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Application of density distribution function in clustering algorithms
TAN Jian-hao, ZHANG Jing, LI Wei-xiong

(Electrical and Information Engineering College, Hunan University, Changsha Hunan 410082, China)

Abstract: Characteristics and disadvantages of traditional density-based clustering algorithms are deeply investigated;
the present research status of density-based clustering algorithms is discussed; an improved clustering algorithm based on
density distribution function is put forward. K nearest neighbor (KNN) is used to measure the density of each point; a local
maximum density point is defined as the center point. By means of local scale, classification is extended from the center
point. For each point there is a procedure to determine whether it is a core point by a radius scale factor. The classification
is extended once again from the core point until the density descends to the given ratio of the density of the center point.
Several algorithm examples are given and the algorithm is experimentally compared with the grid-shared nearest neighbor
(GNN) clustering algorithm, on the clustering accuracy ratio and efficiency. The tests show that the improved algorithm
greatly reduces the sensitivity of density-based clustering algorithms to parameters, improves the clustering effect of the
high-dimensional data sets with uneven density distribution, and enhances the clustering accuracy and efficiency.
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1 5| % (Introduction)

SRS I3 M o Bl 42 i T rh S AR T R
U, R M e U0 IR ALBE L T 378 4
SR ) N . — R H B R ILERIR AR,
FER AT IR I B 2 T . 515 B SRR
TR, A AT R IR B S J R4 it T
— IS . (EAE TR L R R T VA,
(115714 DBSCAN(density based spatial clustering
of applications with noise), OPTICS(ordering points to
identify the clustering structure) IDENCLUE(density-
based clustering). DBSCAN{ % 5 i ik — [ i 1Y
DIRKN 73 Ay %, BATAE S AT MR s R Hads
TR BT BB IR KRR 1 BE ). AHAZ Sk 2 d
R AR 28 501 R i N 2 B, XA LS e o R AR

WA H 391: 2010—02—04; g ki H 9: 2011-02-27.

A, BRI, Ak, TR REVEN S
AR UK, S EAE N A 2 S 80E TR
K J K g5 JO~31 OPTICS & —Ff 1 2 28 7. R (1)
TR T8, FIT P AR R I T TR K
A S5 1), SRS T N—5) S E
o LA T 3 T % B AR 2RI R 145 B T-OPTICS 5
DBSCAN 7£ &6 #4) b A& 250 11, 1250 A R R &
7% )& 55 DBSCAN #f [7]. DENCLUE %8 2K /3 #7 77 2 &
AL T YL O A R AU SRR, R
%Ak S SR R AT R B 1 %, HaE
733 5 L DBSCAN H1 OPTICS #B4k. 1 DBSCAN —
FE, BT 1207 5 SR AT 20 3 8 % 1 2 HOR e 75 13
DR 1y LA 2 BOUE v 1) LT R S0 45 45 OPTICS Al
DENCLUEP 4 £, 3 H — b 8ok (1) 2 1 % % 0 A

ST H - K ARRR Sk B D) I H (60634020); R4 AR 3k 6 B B 26t H (08)13132); Hr I ik A RLI L 55 3% B Dyt H .
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PRIEICIR TR T ik AT K d Al &0 1) JELARRE % 52 DA

R IR B B K A TR e AT DI B A, R

R 2 iy BE A PR 1 S 1 R Ik, RS REY

I 5T 24 A A7~ DLARCIAZ 0 . SEBIIEI], 1%

SHFIE M B B A B PR SRR V.

2 3T R 2R R SR BT 5 B R (Present
research status of density-based clustering al-
gorithms)

2.1 B3I EAMIERESHr J5 L (OPTICS, order-
ing points to identify the clustering structure)

OPTICS & —Fi A3 &Z H. UM R KW 7k, &
B A AN R SR e IR ARE
BT R B 450, S A S TN AN
I SR B AT S B R T A AP

h T A RE TR TR R AR G ey, i i e
DBSCANS VLR [R] I Ab B — 41 PR 25 S 40{H. o~ T [
] ) Sl AN () PR SR S, 1 SRV LU 5 I Ak 3 A 0 %)
BN 0 e B D SRR, FE AR A I
R R AT /NI e fH %55 B v IA I B A% O R AL
WA B 95 S B—+4% 0 BE 1 (core-distance) Al 7] i #H
1% (reachability-distance).

