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Abstract; As a technology of data processing, clustering algorithm develops rapidly and is widely used in various fields. Clustering by

fast search and find of density peaks (DPC) is a density—based clustering method that can perform image segmentation through efficient

sample allocation. However, the clustering result of the DPC algorithm depends on the selection of the parameter cutoff distance d, . For

this reason,a DPC algorithm based on information entropy is proposed to realize the adaptive selection of d, .

The size of information re-

flected by information entropy is negatively related to the probability of random events. The greater the probability of random events , the

less information provided. Therefore, the information entropy can reflect the uncertainty of the event, so the d, that minimizes the

information entropy can be used as the optimal parameter of the DPC algorithm. In addition,the number of clusters K of the clustering al-

gorithm is generally difficult to determine, and the cluster center in the DPC algorithm is usually composed of local density maximum

points. The improved algorithm adaptively determines the selection threshold of K according to the degree of cohesion of each area of the

digital image. In order to efficiently apply the DPC algorithm to image segmentation, the improved algorithm solves the problem of large

time complexity of the DPC algorithm by means of block and merge. After experimental comparison,the improved algorithm has a more

accurate clustering effect. In terms of image segmentation, it can more accurately extract the edge of image segmentation and is more con-

sistent with GroundTruth.

Key words: density peak clustering ;image segmentation ; cluster merging ; block processing ; adaptive cutoff distance

0 51 F

BTy —FhIE W 1 432507 2, e RS T oA
S B G 0 431 A R O A B A 4 R B
SHTCZS 2 R F 24 S, Wuﬁﬁnmw %&
o VRS WAL RIS RE BRE K

75 HH#A.2021-05-11 &8 BH#8:2021-09-13
E&TH . HEALRRAEL T W H (61976176)

VR AR SR ST T A% A SRR A5 Kmmm%%%
oz i H BACSRAERY I 70 2K T 70 240 2 R 2R B
%%ﬁ%ﬁﬁﬁ%ﬁﬁﬁ%%ﬁﬁﬁﬁﬁﬁ%@%
FIFAERRIE 3 S B0 i T e B Rl 43 FCM K3
EAME R BRIGE MR Z — | 5 B A 5 A R

EERB N K11 (1996-) , &, WA RIS J5 1) 0 EUHGAL B s T 2508 | 1 | 802, RS 5 1 D B 2 2 A PR o ) i



.48 - HEPLH AR &R

532 4%

TR R SR R AR, 1T ] — £ i o AT (W) B e
BEARR ML P DBSCAN 1% 76 BR | Eps 4Bk
Kedie /N 1, MinPts T 3 i g 87 T 9% B ATk A B B
% P ] IR —EHLHRE B AT VA2 (RAR ME & 30
AR b 2E S A

2014 4F Alex Rodriguez & %% T { Science) |- ff) %%
JEWEE R (DPC) B3k Hod o AR A T X R 2
Lo Z0 ] Z A R S v [R] B B AR A
— BB A BB R RIS v O % B AR/ B B e
UL TR A R 0 B R Y e Y BE B OR
ZSCHE AT DPC Bk B USRS B BT iR 2 <, F17 A
38 N S, IR R DPC 8k i T RIS 55

1 ZEEEEREEE
DPC BVETE S n D EUE SO B S vhoE LT 4%
Mi(i=1,2,,n) WRHERE p, MRHERS, . /&
TR p, TTHHEAXWT
pi= 2x(d; —d,) (1)
j 1, d, <d
x(d; -d,)= o (2)
0, d,=d,
o, d, A RS SR AU 5 d, e By, AR 5T
FFEFHL AR AR, IR AR & B
JRy S B Ry d, A 3N JIE e AN B R e
d, WL RS T2 B0 2 n AR RLRE , (e R T HE S
55 MBS AR d |, c AN
c=[NxP+0.5] (3)
Ao, N OEEE SR ARLE S8 PO EITIE S d, 1Y
BUEBIE, b, W R d 555 MM R 5 B
B P, SBAESI )RR R 6, ZIm T 4 50 S 5%
JEE R A R R S AR AT

min(d;), p; < max(p)
51 = Jiwe X (4)
max,(d;) , else

bSR3 R e R R R R e, R
BRI 5 AR TR AR LR R R AT 5 AL
3 1A Sy P P ) DA 2% i A R A RURE 4 e
ME, THRFEE O B R E vy, -

v =/(8,.p;) (5)

