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Sliding window multi-label propagation clustering for searched images

Gu Ruijun', Chen Shenglei' ; Chen Geng'?, Wang Jiacai '
1. School of Information Science, Nanjing Audit University, Nanjing 210029, China;

2. School of Computer Science and Telecommunication Engineering, Jiangsu University , Zhenjiang 212013, China

Abstract: To resolve the problems of large-scale data and partial overlapping in image clustering, a novel sliding window
based multiple-label propagation clustering algorithm is proposed. An undirected graph is constructed in which the vertex is
denoted by the image and the edge represents the relation between images weighted by the similarity computed according to the
image distance. Then, community detection is performed by a multiple-label propagation based sliding window. Because a
sliding window can store multiple labels, each image may obtain one or more labels. Experiments carried out on public net-
works and images returned by search engines show that our method can find explicit clusters with partial overlapping.

Key words: image clustering; label propagation; sliding window; image distance
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LR AE N HITE 52 ) # Z AR iC el Rk I H T
HREMR A Z TR 73, 3 - R R AR IR 12 1t
MBIk

1 MExXIE

KL B m R A b A, H i 7E T
AR E S S MR B R TR R, BRI
AMEEZ A B ARV B S SR REEUE A
FRIBRAE T A ME— , BRI L ] 73 AR 73 (hard divi-
sion ) AR K] 43 (fuzzy division) . #1 X & FE IR T
SR MIZE RIS, H BR AR AE P 28 S b A IR0 H 25
FE PSS S 2], T S TR IR R TE G R B
PAFARE X WA BRI EE R, HRIERML AKX
KI o R AEFHAZ (disjoint ) #1: X & M 2 (overlap-
ping) #EIX &I, REBAEFEATDLEE N THEX R
B, R ZIRR AT B SR MR A ok e R R

H A BHR R T5 1 2 S AR Al AN [ A 1R A 1 48
RERIAT I AL, R A AR R 2, SCERL 7 ]
&t — Ml AT A SRR BE 4 S0 B i S SR 2R T
o SCRRL2 ]S S SR R R e ny AR, it T —
PR AL DR P T SR A R B30 , 7T LA BRI A 3R 45
SRR S, T SE o b R 18 R A5 R

iRk R A M IR, BAR AT LA
PG BRI 5 R (R RE R IR B 5 B Z [H]
MRFR, FI L, —DERBRATRER S 2R S, ]
AR E 8 T 2. #1 X kR 3R AT LR
28, T L] LI Ik o 28 (%) 90 4 45 A8 e s R T 1Y O
Fo FHEAZ TR A B ORI

LPA F A AR — N1 R bR IR T 48
AIARIC, il AR IE B, R AP U AN B & A
X170, LPA S e, 17 ZOR AT, AR 3 0 4
RS 1 R 2 B2 AN A I B B 4 X
B — iR R AL A — AR, Palla 28 A 5000,
— A DX HRERR ST LU R — S A 3 Y
“URZR” (Clique) FYSE A .
E-JR &, M Al DLUE B S At X, IR R U8 T7 1%
(CPM) i& F] T B8 %5 A0 7% B U 2% , 280k AR 5 1 7€ .
HEHEER IS (LinkComm ) " HEST S I AGSERE () 1N
R G IR Z AN AL, AR 5 R FHEEER X
B I M — D RAEIX AR ) 4325 B ik
PRI AR 7 o LR P, GUR TR L,
PRI AT LA ] e A (] B 2 , e 245 31 i) 1 X T A

B HEE . LinkComm $.7% GEAT 850 & I 3K 4> H &
Mt IX, HEA 250 . Mz ki 2 Rk
(R 038 FE | 52 2R R A v, ok R B A A IX A 5 X
WA PR

ASCULIB AT BB R A SR AR Y LPA Sy ik
fitlh, AT ZHRICAG Y T, S KR [ 5 SR 2 il e ot
PRUET —FB T

