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AUTOMATIC CLASSIFICATION OF ELECTRONIC
COMPONENTS BASED ON THE SUPPORT YECTOR MACHINĘ

Summary. In this paper, we present a classification of electronic components in 
the electronic factory. This classification provides relevant information for correcting 
the manufacturing process, thereby enhancing the production fields and the quality of 
product. Our classification system based on the support vector machinę (SVM) classi- 
fies all the used electronic components into predefined categories that are leamt from 
the training samples. The system has been deployed in the manufacturing linę and has 
met the design criteria of over 90% of the classification ratę and 80% of the classifica
tion accuracy.
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AUTOMATYCZNA KLASYFIKACJA KOMPONENTÓW 
ELEKTRONICZNYCH OPARTA O MECHANIZM MASZYNY 
WEKTORÓW WSPIERAJĄCYCH

Streszczenie. W niniejszym artykule opisano automatyczną klasyfikację kompo
nentów elektronicznych, która pozwala m.in. na ocenę jakości produktu. Klasyfikację 
tę przeprowadzono przy użyciu maszyny wektorów wspierających (ang. support 
vector machinę, SVM). Dzięki zastosowanemu klasyfikatorowi uzyskano 80% do
kładność klasyfikacji. Zbudowany system klasyfikacji został zainstalowany na linii 
produkcyjnej komponentów elektronicznych.

Słowa kluczowe: maszyna wektorów wspierających, klasyfikacja

1. Introduction

An automated categorization of electronic components has become increasingly important 
over the past decade. It is a result of the development of automatic tools for manufacturing. It 
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has been estimated that in very-large scalę integrated (VLSI) circuits can be attributed to ran
dom visual defects up to 80% of the yield loss in the production of high-volume. Various 
techniąues for an automated classification of electronic components have been developed. 
Among others, an automated rule-based classification system was built for the IBM Burling
ton 16 M DRAM [3],

Currently, many classification tools are available as commercial products. Some firms, 
such as KLA Instruments, Tencor, Orbot, etc., offer tools for classification and defect detec- 
tion in the course of the manufacturing process [2, 4]. The author in [8] considered two appli- 
cations of Automatic Defect Classification (ADC) to monitor and contro 1 defect density in 
photolithography processing. Nevertheless, such tools costs morę than a million dollars, mak- 
ing it very expensive to use for the classification problem [3],

An automated classification process reduces the operator workload, allows us to improve 
the accuracy and consistency of the end products. The need for an automated classification 
becomes even morę significant.

The main goal of this paper is present a new classifier for electronic components based on 
the support vector machinę (SVM).The automated classification of this tool achieves 80% 
classification accuracy. Moreover, the presented tool is practically used in the manufacturing 
process. In practical terms, the introduction of the automated classifier of electronic compo
nents is favourable for an automated monitoring in the industrial control, leading to rapid and 
reliable results in real-time.

The rest of this paper is organized as follows: section 2 describes method of the applied 
classification. Section 3 presents the constructed tool. In section 4 we give some experimental 
results. We finish the paper with a brief summary in section 5.

2. The Support Yector Machinę

The support vector machinę (SVM), introduced by V. Vapnik and A. Ya. Chervonenkis 
[11, 9], was choosen as a classifier. It is a very good tool for classification problems with an 
excellent generalization ability.

A SVM works in a high dimensional feature space formed by the non-linear-mapping of 

the n -dimensional input x into a K -dimensional feature space (K > w) through the use of 

fimction <p{x). The equation of the hyperplan separating two different classes is given by:

yM = wT ■ <p(x) = ^Wj- <Pj(x) + w0 = 0 (1) 

where:
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= [% W. <Px -^k Wf (2)

with <p0(x) = 1 and w is the weight vector given by:

w = [w0,w..... ,wjr. (3)

The data vector x fulfilling condition y(x) > 0 belongs to one class. If y(x) < 0, it be- 

longs to the opposite class. The most distinctive fact of SVM is that the leaming task is sim- 
plified to the quadratic programming by introducing the so-called Lagrange multipliers a..

Leaming and testing in the SVM method are done by means of the so-called kemel func- 
tion which is defined by:

K(x,xi) = (pT(xi)<p(x). (4)
Morę details about the SVM method can be found in the textbooks [1, 10]. After leaming 

the output signal y(x) of the SVM is determined as a fimction of the used kemel. If the value 

of y(x) > 0, it is associated with 1. It means that the membership of the feature vector x is 

with the particular class. When the value of y(x) < 0, it indicates the opposite class.

Although the SVM separates the data into two classes only, the recognition of morę clas- 
ses is achieved by means of using either ”one against one” or “one against all” method [6].

3. An Automatic Classifier of Electronic Components

In this section we present details of the constructed tool for an automatic classification of 
electronic components applied in the manufacturing process.
The scheme of the data flow in the tool constructed for an automatic classification is shown in
Fig. 1. According to the presented scheme the data of electronic components are automatical- 
ly read by a machinę vision system comprised of a color CCD camera fixed on top of the 
autofocus system. An operator could re-examined the introduction of the input data. The 
structure of input data in the XML format is additionally introduced. In the automatic modę, 
the model of catalog group is selected. Next, the selected components are used in training 
process and classified. Moreover, the models of the input data are uploaded into the Computer
manually.

