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Research on Data Stream Clustering Algorithm Based on

Density Method
ABSTRACT

In the era of rapid development of information technology, large
amounts of data are presented in the form of streams. How to mine and
extract hidden knowledge and structures from continuous and endless
stream data has become one of the current research hotspots. Data stream
clustering mining is one of the important research directions in the field
of data stream mining, and it has received widespread attention. Due to
the uncertainty of data shape, anomalies, noise, and concept drift in the
data stream environment, there are many challenges in data stream
clustering mining research. Therefore, this paper will study dynamic
clustering models based on density clustering ideas to solve the related
problems in data stream clustering mining. The specific work is as
follows:

(1) Existing data stream clustering algorithms are prone to being
affected by factors such as noise and uncertainty in data shape, resulting
in insufficient clustering performance. To address these issues, this paper
proposes a dynamic data stream clustering method based on density peak
clustering, aiming to solve problems such as data shape uncertainty and

noise in data streams and improve clustering performance. This clustering
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method consists of online and offline stages. The online stage can process
continuously arriving data in real-time by designing an uneven decay
strategy for micro-clusters, reducing the impact of historical data on
model clustering, and dynamically weighting the samples according to
their distance from the micro-clusters. The offline stage, based on density
peak clustering, designs a locally adaptive density calculation method
based on nearest neighbors to reduce the "domino effect" in the
assignment phase of the density peak algorithm, i.e., the cumulative error
impact during the sample assignment phase, thereby improving clustering
performance in noisy environments.

(2) Current data stream clustering mining models are susceptible to
being influenced by anomalies and concept drift in the data stream,
leading to low mining quality. To address this issue, this paper proposes
an anomaly detection method for data streams based on density peak
clustering and micro-cluster structures, focusing on the significant
distribution difference between anomalous and normal samples. The
method designs an anomaly detection mechanism within the stream
clustering model to improve clustering quality by detecting anomalies in
the stream and adapting to concept drift environments. The model
includes a micro-cluster learning module and an anomaly detection
module. The learning module maps the data to micro-clusters based on

density clustering principles. The anomaly detection module analyzes the



S SN2 1 e =0 4798

micro-clusters, optimizes the local density definition through an
improved k-nearest neighbor approach, and strengthens the correlation
between samples and nearby samples. An improved density peak
algorithm is used for region division, and a global anomaly scoring
method is proposed. By combining local and global anomaly scores,
anomalies are detected by selecting those with higher anomaly scores,
thus reducing the impact of anomalies on clustering performance and
improving clustering quality.

This paper aims to solve related challenges in the data stream
environment, such as uncertainty in data shape, anomalies, noise, concept
drift, and label missing, through density clustering methods, and proposes
corresponding optimization schemes. A complete stream data clustering
framework is constructed from multiple aspects, and the research on data
stream clustering in dynamic data stream environments with noise and
anomalies holds significant theoretical and practical value.

Zhang Guo yi (Computer Application Technology)
Supervised by Prof. Liu Sanmin, Chen Bin

KEY WORDS: dynamic data streams, data stream clustering,

micro-cluster structures, concept drift; density peaks, anomaly detection
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9. end if

10. else
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15. end if
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FA;
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3. endif
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Table3-1 Purity on artificial datasets

BAEE/ ik RDDPCStream Denstream DBSTREAM Clustream
CSDh1 0.996 0.956 0.944 0.976
CSD2 0.976 0.780 0.960 0.936
CSD3 0.972 0.671 0.943 0.936

#3-2 N THWEEE ER%e A5

Table3-2 Silhouette coefficients on artificial datasets

BARE/JTiE RDDPCStream Denstream DBSTREAM Clustream

CSD1 0.551 0.752 0.359 0.341
CSD2 0.539 0.539 0.414 0.311
CSD3 0.531 0.419 0.315 0.354

G 31, %32 LURHTB IR AT AT, T LA HIZE 6
RDDPCStream J7 3 0704 75 fE /A1 e A 75 DU R TR S v 25



LRI R 2 Bl s

ToUEFE TS UL T, Denstream J7iA7E N LA RS LI R MERER I iR
M, EEER A2 B R, SRR R T, R X B
ffUs%; DBSTREAM 75576 N L& U 46 B R BRI BT e /), (HEREME
REAR T RDDPCStream J7VAMS AN E , o H R 7E M6 3 52 2% B0 S R 5
Clustream J7VETE N L& B 4 BT 5 RE JJUHR T Denstream J7i%, {HTE
RHPERE E ARG RDDPCStream J7i%, 3RIZ 7 I E A H R e 75 155 T 1 g
JIAFTRR; fHEEZ T, RDDPCStream J5i:7E N TA RS EAURILH =
FRI TR, FLE SRR DRI . 48 BATIR, W DLESEA S H K
RDDPCStream J7VA7E N LA SAHE 4 L 10G RCERIR B .
3.3.3 ELHIEEX LRI

RDDPCStream J5¥EMIN} EL 7 ¥:4E Covtype 251K 45 b SNy 4l i 18 e
REE, Wk 3-6. & 3-7 FE 3-8 Fins

- W
0.8
0.7
0.6 —o— RDDPCStream
27 —=— DBSTREAM
= 05 —e— Denstream
’ —¥— Clustream
0.4 4
0.3
o2 WN_M
0.1 T T T T T T T T