D) D EE. G p O DX B e, T
Rp AL O ZR, WA EZSHL

2) ALIAERE. X GqR T X Sp ] ik iR B A& plt)
0 R 5 p Mgz TR L HL 1R R 39 A BE 2 5K
. WARp AL O E, WA LS

OPTICS Ly B #d 7 # s A b 0t % (1) — AN I,
BN T BE 0 G B A% Lo BE B A — AN Y [ n] ik
JF 25, OPTICS M IXAN A5 B Al R A 1~
2.2 HETE BE S A R B 3R 2K VL (DENCLUE,

density-based clustering)

DENCLUE & 3 1% J& 73 A1 bR U SR 2R B0 1%
VLR BRI T R A AR 1) SEAN B AR
(953 Wi v LU — AN 9% 4 5% ) R £5 (influence func-
tion) (1) 027 PR ECK T XA HUABL 0L, 2) Hifs = [a] (1) 4
A% S8 AT DARSEAS IR A S JIT A7 B30 A 1 53 Wl R 201 A
Ay 3) ] DAIE I A o %5 FE R | R (density attractor) >k
ST, B IR G| p a4 S B BRI KR R s K

X AN I SR B R ek A, v AR R R
AN HI R BE R 2 I I€ L Sk e ORI
HEH s W RG] . — S R — AN R
Sl B WG ), I RAFAE—H Rxo, 21, - -+, Ty
xo = w1y, = o, W1 (0 < i < k)FBE &,
(77 1) L.

t i, m 5] H e g X #% (center-defined clus-
ter) A1 AT & 2 IR 1) % (arbitrary-shape cluster) % 4~ Ak
o a1 RSN T BREET, RG] e
FR) 0 s SRR B — A B R S T AR C R
W, ERN R S ARAL L T MEE TR %2 TR
CHIBES. NN ) — DA AFAE — SRR P,
PR AR AR I A R B ABAS /N 04,

2.3 )L BB B % B R K B L 2 B (Analysis
of several newer density-based clustering algo-
rithms)

1) 2 IE BRI (SNN) L.

BE TIN5 JE S 43 #r 1) N T 75 3K, Levent Ertoz %%
NP T AN i e T L R gl kR S (1) 2R 26
5792, BISNN(shared neatest neighbor clustering algo-
rithm). FL =230 48 2R 2R VA & T 1 A0 % 1 1) e
AR, AER 0T AN [F) 3 0 Hdls SR AT FEZR IR B I E A
HAR.

FLEE T ARSNNAL VA (1) 32 B AR ) T H a4k

PIA BRI RAN BT R A A AR o0 I sl i — A
B, PR X A s F—2K.

2) FET WIS R AR SRR (GNN) L.

GNNZE 2 57 vk 110 F A ST AR o 20 2 =
[ SKI 43 S WA o, B — dEM A 4y, T i
RV LI 21 9 R BT b, B AR A R S R G 4L
GridNumAH W % 576 H i 20 B K {EMax _Grid,
I FH % (A 315 5 55t A RS 18 (i MinPrs. AR 45
5 5 o ) TR DR BT A A Ay e B LG, )

XA B B 0 T R e R AT T e R A Dy e
7R A, AR A P g N 1 AL 5 S B sharedpoints,
T A1 K R R 58 I 13 A MR 1y S0 B G 1 o0y 548
IR AL T IR, HR ARG AT A, X
B AN BUN T MIn () SR A Ay sk 75 H s b B
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CLIQUESR K EIL LR G 15 T8 AL T I %
(ISR TV, e —FhIE 9% B WA IR R 2R 51, en)
A O R v () v e A AR A Rk A
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a) 48— AN ARSI A0 IR RSS2 5 AR,
CLIQUERE S TR i) 1 v (R AR i A5 2% [|] DX 3k, AT
PAFHIR RN 2 SR i AT

b) W AN BT A B AR I A
AN ZHL, WZ 0 2 % 4L 1K, CLIQUENS AHE 1)
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CLIQUE - ZLu 45 L F AP IR:

Step 1 K¢ gl = (W) X 43 HASHHAZ K TT T
BTG, s AR LG LR 5L

Step 2 JHAGIEME SR AL & R 1125 ).

o) VUNRE. TERF G DGR B 1 25 [A) rh S 4 H %%
LRI TT, PR H AHIE I 25 S .

d) WERNRAE S MU R,

CLIQUEX H 550 e 4 e — N K 4E i {x
LRI, WA A TENK — 14852500, K
ATA] — AN AL, A6 K4 5ot AN mT fE
AN, CLIQUEREHS H 2 i iy % FE PR C B 76
-2 i) P i v A A, A b 2 TR P Ok o 5 PR G
SATEREE, e HAT S B S NP AN ST
BB s B R oIS L B RO i B R A
() R e 5 P SR A I VR RN I 2 A A SR RS
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4) LSDH.kL.