Comjx>nent 
detcction

Fi ud model of 
catalog group

Training 
Process

Componcnt 
classification 

(SVM)

Fig. 1. Flowchart for classification electronical components 
Rys. 1. Schemat klasyfikacji komponentów elektronicznych
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XHI£ategc>riz«cionCanfig config " 
new KMLCategorizacionCoafIg( 
CATEGORI2*TIOK_C<WFią_ FILE, 
new Dau&ŁningCcm*iguracicm(DATABASS_C<W£CT.r^_FIŁ£), truej ;

try {
config. initConneccion <£»T.ABASE_COHHE<XrQI^^:
CacegorizationDataMiningObjectNawesCreacor dnObjeccKaitieaCreatar = 

new CategorizationDataMiningObjecctJaiaesCreator (config);
DacabaseObjeccHandler dbObjaccHandler -

new Dac&baseObjectBandlerlatpl (config);
OaŁaMiningObjectaKandler dwjbjectHandler «

new SVMCatfrgorizationnataMining0bject3Handifcr(config);
SVMCategorizaŁionHodelCreator madelCreacor — 

new SWCacegorizaŁlonModelCreator ( 
config, dwrabjecttlaBMsnCreacor, 
dbObjectRandleK, diaObjectHandler);

raodelCreator.refreshTrainingTablea();|
modelCreator .retreshMociels ();

} finally {
config.dispoae();

1
Fig. 2. An example of the configuration file for the model of the catalog group
Rys. 2. Przykładowy plik konfiguracyjny dla modelu grupy katalogowej
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Fig. 3. The model of the exemplary data set used in training process 
Rys. 3. Model przykładowego zbioru danych użyty w procesie uczenia
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CŁcegoŁlzaŁlonConflg config ” nuli;
C3vTableDerinitionInpucStruccure »crua«r« = mili; 
try t

Conflgńmfcion configuraiiou • 
nev oacainningcondiguraUM cotascriai fiłisj;

config ” new KMŁCategorlzaŁlonCcsnfig ( 
CATBcaazaTIOtt_CCSFIG_FIL!S, conflguraclan, talae);

config .inicCojmection (PJHrAUŁr_C<WECriOW_FIŁE) ;

Uaca.ba3eOOJectMaun.dler dbObjectHancler = 
new DncsbaseObjectHandlerliipl (config) ;

PacaMi.n tagObjectsawdlet: dnObjactH&ndler * 
new SVSKaC6goclzaclonDataMlningObJcccaHar»c:ler (config);

OataMLningOtijeccFaaenCreacor dKOtojectKajsesCreacnr = 
»ew CacegariaacionOataMiningObJeccHeswsCwatcw(config) t

UbObjeccHend ler -dropTrainingrable (
dwśbieccNasKeaCraacor.get&ppl.yTexcTableKaa>e ());

CategorizationModelApplier aodelAppller - 
new cacegori zat lonModelAppl i er ( 
config, dsOtojeccKaasesCreacor, 
dmObjectHandlat, UbObjectHandler) ;

Input Sr mccii re ■resultScrąecure - 
sssde.iappl.ler .applyModel (scziiccare.gecTableHaige ());

)f maiły (
config.dispasę();

)
Fig. 4. An example of the classification program using the SVM classification model 
Rys. 4. Przykładowy program dla klasyfikacji, używający modelu klasyfikacji SVM
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Fig. 5. The output data of the classified electronic components
Rys. 5. Uzyskane wyniki dotyczące sklasyfikowanych komponentów elektronicznych
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These models are used in the leaming process. An example of the configuration file for 
the model of the catalogue group is shown in Fig. 2. On the basis of the models we used the 
SVM method implemented in the Oracle Data Mining 1 Ig in order to create the object of the 
SVM Categorization Model Create. Further, by means of the training method or refreshing 
the training method the model of the actually used data set is leamt (see Fig. 3). An example 
of the classification program using the SVM classification model is shown in Fig. 4.

As a result we obtained the output data of the classified electronic components, which 
shown in Fig. 5. The green co lor indicates the good classified data and the yellow color 
shows the medium classified data according to introduced model. The classification accuracy 
reached 80%.

In this paper, the verification performance is evaluated by means of the receiver operating 
characteristic (ROC) curves. Fig. 6 presents the ROC curve of the SVM classifier trained 
with some training sets. It is evident that the performance of any training data set achieved a 
remarkable level.

Fig. 6. The ROC curve of the SVM classifier trained with the some training sets 
Rys. 6. Krzywa ROC dla klasyfikatora SVM uczonego pewnym zbiorem danych

4. Conclusion

In this paper we presented a new classifier based on the SVM method for the electronic 
components classification. The built system reaches ca. 80% classification accuracy. Moreo- 
ver, this system was implemented in an industrial manufacturing process. It simplifies the 
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process of reading and classification of all the data sets of the used electronic components, 
hardware elements, etc. needed in the automatic manufacturing process.

Our classifier will be improved the next stage of the system exploitation. We hope that an 
ideał classifier will have the ability to deal with the problem of high dimensionality, adapt to 
the changes of environment (lighting, various speed of the moving components, etc.). Fur- 
thermore, we believe that the building of an ideał classifier is possible by means of additional 
Al methods, such as the fuzzy logie systems and the neural networks.
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Omówienie

W niniejszym artykule przedstawiono automatyczny system do klasyfikacji komponen
tów elektronicznych. Pozwala on na ich identyfikację oraz umożliwia wyszukiwanie elemen
tów wadliwych lub uszkodzonych. W artykule opisano budowę systemu automatycznej kla
syfikacji komponentów elektronicznych, którego działanie oparte jest na maszynie wektorów 
wspierających (ang. suport vector machinę, SVM). Na podstawie zadanych wzorców, klasy
fikator SVM uczy się modelu aktualnie produkowanych komponentów elektronicznych, 
a następnie dokonuje ich klasyfikacji. Dzięki użytej metodzie klasyfikacji uzyskano 80% 
dokładność klasyfikacji komponentów elektronicznych. Zbudowany system został zainstalo
wany na linii produkcyjnej komponentów elektronicznych.
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