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Introduction

In companies that utilize modern technologies
databases of manufactured production and technological
processes are constantly maintained and complemented.
Data is often read and set automatically. By using
computer networks and database control and analysis
systems, information can be transmitted in real-time and
can be used in decision making processes at any time,
intermediately or in the final stage of manufacture. Thus,
there is a possibility to use information not only from the
current, but also from the previous stages of manufacture.
That can increase the quality of electronics systems (ES).
Complex ESs are defined in technical documentation as an
entire series of parameters, the values of which determine
the level of quality. Parameters can be differentiated
according to  their importance regarding the
implementation of purpose functions. International
standard ISO-2859-0 recommends to divide parameters
into two — A, B — or three — A, B, C — classes (groups).
Here A — most important or significant parameters, and B,
C — secondary or less significant parameters. Such
classification of parameters is convenient when analyzing
problems of multiparametric product quality control. When
imitational modeling is applied, stochastic models of
quality level are required for separate parameters, their
groups and for entire ES [1, 2, 5].

The continuous operational control main probabilities
characteristics modeling techniques for multilevel
electronics systems is analyzed in [1]. These are useful
when separate independent parameters defect level
probabilities distributions are set (known) for chosen
(selected) control schematics place. Denied electronics
systems streams goes back to production process for
regeneration and electronics systems classification rules in
different control levels are similar, when electronics
system classification first and second type errors are not
denied by different parameters (good is denied or bad is
accepted as good). Offered to use approximated models
instead of exact whole electronics system defect level
probabilities density transformed models because of
complicated process of integration.

13

Models of control quality are described in [4]. Here a
method is offered for synthesis of stochastic distributions
of defectivity levels of multiparametric ES with
interindependent parameters. This synthesis can be
performed in groups of parameters or for entire product
according to known distributions of defectivity levels of
separate parameters. For practical applications it is
advisable to differentiate average defectivity levels of
separate parameters according to selected defectivity level
of entire product, when ratio between defectivity levels in
separate groups is selected or according to needed
dispersion of parameters (selected variation coefficient).

Methods of control quality
Analyzing double level control schematics shown in

Fig. 1 [2, 3, 7], where electronics system is described as 1-
dimensional controlled parameters vector i=1-1
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Fig. 1. Multiparameter electronics systems double level control
and its probabilities characteristics

Assume, that product is characterized by 1-
dimensional random vector of independent parameters
X=Xy X3 X1 probability of defective ES Fi(in respect
of the i-th parameter) is a random quantity (r.q.) with its
density 95":55'»', distribution function GE{E?»‘,
Ed;

and main

numerical characteristics: mean =i and dispersion

Ve; = of i =1,2,..,

T
where " For practical application we
are going to use additional dispersion characteristics:

standard deviation “f = VVE; and variation coefficient
o _ 5

T M

electronics
m=1-#

Probability of good systems
and is also

characterized by density %) distribution function (),
Vi, = Vo =07

according to one parameter is

Eni = i The

mean and dispersion



following relation formulas are valid: B =1-u;
9:(6) = @i(1 —8)) Gi(8) = 1= #(1 = € The probability
of defective product for the entire electronics systems r.q.
g and probability of good electronics systems r.q. T are

calculated as 7 Miam 6=1-n=1-Ili,1- 90,

Since " are inter-independent r.q., the following equation
is vatid: @07 = Th=e@li 1y ¢ 99

The main problem is to keep the needed quality of
multilevel electronics system. The process has to be
checked by between-operational quality control in the end
of the production process.

In Fig. 1: o, 6;, T; — defected product probabilities by i-
th parameter before first level K1, before and after second
level K2. These values are accidental with densities f;(w;), g
i(0), hi(t;) and distribution functions F j(®;), G (6;), H(t}).
Respectively ®, 0, t — the analogical characteristics for
product by all of the controlled | parameters. For the future

analysis good electronics system probabilities by i-th

parameter are needed: & =1-@, n,=1-6,
K, =1 —1,— with accidental value densities:
9.(c)=f(1-¢)) (1)
@ (n,)=g,(-n,),
{ : 2
¢ (i) =h;(1-x;)

and distribution formulas [2-4]:

(D1(51) =F(1-£),0,(n)=G,(1-1,), 3)
Cb[(K[) = H[(l - K[)-
Densities [3]:
8(1-7,)
h(r,)=——1L,
1( 1) (1+3z'1)3
4
hy(z,) = ———,
2(2) (1+37, )
W)= 96(1-7) [ 41-97 (1-3¢)° _ )
(7+91)3 7497 -7
| 80591 5y 128 sl
9(1-7)1+37) 143z 9(1-7)
Equal levels of defects
Defect levels of separate parameters 6, are
distributed  evenly: 6, ~be(l,b;), ie.  averages

M = Uiy = (bi +1)71 , when parameters of distribution

shape a; =a;,; =1, b, =b,,; 21 (integer number) and

b=1-—. Then g(0)=b0-6,)". g(0)=b,

1
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g:(1)=0, gi(gi*)=1, when Qi*:l—bf\l/bz; i=1-1.1f

