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This research aims to propose feature extraction methods from the images of
coffee beans for quality classification. The samples used were separated into two groups, and
the balanced data reported an equal amount of 1,303 good quality and bad quality beans,
and the imbalanced data reported 1,303 good quality beans and 4,607 bad quality beans.
The entire process consisted of five steps: data preparation, image preprocessing, feature
extraction, feature analysis, and coffee bean classification. Firstly, pictures of coffee beans
acquired from fixed settings were processed with foreground segmentation, lost pixel retrieval,
and edge detection. There were three groups of features and a total of 32 features, were
extracted from the images of coffee beans. The four features are size and shape, twenty-four
are color-related and four are grayscale-related. The machine learning techniques used for
the classification were Logistic Regression and Random Forest. The results showed that for
both balanced and imbalanced data, the Random Forest model yielded slightly better
classification performance than the Logistic Regression model with hyperparameter tuning
and cross-validation, except for the recall in the imbalanced situation. The accuracy of the
Random Forest model on the balanced data was 92.34 % and the imbalanced data was 92.13
%. The precision and recall on the balanced data were 92.35 % and 92.34 % and the
imbalanced data were 89.89 and 86.58 %, respectively. The F1-score on the balanced data
was 92.34 % and the imbalanced data was 88.08 %. The research suggested that coffee
bean images classified with the Random Forest model can be applied in real settings in coffee

plantations.
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- Random Forest (RF)
- Logistic Regression (LR)
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2 1 1
= o aaa

Correlation) 8nvialuusiaz Decision Tree £i9ldn34u1aan Feature NANgA189n13 Split T

q

(% '
a

] =2 o % 2 ] ¥ :// A o dl ] [ v o IS ¥ ' '
usiazluun @QV]’]I‘M[F]L&N LLma:muuumnHmmmem\‘mu@@ﬂvl,ﬂ ANUUENN muimmmmim

1
a

NARNEN bAAINNIIN U8 AAsSIANINTY wazlua1uddailla 14 Random Forest (RF)
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2.3.2 nsamnasala’admn Logistic Regression (LR)
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fautls) uazsaullsdasy (Nnndnsvitewind 1 fauils) Taeidaulsma (V) Sanuusiug
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1. Binary Logistic Regression (LR) siautlsanuiilugauisidangundan
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2. Multinomial Logistic Regression (LR) Aautlsnailudauilsimengs
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wazaxnsavin et lugli@adu (Linear model)
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ln[l—?] = Bo + B X1 + B2 Xy + o + B Xy (3)

probabhility of coffee quality classification

1 e e o ee oo oo e o o
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2.3.3 NM9UsEtAUINATANN LN U ENUDILARLAANDINN
nMIvNuNEILLIL Classification lwianuiaailden Confusion Matrix , A1ANgN
Fia9lnN19911Ue (Accuracy), Precision, Recall Waz A1 F1-Score 1agiAN Accuracy WaAS

1FRagaNn13N (4)

N,
correct (4)

Accuracy = N
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Precision + Recall
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tszinanan nasazianni i IoeiuluEasaaanisiiauanlssinnaqsmaiAfa I q
eazIRemsIsa LT
1.) Rafael Garretz, Claudia M. Rezende, Demian R. Ifa (2016) NINTTANE
a o aa %’ 1 al s [3
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o a g a o a’lj vl v o ai ' o
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nwauazgiin lddanesiu SplitAnd-Merge INaAUNUWANUUAT INNssinaan IR RSNy
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2. Practical Comparison of Sparse Methods for . . KNN ( PCA +
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1) mm‘?‘ﬂuﬁ@g@Lﬁ@lﬂumwmm (Data Preparation)

2.) m?ﬂizmammmﬁmﬁu (Image Preprocessing)

3.) MeanmRanee (Feature Extraction)

4.) MIIAVAMANUE (Feature Analysis)

5) n3anuunUszinnwanniun (Coffee Beans Classification)