2 ETHEIEAANSIRCERRE

2.1 #RiCEBEE

FRICAERE 1 e — Rl bR | fa7 B B DX ARG
L AU W 45 5 R VE TS T, BEAS T 2
A — T ) H bR R, AT A At XY
SRR AR HIEA AR — AN s bR el
S EMERRT ) ARSI, AR
Sy BCME— PRI LR AARIC, AN S i o ARG AR
SRR AT AT CE B bRIC, R R AT
B AT PUR R b o RP O e 48 15 A%
PR AT B T 1 — 48 kAR 195 b, |
C(1) =f(C (t-1),-,C (t-1)), CERkp
10,5, 0,0 A x IESR. fRIEBARIC I i, I
U B 8  H B R A e bR e . S 20 O =g
(DR S REZL R S S A Tal Rt |

C.(t) =f(C, (t),-,C, (1),C,  (t=1),,
C,(1-1)) o fJa, PmMHER Y SEEHTER—A
Fric Bk —80, T AL X, Bk an T

1) X5 P4 rh e 15 s vl fedsic €,(0) = «x;

)4 1=1;

3) W2 BT A T S AT B AR AR BT X

4)XF X PRS2 T CL (1)

5) QAR A A bR ISR R AR JE bR il B B
Z A, SR H Fe R 2 AR, W R4S 1k 5 A
MEEFEIEIR3) .

BT R A B A N 45 AR S 2 M
THEAH W] AR T H A0 A 7R 4L X R L . (B
I R EIE AR REORIE— i WS, 7T A3 o 4 o e K ok
UL, T IEAEIA
2.2 BiRigEEEZHE(WIinLPC)

£ LPA (kR i rp, A1 8 AR —
i, E S SR, B SRR T JE T — -4t
X, gt it , LPA (\GE H FIEE S X AR, 5
TN O 2RO 7RISR LPA 9 &, A
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AR SR 1 S TR 3l B DU 2 hnic, R
ST R RS, AR RN EE AL, W
SNET AR/ s, ] 4 ) A 1 A5 i R i A
D&, BRI

1) X R v Jir g 5 i wiip ALARic , w1 a6 4 i 3
[ ne

)& t=1,

3) PZE RIS LV HEATRERLHER IS BT X

)R X AR 2

(1) BRI x BT A LR 2y, 2,5

(2) R4 8 sh & 0 pAsie o s, 15 « BT A
L € (x) = f(C; (%), G (x,)) 5

(3) BT & (IbRIC;

(4) SHri sh i 1 .

5) ISR AT R R AR IC AR B AR R AR IC 1Y
ZHYPIRAS , B H e R A R AR KR T, B3 5 1k
N RIEES) .

AR 1 SR IO R Bl R R, i
BC(w) W, 925 RS AL E R, B s i 1
TEAYGEA E 2B . Bk DS an s
[n,V] = LoadNetwork ( ) ;

s =3 #window size
fort = 1: ndo
V(i).label =i
V(i). window(1:s) =i
end for
done =false //flag: detect if any label changes
while(z < T and ! done) do

done = true

X = V. RandomOrder( ) ;
fori = 1:ndo

// get neighbours of node i

nbs = X(i). getNeighbours( ) ;

forj = 1. nbs.len do

//vote for the label of node nbs(j) by window
winLabel (j) = getHighestFreq(nbs(j) . window)
end for
//vote for the label of node i by neighbours
w = getHighestFreq( winLabel ) ;
if(w! =X(i). label)

done = false

X(i). label =w //update label
end if
forw = 1;s-1 do //update window

X (7). window(w) =X(i). window(w +1)
end for
end for
end for

WinLPC fit 5 1 BB R LPA 2540, 18 oo 9% 3
PG DT B ARIC . S 11 AR W sh 8 F1 v (30 46
HATHIEE R (vote) , TRAE H O WARIE . JE AWK
B ECRARC R ShE O, B TR 1
EdH X)), window () FAFTEZMARIC (<), i
LA 0T AR oy Bl — A el 2 MR . AR R
HREE AT

WIAAARICTE O(n) ,n 75 S8 VIR ILE
HFZE O(s*n) s N KIEEE,s —WAE(HET
T, H/ANF 7, Hs=1, 88K LPA, JME
PRI o e KR AR T AR A8 & done #41, IN
PEIR RTS8 n 4556, THEIESRT 0(d) ,d BT
FEo HEARCT 0(d) ,B8hiahtd 0 0 FHF(s-1),
PRITTT , %k R R P 2, d — /DN, B AN TR0k
MR 22 B2 O(Th) .

