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Hierarchical Point-set Description of Object Edge and Its Application in Shape Retrieval
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Abstract: A novel shape description which can be generally applied to both contour shape and region shape recognition is proposed in
this study. This method treats the edge (including the inner edge) of the object as an unordered point-set, a hierarchical description model
is built by iteratively partitioning the edge of the object into progressively smaller parts along different directions. At each level of the
hierarchy structure, the geometrical features of the object edge are characterized by two measurements, partition ratio, and dispersion

degree. Combining them, a hierarchical description of the object shape can then be constructed. The dissimilarity of two shapes can be
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measured by computing the L-1 distance between their hierarchical shape descriptors. The merits of the proposed method can be
summarized as follows. (1) Both contour shape and region shape can be effectively described by this method, thus it has the ability for
general use. (2) Based on the proposed hierarchical description framework, besides the proposed two measures, partition ratio, and
dispersion degree, many other measures can be included for meeting various accuracy requirements on shape recognition, so the proposed
method has extendibility. (3) The proposed hierarchical description scheme make the available descriptors characterize the shape from
coarse to fine, so the proposed descriptor is multi-scale. (4) Instead of using all the pixel points of the object, the proposed method only
take the edge points of the object into account, for this reason, it has a relative low computational complexity. Two standard test sets of
MPEG-7 CE-2 region shape database and MPEG-7 CE-1 contour shape database are used to evaluate the performance of the proposed
method. The experimental results indicate that the proposed method outperforms the state-of-the-art approaches in terms of a
comprehensive consideration on the retrieval rates, retrieval efficiency, and general application ability.

Key words: image analysis; edge point-set; hierarchical description; shape retrieval
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4.2 EIRBAAFELR

STHRFAENERE Fo M85 72T R Vid=0,1,....m—1 SR KRR Fo 317 BLECS A9
CU AN

Fo=| . (18)

i A 52,2 bR AR R 2R T e I, BTt H AR EAT 20 AROAE 4 5 170 2 R A 5O A4S 5 1) e 1 (I
A my 2 RAARIRRE AL A B R T MR H AR AR AZEAS 15 g 48 5L TR AR AT DE C 2 1, FRAT 1 S e
FURFIEFTBE Fo AR Fo 1K) m—1 DMEFRFE AL R FRAS :

Vl V2 V3 Vm—l
A : : v,
F=| ! [LE=|V.,LE =V |oFo =] V, (19)
VY v, v, :
VO Vl VZ Vm—z
XFETEAR A 55 42 B i AR B ) 11 22 St J8 m] B Sk
quB)— _min. ||FA F2 Il (20)

L |- |I#e7s L-1 B,
5 BEIXMREST

AR R I T Y R T DR A 3R 5 3 MV AIE DG P S50 ) AN AR PR R o S T 52 % L R AT 20 A
51 REMSH

PIAEHEAT 73 J2 138 22 i R AR KR S i B8 21 T AR F 0 rhte B L™ AR A 5 C 3 20k H AR TE AR
SER AR, oy B L d) 10 (A S(T)), R R T I U S B TR A R R E R AR, 2 H AR AR
KA TN A B 5 AE VSR rh 2 B I A A 3 I L o) RAT A IO AR T X A A 8% B R o)
o} (AR (8)~2 3 (10)), T SIX A WA BEFE I, 0 B 26 13 910 () g A0S BE 26 3 510 o ) B 8 AT 17 0 Al A 2,
TR pf o HATAR AR VE X T B0 of (A 3X(14)), BATIAE VF 5 22 Y 31120 5 45 Pk R 0 R AEAR, 1R
233 TS RFAEA Aaxe F Aunin ABRRE 23 T BRAFIBOR . P 0, 125002 @) b LA A5 BOAN AR T DR Ay 4 8503 8% 1
S E X s =[p) ol el (AR(1S)), Bk A B 8! FATACAN A PR X T AR AR 4 e A e,
TEARVEHC I FATTEE X6 TR P 3 3R AR B 25t 7 08 A8 A7 ) T IR B 1 2 8077 9, ATV B 17 H b T AR
Lo AR
5.2 B XfhKEDANET 8 & 2 E S

R SCHL TR R SV BT (1) AR TR (03 5 AU Bos(2) X A5 IX 110, 2m) F SR AR m;
(3) EMAGANFRATESE L 1 p gy T TR IR S0 Dy A0S,

&% 1. Calculating Hierarchical Descriptor of Unordered Edge Point-set.