20
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Image Preprocessing
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Feature Extraction
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Feature Analysis
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[ Coffee Beans Classification }
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3.2 mfiﬂszmawammﬁmﬁu (Image Preprocessing)
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3.2.2 mMguszNrananIW (Image Preprocessing)
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IHANIN12FAARLINIZUAURANANNATN LA LAY AIRZAINITDUININNEAN LN
UNANIVININIATUANHOZIANE e lHANN TN ARIAN BN LA 1n3tAsnzl
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1. WAANUNR 1,303 22
2. lAANWNARAN 1,002 15
3. WAAN UL 1,081 14
4. laAN N LAN 700 12
5. IAANLWYNINAYINATE 700 11
6. wannuWldanysnd 1,124 21

EREY 5,910 95
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3.3.1 NANTBNUIALALFLTS

o

AU 4 AIUANTIUE TN WunaauNaAN W AMAINANSRINAUTaY
I~ dl 1 ] d’l’ dl A 1 s 1o ! tﬂy dl o d”
wungUdsanunaen dukiuguinans uazAdndouaasivuiionan Al
3.3.1.1 WuAwauusaniun (Contour Area)
A J tﬂy dl <3 o :I/ ] a dl =3
Ao A1T89IUIANUN IR A AN U WusanasuAuT i ureuwman

AUINLT AN A AN UNTIUNANAWENEIR NN U TS A9gNN1T 8 AwLlsznau 22

Contour Area = cv. contourArea(cnt) (8)

mntlsznay 22 NMNNIIANAN AL YA LUAAN N (Contour Area)

3.3.1.2 AMAnAARsIdIUIRINUNSUSesaNuNlLRan (Solidity)
o tdl % I3 Zj/ < < A [ (-3 < 1
dupnuanwnziamisaldgumaaniu dwsnmanizeli Sllenmdnaaimisnds
vanladnmantiuanadumaaniunids fvaunsatauansusilldiunuilszinmusa

NUALAN YiERAANUNN I ALUdaINNNIN AuNZaeauNad s Tnel Solidity vnlaannaunish 9

o Contuur Area 9)
Solidity =

Convex Hall Area
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3.3.1.3 Lﬁuﬁﬂuguﬁnma (Equivalent Diameter)

A ¥ 1 Ly

AaduruAuenavanys WurnuAugNans (Diameter) 289M39NaNTN N AUANTE

D

a 1o 1 s dgj o o . o prp 1 1
WMauwiian Wuluguinananyaiiamnsaldinuanne (size) 1eaianniglswliiunss
naw MiauanauIAaLNIA (particle size) ANAUHNUANENAWNENNINUAAI1TIUIATBINE A

nuntiudauwe gy diAdeaiuansitudaniudtiuenalaunnan mlaainaunis? 10 uas

ANLsenay 24

4 X Contour Area (10)

Equivalent Diameter =
s
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ndsznay 24 nMwnsuAduEnuAuENans (Equivalent Diameter)

3.3.1.4 ANFRFIUURINUNMNAN (Extent)

1 o/ 1] j dl d’l dl [(~3 o/ j dl 1 dJ
WuAEAdULaIN N MNaN Ninaaaudaan1wn (Contour area) IR LN UN AU
dl al o dy dl %: [~ 1 v U dl
AU UNUNTINNAIaBNE AN LN wazwilaatluarfasas uilaa1naunisf 10 way
AWLsenau 25
Object Area

Extent =
i Bounding Rectangle area (10)

