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Abstract: Classification is a research hotspot in the field of machine learning. Most classic classifiers assume that the
distribution of dataset is generally balanced, while the data set in reality often has a problem of class imbalance. Namely,
the number of data belonging to the normal/majority category and the amount of anomaly/minority data vary greatly. If
the data is not processed, the classifier will ignore the minority and be biased towards the majority, which deteriorates
the classification results. Focusing on the problem of data imbalance, this paper proposes a spectral clustering-fused
comprehensive sampling algorithm (SCF-ADASYN). First, the spectral clustering method is employed to analyze the
distribution information of the minority-type samples in the imbalanced dataset, and the samples of minority class are
oversampled to obtain a relatively balanced dataset, used for the classification model training. A large number of experi-
ments have been carried out on multiple unbalanced datasets. The results show that the SCF-ADASYN can effectively
improve the imbalance on the data set, and the classification accuracies of the testing classifiers on the unbalanced data
set can be significantly improved.

Keywords: adaptive synthetic sampling approach (ADASYN); imbalanced data set; spectral clustering; oversampling;
pattern classification; data distribution; biased classifier; data pre-processing
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Fig.1 General process of spectral clustering
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Table 1 List information of imbalanced datasets

IR

Rtk AR JEtE e ZHeE R
Blood 671 4 219 452 04845
Pima 768 8 268 500 0.5350
Abalone 4177 8 42 689 0.0610
Haberman 306 3 81 225 03956
Yeast 1484 8 37 707 0.0523
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Table 3 Experimental results of validation experiments

F-measure =

Vi~ )2 i AUC FIH G-mean
SCF-ADASYN 0.8005 0.7821 0.8004
ADASYN 07817 0.7613  0.7808
RF

SMOTE 07881 0.7412 0.7743
AAbF 0.7060 0.7254  0.726 5
SCF-ADASYN  0.7446 0.7762  0.739 3
ADASYN 0.7481 0.7609 0.7470

KNN
SMOTE 07231 07123 07763
AAbF 0.7054 06951 0.7155
SCF-ADASYN 09181 0.8283  0.8252
ADASYN 0.7793 0.7860 0.778 8

SVM
SMOTE 0.7956 0.7753 0.7414
A 0.7052  0.6686 0.6565
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G-mean DL & F-measure {EAH# T4& 7 ADASYN
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B SCF-ADASYN #.i% 4 Hb F ADASYN B35 X} 73
ey A=

2) X LR S

2% 4 5 SMOTE %, ADASYN B LI &
SCF-ADASYN B ¥E7E 5 A8 4 5 B A [R) 43
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Table4 F-measure of three comparative sampling methods

HusE Jrik SVM RF KNN

SMOTE 0.7322 0.6986 0.7354

Blood ADASYN 0.6776 0.6754 0.7287
SCF-ADASYN 0.7008 0.7391 0.7345

SMOTE 0.8493 0.7540 0.8075

Pima ADASYN 0.786 0 0.7613 0.760 9
SCF-ADASYN 0.8181 0.7821 0.776 2

SMOTE 03915 03856 03971

Abalone ADASYN 04025 03946 03715
SCF-ADASYN 04121 0.4065 0.4042

SMOTE 0.7619 0.7333 0.6913

Haberman ADASYN 0.6666 0.7191 0.702 1
SCF-ADASYN 0.6966 0.7333 0.690 4

SMOTE 0.8012 0.8035 0.7923

Yeast ADASYN 0.7963 0.8011 0.7352
SCF-ADASYN 0.8062 0.8124 0.8215

F-measure 1F 4 4 [0l 2R ME W5 45,
FHIF A ZHOCRFEA A ERT, HEUE A &, Ui
TE 53 2 # h xf T D B A ) 43 25 68 ) 15 3]
P

MR 4 AT LLE Y, X SVM., RF DL & KNN
XF 5 A HHE FE AT R0 4324, SCF-ADASYN 9 F-
measure [HE A S T ADASYN B &, Hi 7
blood #4i 4 |, i Fl RF 15 M3 25 85 1 4> 2 1k Bk
F8 b1 F-measure £ 5 1 9.43%, X Ui I £ A SC )5
W5, fE D BEEWN KA 20 T ADA-
SYN % . 1F Blood. Haberman UL & Yeast X%
£ b, ASCH M F-measure {5275 T W2 L