[31b,=by,=...=b,, a, =1, then
b[ - 1 -1
0)=—<(1-0Y" | In—-] ; 5
g() (l—l)!( ) (nl—HJ > Q)
mode
L
Oy =1—e 7. (6)

Approximation of the density h(r) is [7]

b (1— ) [ 1+cz’)“
hy(r)=—=— 1 , 7
) S e\ T ?

here E is the solution of the equation and is equal

w1
Z7SIHS+1(1 _e)bll(ln%
' 0

T

I-1
j do =
-0

:~b1w~s ck. U —1-@ . @3
1822(;7 kZ:(; S+ (b1+k)l He Hy > (8)
here i=1-1.
According to [7]
e =2 )= 2 =0, )
Bi (1 a7 )bm Bi
Eb,- (1 —o; )bH r
filo)) === —, £,0)=Bib;, £,(1)=0,(10)
(1-7,0,)
1 1
o =—{(b,- +1)-—=(b; —1)] (11)
2 Vi
In a separate case, when a; =b; =1, we have
1 1 ~
iz, )=—= h(0)=—=, h(1)= 4, ,
@)= 0= 0=
he))=1 when = :c_,»{ ﬁ} (12)
B ~ 1
filw))=—L—. £00)= 5. fi()==.
(1_71‘0)[)2 Bi
f,(a);)=l when o :7(1—\/,37,»). (13)

If the ,E in the model is substituted by IBNL, T is
substituted by @ , then

>l w» 1 1-1
Bb 27SIUb1+S(1nlj dn
(-1 n




=H = Hyy » (14)
SZ:: (b, + 5+ l) o
here n=1-6.

Level of defect varies evenly. Averages y; increase
gradually: g <y, <...<p <p, when a; 21 and
b, 21; b =b,+a;,, or b,=b-a,, then

!
0 ~be(a,b), when a =Y a,, b=b,.
i=1
When a; =a;,,, we have b <b, <...<b;_; <b.

The following a; values are recommended for the
modeling: a; =1,2,3. Main value is a; =1, and a; =2
and a; =3 are reasonable to use for parameters of

parameter groups with higher level of defects.
When a; =2 we have

(15)

mode 6;,, = bi Maximum density

i

b1
gi(HiM>=(bi +l{l_biJ .

i

(16)
When a; =3:

gi(ei)z

2o, + 1Yo, +2)021-,)

gi(o) gi(l)z 0;

b1
b.—1)"
) gi(eiM)ZZbi(bi +2{bi’ 1] .

Various cases of defect levels

©(17)

_2
+1

i

mode 6;, =

In this case [1-4] the averages u; = t;,, f; # i »

parameters a; >0, b, >0, then

gi(gi):

D(a; +b;) 4 -
#91_ i 1— 91_ it
AT KR
4l (18)
a;+b; =2’
F(ai +bi) ) (ai ; —l)b""
T(a; [T®,)  (a, +5, —2)%"2
Instead of the precise model of g(@) we apply the

mode 8, =

_ l)a,-—l (b.

gi(HiM):

approximation g (9), re. O~ be(a*,b* ), when

a =,u[’u—€—1j, b*—a*E, mode HM:*a*——*l,
o u a +b -2

By using the material from [7], we obtain g, & b
b ’ o

ap=1-p a+’b', H u=1-pu,
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o2 = Hildi . od
a; +b; +1
to 0'2.

22 22 2. 2
=0y U; +ou +0[0;, ctc., up

Random values of the level of defects will be
r~b ( b | B ) with the approximated density # ( )

~ e(a b |[)’). We substitute /3,», w;, a;, b; with B,

* .
, b . Wereceive

o ,a
~ m 1 *
uld s b +r _- ,(19
2 ! ﬂﬂSZ;7 § DS My
i
here /urzl_ﬁr’ /uz':H/”_lzi’ ﬁnzl_:un’
i=1
i
:ua)zl_ﬁa)’ :Hﬁwi’ ﬁ(uizl_ruwi’
i=1
B =Bla",b")
Modeling example

Initial data: object of control — product with five
parameters (l = 5) with two groups of parameters A and B.

Group A: i=123, group B: i=4,5. For parameters:
0, ~ Be(l,b,), when a; =1, b, =165432}, i=1+5,
- -1 TR VAR VAR VAR VAR
—(bi+1) and obtain: g, —%,%,A,/,A}.
A problem: to model levels of defects for random
quantities 6,,68;,6 , when ﬁi =% and the nomenclature

of the controlled parameters in group B is changed
according to the following scheme:

a) ,55 =1, ,54 :% - the fifth parameter is not
controlled;

b) 54 =1, ES :% — the fourth parameter is not
controlled;

c) 54 = Es = ,EB =1 — the B group is not controlled.
Results: 0, ~ Be(3:4), 0, ~ Be(2:2), 6~ bE(52),

3 1 - ]
==, =— 7, ~Bel b, | = |;
2y 7 Hp = 5 7 [ |3j
~Be(aA, by|f.)=B 34|029z)