AMLrEnaY 25 NIMANERAILIBINUANNAN (Extent)
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3.3.2 NeNURIAR
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2. A& HSV (Hue Saturation Value) AR 129AMNENAY ANIDURAR WAZAIAINN
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5. A Nussuaesdeya (Varance) A Wud i lddnnisnszaravesdaya uls
annsihdauileniunnsgureangnitedd lnenid1 X unuAuafsreangusioetin s
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a a a al 9; a a
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D E F G H | J KL M N (] P Q R s )
type_Coffee type_no solidity e_diamator  contourArea extent bMax gMax rMax bAvg rAvg gAvg bStd rStd gStd bVar
blackBean 1 0.986853769 204.488956 32842 0.783500728 56 59 55 1.406183649 1.362573657 1.677887253 5.318045853 5.130562922 6.288756702 28.28161169
blackBean 1 0982159837 203.5356442  32536.5 0.784030941 66 69 61 7.738861177 6.49237331 8572881274 10.13787342 85784936 11.25362053 102.7764775
blackBean 1 0.976880276 2130232241 356405 07136664 59 53 39 5722767321 4.436403684 5.097196636 9.076249679 6.92410805 9.336826213 82.37830824
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blackBean 1 0.989180684 253.8351575 50805 0.807715636 88 86 75 11.2373747 7.490343485 12.82275107 21.79549646 13.97974495 23.77927825 475.043666
blackBean 1 0985748219 2222720797 388025 0.721249466 81 82 75 B8.94676481 6.731593524 8836595476 12.68450041 9.565279244 1251296212 160.8965508
blackBean 1 0098203328 193.954889 205455 0.821073255 74 82 74 7.570642508 5787683415 7.848682748 11.94281341 9.055501604 1220628925 1426307922
blackBean 1 0986325488 241.1077239  45657.5 0.750785194 84 87 74 17.34232812 12.32769309 1862845115 21.22375531 14.98833718 22.31349502 450 4477893[
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Frequency Histogram of contourArea
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Frequency Histogram of solidity
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Frequency Histogram of e_diamator
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Frequency Histogram of extent
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Frequency Histogram of bMax
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Frequency Histogram of gMax
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Frequency Histogram of rMax
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Frequency Histogram of bAvg
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Frequency Histogram of gAvg
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Frequency Histogram of rAvg
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Frequency Histogram of bStd
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Frequency Histogram of gStd
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Frequency Histogram of rStd
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Frequency Histogram of bVar
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Frequency Histogram of rVar
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Frequency Histogram of sMax
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Frequency Histogram of hMax
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Frequency Histogram of vMax
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Frequency Histogram of sAvg
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Frequency Histogram of hAvg
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Frequency Histogram of vAvg
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Frequency Histogram of sStd
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Frequency Histogram of hStd
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Frequency Histogram of vStd
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Frequency Histogram of sVar
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Frequency Histogram of hVar
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Frequency Histogram of vVar
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Frequency Histogram of grayMax
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Frequency Histogram of grayAvg
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3.5 nMganundszinnuanniun (Coffee Beans Classification)

nawseNdeyanguaaete Inamanldunuanaed Logistic Regression (LR) way
WLUA1a89 Random Forest (RF) 1349410 Logistic Regression (LR) Wl UBULRNa 0141 T
Ao ldauuniloyvivesdeyanilugluuuaesiansairelan 491 Random Forest (RF) 1l

o dl v Y v v a v b7~ 1 o £
uuuaaed AldFulinedndula wadlauassliniiuinlnusaandnamisnldlunisauundaya

1
aal

Turanuanegtiuyetnandnenane anTieeellsrAnsnmnnansag daunULA1aes Random

v
%

Forest (RF) 1 lumatianignivaunsiaesantaninatla Bagged Decision Tree

[ %

1Adaldvingusnat i laanutiveaniiy 2 uu Aa LUy Imbalanced Data LAz A

dayaanna (Balanced Data) Hasainuingwasainaniunisaiasqlulsniunudniiunisdn
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AatAnimsfnduiuusasseenidy 2 nau 4358 1§ dmetslunmsiinenil Trenguseting
1pdayasNna (Balanced Data) HATWIWNAARIIUAL 1,303 INAA UATINAAIREAIUI 4,607
wWaa Aanisznau 97 uazgadeyalianna (Imbalanced Data) HAWIUNARALAZINAALAE
BEINAY 1,303 WAM AINWLlszney 98
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AuANEUY AsAteutluiadadreduudn antugideaindeyan iunrianisudady