Input:

By: the edge-point set of a shape;

m: the number of sampling angles in range [0,27];
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Output:

e A A T

I: the number of hierarchical level;

(dij)mx|a(5ij)mx| : shape descriptors.

Initialize (), =0,(5 )y = 0.0 = 2%
m
X y
Xy = Z(X’y)EBO Yo = Z(X’Y)EB“ ;  /*Calculate the centroid of the set By*/

0 =

1By By

Bl ={(x=%,,y-V,) | (X,Y) € B,}; /*Move the centroid of the set By to the origin of the coordinate*/

for j=0

i =
Xy =

to m—1 do /*The loop control variable j is the index of the sampled angles*/
0, VOJ =0; /*The centroid of the set on always takes value (0,0)*/

fori=1toldo /*The loop control variable i is the index of the hierarchical levels*/

if

10:

11:

12:

13:

14:

15:

16:

17:

18:

19:

20:
21:
22:

23
24

|B!, >0 then
B! ={(xy)|x<X!,y=V}!,(x,y)eB!,}; /*Partition the set BJ, into four parts along the
direction of the axis of the coordinate system and take the second quadrant from them*/

.| B vl .
J= ﬁ ;  /*Calculate the partition ratio*/
i1

={c, = \/(xk % )P+ (Y - VL) (X, Y ) € Bl /*Calculate the distances of all the points in

the set B/ to the centroid of the set B, */

k=12| c,
ij = %a?(g) ; /*Calculate the mean value of distance sequence (*/
_ 2
kz\:QI ( o p.j J
- Q '
ol =X ma‘x.(Q |) ; /*Calculate the variance of distance sequence £/
i x,y)eBl X i x,y)eBd y D
x! = z( %)j |B'J Y = Z(| %)j T'J ; /*Calculate the centroid of the set B, */

2.

Hyo = z(x,y)sﬁ,j (x- Xij)z,/‘l,l = Z(x,y)egli (x— Yij)(y r yij)u”o,z = Z(x,y)sﬁ,j (y- yij) 5

/*Calculate the central moment of B/ */

X = eigenvalueﬂﬂz’o H D ; /*Calculate the eigenvalue of matrix {ﬂz"o Ha } */
My Hop My Hop
eij = \/WHMX(X) ;  /*Calculate the reciprocal of eccentricity*/
si=[p! o e']; /*Combined the dispertsity measures p/,o] and &' to form a descriptor
for gij */
else
break;
end if
end for
I§0j” ={(Xcos@+ ysinf,ycosd —xsinb) | (X,y) € I§Oj} ;. /*Rotate the set on by angle &*/
: end for
tReturn (A7), (5 a3
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DA 2 FER 31 3 595 1) F 1) 2 2% J3E 2 A, A SR HE D ¥ 1) o A — 38 03 S TS AR DC FRCAT: 45 A6 15 3 AR ik
B Fo(A A AR A8) J&, BATE AT m—1 IRIGH AL (A K (19)), 1T Fo TR A mx4l, T LA HR R A7
AR R TR A 28 g O(mi). 1S P ANMRRAE AR B ) L1 P 28 A N TR) A2 2% B 9 O(mil), T AT DR AR A FURSEAE 46
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TEAR A 5% 1 "l‘iﬁ)\%}%ﬁ(,%l<10g4n=%10g2n,ﬁﬂﬁiﬁﬁa‘ﬂﬁ [ W\V\]%Mﬁ%)ﬁ%ﬁ%Zl/[\Jé'lfﬂ%?ﬂT
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1) 53 2% & 4 O(m*log,n), BKT b, T2 4R UC BC I B 11 6 1) 52 2% 3 A6 e R L Rl O(mPlogon).
RS TR WA SR I A TC IR AE TR R B BEIE A2 A1 TR AR UL BE R B #8432 T S A 2% L