ARSI WinLPC A RCHE , BEEC—NRER 1) I 2%
AT, M8 A&l 1 (a) s, B 1(b) 24 LPA
AR ZE S, LPA H GRS I HE AR ACHE X, i LAY 45 a
HERIHJE —41 X, WinLPC Fl LinkComm f2 4k X
PRy E S RS T A PEANSE S, A 1(e) (d) iR,

(a) PRI 24

(b) LPAFR 453

(c) WinLPCHy il 45 5t (d) LinkCommy i £ %

Bl 1 ESat A% b

Fig.1  Overlapping community detection comparison
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3 {#H WinLPC #{TEGE %

B o) PRG3R 2 v T I 9 e A A AR L
B S, 45 A MR B 25, LA WinlPC A0, 41 1
— PR R R 2Tk . Tk IR RNR R E Y
23 [AIAHOCMR B, B Se it B A Rl i MR R B e
XGNP B B Bk, AR5 TR BRI
ARARLRE , BEAE RIAE (AN 4 1) , #5 P A~ (BT 5 Ta] 5 AH 481
JERTFBIE, WA R P 2 (B A7 e, A TiRG) i H —
ATHE (M) o SR, i WinLPC X} JG [a] & i
XK o — A S TR JE 244X, AT — 1
EUL T LU JE T 242800 0 FRATH Lk 7 f b &
AR LR B 1 ZARC BB R IS, A PR Win-
LPC4Img, ¥ 5 WinLPC4Img & BE L. UL LPA F
FU Y MG R 257 1L PR LPA4Img,
3.1 AEGEEEERUE

PG g IMD' ™ 2 & 4 2 il ) 25 [l M 5415
XTEUG/ MLl B B et Rk x, y JEPIIRE R/

o m e R BKIEBERS d5(x.p) = S (3~ 7).
e, & mn QLR [ 3L, B A
g, =<e.,e;>=/<e e>x/<e,e>cosb,;, i
h, <, >FIR e M e NI, 0, /& e Fl e, 1A,
PG x, y 8B AR B 2 SCR dy, (x,y) =
Z gij(x;, _yi)(xj -y) =(x _y)TC(x -y) , K,
G = (&) mrm BN IE EHE , g, AT RN —1>

! Zexp{ - P, -
J=1

2
2mo” 52

L
mel ’e27 )

Gaussian PR % g, =

P 172" | o |P, =PI 283 PRI PIRIRE B . %

o=1,H
2 o1& | P, -P I
dyp (x,y) = . i’jzzl [exp( - f)x

(x =) (% =) | (1)

MDA E IR, G i G = TAIT =

(A’ T (IA’IN) = GG, A Zih G 1y

FRUEAE R SR, T2t G A RAE ) 1244 B
MIERCHRE, #u = G”x v =Gy, N
diyy (x,y) = (x-)"G*G"*(x -y) =

(u-v)"(u-v) (2)

F(2) EARRKEEIER, A G UREIRIK

IINA S FTEUE I R TE K, AT AR A T B4R G AR e
HHEITR G,
UGBS AT LA s AN R R A AL RR B, B BE
SO ARUBE . IR X, A x; (R EARUE 2R
5 = o~ Bos(xi%))/ <ding > (3)
K, <d,,, > FEITA BRI B 0 FH10E
3.2 XEFHMUERIEMLEHIT WinLPC
B MR x BTG 1) B A B4 L, TR R TR Y
FEARLEE , 5 W 1 P4 ) AR AL R34, U A 7
B Z AEAES , N AR S — A Ta B (2% ) o
1 WinLPC X% W 2 #E 4741 X K1) 49, 75 3] fe & K5
Zhmc g R . e, R AERE X P B G, $R R
A RS, WinLPCAImg #4175
1) iR ER B
diy (x,y) = (x-)'G"?G"*(x -y) =
(u-v)' (u-v);
2) TSRS S, B 5, = e "l <dine>
3) 1 R X, RIS x; [A)AG R A

true sy >0
%= {false HoAth
¢ LI s XA
HETLME G = (e,v) e NHER,v N1
RS

5) B WinLPC X} G A7 +E DA I , i i AT 7
Sy EEWFEXRIG; [Py Pt

6 ) HRAf A DX A 49 5 B B AT HE Y, 4R 3 B AR R
A RAE S %A XA AR AL (exemplar) | E, =
x;where max ( df; ) LE, ACES m XA A