Training Dataset L&z Test Dataset lUERT@UAR 80 % A8 20 % UL Imbalanced Data {

WAARRIUIL 1,042 LA A WAZINAAB LU 3,686 WA A LU Training Dataset WAZLNA AR

AU 261 AN UAINAAREAUIL 921 WRATATayAdNAA (Balanced Data) WARALAZIAL

RMUIUBL WAL 1,042 WWAA I Training Dataset WazaEiNas 261LNAA L1 Test Dataset AIANN 5

;1379 5 Nsutiengusnaginalunisineuuuuaiaes

USTLAMNAR | [TUIMULNAR Training Test
nau AR N Dataset Dataset
NARR 1,303 1,042 261
Balanced Data

WARLAel 1,303 1,042 261

NARR 1,303 1,042 261

Imbalanced Data

uARLRel 4,607 3,686 921
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Scale 7l winii R9F8INN1991 Feature Scaling TaglA@en3sn1snuLL Standard Scaler Wie

'
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vinlidayanazgnin g duduninsg i Scale ey uazetlugtuunvesdoyanimunzas
L o v o dl A . 1 1 dlddl a & a ¥

fada ldNn1sieTesie Grid Search Nhdae Tun1smANN ANgATasNII R BB SLLLNEARA DS
39NN ML ATRIR an1sRsadauwLLlaY (K-Fold cross-Validation) Iaeinuuaan k 15anunu
10 Fold i uazivaiunistlasiunisfianisialuasesdeya (Data Leakage) Aglaianngld

Pipeline AaUANMIN s luLsiasdunauaas
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(Balanced Data)

2. LuuANaeLarnslTaueulss@ntainainnguiatianu

Imbalanced Data

4.1 wunanaadkaznMsidFauiaulss AN NAINNANAIRENTATANAANAR
(Balanced Data)

P%
A A o

mamaaadil 13ngilsvasdinan Faunailss@nsnimuuuatasansiniud miung s

q

FnatineadeyaaNna (Balanced Data) 11t W1snHwash 14 11n13911 Grid Search 484 Logistic

& ~ |

Regression (LR) Aa A1 C'ldAn C infig yawinfiu 1,000 TaafiAn C AanIsiiia Regularization
Al it esin LU aeaiul Anadadeutiasas A1 C Betfan tuAnanandn finnmin
Regularization NTUANNS1LILTIAN C LaYEAN C ot wus aesiuiasi anudday
3 dl a 901 % ¥ 3 e ¥ a dl o
Yz Walanudndeuiasasiazannis Over Fiting s lAae wisiimash 4 lunnsmn
Grid Search 984 Random Forest A9 71 Max Feature 1A AN4AWINAL Log2 @9A1lRaA
U3 Feature lun1siansauniilaneaun Feature 11013 Split ium sananalumisa 6 Walana
AMNNNIAFUULAIABIN 2 WLILA1ADINNAMNE9FULAITY Rdavinnisnfsaume
sz@nBnmaninisauunannInzeadaniun Tnanisiiuuudiaesimaaauiudeya Test
Dataset UNHANNTANUUNT IHANUAAZLLLIANA89NINA1 Accuracy, Precision, Recall Lag F1-
d‘ ~ o = o & p « A o
Score WAL FaLINELLTANENINNNTIUUNAUNINTBUNSANTUNALAZINE ANWHIAS 613

UAAS AT 7 waznwilsznau 99
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F1379 6 AT NUAAIAIREINNATNIINHINBFAINNgNFR Rt TATRyAdNAA (Balanced Data)

LUUANRND Parameter
max_depth=N
bootstrap=True class_weight=None criterion="gini'
one
min_impurity_decreas min_impurity_
max_features='log2' | max_leaf_nodes=None
e=0.0 split=None
Random

Forest (RF)

min_samples_leaf=1

min_samples_split=2

min_weight_fraction

_leaf=0.0

n_estimators=

100

n_jobs=None

oob_score=False

random_state=None

verbose=0

warm_start=False

C=1000

class_weight=None

dual=False

fit_intercept=T

rue

Logistic
. intercept_scaling=1 max_iter=100 multi_class=Auto n_jobs=None
Regression
(LR) penalty="12" random_state=None solver'='lbfgs' tol=0001.0
verbose=0 warm_start=False