5 ~ Belay.by | By )= Be(2:210297);
7~ Be(a,b | B)=Be(5:210.235);
={0.058:0.070;0.088:0.118:0.176},
fyy =0.201, g1 =0.273; p, =0.419.
Densities  /,(z;) monotonically decrease from
h( )=3b, to h;(1)=0. Approximated densities /,(z),

I (7)

i=1+5;

(z') are of the unimodal type with mode

hy = h(z), ). Here



Values of modes and densities are given in Table 1.

tu =0, — 07 -1,
2¢ (20)
0. =l[(b+1)+ a+b72}
4 c
=L,
B
Table 1. Values of 7,, and A(z,, ), 4(0)=h(1)=0
Gl‘Ollp A B A b[ (A+B)

P 1/3 1/3 P Py o 1/3 s 3 P
ﬁi ﬂ4=1 ﬁ5=1 ﬂle ﬁ4=1 ﬂ5=1 ﬁle
Ty 0.121 0.121 0.246 0.300 0.5 0314 0.454 0.496 0.646
h(TM ) 3.961 2.742 1.768 1.646 1.5 2.020 1.831 1.822 1.923
Conclusions Eidukas D., Kalnius R. Models Quality of Electronic

It is better to use beta densities for different
parameters levels description for multiparameter
electronics systems defect levels probabilities modeling,
because it simplifies further modeling procedure.

Exact multiparameter electronics system product
defect level density expressions are very complicated
because of multinomial integration procedure. Offered
engineering accepted approximated models, that allows
describing defect level density transformations fairly exact,
for any parameter value.
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This publication is about continuous between-operational control main probabilities characteristics modelling techniques for
multilevel ES, when separate independent parameters defect level probabilities distributions are set (known) in chosen control
schematics. Made ES defect level probability density direct and reverse transformations models by separate parameter levels densities
transformations. Offered to use approximated models instead of exact whole ES defect level because of complicated process of
integration and models get more simple expressions. Ill. 1, bibl. 7 (in English; abstracts in English, Russian and Lithuanian).

J. Diinykac. MoaeaupoBanue ypoBHsI 1e(eKTOB JIEKTPOHHBIX cHCTeM // DiieKTpoHHKa U JjeKTporexHuka. — Kaynac:
Texnoaorus, 2010. — Ne 3(99). — C. 13-16.

Ipemnoxkena MeToAMKa MOAENUPOBAHMS OCHOBHBIX BEPOSTHOCTHBIX XapaKTEPUCTHUK CHCTEMBI CIUIOIIHOTO KOHTPOJS M3JIENHi,
KOTJIa 3a1aHbl BEPOATHOCTHBIE PACIIpe/ieleHHus] YPOBHEH Ne(heKTHOCTH OTAENIBbHBIX HE3aBUCHMBIX MAPAMETPOB B KAXKIOW TOUKE CXEMBI
KOHTpoJs. [oTOKM 3a0pakoBaHHbBIX M3/EIMII BO3BPALIAIOTCS B IIPOLIECC MPOU3BOJICTBA JUI PEreHepaliH, a paBuia KilacCu(DUKAILMK
U3JIETNI Ha OTIENBHBIX CTYNEHSX KOHTPOJS — OAMHAKOBBHI NPU HAJIMYMM CYLIECTBEHHBIX OIIMOOK KIACCH(HUKALMH MO OTACIbHBIM
napamerpam (IUIoXue u3zenus Opakyrorcs, a JNeeKTHbIe NPHU3HAIOTCS TOXHBIMM). IIpencraBieHbl pacu€THblE MOAENH OCHOBHBIX
BEPOSTHOCTHBIX UYHCIIOBBIX XapaKTEPUCTHK, KOT/a 3HAYEHHs OTAENBHBIX IapaMeTpOB OIMCHIBAIOTCS Oera pactpenpenenueM. M. 1,
6n611. 7 (Ha aHTTIMICKOM SI3BIKE; ped)epaThl Ha aHTIINICKOM, PYCCKOM H JINTOBCKOM S13.).

D. Eidukas. Elektroniniy sistemy defektyvumo modeliavimas // Elektronika ir elektrotechnika. — Kaunas: Technologija, 2010. —
Nr. 3(99). — P. 13-16.

Pateikta metodika daugiaparametriy ES tarpoperacinés kontrolés pagrindinéms tikimybinéms charakteristikoms modeliuoti, kai yra
pateikti atskiry nepriklausomy parametry defektingumo lygiy tikimybiy skirstiniai. I§brokuoty ES srautai grazinami i gamybos procesa
regeneruoti, o klasifikavimo taisyklés atskirose kontrolés pakopose analogiskos, esant nepaneigtinoms ES klasifikavimo pirmos ir antros
rusies klaidoms pagal atskirus parametrus. Pagal atskiry parametry defektingumo lygiy tankiy transformacijas sudaryti ES defektingumo
lygio tikimybiy tankio tiesioginés ir atvirkstinés transformacijy modeliai. Il. 1, bibl. 7 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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