6 SEILERINTIL

PR A SCHR ) B AR TR R B3R 1 e, B AT DEF MPEG-7 CE-2 s AR IR 2 /1 MPEG-7 CE-1 %8 )3
LIR30 SR 1 DR Ik 4 A Ay R v s TR A SCHR H 1 7 VR B T3 T3 A s R IR ik
D75 T AAE S8 BRI B 1 B LR B0k 4 FhIE T R A I IR A Oy v —— TR bR 3e SsClP g
BodE DSPOL B T AR A i UPSDYORISE 38 A 40 A1 BT Bl CPDHP™. 53 o 1 ol 3 T [X 35k 0 42 10 i 34k
::Zernike F5 ZMPS| [ 38 B 55 )8 15 7 1B AHDHPA-— it [X I 55 55 R0 5 4R AH 45 2 (438 7 1 Zernike 4530
Gbh P ZMEGP?L 5 9256 gl g A LA 6 % L ZMIPP U2 MPEG-7 #ERE IR AR HE 1 DX IR AR Bl ik T v 1
AHDHPH R A SCH S0 R, 48R 140 2 TR F0E 5 300 FRATT I SE 0 2 5000 B 0 R A BERFEAR R m=72,)2 %)
B 1=3 A R A AR B I R v, DAV A5 HE R B D AT S A8 EARAALE 2 rp ST R AR 2 8 0=0.8. 5286 P &5 4
—& CPU 4 Intel Core i5-4590 3.30GHz, N £ 8G,#:1F R 4t 4 Winl0 i) & 20t B AL, 592 H Matlab 4 #2520
6.1 MPEG-7 CE-2X B4R Mt 5

AT T EVE VA4S 1 4S8 24 MPEG-7 CE-2 KIS JERINR 42 F#E47 ¥ MPEG-7 CE-2 MR 4E &
JE 3 621 IR AR B, L I BEAR I 6 iR iz R A 651 AMFEAR, B4y B 31 41,8414 21
ANBEAR, A — 4L O REAS B T IR IIR, P 7 40 H 7 28 8 AHTRIR (0 21 ANFREA. RATTR ) 2 T IR A 2 1 i
PP (4 75 1i——bulls-eye test PP Al 5 i [6712 1371719723 3436. 3840438414k 085 o (0 v RE VP AR %07 v, B AT 14 2
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2x21=42 Wi P&, e E IR B 1 42 i B4 b 5 AR AS S 1 1R 4L A0 S AR IR 0] r i Jess - [R)— AL A RE AR, R
r<21, 15 r/21x100% K {1 2 1% 25 W0 REAS (KR 2R 3,651 /S FEAS 1R ~F 24 4 3 2 A 0 1 Ik 1) A6 38

(bulls-eye test score).

I(b,l . RBP

Fig.6 Samples from MPEG-7 CE-2 dataset
Kl 6 MPEG-7 CE-2 ¥4 4 (1 £ A

B
=
B
B
e
B

Fig.7 All the samples in the group 8 of MPEG-7 CE-2 dataset
Kl 7 MPEG-7 CE-2 $dla 4k 20 8 4RI T A

TATAE P 8 ey B 43 TEAR IR 21 MR 45 S HE DALY (AR B (TR R AR A R 45 1), 2R 1 e
TARSCH 7 02 5 LA (0 W A 6 1300 R s B2 10 5 7 SCRPVRT UPS DML 1 b 25 1 [X 3 i 4R 110 5 1 ZME8)
AHDHPHFN—Ft [X 35, 55 42 F03 Ft A AR A 455 1 79 ZMEGP? 7 MPEG-7 CE-2 KRN b IR R %\
b gy B T LU S R 2RI T3 4R K 510 SC M UPSD A bE, AR SCHR H D5 325 A AR ZORS 1 2 23 3 st
iﬂs%AW2%Aﬁ}ﬁ5%+Fﬁ£ﬁmﬁ&ZmeAK%ﬁ&mmTé%Aﬁ}ﬁﬁﬁﬁﬁﬁw