FN99 7 LuuAnaasuarnailaLieuilssAnsnnngusdaetingadeyaanna (Balanced

Data)
LULANABY Accuracy | Precision Recall F1-Score | Best Parameter
Random Forest 92.34 92.35 92.34 92.34 max_features="log2"
(RF)
Logistic 91.19 91.23 91.19 91.19 C=1,000
Regression (LR)
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Awdsznay 99 NMunalLLea aeslazn1Ti TaLRauLssAnEnw

nausetegadayasnna (Balanced Data)

J J

AINUANIINARAINGN DL NT AT AANAA (Balanced Data) NUITMLLAIAD
Random Forest (RF) H1ls&78n1Mg9n91 w4889 Logistic Regression (LRFSH uLsnang
Random Forest (RF) 16 A1A 3 wa uei (Accuracy) Aniilu 92.34 1lasidus gendn 1.15
wWefidus Mauiuuuua1aes Logistic Regression (LR) 7 91.19 wlefifius uuLs1aes Random

Forest (RF) I AR Mm99 (Precision) Anilu 92.35 wlafidiusf gendn 1.12 wlefidusf e

b

ALLULA1a84 Logistic Regression (LR) 71 91.19 leFifusf wuuanaes Random Forest (RF) 1o

-3

AIN139¥AN (Recall) Aty 92.34 1Wafidus gand 1.15 wafifus Meufuuuuanans
Logistic Regression (LR) 1 91.19 1WaFiFus wuuanaea Random Forest (RF) TH A F1 (F1-
Score) Anitlu 92.34 wlaFidius gandn 1.15 wesidius NaLiULLILA1a84 Logistic Regression

o

(LR) 71 91.19 wlafidust sanwiszney 100
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4.2 wuudnaasuasmMsilFauiaulssanEmwainngueAlat Nt Ataya LNaNAA

(Imbalanced Data)
maneaesil 19nnilszasdinanFaumaulssAnsnwluuuuanasanisidnalug iy

nawsnetiegadayalianna (Imbalanced Data) 11 W1sHwmash 1 Tun139in Grid Search 284

| 1%

Logistic Regression (LR) A@ A1 C LA AN CNANGALWAL 100 Inaf A1 CUABNITIN S

° v ¥ 1

. . ¥ dl o v o :l/ = al v oI/ [~3
Regularization i ldinanlduuuanaswuiuimnuddautasas A1 C Seilas duinanamany
41 {19911 Regularization NINTUATNANUINIBIAN C LAZENAN C Has wuuanansiufash

Y o v A ¥ o v I3 L ¥ a
ANNT T UL RaARN el Anudndautiesafiazannig Over Fiting Aaludne uazwnsi
151239 14 1un19911 Grid Search 984 Random Forest A9 A1 Max Feature T AN AN gAY

= 1 d”d 1o a d‘ . o
Sart TIANNABAIANUIL Feature TunnsiaNsinilanasin Feature lunng Split e Aalanslu
dl 2 % i ZJ/ o dl 1 v % b2 :j/ L o o
F11974 8 W8 lANAAINNIIAFNULLANADINY 2 LILANABINa1IN e uLaaTU §adevinnIg
uReumelsz@nsnimasinisauunaunwaesiaaniul TansiuuuanasauInageL
o ¥ o o dl v ] o 1 .
118y a Test Dataset UNHANITANULNTN IR ANNUARZLLLAN1A89N 1M AN Accuracy, Precision,
Recall Waz F1-Score a1 f3euMeutlszAnBAImnIsauunA N INIala AnunRa LAz A

MuniRe faugmelumiag 9
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(Imbalanced Data)

o
ST TEI R Parameter
max_depth=No
class_weight=None criterion='gini'
ne
min_impurity_decrease= min_impurity_s
max_features="sqrt' max_leaf_nodes=None
0.0 plit=None
Random