F RIS N HE H KP4 i 5 (level set den-
sity, LSD)), T8 ik 43 7 B B 30 A3 Bl 42 1 15
HH 25 5 E s 4 OIS A 5, SR e A 40 e K
PR X 5 5 1) . H S AR WL 21 I A 2, I I ke
TEARER ARG A TR SRR, T
I TRR AL PRI L BEAT WA 23 5. A SR B MME R AEE
WA SR, DL AES K AT, LIZ M oz 0
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FRRFRL, e ADRARR. AN, 52
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3 Bk 9 EE TR R A R B R
(Improved clustering algorithm based on
density distribution function)

BT DA R 1R il 8, A St (R 15 AT R
Hi RIS 5N DK L g g SR ARDO1
B A B0 DR v SE LIRS, P DI L 9] 95 1)
2K R A P A RO R B A R R
HHC PR R AN 5 A 408 PR T X B B 1 A A DX 35
EEA T DL R S AN [R]85 B 1) 2 1) B L9 X 77, O i
A Bt S (ARG R GRS, e B SR XA
(R, 7R B RERE b, HR A2 5 PG I R 2, R AR 4R
B KRR ARG, IEFEIE 2 1) L) B {Eratio, HUEE A
K WratioZK 4, M4 7K~ S 0 o 20ds m i Jg 26
S A LA T e -l

TEX 1 SR E o A R A (610,

95 E H A X Gp Fa, Hoi X p B 5% e oK AL
Density g (p, ). J& W] b, iZ5% Wi ek £ 2 HiMipZ (7]
R 2 R ) MR R L R R K d (p, 7)Y

S SRR R, 4 G R L L A PR B ek . 7 A e
T 1) 5% 1) R S 7 % bR $(square wave function) Fl &
37 b% $1(Gause function). AHN M, & LU F:

: , 0, d(p,i) =0,
Densitygyare (P; i) = {17 T, (D
7d(p,i)2
DenSitYGause (pJ 7’) =e 27 . (2)

5K X Gep b 108 E R B € SCON P A7 St
RRTEE R RN, 25 RN BN B D = (24, 2o,
-y ), AEp IR R BOE XN

k .
Density (p) = > Density’s (p). 3)

=1
5 bR SR vt ST B K, ) PR TR 0 A R
e
ko —dpa)®
Density(p) = Densityn(p) = Y. e 202 , (4)
=1
Horhd(p, 1) A s p PSS Bl 408 2 8] PR B B B 29, 3%
ey SN RN T e R A U PN

EX2 BOA.

DA 55 I3 KA 3l A0 s 22 1AV R PR 2 ) A 4
5E L lratio, Fx 4 XA LEA, 414 - AEradius, 47 LLi%
KL, radius Ay A% R B N SR AT R A EOK
TEET RN € ) B MinPts, i s k%0 . 28
ML R RE.

EX 3 b

D SR 2 R K A% O R 8 SCAHT
JEE B K A% O i3 A 0 slip_corre,

HEEBM Blp_core yHl s HKNNY ™ JE, K
KNN3 BA A1, 4n SR A ide BA 471 v 3 pd g 86 K
Fr R U R R B A a AR, BR b AR B A
¥, J

density(p) > « x density(p_core). 5)

HAZ A A0 1, M Z S 1 K AR R 2K, K 1%
RELRTKNNG A iz 126 A A, 15 I 25 1% s 2K b5, MR
T-ONBUMM R, 2% BT B 20 ot 508 B (1 45 2 1 b
Ralf FEAEAN G R, %I FER PR H 2 SRR 58 k.
4 HIESHI(Algorithm examples)
DENCLUEZ S 45 A 2 £ 1 Uk, S 800
AR Ak T B S B2 A K ) SR S s JLO6AT) ol %
oACE R 2 T B B 3 A R AR T SR SIS S AT A A
X2 JUP U, 2B AT TR R SEE. AN S
HMinPts, k, a, ratiot & W 21 AS R IR, 43 59 %3
BT T 2RK, W 45 R R,
MR LR H, A SO AL R A S0t AT R 29T
BRARR T 2585 B SRR TR S B U
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MinPts=4,k =15,a =0.9,ratio=0.1(%)
MinPts=7,k =20,a =0.9,ratio=0.1(f7)
(@)

MinPts=4,k =15,a =0.9,ratio=0.1(7r)
MinPts=7,k =20,a =0.9,ratio=0.1(47)

(b)

Y2, - 4
Ay erer gy et ")

“Mk‘»«m»«' J "5:‘”‘«,
MinPts=4,k =15,a =0.9,ratio=0.1(/")
MinPts=7,k =20,a =0.8,ratio=0.2(47)

(©
B 1 SRR g R

Fig. 1 Clustering results of the improved algorithm

5 %S HEHEXES
(Contrast and analysis of the improved algo-
rithm and other algorithms)

1) 5 DENCLUEZR U L4 #T.
O EL A LI 3% 5 DENCLUEI) 3R K258, oK

JH g A B0 ) (] — H i AR kAT SR, B A5 IR

E20771R.

