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Hizli ve dogru mineral analizleri kayaglar1 inceleyen biitiin bilim dallarinda bir gereklilik
haline gelmistir. Elektron Mikroskobu ile biitiinlesik Enerji Dagilim Spektroskopisi
(EDS), ornek yiizeyindeki atomlarin elektron demeti ile uyarilmasiyla olusan karakteristik
X-1smlarmin enerji miktarini ve incelenen noktanin element igerigini hesaplar. Minerallerin
element iceriklerini EDS ile elde etmek hizli ve kolaydir ancak veri sayisi arttik¢a
smiflandirma siiresi uzamaktadir. Ayni zamanda farkli mineral 6rneklerine ait element verileri
benzerlik gosterebilmekte, bu da dogru siniflandirma yapmay1 zorlagtirmaktadir. Bununla
birlikte, tiretilen X-1simnlari, incelenen mineralin yiizey topografyasi, elektrik iletkenligi,
ornek yiizeyine gonderilen elektron demetinin ivmelendigi gerilim, akim degeri, elektron
demetinin ¢ap1 gibi; ¢alismadan ¢alismaya farklilik gosterebilecek dzelliklere baglidir. Bu
ozelliklerin degisebilmesi durumunda ayni minerallere ait analizlerde farkliliklar meydana
gelmekte, bu da hem hizli hem de dogru smiflandirma yapilmasini engellemektedir. Bu
calismanin amaci farkli minerallere ait kimyasal veriyi, sabit olmayan ¢aligsma kosullarinda,
otomatik olarak siniflandirabilecek uzman bir sisteme temel olusturmaktir. En iyi sonuglar
bir karar agaci siniflama algoritmasi olan C5.0 (Quinlan) kullanilarak elde edilmistir. Karar
agact algoritmalari, “if/then” kural setleri kullanilarak kolay anlasilir ve hizli siniflamalar
yapabilmektedir.

Smiflandirma i¢in farkli kayag 6rnekleri incelenmis ve 12 ayri mineral grubu (klinopiroksen,
ortopiroksen, amfibol, kuvars, olivin, biyotit, apatit, zirkon, K-feldspat, plajiyoklaz, manyetit,
titanomanyetit) se¢ilmistir. Her bir mineral grubu i¢in 240 referans, 200 test EDS verisi sabit
olmayan kogullar altinda alinmistir. Referans EDS verileri karar agaci siniflamasinda egitim
icin kullanilmistir. Egitim sonrasinda olusturulan karar agacinda mineral gruplarindan alinmis
olan test verileri her seferinde farkli biiyiikliikte gruplara boliinerek denenmis ve en diigiigii
%090 oraninda olmak tizere, her veri grubu icin farkli dogruluk oranlar1 elde edilmistir. Ayrica
yapilan denemelerde ozellikle ortopiroksen ((Mg, Fe),[SiO,]) ve olivin (Mg, Fe),[SiO,])
gibi kimyasal olarak benzer elementleri farkli oranda iceren mineraller basarili bir sekilde
birbirinden ayirt edilebilmistir. Elde edilen sonuglar; minerallere ait EDS analiz verileri
iizerinde karar agaci algoritmasi uygulanarak, calisma kosullarindan etkilenmeyen, yiiksek
verimli, otomatik mineral sinifflamalarinin yapilabilecegini gostermektedir.

Anahtar Kelimeler: Otomatik mineral siniflama, enerji dagilim spektrometresi, karar agact
algoritmasi, elektron mikroskobu...
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ABSTRACT

Fast and accurate mineral analysis became a necessity in all branches of science interested
in rocks. Energy Dispersive X-ray Spectrometer (EDS) integrated with Scanning Electron
Microscope (SEM) measures the energy of characteristic X-rays which are generated due
to the excitation of the sample surface, thus calculates the element content under the spot.
Obtaining elemental contents of a mineral using EDS is fast and easy however time required
becomes longer when number of analyzed data increases. At the same time, accurate
classification becomes difficult when similar elemental composition is similar in different
mineral samples. In addition, the properties of the analyzed minerals (topography, electric
conductivity) and electron beam (accelerating voltage, beam current, spot size etc.) can be
different in each practice which affect the produced X-rays. These properties may vary from
to study to study and make differences in elemental contents of the same mineral. Hence,
fast and accurate mineral classification becomes difficult. The main aim of this study is to
create a base for an expert system which makes automated, fast and accurate classification
of numerous chemical data sets taken from different minerals under non-standard working
conditions. Best results have been obtained using C5.0 Decision Tree (Quinlan) algorithm.
Decision trees can yield fast and easily understood classification using with “if/then” rule
sets.

Twelve distinct mineral groups (olivine, orthopyroxene, clinopyroxene, apatite, amphibole,
plagioclase, K-feldspar, zircon, magnetite, titanomagnetite, biotite, quartz) examined and
selected from different rock samples. 240 reference, 200 test EDS data for each mineral
group have been taken under non-standard working conditions. Reference EDS dataset has
been used for training of the decision tree. Consequently, the test data have been divided into
different groups and tested in our generated decision tree classifier. Therefore, all generated
decision tree classification for each of data group produced different accuracy, being minimum
90%. Besides, successful matches have been obtained for the minerals of having similar
elemental content such as olivine (Mg, Fe), [SiO,]) and orthopyroxene ((Mg, Fe),[SiO ]).
All results of this study demonstrate that, highly efficient, automated mineral classifications
are possible using decision tree classifier without affected by working conditions.
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