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Density value approximation for subtractive clustering
based on Nystrom method

Sun Zhihai, Kong Wanzeng
College of Computer Science, Hangzhou Dianzi University, Hangzhou 310018, China

Abstract: Subtractive clustering based methods have been well known for data clustering problems. However, due to the
computational demands of these approaches, clustering for large scale datasets, such as spatio-temporal data and images,
have been slow to appear. A novel subtractive clustering method based on Nystrom approximation is proposed. The pro-
posed method is based on the famous Nystrom method. Combined with the density value computation characteristics for each
sample of the classical subtractive clustering method, we apply Nystrom theory to approximate the density value for each da-
ta point which has not been sampled. Finally, we complete the whole clustering procedure using classical subtractive cluste-
ring method in modifying the density values in each circulation. The proposed method substantially reduces the computa-
tional requirements of subtractive clustering based algorithms, making it feasible to use subtractive clustering to large scale
subtractive clustering problems. Density value of samples could be approximated quickly using only a small number of sam-
ples. The experiment results on artificial datasets, color images, and UCI machine learning repository show efficiency in
comparing with classical subtractive clustering method.

Key words: subtractive clustering; Nystrom; density value approximation; time complexity
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Fig. 2 The density weighted matrix using

proposed subtractive clustering method
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Fig. 3 The density weighted segmentation matrix of samples
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Fig. 4 Majority density weighted value approximation

using few density weighted value
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Fig. 5 Density weighted matrix comparison between proposed

method and classical subtractive clustering method
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Fig. 6 Density value distribution of proposed method

and classical subtractive clustering method
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Fig. 7 Density value decaying procedure of samples

using proposed subtractive clustering method
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Fig. 8 Clustering result using proposed method
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Fig. 9  Subtractive clustering experiments for colour images

21 M2 554 BT Hestain 1 Fabric X W
IR SH, IR It SR % A L&,
ASFIERIE O 5 A s = BASCR RS
SRR AR B R R b . 7ERE
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%1 Hestain B{GEESH
Table 1 The parameters using subtractive clustering

and proposed methods for Hestain

Tk A A S HERT /s
. (168,81) 6 816.2
Wk (418,84) 2359.6 19. 587
X K

s (153,92) 1685.6

(168,81) 6816.2
AR3L

418,84 2359.7 0. 107
ik (418,84)

(153,92) 1685.4

GRS I RPERE N LE S, 183.06

%2 Fabric BREESH
Table 2 The parameters using subtractive clustering

and proposed methods for Fabric

Tk E-E NN A FHIRERT /s
(139,146)  14263.0
(148,159)  7054.7
et (137,134)  4284.1
i 523.309
g (195,157) 30140
(111,142)  2881.0
(176,112)  2174.0
(139,146)  14262.0
(148,159)  7054.8
i (137,134)  4284.1 s
Sk (195,157)  3034.8
(111,142)  2858.9
(176,112)  2163.7
SRR I A TR BRI L S, 252.56

3.3 UCIHiR&ERESRE

Ry ik — 20 PEA AR SCRR B I M RE , B B X
AN F AR AR Az A PR RE . e UCT BL AR 2 >
B % (http : //archive. ics. uci. edu/ml/) #5304
[Fi) A 50 A8 K010 K B X vk EAT IR IE, 3K 3
T TR A R R RS R S EE
WA AFE BUCEC S, 45 11 T R HE R ST 1
BATIF] AN (R BCHE 4R 10 S 4008 8 L RS HER R
KAPEFERT (H A 10 WP MH) tnk 4 s,
FR 4 1 I ] PR R S 80T DL R I, X T REAEOR
Z B 5, AR SOk B S AR N B AR 5 28 Lyl vk
R —FE  RBUA B E , SRT, Bl A B

#3 LIERETE UCI HiiEESHE
Table 3 Characteristics of the UCI

dataset used for experiment

il sk B i A H—1k
Iris 3 4 150 %
Wine 3 13 178 p o
X8D5K 5 8 1000 %5
Normal7 7 2 7000 b3
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Table 4 Experiment result comparison of the UCI dataset

Vikrs S5 Iris Wine X8D5K  Normal7
Al

i A3 ., 0.6 1.1 0.46 0.4

W MERR/% 89.33  70.22  97.4 99. 69

Rk

7 FERT/s 0.0239 0.0256 0.1604 3.1235
ST 0.6 1.0 0. 46 0.4

Ay REEEL 14 17 10 70

B e/ 89.33 0 70.22 97.4 99. 69
FERT/ s 0.0236 0.0250 0.0255 0.0801
s He 1.013° 1.024 6.290  38.995

SRR I A, R Sl RS A9 e P e o A X
TESRIUERN A L, th T PR 7 R B kA i 2R 26
b — 0, Wt SR B0 — 2 0 26, k-3 (A 1)
k IBUEAR TR, 76 28 O R E WA R A TS B0 T, k-
PHE AR 215 B R R A MERR R

4 #& it

LT Nystrom 38 T BRIE , 454 25 s s vk B 25k
AR AR VT 0 R A, T5 0 WK Nystrom 38 35 H
I TR SRR AR 22 1) 9% B AP 4 o 1 a8 3, 412
W T R R T A — 5 T Nystrom %5 {H
VT ISR S . A Nystrom &8 37 B8 % AR A
PEAR 22 [0 (18 2880 o AN R P 00 A7 388 30, DA T R U R
FEREAS 2 B (A R Ol SE IR 25 SRR W, A X A S
FHMREABG AN SC 30 240, 5 4 B RS L, A
SCRRAEAFE M R EE T BT LT, X5 KRR
A Can BUS AR ) |, A SCH Ik w] DAJEOR 1y B[] &2
BB O(N*) R O(nd’N) |, LI 08 RIS 51
i

AT RN D B F AR IR AR ST i
JER KT AR IR AR S 38 I R R AT A 15 )
ARG M g Dol RS TNz & SR RZ I,
] [ 35 N7 G SR 2 O Bt S (A 9 4 )
1A Nystrom Xl 2 58 B R A 9% (A E 1730, B
SR I A6 T I 06 RE A7 AE TR VR 22, TR B, SRAE [ B Xt 3

AT 22 A 52 0 18, 7] L[] B % & . Zhang 25 A %
Nystrom 75 3% 2 BT 1 70, 25 1 T aE ST iR
LT IT . [RIRE, Nystrom Xof Joli v 58 28 (4 3 3t 43
Prok Rt — SR IN A
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