg pins of а supply, coпection ciгcuits, bias соrrесtiоп and etc. ш9

ачхiЦgrу and сап Ьс cxcludcd frоm consideration. А сritсriоп of the fact that thc giy91

terminal is ап auxiПary опе the фsепсс of link between согrсsропdiпg рiп and апу р\1 9t

othef actiyc componcnt via sеriеs of two-teгminal components is.

l5з

Thus, thc чссtог z(D}) of stгчсtчгаl рюрсrtiеs of activc analog Мтс diгfеrs frоm the

сопеsропdiпg digital соmропспt чесtог Ьу ргеiепсс of thгec typcs оf pins:

[r, 
lr"i,;.x;

zФi)=|0, irv|,; eYf

[ь irvfl.; еС!

rчhсrе Х1 -- а set of соmропепt inputs; Yi -- а sct of соmропепts outputs; с]-- а Set

of its auxiliary pins.

Могсочеr, а systcm rеiегепсеs" liЫary сап includc thc dcscriptions of standard vагiапts

оf апаlоg МТС соппесtiопs, rергеsспtiпg Ьу the gгарh models of РСВ соггеsропdiпg

frаgmспts, including both МТС itsclf апd ачхiliаrу twо+сгmiпаI соmрпепts.

The functional рчФ,эsе оf an activc Мтс mау Ьс dcfincd опlу Ьу idcntificating оf thc

otlject's tгапsГсrriпg fчп.сtiоп which is fогmеd Ьу it tоgеthег rvith the mаiп passive trvо-

tегmiпаl соmропепtý which ше thc раrts of thc fr.gm"пt РСВ епduеd Ьу МТС. Тhс kлоwп

сопfigчгаtiоп of this twc,-terminal components giu", th" possibility оi гссеiчiпg the family оГ

thc taken frаgmепt tгапsfспiпg functions dcpnding оп the typc оГ ап active МТС which

cndues the frаgmепt. This family dcfines thc functionally-algcbгaic modcl of the апаlоg МТС

which, thus, includes lhe dсsсriрtiоп of thc sct of геlаtiопs Ьсtwесп the output and input

signals defining Ьу d!,ffегепt соппесtiоп diagrams of thc mаiп twо-tегmiпаl componcnts

сопсегпiпg the identific:ating active соmрпепt.

Тhе requiTed tгапslэггiпg functions' family сап Ьс received Ьу чsiпg the grарh anaiyzing

аlgогithms, Гог example, with thc help of Rabisho fоrmulа:

W=Iсrбr/б,
r



г l54

Whgrе С., ;, rh.c tгапsmis_9iол of thc r-th direcr path fгоm the input nodc ( the ехtсrпаl

Polc,of the ciгcuit 
|эЗlчс гагt connccted with the activc thгее-tсгmiпаl input trough.thc

passivc two-terminal соmропепts) to thc threc-tcrminal output node;

6, -- tho dсtегmiпапt of Фс complction to the diгесt path;

г = 1,2,З... - thc пчmьr of thc path аmопg the set of possible diTect paths;

6 - thc grарh dеtсгmiпапL

, Тhс,рrеsспts of thc tгапsfспiлg functions' family givcs thc possibility to synthcsizc thc

optimal identificating stimulus fоr сопfшmiпg thc рrороsеd hypothesis about the type оГ the

, activc hnalog componcnt.

Rерrеsепtаtiоп о[ the sеагсh space

The total search spacc is dcvided into scveral subspaces, which diffeT in analogs' and

digitals' соmропспts and'a пчmЬеr of outputs of thc component-candidateý making up thc

evcry such subspace. Besides, such of thc above-mcntioned subspaces is divided iп its tчrп

into two subspaccs: thc functional subspacc (FSS) апd the StrчсtчrаI subspacc (SSS). Each of

thesc subspaccs сап Ьс prcsent both in cvidcnt fоrm, i.e. as mаtriх, and in non-evidcnt fогm

Ьу the sct of FАМ and SFAM [1,2] componcnt-candidates.

, Idenfffication аlgогlthm

Thc wholc point of idcntiгrcation аlgогithm is in paгallel decision search iп two

fixed sсагсh subspaccs: Fss and sss. Iп thc idcntification рrосеss, thc sегiаl reduction

of Fss and sss оссuг Ьу mcans of thc identificating соmропепl, trапsfоrmаtiоп inlo а,i,

t согtаiпlоf lstates and Ьу anatysis of thesc ýиtеý taking into account the rules availablc iп

the'kriowledge basc.

l55

Thc аlgогithm wоrk соmе to fоrmiпg сuпепt values of identification чесtог (IV)

сооrdiпаtсs Д,. Tlrc dimcnsion оf this чесtоr .o.r"spond, to thc пчmЬсr of componcnts,

рrýýепtсd iп thc cta]ons'liЬгаry, The valuc of lth bit a*tj=l in casc whсп оп k+h stcp

of j-th соmрпспt identificatioп, рrсsспtсd Ьу the value IV - А, , the соmропспt of the i,

th typc is аmоп8 thc caлdidates. Тhс аlgогithm successfully complctes the identification

of j_th соmрпспt опlу whсп at thc k_th slep of identification iп IV thегс is опlу оr,с

поп-zсrо bit. Taking into account the ргеsепсе of two sсагсh subspaces FSS and SSý we

сап рIеsспt Iv aS:

, А; = i.,ея,,

rvhere А, -- а functional соmрпепt оf thc identification чесtоr я,; я, -- а stгчсtчrаl

соmропепt of the identification чесtог l,; Ф -- а sign of mathematical operation of bir

йsс addition of thc чссtогs accoi,ding to the mod2.