© ks > 2 P 34 5 »
the number of stream

(a)Covtype 2%

35



silhouette score

0.4
0.3
0.2
I
0.1
0.0 A
—e— RDDPCStream
—s=— DBSTREAM
—0.14 —e— Denstream
—+— Clustream
N ) O %o N B oD RS
the number of stream
(b)Covtype # B R%
K]3-6 Covtype b 4115+ B RN %L B AR H00T LL
Fig.3-6 Comparison of purity and Silhouette coefficients on the Covtype
1.0
0.8 /\
064 —* RDDPCStream
.. 0.
2 —s— DBSTREAM
3 —e— Denstream

—s— Clustream

0.4 L/—/\H_,\/

0.2 A

N o g X oy
the number of stream

0_
R
%o

(a)Covtype-N1 4% &

36



silhouette score

0.4 4
0.3 A
0.2 A\
I
0.1 A
0.0 1
—e— RDDPCStream
_0.1{ —— DBSTREAM
—e— Denstream
—»— Clustream
& ° = ~? P 4 X 3
the number of stream
(b)Covtype-N1 %58 Z 4L
K3-7 Covtype-N1_I 4l i 5 S JBE R 00T b &
Fig.3-7 Comparison of purity and Silhouette coefficients on the Covtype-N1
0.8 1
0.7 A
0.6 - l
—o— RDDPCStream
2 .51 —=— DBSTREAM
2 —e— Denstream
—¥— Clustream
0.4 1
0.3 1
i \-\/\/'_\/\‘\/\N'\JM
0.1

© “ N N D » P oy

the number of stream

(a)Covtype-N2 2lii5 &

37



LRI R 2 Bl s

0.4 A
0.3 1
g
g 0.2
Q)I
v}
()
-
g 0.1 -
@
0.0 —— RDDPCStream
—s— DBSTREAM
—e— Denstream
—0.11 —— Clustream
° ° D ~? » g X 3
the number of stream
(b)Covtype-N2 5258 A%

K13-8 Covtype-N2 Mg 75 2li v FEE A R 2 4500) L
Fig.3-8 Comparison of purity and Silhouette coefficients on the Covtype-N2

R 3-6. & 3-7. B 3-8 ISR, FTH JTIELE Covtype RV L I
fy i P AN B0 R B0 RIS FIFLBE (Y R B, {H RDDPCStream /5% 1) T B
/N E P

FELMEE MG, WK 3-8 Pron, &I7ikMEREZE R W% . Denstream J7 7%
FIIENRAE, A5 AR R B, BRI R AR FR RS, (HIBZAACT 035,
YT I E TOME 75 26 A T SRR % . DBSTREAM J5 VAR ILH BRI M
RSN, 4l KM R T 0.6, FEEE RECESNERE K, SoR ke
HSHRSE FIARRGE Y . Clustream J7iARISE B Fabr i K T 0.5, HACE &R
HAAULT 0.4 BRI BT S M, RINZIEELIRE FIRBBRAR
/Eo FHEEZ ™ RDDPCStream J7 V2RI AL ISR RNVERE, 4l TR PRI 2440 E
£ 0.8 LA F HACES RECB AR I/, RUNZITEAAE T AT BoA B 1
et

£ Covtype-N1 HHlE4EA Covtype-N2 $dli4E, Wl 3-7 A 3-8 Fion, BTl
TR INEREAE Covtype B4k (3ERE 145 %2 B FFEZ ISLI . Denstream
TVEAEME AT N 4G M T 0.2, (HiZ LRI B R BRENS A2 E (R FF1E

38



LRI R 2 Bl s

0.35 L E, X—FRILT Clustream Al DBSTREAM 7732, Clustream 775 {E
Covtype-N1 Hu £ i 55 — A B 4y BE R 0.9, (HBEE B E RN, VERER
JEI R %, 5 9 T BRI 20 FE KT 0.6, 78 Covtype-N2 £ #5 4 I, Clustream
JREM AR R EREE — AR 0.5 4, HAREIRAICT 0.5, HEERE
A, RAVEIKT 0.1. EHAERKZ, RDDPCStream 77 V5 1EM: 8 HE 4 1Y
R, HEURIGEBIEEA TN, H T R B/ B AR E . £ Covtype-N1
F1 Covtype-N2 i#fi4E I, RDDPCStream /512 At PRI i A 20 1 B AR g O #e BT
REG R OUBR B RV FI IR RE

% 3-3. K 3-4 45 RDDPCStream J7 32 H%} L 7772:4E Covtypes Covtype-N1
F Covtype-N2 HHE AR b 1F~F 35 41 14 FE AN-F 3550 50 R 4L

#3-3  Covtype RYIEIRE b 1465 5
Table3-3 Purity on the Covtype family dataset

BB/ hik RDDPCStream Denstream DBSTREAM Clustream
Covtype 0.937 0.152 0.506 0.339

Covtype-N1 0.927 0.123 0.536 0.439

Covtype-N2 0.789 0.146 0.475 0.343
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Table3-4 Silhouette coefficients on the Covtype family dataset

BIRE/TTE RDDPCStream Denstream DBSTREAM Clustream
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Fig.4-8 Real-time Line Chart of Precision, Recall, and '/ Score for Four Algorithms on the
Shuttle Dataset
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