Forest (RF)

min_samples_leaf=1

min_samples_split=2

min_weight_fraction

_leaf=0.0

n_estimators=

100

n_jobs=None

oob_score=False

random_state=None

verbose=0

warm_start=False

C=100

class_weight=None

dual=False

fit_intercept=Tr

ue
Logistic
) intercept_scaling=1 max_iter=100 multi_class=Auto n_jobs=None
Regression
(LR) penalty="12" random_state=None solver'='lbfgs' tol=0001.0
verbose=0

warm_start=False

F13°9 9 ANeNAgULLLANaeIRaz s RLssAnBnwngusaetinsadasya ldann s

(Imbalanced Data)

WULANRDY Accuracy | Precision Recall F1-Score Best Parameter
Random Forest 92.13 89.89 86.58 88.08 max_features='sqrt’
(RF)
Logistic 91.20 87.35 86.94 87.14 C=100
Regression (LR)
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nawFnatgadeya lianga(imbalanced Data)

] .

AMUANIINARBINGNABE 19T AT Y AAHAS (Balanced Data) WLATULLA1AD
Random Forest (RF) {1Js¢@75n11gand1 Lu1anaed Logistic Regression (LR) Fatl unsnan
Random Forest (RF) 16 A1A 3 wa uein (Accuracy) Aniilu 92.13 1asidus gendn 0.93
wWafidus Mauiuuuua1aes Logistic Regression (LR) 7 91.20 wlafifius uuus1aes Random

Forest (RF) laAnA2miniemsa (Precision) Antilu 89.89 lasidus 49091 0.36 wlasidusl e

D

ALLULRa89 Logistic Regression (LR) 71 87.35 wasifus wuuanass Random Forest (RF) &
AN1332AN (Recall) Anwly 86.58 wlasidus A1n91 0.36 Wlefifus Weaufuuuus1aed
Logistic Regression (LR) ‘1‘7; 86.94 La 5T U LULUA1a89 Random Forest (RF) a A F1 (F1-
Score) Anulu 88.08 tlagifius gandn 0.94ulesifus WeuALLLLAIa8s Logistic Regression

(LR) 71 87.14 wafifus sanwilsznay 100
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WALANNIEHUTIDAUATENN TR UTUAALENANININAANWNUTZNOLAYE 2 WLILA1ADI AD
Logistic Regression LR) waz Random Forest (RF) fiaaeineil [ lunnsAn sl aunuima nn uaz
WAL BEN98Y 1,303 AR AMNKANIINARAINGNFati 1wt AdayaaNAS (Balanced Data)
WLILLA1889 Random Forest (RF) H1/53@%801Wgan41 lnanaed Logistic Regression (LR)
ATl ANARINLAILEN (Accuracy) 49n91 1.15 WlaFidusl ApaNWENsIss (Precision) 4n97 1.12

wlafidusl An1sszan (Recall) 9041 1.15 wlafifius uazAaat F1 (F1-Score) §9n41 1.15

wlafidus uazuanimaaaangusnatingadasyalianna (Imbalanced Data) WUd1ULILIA1@8Y
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[
o a

Random Forest (RF) H1sc@An8n10g9n41 ulLA1884 Logistic Regression (LR) A48 AR

1
< & 1 =

W1t (Accuracy) 44041 0.93 WaFiFus AMAININENRAIS (Precision) §9n91 2.54 tlasifust

ANN93AN (Recall) ANNdn 0.36 Llafidiust uazA1afe F1 (F1-Score) g3n41 0.94 wladifus

Confusion matrix, without normalization @) Confusion matrix, without normalization (b)
225
200
175
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TFue label
[~}
wn

TFue label

50 50
25 25
A\ ~ Q ~
Predicted label Predicted label
Normalized confusion matrix Normalized confusion matrix
09 09
038 038
07 07
e 06 o 06
v [
£ 2
0 05 o 05
= 04 ” 04
03 03
02 02
01 01
Q ~ Q ~
Predicted label Predicted label

ndsznau 101 Confusion Matrix 284ngNsaetiegAteyaanna (Balanced Data)
(a) Confusion Matrix 284KU1A1889 Random Forest (RF)

