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DATA CLASSIFICATION FOR DIABETES RISK DIAGNOSIS USING
MAJORITY VOTING ENSEMBLE METHOD AND FORWARD
FEATURE SELECTION METHOD
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Ludnanti (Forward Selection) wagdssauiudndulaaindulddnduls 3 luwa e
WenauaudRTvanzay (Voting Tree) Taussansmnananuuzaeisasaanaadu
(Cross Validation) 31uundeyamietuneuissiuiudnduls (Voting Ensemble), 35

nSAEWIYANSd (Gradient Boosted), T5duldiindula (Decision Tree), T8usunay
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Wolsan (Random Forest), 35uN8nLUg (Naive Bayes), I54NNaININIABDI LUSTU
(Support Vector Machine), 35tout1uiilndifesiuiign (K-Nearest Neighbor)
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Abstract

The purpose of this research was to find an algorithm to classify data
for diagnosing diabetes risk. Diabetes Patient Information, Somdej Phrayuparaj
Ban Dung Hospital. The data were from the review of medical records of
patients with diabetes in the past 2014-to 2018. The nature of such information
was high-dimensional information. Because there were many attributes and
some attributes were not related to the classification of data. Therefore, a
preliminary selection of features was required to reduce data redundancy and
optimize the classification accuracy of classes (Class) to solve these problems.

The researcher used the Forward Selection method and how to make
decisions together from 3 model decision trees to select the appropriate

properties (Voting Tree) to measure performance with Cross-Validation, Voting
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Ensemble, Gradient Boosted, Decision Tree method. Tree Method, Random
Forest Method, Naive Bayes Method, Support Vector Machine Method, Nearest
Neighbor Method (K-Nearest Neighbor). Measure model performance (Accuracy)
by cross-validation method by testing the accuracy of data classification. The
comparison results found that a collaborative decision-making approach yields
better results than a single model technique.

This was because when using a variety of classifiers to make decisions
with a majority vote; help to reduce bias, and choosing a good classifier
enhances the efficiency of data classification, make the model more efficient.
It also found that the selection of suitable attributes through a co-op decision-
making approach made the model more efficient in its classification. It is
appropriate to use this model as a guideline for effective medical decision

support in the diagnosis of diabetes.
Keywords: Majority Voting Ensemble, Diabetes Risk Diagnosis, Features Selection
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uaulud 2560 wagaian1saiiasdisuiugtasdaelsaduinds 520 Sruaulud
2578 (Li et al,, 2017) dwsuaniunisallsaiuimnululssmalnenudn aulnees
91y 20-79 U ulsauwniufesas 8.3 wievaneanuiilu 100 au aznuauivae
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WAy
TulagiunmsiSeuimersesivangguiuuAsuuugaeu (Supervised leaming)

wuulsidiffaen (Unsupervised learning) waghuun1siseudiinunainnsufduius
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(Reinforcement leaming) df3deldAnwmadaiiensduunnguuestoyauszneu
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1. AW unesannmosuusdu (Support vector machine) 1uisAlgaun

4
a & Y = =

AAnANYMEYDY 2 NiulagazadtduLus (Plane) 1 WuldunssuNn uaziivelv
ysutiduaseiiuts 2 ngw senanfutu ussdafiduduiiian Ty @umsaiy
afiandureu (margin) senluiansdnseanlauniasduia NUANUBINGUAIDYS
ﬁlﬂﬁﬁqﬂimmﬁ’smiﬂ%’umammié”w%%mimaiua (Kazerouni et al., 2020)

Ayvey v a

Tunsmguuuusazauduius wesiuailaiduiu Segiduduunniidiniud wu
Polynomial, RBF 38 Sigmoid laggideldidanldinasiuasiuuuunen milaan
aun13Ail

(xi‘yi‘), ...,(xn‘yn‘) Lﬁa X € R™, ye{+1,-1} (1)
wt xx)+b 2)

(Wtsx)+b>0 01y, = +1

Wisx)+b<0 01y, = —1

(xiy3)s s (X ) WV VBYANGUAIDEN

wt Wy A vdnAeuleaan feature
b WU AR (bias)
n Wiy Nuudeyadiiegis

m  uny MuILliRveya

y  Wiu sadwsngudeyailn +1 vive -1
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2. ieutnuilndlAusiuign (K-Nearest Neighbor) 10uign1swilsdmsu
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widym Msuszanaalidlenisfiwesdmiunisdiuunngy (Kazerouni et al,
2020) Famnziudeyanilugusned ndnnsifessindvesdeyailndfian e
aldwiiuguau k aundtazeedayadiuau k 5 #1 Feezrgn 91ntuAiinIsTwun