R S ERGE A I TTVE ZMEG ML A SCH VA T 4.04 4N 1140 A5 AR A5 H 10 e, 5 AR S0ty B ARUSR D 4330 11
S RIRE SR FH 4y 23R (¥ AHDH J7 % AH 1% J7VE7E MPEG-7 CE-2 MIAAE EAUIE T 49.94%[ K R % L 35
DR %7 VA BN T Ty X6 RS IR AT 1538, 12% 7 72 R 4863 R0 DS e AR 1 E R IR 0 7 i 10 AR SCHE HH 1)
iR T — FE R 43 2 R HESE N2 AN J7 1) L3R T TR K 43 2 2 2% 1, TR] b TS AR DG T 45 A4 i T
TR IR J7 1) 3% 20 S 06 45 SR 3R W SCHR (K D 54 MPEG-7 CE-2 X ISR IMNR & B Rk pe st T2 5 1k
&MH%E&m%?%%%&m%ﬁﬁ?EWﬁQMR&}Lﬁ&ﬂ Tl DX A AN S AR A A B 1
e N TTIE WA SR R 16 7 925 b HG At Dy 30 S i A 20k A B 5 53 2% P 38 5 4 1) TG R TR, 0 H R IR R LA
B T B 6T DSPOURT CPDHP 4R 4 33 I A7 7 1 STk B 45t 4E MPEG-7 CE-2 R4 (1)
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Query Top 21 Retrieval Results |
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Fig.8 Top 21 retrieval results of partial shapesin MPEG-7 CE-2 dataset
8 MPEG-7 CE-2 4 4 i 73 HOIRIK | 21 M 45 R

Table 1 Retrieval rates of the compared methods on the MPEG-7 CE-2 shape dataset
R 1 RO LT VELE MPEG-7 CE-2 JEARMIREE LIk &R %

Algorithm Bulls-eye test score (%)
SCPT 70.98
upsD! 84.13
A 80.20
ZMEG!? 82.42
AHDHP* 49.94
The proposed method 86.46

6.2 MPEG-7 CE-1R ER& 2R MR &

AT T HEAG 104 2 415256 2 4F MPEG-7 CE-1 #8 BELk R IR 42142 | BE4T (1. MPEG-7 CE-1 % Ji 4k
JERRMR AL 2432 R T TR R LR VT A D AR BT IR AR MR AR L & 1 400 W4eERk R4,
EATHE A 70 PR AR R AR WA QI B 9 B, S A AL AR 2 20 ANFEAR, B 10 iR %
S IRATKIR A bulls-eye test VPAL 77725 F— 2SI AN R A2 3 BLFATT AR A v i) B — AN REAE b —
AR A, BRI 5 v ) BT A R AR EAT AR DA LG AR 5 AR A TR 1) 22 S BE R AT HE P, 0% (Bl 22 St RS A /N () i
2x20=40 lEEHE, el R [FIX 40 TREG R 2 08 5 2R T F— 28 B 3E r R A B ER A 5
JE TR 28, AR r<<20,7 55 r/20x100% [P 1E A 1% 25 R A R R 5T 1 400 MR FEA RS R R M- P35 H
1 g BEA PR 948 % K (bulls-eye test score).
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Fig.9 All kinds of shapes from the MPEG-7 CE-1 dataset
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Fig.10 All the samples of the camel shape in the MPEG-7 CE-1 dataset
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Fig.11 Top 20 retrieval results of partial shapesin MPEG-7 CE-1dataset
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Table 2 Retrieval rates of the compared methods on the MPEG-7 CE-1 shape dataset
R 2 HFO )i TEAE MPEG-7 CE-1 FEARIR 4 LIk R %

Algorithm Bulls-eye test score (%)
SCP! 76.51%
DS 78.38%
upsD 78.18%
zZM™ 68.90
ZMEGPY 70.64
AHDHP* 63.95*
CPDH" 76.56%