(b) Confusion Matrix 784LULIANa84 Logistic Regression (LR)

AINHANTAIUIU Confusion Matrix Lﬁ@ﬂmﬁuﬂ?zamﬁmwmmLmu'a"’mmmnﬂ@ju
Aaat19gndayaanna (Balanced Data) Aanantlsznay 101 79 2 WULA 18T WU
LUUANA89 Random Forest (RF) 4131304 I UNIMAANTUNAANA02iN4 (Test Set) AUIU 261
WA IHgnFesa g 243 Win Anludeay 93 % uArAUUNEAAIWIU 18 AR AnLTuTat
8% 7 % LATANNTNALUNIAAN IR BAINAINFRating (Test Set) A1aw 261 Wan lagnsias
U 239 WAR AnduFauay 92 % LATAWUNEARIWIN 22 AR Al ufasas 8 %

WLILRNa84 Logistic Regression (LR) @1:1708 UM ANTWNAAINFR8eNa (Test Set) a7114914
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261 Wan tgnaasanuan 242 wan Andufesas 93 % uarauunina1uIw 19 win Andy

SRERT 7 % LATAINITDAUNNAANLNIREa1NaNNA2a8i1g (Test Set) A1191 261 AR 161

2%

QNFeaWIU 234 Wan Anduiesas 90 % uaranuuniaauIl 27 win Anduiesar 10 %

Confusion matrix, without normalization @) Confusion matrix, without normalization (b)
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nwilsznaw 102 Confusion Matrix 284ngusaetinegadayaliauna (Imbalanced Data)
(a) Confusion Matrix 284uULANa84 Random Forest (RF)

(b) Confusion Matrix 2894LLAA84 Logistic Regression (LR)

AINHANITAIUIU Confusion Matrix Lﬁ@ﬂmﬁuﬂ?zﬁm‘%mwmmLLuuﬁmmmﬂﬂ@;u
fati1gadeyalianna (Imbalanced Data) Asnintlsznay 102 79 2 WS 1A89T WU
LUUANA89 Random Forest (RF) 4131304 IWNINAANTUNAANA02iN4 (Test Set) AUIU 261
wén lagnsiasanuou 200 Wan Andufenas 77 % uazauuninanuon 61 wWan Anduiey
Az 23 % WATAINITOANLUNINAANTUNIABANAINAYDLS (Test Set) AU 921 AR 16
QNABIAUIL 889 AR Anduiasay 97 % WazaNuuniAauIL 32 wWan Anduiatay 3 %
WLILANA8Y Logistic Regression (LR) #1N1T0ANLUNNAANUNAANF28E 19 (Test Set) a11491

261 wan lgndasanuan 207 wWan Andufesas 79 % uarauuninaIuIU 54 Wan Andy
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FRE1AY 21 % WATAINITDABNINE AN N IAIaINanFA2ating (Test Set) A7191 921 WA 1o
QNABIAUIU 871 AR ARLTWTRLAY 95 % wAzALuNRAAUIL 50 WA Andlusasas 5 %
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=3 1 & © A a I © v
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Tsnunlasialal
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5.2 n1gagUnansian
a o di/ o aa o [~3 a [3 a ¥
NUARBRUNAURITNNTALUN LT IANIaBNAANTuN A LA A ANLN LA BIA 28NS
UszanananIngne Nan1sANEINUL e FaUREUsERNENINNNFINULNATUNINTDINAR
nauraInAInagaInday anguAa 1991 2 WULFaE Accuracy, Precision, Recall WAy F1-
Score W1I11A1883 Random Forest (RF) #1928 N1W4aN31UULA4884 Logistic Regression
(LR) Wanting Fail
5.2.1. a5UnaaNNgNAIRtNTATaNAaNAS (Balanced Data)
nausnet19TATRYAdNAA (Balanced Data) WULAa89 Random Forest (RF)
18N Accuracy Andu 92.34 WefidumiAsuiuluLuanans Logistic Regression (LR) 0
91.19 1lafidus wuua1aed Random Forest (RF) A1 Precision Anilu 92.35 wlafifius
Weuiukuuanaas Logistic Regression 71 91.19 wlafidus uuua1ass Random Forest
7 a @ e o o . . . dl
(RF) 16A1 Recall Antlu 92.34 Wlafidus WaufuwuuaNaad Logistic Regression (LR) %
91.19 1lafifus wazwuUa1aa9 Random Forest (RF) ta A1 F1-Score Ambily 92.34
wefidius euiuwuuaaes Logistic Regression 7 91.19 wefifius uamalumisng 10
¥ 1 o/ 1 1 o
AMNNANITNAABIAINTBYANGNFAIBENINLFT KULA1A8d Random Forest (RF)
HisrANENINGINdn uLLANR8Y Logistic Regression (LR) A4l A1A918ud1EN (Accuracy)