Tiueglnatuteyagalrunngauazmeilaainaunisasil

Distance = \/(Wl — %)% +(wy— x3)%2 +(w; — x;)? (3)

1y Distance ABNATINTTELNVD x;
w; ARTUIUTBIMERVITUIATRYA Test VIaMUAveIYntaya

x; eduukennIUIfleya Train NavaAveIyAdeyn

a

3. F5duliidndula (Decision tree) Wun1sduundrnudnuzvesdoya

A v oo oo

lngazUsznaumetn (node) waz s (link) Asariudn dwivaiegaazisen Idnlu
(leaf) dulddndulasgyilasasrsdiniiazimiiansivaeuanantivediogn
wLeNMBg1aIUAIYRINs iaunseieiegsluluudasluaglulssinninediy
& & 1 = v v s & o ]
Manualay s Lulwnvesteyadausenaumedoya s Lsaneta niduduiungy
& ) v 7 i o v oA A ' ¢
Naueasiuvestoyayaiu ¢, ununguludiu 1 i lae 9 i dd1sendng 1 8an,
s; WUAWIN ToyaduTnued s wazaglungu ¢ MAanaun1si (@), (5) uaz (6)

(Zou et al., 2018)

nost st
1(51' 52,.0 Sn) = _Z' 1? 10g2? (4)
i=
E(A) = 7=1w1(51],521, Sn]) (5)
Gain(A) = I(syj,Szj, -, Snj) — E(A) (6)

4. Fundwiug (Naive Bayes) iudiuniumnzfunsdlveadnsiodedl
IuuInuazAnaut (attribute) vasiiogndliTusianiu (Nagaratnam et al., 2020)
finsunddwunUssimudlidssyndldanuaunisiwunussinndennuuasnui

Toulad Tdsnsannsdiunuseamdsosu o wldanaunis (7) wag (8)
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_ P&loP(0)
P(clx) = TP ()
P(c|X) = P(x;]c) X ... X P(x,|c) X P(c) (8)

¢ fg AANEYRITRYA

x fo wean3tan

p Ao aruinezluvedeya

P(c|x) ﬁammu’wzLﬂuﬁﬁﬁamﬂaﬁﬁLLamw‘%ﬁaﬁLﬂu x Azdnand ¢

P(xle) fio anuizdufidoyaninatd ¢ wazluenniton x

v ¥
g

P(c) fA® IUIUAIENIDILANTUNITAIITIUIUABIENIRUAYDIAATE ¢

P(x) A9 97U weansTa6 viauun

5. AEn1sHwiudndulafienisuiendidiwundeyanaty q fiusiuiu
andulalasnisluanidesdiannn (Voting Ensemble) azidonaruiniinlunig
aspzuuy 2 Tu 3 vodlunatiiefndunadns arwnsatiuunan f, laei (k =
1,2 .., K) %K fie VeI MUNTaYaLaL fi,(x) = ¢, c € {+1,—1} Tned
Hafdulumaindulaasdndulanadnsildinogluamavinuienaiaay 9intutie
HINTu £, (x) ﬁié’aﬂﬂﬁa%ﬁ’wLLuﬂGi’J’aaﬂaméfmﬁu‘m'mﬁ’uimEJ@ﬁL?«EN%’NmmwGuaaimma

saaulaluraiauin usemanaaulailaunisssaunsi (9)

fe(x) = arg max Yy, (x=c1 9)

6. AusunuNBLSAs (Random Forest) Wuluwadnussnnvilavaunsoddns

a Y . . Y] =3 v Yo a ] o aac I3
:3eus (Machine Learning) gnitwunuansulddndula sedunisusunaunesad

Y

Jumsiiiudiuou dulddadulanate g du viliuszansamlunisiinugedu

wiuduntu Fudulumaildsuaufenlvegrsnnlunsldiuniednaiseus

a o

Avuali RFfi; Aeaudneugauialaandulivanualuiuudiaes Random
Forest normf;, AenanUAnviliduninsgiud wmiv i lu tree; uay T Aeduu
J

sulshioiun nedaunisseaunisd (10) (Lan & Pan, 2019)
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Yjeall t'ree"ormfiij