4 TEXR

4.1 BESBE5EFESN

SRYSIESRE: WinLPC (1A 850ME , E B 57 LPA,
LinkComm" " JEA7%F L 5288 . S236F-4 CPU 4 Intel
Core2 2.66 GHz, WA R 3 G, #:4E &4y Window
XP A hR ., 3 o EEm T RE LW,

SO R UL 2 T 28 Bl 4, Bk n R 1
fli . Karate club network " 414 T £ H — %K 25 F
EARARAR R [ AL 22 G B XM AL 34 Ay
S PSS R ] AG — 25 300 DU A 5 AR L 4 7
2 2SR E I AL R o Les Miserables
network "' AR /MG CIEAS T L) A 656 R A
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IR LS, A EAE R RZE b i AP R A
FEa]—3gp st A B, WAy P 2Z TR B 2, %
I YT 8 Z B S N — 2531 o Protein-Protein Interac-
tion (PPT) network "' g 57 78 2 11 A 1A A9 1T 44
% & 2Z F. 1F American college football net-
work TV BEANE AR FE T 200 56 [ 2000 AE G
BRI R AR B, 3 3 S5 R [ A 4 0 3R
ARV B T S BR A =2 ] 22 /R4 A 5 — 37 e 3%

x1 WiREiEE
Table 1 Test datasets

Hei e W M P d
karate (KR) 34 78 4.5
lesmis(LS) 77 254 6.6
PPI (PP) 56 449 16
foothall (FB) 115 613 10.7

X}F LPA Fil WinLPC , 4 KLk ik T =20,
X T WinlPC, i 8 8 H R/ s — AT 8 H 300,
IZLRARE 3.5 F1 T, X R EE 4, A
BB AT 50 U, BOFR ], Bhi o s

Wt 2 AT LA Y, WinlPC iz 17 [a] B & T
LPA ,{HiZEf T LinkComm, 4k, 25 s X181k LPA
HEA T TSN R . T 2 I 102, T Bl i O 75
H (s xn) NFEGEETE, S8 s R R4S . [ s
FOREEAY RIS A DR, s R IS5
BAE R mRZ T LR T s M. B, s AHUE—B R
3.59, s =1, WinLPC 3EfkA LPA

M2, WinLPC HAT B 17 MU AR 2R AR

$17 %
30 arpa -
35 | BWINLPA(S=3) |- § §
8 WinLPA(s=5) N\
,,,,,,,,,,
« 20 | 8 WinLPA(s=7) % §
E 15 NLinkComm | § ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,
g \ \ \
0 \ I R, \
10 N\ \ N
\ \ \
\ \ \
5 § \ §
\ N

2 BT e AR

Fig.2 Run time comparison of different algorithms

SRR B RR AR A L BRI A
4.2 HIEGBESATRLIH

R Y KSR T VAR R, B flower” | “apple”
SEJLAS B A) T i 15 R 5 | HE AT RIR I 2R, O IR
n MR ERAVE R I 4 . 8 TS 4 a) 4 A
RLRE X EUR AT BT D) A4 O B, i DR B> EHR 1Y
RS A Xl A B0 £ P B8 ] WinLPCATmg
LPA4Img 735 R A7 B S, WKL R AN 3. &l 4 iy
TN AET RS, FHOA [R]85 R AN W] 7%, 3
AR UL AR 1T, JRAE AR 019 UL T AR
TG R ) R

K 3(a) &XT flower &% F WinLPC4Img %1
S, 2 M EESWE, A — Wik,
1AL 18 MR, 7R 2 405 10 iR EE, 7R 1 AR
2 EENXMAE 2 WER, ATLUAE % 2 iy RS
TR, HAL & R 1 1 P i R R
W, HE S AL, 5 1 FIfE 2 FEA X 80 e

(a) 251 flower B2 A K1l 53 &5 4

(b) 501 apple B R A K 7y £

B3 fdi ] WinLPCAImg X485 5 | 42 1 [m] IR #EA 7 2R 2K
Fig.3 Image clustering results by WinPLC
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(a) 25Fflower EHE A X 43 45 1

(b) 50iapple PR AR 73 45 2R
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Fig.4 Image clustering results by LPA4Img
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