' =

44n41 1.15 wlafidus AnAa umeanss (Precision) g9n91 1.12 ilasidus Anisszan

v
c @ 6 o o

(Recall) 49041 1.15 wlafidus wazA1@as F1 (F1-Score) 4441 1.15 wlafidust ey
gnusunisaruuniszinimdaniuvidumdaniunhnazindaniuvidaainawanangs
r?Tfmﬂ'Nm%’@HMNM (Balanced Data) mqgilk1ana84 Random Forest (RF) #nunsnvinlal

dszgnafldsiallly uanaluniss 10

5.2.2. agiluaannguerattatayaliguna (Imbalanced Data)
ﬂ@jmﬁmmmmﬁ’mﬂ@is\imu@@ (Imbalanced Data) ku1a7a94 Random Forest
(RF) 18R Accuracy Aty 92.13 wefidusmMasuiuuwuuaians Logistic Regression (LR)
7 91.20 Wefidfus uuUs1aee Random Forest (RF) l@An Precision AnLlu 89.89 wlafifus
Weuiuwuuanaes Logistic Regression (LR) 71 87.35 1Wlafidus uUUS1a8s Random
Forest (RF) l#A1 Recall Anii 86.58 tafidus e uiuuuua1aed Logistic Regression
(LR)“ﬁ 86.94 1afidus LazuuUaNaa9 Random Forest (RF) l8AN F1-Score Anwlu 88.08

= o o )

wWefidus Weufuuuuanane Logistic Regression (LR) 71 87.14 ilaFifius
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¥ 1 o 1 1 o
AMMANANTTNARNANINUVRHANQNAIDEINNLIN LLLINAD Random Forest (RF)

[ %

H19zANENINEIN ULLIA1AD4 Logistic Regression (LR) Al A1A1Muduen (Accuracy)
2

=

44n41 0.93 wlafidus AMANLNRIY (Precision) §9n31 2.54 ilasidus Annisszan
(Recall) #1n31 0.36 1asfifus uazAads F1 (F1-Score) 49041 0.94 wlafidust Aeriu
o o o [~ [~3 al [~ al 1 1

gmiunisauuniszinniasniuidudaniuiauazinaaniunidgannainaengs
ﬁq@ﬂﬂmmﬂi’ﬂgmiﬂmm (Imbalanced Data) Aq&iLLLA1a89 Random Forest (RF) 18150

i hlszensfldsialdls wansluniss 10

F11999 10 A3 NasuuuanaasuaznFaLmaul sz Annan

. nau F1- Best
HUURNRBY i Accuracy | Precision Recall
[T} Score Parameter
Random Forest max_featur
92.34 92.35 92.34 92.34
(RF) es='log2'
Balanced
Logistic Data
91.19 91.23 91.19 91.19 C=1000
Regression (LR)
Random Forest max_featur
92.13 89.89 86.58 88.08
(RF) es='sqrt'
Imbalanced
Logistic Data
91.20 87.35 86.94 87.14 C=100
Regression (LR)
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(Image Preprocessing) 394Iuaqe AN 189n139UUNNAAN AT UAIN1 70 AR TUADY A
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