R BUAE y, R TR I p, AR R
8, BUPR%, SCHR[4 DRFRT K DR HESI G oy, X R
LCTIR (5] =~ A

2 HBHIEN#HMEES 4 1 DPC EiX

DPC SEkAEIH SR M p, i RS T & 348
77 2 BB R, 1 o, SIS A R
Sy % 5 )R B T L, B B TN H A E G

P, PHRGIIE N 1% ~2% , DPC By OTE T it
BB S 0 R p, AUREREE R o, , IH 5 2%
£ p, FJRFBEE 5 6, 1) JRy AR AE ATV Ry Jm S WA {E vt , e
SRS, HrP RIS 8, AR T R
B p, TR BE p, ATHER SR T 4R IBTBE 25 4, , A
I d, 3 ORISR 5 et Ry
FEES

SR AN [ (8 B8 P 3 i B B AR — B, BSR4
B (H e UMW I B d, B S EESRIAZE, BE P it
R FHERWHEE 4, BUH K, A5 KA AN E T/ —
FREISIG AT BUE P /N A S BORBIE 2 d,
WH N B AR T8 — R R R s A
WS R EE T M P AT IR 25 o, JF NP4 Hos i
TIRTREE p, BRI EEE
2.1 EFR/NMUERHEHEBESJ,

DPC 53k e S Jry 8 % B p, M1 T A T B 2
d, A BB s R ARBLEE d, o SEBRvh s 4 1E R 1)
YERE Ao B T AN TE— B S L RIiZC
HORE SCEAE SR AR LR o, o THER U R X 5
d 45T R ZE A,

A, =max(I,) - min(/,) (6)

W R L x, R o, (B AIARMLEE o 58 SOR
)y <A—jT>

d=1

d"f = D l (n - (7)
Liya Ja N2
(; AT) (/Zl AT)
K, D IR, THECYETEE S~ 1Y 4, AP
AU YA pd,,

1
d . =— d
pd, N_,-,z,,,s;?,,,slzk »
N, = ZX(d,y—dc) (8)
J
1, d;, <d,
X(dlj - d() =
0, d,=d

A, p g R 2SR S x, B d, AR TS B
N, R d, SRS T B s SR B, B AR
Ao A 5L T RORE 2 i A5 SR %
P; fE_'S(j‘?
" | (dymnd, )

p; = Ze'zwﬁdciiﬂ, je {j\di]_ <df (9)

AR P e 5 8 B B T B A x, B d, AR P
BB S R S B, A R — 28 2 P i B a5 A
OURRE R T % A5 A R B N

P N
P(x) =", Z= > p, (10)
i=1

XF =& 0 ANBEHVLE x, x, 00, RS,




55 Y R PP T ok 2 P WA SR IS T 1 R MG 4 - 49 .
HAF B EZER LT Mk DPC BE MG E A T
- F7R o
H(X) ==Y P(x)log(P(x, 11
(X) == 2 PCx)log(P(x)) (D) Bk 1T RS
NPT (10) 152 BHE AT B . HACER T
S P, p; B UG IEAT o B Ab B HE3 1 M x N B,
HX) ==Y Zlog(=h 12 ’
(X) Z VA og( Z ) (12) Whilei < f RKIERIKE M x N

A b AT e R 0 B AR R R e — AR =
BBTEE S d, o BEPLSE 1R & A A 3 B R SR AL i 75 8
D> AR SRR A B AN E T P A R — e
AR AR, 5 B RN R B R oA e

SRS B i /NI d, (EAE TR 2 o,
i Fe R HUE , B

d, = arg minH(X) (13)
2.2 ET¥i# DPCEEZEEGSE EHMA

1€ DPC Sk, 25 Jmy R % B p, 1Ry S I 2 6,
R, VUL I ) RSCHE A, B T BB BN 2K L . DPC
R A (S) B R PHES R HT K Ay, BIEx L 5
P VR AR bl XA O A BT EATY AR N ik
oo N T HIE N R R AR L B R
O REH Ay, A

Y = E(p) X E(5) (14)
K, E(p) FE(S) 43 Rt £ i Jr) & 2 B2 4 {8 A
Jry BB B A . A Y EROE A O S G R
SRR B p, FUREREE B 6, I K F AR E s 5.
WG A (14) B SAE NI R FESE L

T BAE S p, RS, BIFFL, IFICAE y, .

Y =p; X9, (15)

TERE R Z S5, REA0) b 0 TR ) 2 288 v R A7 TR
JETR Ve B A e MRS C .