сопсlчsiоп

Тhс discusscd method of identification оf compncnts "Ыасk Ьох" typс which аrе ап

integnl раrl of hуЬгid ED is based on the fоilойпg аррrоасhсs апd solutions:

I the чýаgс| fоr putting fомагd the hypothesis сопссгпiпg ехtегпаl struсtчгаl fеаtчгсs оf thе

,;omponents bcing identified of hечгistiс kлоrчlеdgе оf specialists about rulеs оf design and

assemblingl

. division оf sеаrсh space into trvo fixed subspaccs sss and Fss, and огgапizаtiоп of рагаllсl

sеагсh in bc,th subspaces;

. usa8e оГ dccompositioIr герrсsепtаtiоп of Malog and digital components Ьу mсапs of FАм



,; .

апd SFAM сопеsропdiпglу. , - _,. .

The ргороsеd method and algoгiihms_bc гcalizcd in Воrlалd Pascal 7.0 with Objects fоr

ВМ РС. The functioning of thc ргоgrаm was tcstcd оп clectronic dcvice comprising up to

100 соmропспts (about 40 digital соmропепts and б0 analog compncnts: 20 МТС and 40

passivo analog соmропепtý) апd showcd-thc efficicncy of thc used арргоасh.
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ASPECTS ОF ТНЕ АСОUSПС PARAMETBRS, aIFLLTENCE
ABOUT ТНЕ BASS-REFLEX ТYРЕ ýYSТЕМ,S

PERFOR]VIANCES

Constantin Ро9а and RadbGabriel Мuпtеапu
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Abfract

Iп the synthesis of the basic раftопеlеБ o_f а complete loпdspeaker syslenl or Ф1

enclosureJora giчеп loudspeakerdiyerye пusl make а соmрюmisе t,епуееп the differcпt
Фouslicфnпechotical оr electica] parcnneteпi ({or ехапрlе the tdiatioп poller еffiсiепсч.
lhe loyyesl liпitingJrequeпcy of the rcрrcduсliоп tatge, the попliпеаr di'slot7ioп рюduсls. lhe
volume of enclosttte. etc..). The pqer preseпls а method _for detemtiпing the iпJfчепсе oJ
rcouýlic раrurпеlеБ Йоul lhe bass-reflex а,ре Sysleп's реdоппапс,zs (patiicularly а Лq(
acottslic polver 1 ftequeпcy леsропsе оd а loge baпchtit!th). usiлg the PSPICE рigrап,
Closed-box апd чепtеd-Ьох (bass-re_flex) hlpe sl,slems аrе сопsidепzd md the пethod is
applicable !о апу sуýlеп that сm Ье modeled (Ьу exanlple passive-mdialor type system),

Introduction

WЪеп а diaphragm чiЬгаtеs in free space, positive and negative sound

рrеSurе аге рrоduсеd altemately in front of and behind the diарhrаgш.
Cancellation Ьемееп the positive and negative ргеssuгеs occtцs at low
fTequencies since the loudspeaker has ап оmпidiгесtiопаl сhаrасtеristiс at these
frequencies.

In ап епсlоsurе, the рrеssurе гadiated behind the diа,рhгаgm is contained,
so that jt does not negatively iпtегfеге rvith the sollnd gепt)rаtеd iп front of the
diaphгlrgm. The thrее епсlоsurе types most сотпmопlу цsed fог lоudsреаliеr
SyStemS аге the closed-box ýре, the bass-retlex (оr vented-box) fype and the
paSSive-гadiаtог tvpe.

When а vent (ог duct) is added to а closed Ьох, the lоudsреаkег system
is паmеd vented-box оr Ьаss-rеflех. 'l-he mass of аir inside the vent апd the
spгinglike compliance of the аir iп the епсlоsuге constifutes а rеsопапсе circuit.
If the rеsопапсе is рrорегlу tuned, the sound гаdiаtеd thгоugh the vent орепiпg
frоm inside the епсlоsurе effectively adds to the direct sоuпd and can imргоче
the геsропsе пеаr the ]orv cttt-off fTeqrrency, Be]orv the епс]оsttге геsопапсе,
however, tlre рrеssuге геsропsе decays very shагрIу аý the frequencv dесгеаsеs
due to the iпtегtъгепсе Ьемееп the diгесt and lпdiгесt sounds.