RFfi; = (10)

T

7. BinsiFeuiyavid (Gradient Boosted) AeBfifiNugunanduldiFadule
Fafumsuiuussuszansameesuuuiiaedlmilaonsduaisiuliivindulavans
SoelunanarUsziiunausiazlunasuninaslisliidndulaiauysal la n Aednnu
Yo S; dhviinaaasn X, y; WATINSILUN Wldanaunisi (11) uwag (12)
(Dutta et al., 2020)

Si = {(xuyD}" (11)
h(x) = hy(x) + h,(xX)+ _ + h,(x) (12)

8. n3inUszaninmuuudnaedlasliisaseaifntdu (Cross validation)
Aevhnisuusdayaseniudi 9 Inefiuiazdrndsviudeyauintuuasiiuwmazdin
Tuneaeu MntwiuAmugndeedunawiazsoulindriunfiansananaienn

naudeya (Dutta et al., 2020) AwInlARINANNTTAL

Accuracy = ———2__ (13)
TP+TN+FP+FN
Precision = —— (14)
TP+TN
Recall = —= (15)
TP+FN
F — Measure = Precision*Recall (16)

Precision+Recall

TP = §R51AUYNABATIUIN
TN = §n31ANUYNABUTIGY

FP = 9R51ANURANAIALTIUIN

FN = 9051AURANAALT9aY

I~ [

9. FBdenaudnvuziauludramin (Forward Selection) LUuiEn 57t

[
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AaanvasduItuiAnugnaewinla ntuaziiuaudnyusimugauld

1%
Ya v

Taeluunenailiideld duliiadula 3 lumatisfudadulaiieidennudnyuyia
wlglumsiundaya (Priyank et al., 2020)
10. Fumeunsife

10.1 maifunusndeyanisifed Wunmununssedoudiielsa
Wy nlsmeIUTaaLAansT NS Rl 2557-2561 S1uau 10,875 3183
Usznause 20 Audnwa Iiiheuazenadeya nsdiidoyaliiauysal (incomplete
data) Tl#deyaianysaife 1,435 918m5 15 ARdnwa wansisnsedl 1 udady
Foyarunedulsaumnu 715 au wag 720 Au Aonguitseinieund wWethury
mMsfndenauauURTIINgay Indenndnvusiiinzanifios 6 gudnuvazio
unluldlunisdnuundeya fe FBS, HBALC, Creatinine, FH, EGFR, Drinking lngein

ANNGNARIVBIYATENARD 94.91%

M19199 1 AasdnuazvesdayaUielsaluimiu

AMANBE AUNUNY
BPS AuAulainduy
BPD Ausulaia@Iaig
BW i
Height duge
FBS Aszauthnaludon
BMI ftlananiy
TG Insndwwelsn
HDL lugduf
EGFR onsINsNIRsveLdsvadle
Creatinine mMsvhauvedle
HBALC Yhnaazanludon
FH nssuRusTsTsAU MY
Waist 50UL92
Smoking u‘ﬂ%
Drinking GEL
Outcome naaws 0 = Und, 1= 1Juumu
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TUsunsy Rapid miner v.9.6 Way Jupyter Notebook v.6.3.0 TUADUITAITILUA

1Y)

Toyanldusznaume Fe5iududndulalaglmadssiiwnnainduliidndula, 3

)]

ab

A ady a S

wnsiReunyanId, Faulddnduls, Tousuneunaisad, 3udvud, Wdwnadn
nawesuusdy, Banulndidseiuiian wagisnsdndenludrmiiiledaiden
v fvanzaninsyansnndeiaseanindy mstauszansnmieisi
awihmsuistoyasenidu 10 duw Tnefudazdndduudeyawinfiuudnideyad
azdudmedeuluuusaedunsarseutaziuaadsld vuuuilddes q suni
wwasu Mniuftendiedsluiarseusmmaiadeioun fagldmanugniedunis

MuevewuuItaeuiagds ansilunisasiuuudiaeuanslangui 1

| Diabetes Data Set |
Cross Validation 10-Fold

l Majority Vote

| Normalization |

Decision tree
l / Decision tree
| Feature selection |

Decision tree

Cross validation 10-fold
Naive bayes
K-NN
SVM
Gradian Tree
Performance
Decision Tree
Accuracy
Random Forest
Majority Vote
‘ Gradian Tree | ‘ Decision Tree | | Random Forest