C=ticly, >v,.,0% >d. e e X} (16)

R, d, AE R — R A BB AR B Y/
FREERPOZMER, Fi, &%y, KTEEYy,,
H 8, KT d, BXI R sifERFRE G,

i T DPC J i 2 A 8 ds s 2 [ A BE 2 , LA
TS A 2 8] A A AR BB, PTG % T — R T
TR SR R A AT R VA TR 2R S AR
R, FfEDE DPC SRS TE b 3 AL KA 48 I A A
X — [, R IR T 43 B ik B G 5 s 1 X, ¥ —
PRI 53 1 M ox N A B, S A — Bk ok £ A kit 1
B RV R AT 0 H) W B — R R SR A
BiE, B8RO (et k) L R
2 b AR P e 1 % P W (R SRS R M x N
Y B ARSI AT TR IR R
ANBHE R kARG B R 20 kSRR
b, SR EREZER B A TFENRE DL,
S5 S5 W T A B 4 REOREARLEE SR AT U 2 A5 B B 4 1Y 4y

Run 55— A FHBCERY DPC 3k

PR Z SR E . X,Y,R,G,B , LBP (433} o B ARE X |
Y ,BEFER | G . B ,LBP 8UHFHIF) ;

IR (7) G S AR d

FAAZ(13) HEHEEIES d, ;

A (9) A (4) AT E RS p, JTH R
(16) R L

i P AT AR AR TR A

148 TR — MR R T A

i M ATHR ARSI

End

End

TR IR DPC Bk B — R P E T IR — 25
KA T AT

i IR RIS R

3 XWERSQH
3.1 XIWIFE

XiF 2R B UGB B A R SCh Bk A T 43
E IS 5 K-means . FCM . DPC 2. 5= F1 3CHk
(5] HA SR AT T L, 50 IF S0 B3 1 LA R 1 4
EKE BE |, SZORE 4} i5-6500 CPU @ 3.20 GHz,RAM
4.00 GB,64 (i#/E &R 58, SR A 4 Matlab R2016b
3.2 BEGHENEMISR
3.2.1 #EFE 24535 (PRI)

WG & N MEE S, A GroundTruth ,
AR AR LRI S, o 4 S, Wi
BEE S, T ABRAAMERER Bz
YEA, S RA IR N p, o PRIFEBRIUE L N
[0, 1] BB MR TE B Bl . PRI 845 FLA T
N EWoR

PRI(S,,.5,) =3 [Ap, + (1 =A,) (1 - p,)]

3
(17)
3.2.2 EHRAZEEZIHH(VOID)

T EIS5 R S, Al GroundTruth K4 S, 17 B
ZH I A AR B R RS AR Vol
FEPRME . AR B R AR AR 15 I8 i, VOI /N3
BkS BE R S H 35 GroundTruth, VOI 4§40 ELi& it
GYE Wk



.+ 50 - HEPLH AR &R

532 4%

VOI(S,,S,.,) =H(S,) +H(S,,) -2H(S,,S..)
(18)

3.2.3 R %#li% £ (USE)

JIRTRT B R G ) A Wi E b R M ) o 2109
S R R SRR E A ETR R A SAAR T R
YL X 3, USE 48 b A5 15 &5t (815 1) o B RS
BE TS N MR R AT R, A ARk
TR IFILIR S, 5 S, 20 nb Hl b ASAHZE
1 XS Y -

IS

test

test

A, B &4 R EML S GroundTruth 4 4 &
MR R AR R/ME . H5 A (21) WA, USE
ISR FE IR
3.3 GRS
3.3.1 ZgEBEREMR

(1) 4 Bdn4E

PEH 6 AN [ R L AT 92 3 o0, 3R 1 2Rt T
B B 0 R A BORN LS A 1 O R A R AR
I3

1 FEHKEEEE

b
'S, = .ngi,Bil N B, # O H i, # iz}
(19) e/ S AL g8 FLSR M
" Aggregation 788 2 7
{Sg ! Sg = I.g]B?’B; N B; #* @E- I # iz% (20) Data 1 000 2 2
A, B A BE 5300 0 43 B 455 GroundTruth 1% i Flame 240 2 2
ASFER jANEZS K, Ho 4 A XA & 1R 2 05 %k Jain 373 2 2
9 npB™ M npB¢ . W USE #8455 0578 « Spiral 312 2 3
1, v RIS 600 2 15
USE = [ 2, Y, ImpB-N)] (21)
i=1  npB*inpBiNnpBY > B
i + +
e
e’ ol
R iy T o
62 it +++++++++I L 023
0903  *tHEE T, op3Bo
00080 o A 0098
S0% 0 ott_ ++ Sodo
Ogooooooo Oo Og%goo
° oooogo%ooo%goOg)gc? 03°
A
00 %%0%00
© 8% 0
(c)Flame
A -
.-‘#f:__
:'.%.
(d)Jain (e)Spiral (HR15

Bl REBEESH

(2) ZHEBHR RO .