B, XOEH T RBEEARER D AR
PR 5 45 1 RSO AT, BB 5 47 b 4 1k
DB AR Z B W RRE & M, AR X R LR
T A5 B 0 22 i B8 00 R D B AR 19 43 SRS
L=

# 5 5 SMOTE &3k . ADASYN Bk DL &
SCF-ADASYN 5 ¥E7E 5 Bl 4 5B A ) 43
K481 G-mean {H .

x5 3IMREFEEARARD LR FH G-mean

Table 5 G-mean of three comparative sampling methods

VeI itk SVM RF KNN
SMOTE 0.6933 0.7000 0.740 9
Blood ADASYN 0.6608 0.6776 0.7032
SCF-ADASYN  0.6958 0.7388 0.7413
SMOTE 0.8310 07695 0.7929
Pima ADASYN 0.7788 0.7808 0.7470
SCF-ADASYN  0.8152 0.8004 0.7393
SMOTE 0.6212 0.6054 0.6232
Abalone ADASYN 0.6323 06332 0.6474
SCF-ADASYN  0.6432 0.6265 0.6513
SMOTE 07113 07362 0.7159
Haberman  ADASYN 06761 0.7277 0.7013
SCF-ADASYN  0.7059 0.7438 0.7127
SMOTE 07021 07123  0.6954
Yeast ADASYN 0.7164 07033 0.7145
SCF-ADASYN  0.7232 0.7263 0.7232

G-mean K 22 JUSSFE AR 43 24 SR AN /D 051
FEA A BRI AT J7 MR, G-mean $E T+ B KA DI
B T, PR AR S AR 1 4 2SR RE B R
fhir i

W 5 i, 48 SCF-ADASYN B L4 B,
3R G-mean A AR R EE W4 . o, 7
Abalone £4E 4 I, 402 R A RF 1B A AU 43 2%
B, BT AR SRR A9 SCE-ADASYN JE4T AN 44 ffif
BOPE 45 A R OB 70 2K %) G-mean EH R
ADASYN 54 3.2%, H SMOTE #9755 1.9%.
XS LG R R, AL L5 SMOTE LA & ADA-
SYN Bk A H, 43 R A R 2 55, REWS
PR AR 20 I 3 SR B, B R I M

#* 6 5 SMOTE 35 . ADASYN 5% DL &
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Table 6 AUC of three sampling methods

V6 S Jitk KNN RF SVM
SCF-ADASYN  0.5364 0.5314 0.5314
Abalone ADASYN 05036 05146 05213
SMOTE 05164 05214 05124
SCF-ADASYN  0.8014 0.8123 0.8014
Yeast ADASYN 07545 0.7956 0.7914
SMOTE 0.7882 0.7923 0.7852
SCF-ADASYN  0.7340 0.7394 0.699 8
Blood ADASYN  0.7094 0.6786 0.6736
SMOTE 0.7414 07031 0.6976
SCF-ADASYN  0.7225 0.7437 0.707 5
Haberman ~ ADASYN 07048 0.7278 0.6809
SMOTE 07191 07391 0.7135
SCF-ADASYN  0.7446 0.8005 0.8154
Pima ADASYN 07481 0.7817 0.7793
SMOTE 0.7988 0.7695 0.8322

% 6 i LIE H, i H] SVM, RF LA K KNN
X5 AEAR R FEAT A28, ARSI AUC fHEEA
BT SMOTE . 4: Hl ADASYN &3, P24 3¢
TR AL S , BRI TN 4 A A 1 oy SR A
BARTE

RS R, A SCHR Y SCF-ADA-
SYN J ik B, 4% 43 S a7 & AN S A g i 45 -
B o 2 M e 4 T, R W SCF-ADASYN J7
T B AT R0 A BRSNS Yo A 11 ] R

4 #HHKiE

B AN S MK P D B REAS ME LL 23 S 1 ]
A, ARSCIR T — Ml 35 R IR A IS NLEE AR
FETT I o 207 WA T SRR D B R A By
AR B o AR, A RORBUD BB AR 1 2=
6] S5 44, 78 FRAT /D BOEAEAS 23 (8] 45 44 1) FE A I
FE LU ARAT 1 SRR O B AL, R D B AR AT
T8 D37 L, DA S AR DR Ol 4 1) AN 3 1 TR
EAE AR Ok SR A R AR A, AN Y Rl SR A 4
ARSCEAE PR, FEAL 5800 et LA B I »
BRI o AR SO E LG 75 R I AE AL BEAE
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BH BRI OR T R, (B BEAE KA Bt 4
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