MinPts=4, k =12, a =0.9, ratio=0.1
(a) SOHFILRARLR

“b
-
e
‘b
eadnmnno;

14,

- X LA
3
% g5 ~*

MinPts=4, ¢ = 0.015
(b) DENCLUEZR 245 1
Bl 2 Bl 57k SDENCLUBSR K45 2 L
Fig. 2 Comparison of the clustering results of the improved
algorithm and DENCLUE

M E27] BLE i, DENCLUEZE & 30 %5 J& 1) 57 [X
SN ORI AT, T AE R I FEANI AT (2R, 2
S0 &5 A MRS T BRI AS D IR s, AR AN EARL
A SR BT WA A, B SO T IX— A2

2) 5 GNNERISHER 2 SR LL o AT

h T S S S GNNEEAT X HL sk B, 4 T
TN RSB s 4R D, Bl S DA 3K, W
B3R, B3k sl Sk R R R, S E N
k =4, Minpts=7, a =0.9, # =0.1, W& FiR, K%
JEE DR 3BRY 43 B A W AN A%, e 5T 0 A ) 5 5 A1 B DX
SR B o, Do DR B 3 i 2 o Kz [
3T 7R Ay ok Sk S 4 E ok =4, Minpts =7,
a=0.9, 3 =0.15K FIERFKLE R, s =0.15, B, 1k
G5 TN, NE3H AT LLE IR TS IS
Jo AR FEIX R — N5, Bk B LR e W 7%
W T3 B3 2y GNN S 508 8l % 1% 1]
{EMinpts= 4, 2}-1Zeps = 0.05 1 5K 2K 45 L, GNNK;
IR 25 B DX 3401 2 22 AN X3k, SR A o PR A AT R
HEE PR, BT B RO BT 1 X A B AT RSB,
SO E A R URB REAR I R 2R K. [&13(d) W GNNZ $ ik
B A Minpts = 4, eps = 0.03 M [ 28 5 45 3L, GNNH R
HT v P DA 4 SRR I SO SRR A A B Sy
A AN 35 K A I L GNNAT JE U 1R R 2R AR, I B
IRUF M.
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0.0 1 1 1 1
0.0 0.2 04 0.6 0.8 1.0

k=4,Minpts =7, « =0.9, 8 =0.1
(b) HUHFLERIEA R

Minpts =4, eps =0.05

(c) GNNZE 4k

1.0 T T T
09F . :

08 ™ .tmv e,
07F 7% et
06 . oL A L s
(] S
04F -
03F
02
0.1F

0.0 1 1 o I ” :I -
0.0 0.2 04 0.6 0.8 1.0

T
-

Minpts =4, eps =0.03
(d) GNNZEREHHR
Kl 3 et A S GNNO L 6
Fig. 3 Comparative tests of the improved algorithm with GNN

A AL AU 2R VAN, Jow X oh
e o LB A A AL
M = R A AR

SO R H GNNZR R HE I % 2 LU IR iR 1 .
MR TRT T, ek S0 SRR U - LLGNNI 5.

A FHOZ 343 55 43 Aii 1) B340 4 06 ek 5570 5 GNN
HEAT IS 1) e L.

RN A 43 325, MK DR A0 MV AL A [0,
11, ZHE N: K=15, Minpts=7, «=0.2, 3=0.9,
Al FH A S VL SONNSL VL HEAT e, e adk B v A

x 100%. (6)

GNNIFI& AT I 1] W 1475, A P4 R L, 6 Ak 2E /N
Hu b, et AR AN INGNN, (HEAEAR B AL
P BRI, B0 % LEGNN R R0 A iy, Jit PR 50t 3
AEAERLAEY T DR, M5 SO SR AL
EPNVE IR SRS U EVE S

F 1 B H A H5ONNRE f# FZ ik
Table 1 Contrast of the clustering accuracy of the
improved algorithm and GNN

ViRTHES
i
gk s/ %  GNN/%
< 97.9 92.3
A 95.9 93.6
O 94.4 91.3
160 o
Lol - BOkEE
. 120
’é 100
= 80
=
R o
40
20
0 ]

1 2 3 4 5 6 7 8 9
FEAR R/ x10°%)
Kl 4 SOl EVEFIDBSCANZL R 2 Lh ik
Fig. 4 Comparison of the clustering efficiency of the improved
algorithm and GNN

6 458 (Conclusion)
A SCR) DRI L A R i A 1) SR AR g T —
ol e agh P 3 T B O A R B ) R L. H
RO AR A RS R A, B T TR
I3 JE RIS B B 1 AR 1) R ik TR T S A vk
(RRF R R A R MR AT TR v 4 i
B, AT AP SRR F 24 i85 B dse K /e Ny
e s, RO TR YR, H A R A
. A0 5 AEROR BRARIE T %5 i R ELIE 0 220
UM S T e A 2 R AT AN S8 B AR 1) SR 2R AL
R R R UET F AR, R 45 R R WA SCH

RIEARIB R T Bk HAR.
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