SRS UE B SR A Rk, 43 S DPC B3 A
OISR TS0 X S B B 2 o, /2 B —
51y DPC ik 45 25 — 3 Jy el itk i DPC B k45
Hors DPC 553k v i 8 I 5 A P 381 R 0. 01,
T B HIBAR IR — 30 SOlh 5k n AT I
d, Y] IE U R A RS SR R —
WREE AT AR T 55 DU 4L BE 4 Jain DAAL, otk 895 1 R
KRG FE A E M4

R T 0 B R SO B 0 R] SR 5 PR B
(ACC) F B (FM) 12278 R 40 (RT) = AN 3L 45
PRXS SR A AT AT, AR PR E AR, TRIAL

Rblhr, K2 45T 6 MEUEELE DPC Sk FISCh
SO BUHRBR R, 55 BRI R O B A
bR EE A
A2 REHAE 0 A AR AR
DPC A
ACC M RI ACC M RI
Aggregation 0.73 0.76  0.89 0.99 0.99 0.99

eI S

Data 0.99 0.98 0.98 1 1 1
Flame 0.78 0.67 0.66 1 1 1
Jain 0.92 0.87 0.8 0.86 0.79 0.75
Spiral 0.87 0.78 0.85 1 1 1
R15 0.99 0.98 0.99 0.99 0.99 0.9




SRITPFAE T A B W (SR ST A I B R -51-

(c)Flame

(d)Jain

%x # % 2&0 @ @
:’E m 2‘7’
%%% & %ﬁ% &
% ‘%1’% S w
® ¥ - ¥
(DR15

B2 RUKEESH

3.3.2 HFHEHIHR

h B IE S B BE A e M N T IR L A

FHMCH S RO GBI AR AT 81 B SOh Bk
5 K-means . FCM ,DPC F13CHk[ 5] A a8 5 vk gk 47 %
EE, 0 TIE BACE AR EL A v 1) 0 RS B 6 BB 4 4y
B 4L B4R 3 ffs . K—means . FCM . DPC Fl13CHk[ 5]
TR SR R A E RSB, ELas AT I [R] 23 Bl B 2
AN S rEG I i S rh S YRR 8 B, Tt
DEI BRI 2K, B T AN S kAN, H
SCHRE A 4 E) 45 R GroundTrath B U5 3T, T £ 18
T T b 43 ) P A5 i % 5 G KRR R 1 H A TR A

()&

(b)K-means

(c)FCM

(d)DPC

(e)3CHR[S]

(DB
B3 RRAE»HER

L 3 AT, RS B R R AT 43
{HAEZN T 5 1, K—means 1 FCM 8.3k 4 H B i 43 &)
LA, BITCAR Xkt 2, R BOR N8 T [ — XK 4%
B EBOITARM 4 #2450 43 FF, DPC 3876 R SCHR (5 ]
EIL T R B 2, YRR LU SRTE T Y 4 H 45
R SFEGE O AIFARICHH T 1 T i 290
REK, MBAARFEN L HBIEGRRES
GroundTruth B AN T, 44>k 57 H A5 5 /) X AR
A4 AR % 0 SR B A B i T A



©52. HEPLH AR &R

532 4%

YERECN 2 i) B 16 K- means F 46 79
DPC S R 4330 b 5 A 0T B 8 1) 43 DRGSR T
Toit e K—means ,FCM DPC if /& SCHk [ 5] iy 3k,
YT 1 P S IR 2R A, X R AL BE W SRS U7 v
T I P 48— A, 30 Ao B ) XoF G & B, el ik vk B
B RRE T, N = AEM AR bR E | s A B
AR LB | T 0 AT A S, AT [ 3 W R A T
B AR G A E) . AR 3 iy 3 MR IEMR PRI,
VOI Fil USE =AMEHR-F34ME , F PR B i3k 3 s,