The proposed method 82.61

MG TR B T LA A R T i R R 5 i SCPLDSPS UPSDI ORI CPDHP M L, A ST
JFIEIR R KRR M T 6.1,4.23,4.43 K1 6.05 AN 11 40 sk 5 2 X S5 AR 1 7 7% ZMPSTRT AHDHPA] L,
AR5 353 T T 13,71 F18.66 AN 1 43 st 15 X 3 i A R0 2 A AH 45 & 1) 7 v ZMEGP 2 L, A SCH 7
e T 1197 AN E 4 RACARA S b RABE LR T 25 R EVERAT I R0R, 75 248 H IR 5 TR £ b g
AR T ALK L TR (14 TR A I F 7 AAE 26 N AT BRI BT DL HL AT L3R IR 2 % BV AT 26 BB AR UL L 1)
R MR SCHR[35]4R 75 B 45 5, R A Shape Contexts J7 725, AT — K AN AR BT IL S 31 5 CRAE 100 400, 56— &
Pentium I1I/ SOOMHZ [¥) 31501 I 75 ZERERT 2x107"s; M4 SCHRR[36148 25 11 45 R A Distance Sets J75, 047K
PIANTEAR (R DL TR - B2 (R BE 250 AN 1), 48— & Pentium 1I/667MHZ (K3 5L L K ZFERT 7x107's; 1R 48 SCHk[40]
55 1 45 5% ] Unordered Point-set Description J7¥%, 76— CPU 2 Intel Core i7-4770/3.4GHZ [\ 5HL |,
PAT R BA AR I IC LT FECRFE 300 A 0, FEIS 9.4 10™*s; 110 R FH AR SCHEH (197775, 46— & CPU A Intel
Core i5-4590/ 3.30GHZ [ b 0 AT — R A FEAR B UCEC T, A I 2.7x107%s. 3RATT4E 3R 3 TP T JLFH
28 T VEFA AR SCHE (K 7 VA AE MPEG-7 CE-1 JEAR AR AE (1) VT L ) 7] 53 2% 5% R0 ~T- 359 DT B B 1) 56) L (<< b iR
(2 R 5] H 225 SCHR) A% A1 S0 25 AR W] AR T2 5 FOARC I A 07 723, A SCHR A 1) 5 AR AT BB 47 1)
T ZORE 0, 1M HLRLA S s R T AR

Table 3 Time complexity and average matching time of several remarkable methods
and the proposed method on the MPEG-7 CE-1 shape dataset
F 3 JUPE AR SCHE H 1 77245 MPEG-7 CE-1 JEARMR4E L)
G P P T 52 29 J8 1~ J4) DG P I [

Algorithm Time complexity  Average matching time (ms)
sctT O(NY) 200%
DSl O(N%) 700%*
uPSDHY O(NlogN) 0.94*

The proposed method O(M?logN) 0.27

XTSI T vk, 0 2 R PEDL, py R =AY, R TRt
RS AASH A T B AR IX 677 VEE MPEG-7 CE-1 IR AE 4R 15 1 45 S R #F B L 85%, {HIX L6751k 4]
R TR BT (1,60 T MPEG-7 CE-2 H IR IX 3SR, 3K L6 77 2 MU AN BESoT HLEAT A 25 kb Ak B (B AR 48 HA T A2,
AR SCHE IR 5V BUR BAT B30 5 R A A5 B (R JEH/E MPEG-7 CE-1 BRI Tl T 260 T ih 2k 1
J5 1, W AE W H (biological code, K BC)™. i B4 A 2% Lt % (distance interior ratio) 4% )5,

7 % i

ALY T T HARL T TE Y R TR IR J5 i, LAUN T T — R IR B R R AT 55 i ik il i o H
B TGAR 10320 5 r B 8 A T o) (K938 S22 43 0, 07 T ond H AR T AR 5 114 53 J2 Rl b A5 Y 30 4% % 7 100 S 1K) 4 3
FEAN 7 OB AR LA B, 22 ROBE LA T B AR T R0 22 1) 23 A Akl 5 A2 MPEG-7 CE-2 X BRI
LA MPEG-7 CE-1 #& 5 £ FEAR MR S b () 13 201 1l 45 A 2% S 360 A R ) SR 7 3k A0S B SR 13 5 32 PR AT Rk
S AZ SR AT IR A T R TR PG I S IR RE A I 8 3 2 TR, SCRE Rl DX AR R
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