JUN 1 nmsadlunisasiwuuiassduundeya
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Nan133vuaranUTeNa
HANINARDIUNANNATULLAILATIZYTAIANLYNABIVDIUUUTIABITINUN

anudsddunsidulsaivimiumeameiaiiodoys lneAiaugnaewaInis

'
=

Fuundeyandeliiiunisidionaudnuuzianslanmised 2 uasdeyaniung

Y

HonaaanwaesgIBideniutamtuanslafmisnd 3

A13197 2 Han5inUsEanEnmvesteya Original Data

Original Data: 16 Attribute, 2 Class

Method Precision Recall Accuracy F-Measure
Voting Ensemble 97.9 90.36 94.22 93.96
Gradient Boosted 97.4 90.76 94.15 93.9
Decision Tree 98.27 90.22 94.22 93.94
Random Forest 99.11 88.96 94.08 93.7
Naive Bayes 86.74 92.01 88.91 89.22
SVM 94.14 77.91 86.55 85.19
K-Nearest Neighbor 84.8 77.62 81.81 80.94

NNAGNENIAINA5199 2 WefiasannAImINgNaes Wudndgsauiu

anduladuszansnmlunisiuundeyaunniign tneila1 Accuracy 94.22%, Precision

v

97.90%, Recall 90.36% way F-Measure 93.96% sadaunfaisaulddndulaiian

aa

Accuracy 94.22%, Precision 89.18%, Recall 92.45% F-Measure 93.94% 15

a1

NSFEUIYANSd A1 Accuracy 94.15%, Precision 97.40%, Recall 90.76% F-
Measure 93.90% 5usunaunoisasn JA1 Accuracy 94.08%, Precision 99.11%,
Recall 88.96% F-Measure 93.70% 35u19uwue AN Accuracy 88.91%, Precision
86.74%, Recall 92.01% F-Measure 89.22% 35anulndidssiuiigauazisdnnasv
LVINLABS LYY U AN Accuracy 81.81%, Precision 84.14%, Recall 77.62%, F-
Measure 80.94% Lazian Accuracy 86.55%, Precision 94.14%, Recall 77.91%
uay F-Measure 85.19% fua1dU Mnnan1FIdedmnseil 2 wuiryadeyaidsl

o

U4 10 avuil 2 (2565) ISSN 2287-0083 | Vol.10 Issue.2 (2022) ISSN 2287-0083



NITIMeIemanswasinalulad wninendesvigenssil

UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

[

YINNSANLADNANTNYILY

9

o '
[

(%

a

wiugdgenintuneulsau q fagun 2

Y

F5Tududndulalmndestisuniuse@nsainainy

Original Data: 16 Attribute, 2 Class

Accuracy © F-Measure @ Precision @ Recall

40

performance 10-Fold Cross Validation

Decision Tree

Voting Ensemble  Gradient Boosted

Random Forest

Naive Bayes

Methodology

Suppart Vectar
Machine

K-Nearest
Neighbor

UM 2 Usgdnsnmuedlunanigisnseanamduesteya Original Data

M13199 3 HanInUseanEnmvestlinavesteyafiiuAnRonAMAN vy

Forward Selection: 6 Attribute, 2 Class with Vote majority

Method Precision Recall Accuracy F-Measure
Voting Ensemble 99.24 90.21 94.77 94.49
Gradient Boosted 98.81 89.93 94.43 94.14
Decision Tree 99.26 90.09 94.71 94.39
Random Forest 99.23 89.51 94.43 94.09
Naive Bayes 97.35 87 92.34 91.84
SVM 98.87 72.31 85.78 83.49
K-Nearest Neighbor 94.11 85.73 90.17 89.68

NP7 3 WaRTNNAIANLgNABYIsTInAudndulatien Accuracy

94.77%, Precision 99.24%, Recall 90.21% way F-Measure 94.49% 35LASLA8UT

yansd A1 Accuracy 94.43%, Precision 98.81%, Recall 89.93% F-Measure
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94.14% FsauldisndulaiiAn Accuracy 94.71%, Precision 99.26%, Recall 90.09%,
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