A3 BAEARLE

f8Fr K-means FCM DPC XHR[S] SRk

PRI 0.8261 0.8028 0.8161 0.8329 0.8745

VoI 1.6992 1.7190 1.9141 1.7003 1.6553

USE 0.4625 0.4764 0.4938 0.4591 0.4065
4 ZERIE

%JFXT DPC 515 2 B U A 1) (81, X AT 5 o
A7 3 I R, I ek i %) Bk . T R
jﬂﬁ?@% DPC B35 ME LA A FRAS R UG A ] JE, $2 1 1 43
HOPAT 0 e S8, I AR B P15 DX I SRR T 4 1

ERINRINIE S S S S i GO R e U I
SEVEAEXS B AT B 1 R RCR T HLRE 98 3
MFEZRH

SE

[1] LEIT,LIU P,JIA X. Automatic fuzzy clustering framework
for image segmentation [ J |. IEEE Transactions on Fuzzy
Systems,2019,28(9) .1-15.

[2] AGARWAL J,NAGPAL R,SEHGAL R. Crime analysis u-
sing K-Means clustering[ J]. International Journal of Com-
puter Applications,2018,83(4) :1-4.

[3] QIAN X Z,HUI J. Density peak clustering optimized by a-

[4]

(5]

[6]

[7]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

daptive aggregation strategy [ J |. Journal of Computer Sci-
ence and Exploration,2020,14(4) .712-720.

RODRIGUEZ A ,LAIO A. Clustering by fast search and find
of density peaks[ J]. Science,2014,344(6191) :1492-1496.
RO, R LUE, AR . K TR OL A 2 R U (B PRt 4 R
REFL (Y], hER R R ,2016,46 (2) 258 -
280.

BRES, S M A IEN R G R ) 5 B I (E R 2R
[T fr%;ﬂlﬂ%'ﬁ%g ,2020,14(4) :712-720.

CHEN J,ZHENG H,LIN X, et al. A novel image segmenta-
tion method based on fast density clustering algorithm[J].
Engineering Applications of Artificial Intelligence, 201873
(8):92-110.

B RE BSOS AR, S AR T 3 N R e R R 2R Y
AN O LR @R EI[T]. Al TR 24, 2019, 35
(19) :200-208.

PR MR SE. ST R R L B S E IR G R
PR RAEFRATIE[ V], A Sk, 2015,41(10) 1798 -
1813.

N B, B ET SLIC 54 PFRENLIZ I IR o vk
(1], FHEHLFARTSE,2015,32(12) :3817-3820.

AL SRIITHT R e, 45, PR R 5 A I e 2R
R MRALIIZE [ T]. LR FHAFSE,2016,33 (11) ¢
3251-3254.

& )7 g6 JET SIFT RHEVLIC S K-Y{EER RS
ShEBMEIT]. FHEHLN,2012,32(10) ;2824-2826.
LIU R, WANG H, YU X. Shared - nearest — neighbor - based
clustering by fast search and find of density peaks[ J]. Infor-
mation Sciences,2018,450(7) :200-226.

JIANG D,ZANG W, SUN R, et al. Adaptive density peaks
clustering based on K-nearest neighbor and Gini coefficient
[J].IEEE Access,2020,8(7) :900-917.

XLBE XA | A5, kY SLIC AR R AR E 5
FIRIELT] . LRI 2241, 2020,28 (4) :39-46.

(LEF 46 R)

[11] QIAN Sheng,LIU Hua,LIU Cheng,et al. Adaptive activation
functions in convolutional neural networks| J |. Neurocomput-
ing,2018,272.204-212.

[12] RAMACHANDRAN P,ZOPH B,LE Q V. Searching for Ac-
tivation Functions[ J]. arXiv:1710. 05941 ,2017.

[13] ZEE5E, = — WL, TTHLIE, 5. SR H R Ty AL A
EREHILI]. *H@%@m%%&,zozo,zs( 11):2380-
2390.

[14]

[15]

JIE Hu, LI Shen, GANG Sun. Squeeze —and —excitation net-
works[ C]//Proceedings of the IEEE conference on comput-
er vision and pattern recognition ( CVPR). Washington D.
C. ,USA.IEEE,2018.7132-7141.

GAO W,CAO B, SHAN S, et al. The CAS-PEAL large -
scale chinese face database and baseline evaluations [ J].
IEEE Transactions on Systems, Man, and Cybernetics, Part

A;Systems and Humans,2008 ,38(1) :149-161.



	封面
	页 1
	页 2

	封面
	页 1
	页 2


