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Feature description of exact height
function used in fast shape retrieval
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Abstract; In order to improve the discrimination ability and robustness of contour noise and
deformation of Height Functions ( HF) descriptor in the process of shape retrieval, a feature
description algorithm of exact height functions is proposed in shape retrieval. Firstly, contour outside
the target shape is extracted, and then exact height functions type descriptors of sampling points are
constructed for dimensionality reduction. And then, the optimized parallel dynamic programming
algorithm is employed in matching stage. Finally, shape complexity analysis is used to improve
matching effect. Based on point geometric feature saliency, the shape precision theory is proposed to
further analyze the influence of the local deformation and the edge noise on shape feature description.
The matching experiment has been conducted on the database of MPEG-7, Swedish Leaf, Tools,
ETH-80 and noise experiment has been conducted on Kimia99 database. Experimental results indicate

that the proposed algorithm in this paper is highly efficient and the matching time of it is only 12. 5%
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of the original HF descriptor. The highest retrieval ratio can reach 90. 38% on MPEG-7, 90.07% on
ETH-80, 95.07% on Swedish Leaf and 94. 86 % on Tools respectively and retrieval performance and
robustness are better than HF and other important algorithms; on Kimia99 with adding noise, the
anti-noise performance of the proposed algorithm is superior to the original HF descriptor, and even in
the case of noise level of 2.0, the algorithm can still keep a retrieval rate of 91. 92%. The proposed
algorithm, with high accuracy, high efficiency, great robustness and noise immunity and good
scalability, can be effectively applied to shape retrieval field.

Key words: shape retrieval; exact Height Functions (HF); shape precision; parallel dynamic programming
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Fig. 1 Height function feature descriptor
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Fig. 2 Accurate height values for sample points
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Tab. 2 Results tested on Swedish Leaf data set

Bk BRE/ N
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Tab. 3 Results tested on Tools data set

A3k KRR/ %
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Tab. 4 Performance comparison of retrieval rates tested on

ETH-80 data set

1% g/ v
EHF. 89.90
EHF, 90. 07
ECDS [27] 89. 27
SR [26] 89.03
HF+DP [12] 88.72
IDSC + DP [8] 88. 11
MDS+SC+DP [8] 86. 80
SC + DP [12] 86. 40

SC greedy [12] 86. 40

M 4 ] DUE A SCEER B O R AE 3D
PGB P b TR AR AT T A S 75 R - N
2 43 5 A 90, 07% M1 89. 90% . B & F
HF .ECDS.SR il H fth 1 2 7 i X K AR 15 25 T
EHFs 5816 % i B2 B0 7 AE 1 RE i 35
4.2 BRI

Shy 0 B v T i L o A R IR 4 R
Tl SE M 55 — A B RS - Kimia 99
R AR IR H bR T ECE 2R S o R ) 2L
J7 2R 6 B B v i A TR R R B SR A A Y
BEAB AR A p=0 FpifE2EH 6=0.4 1
T 6=2.0 WK1 e, sl 8 i .

%

(c)o=1.0

g

(a)o=0.4 (b)6=0.8
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Fig. 8 Shape contours by adding different Gaussian noises

(do=1.4
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JIE A T AR50 A R 155 VE BT R L 4R Tk 45 11 H: Al Rl
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Retrieval results of contours with Gaussian noise

Tab. 5

o B¥: 1 2 3 4 5 6 7 8 9 10 Mit

0 EHF, 99 99 99 99 98 99 99 96 93 91 974

EHF, 99 99 99 99 99 99 99 95 95 91 974
HF 99 99 99 98 99 99 99 97 93 88 970
0.4 EHF, 99 99 99 99 99 99 98 96 94 89 971
EHF, 99 99 98 99 99 97 99 96 95 90 971
HF 99 99 99 98 99 99 97 95 94 84 963
0.8 EHF, 99 99 99 99 98 98 95 96 94 80 957
EHF, 99 99 99 99 98 98 98 97 93 83 963
HF 99 99 98 98 98 98 95 92 92 78 947
1LOEHF, 99 99 99 98 99 99 96 94 85 80 948
EHF, 99 99 98 99 99 98 98 98 93 79 960
HF 99 99 99 99 98 98 95 92 89 70 938
LLA4EHF, 99 99 99 98 98 99 97 87 89 70 935
EHF, 99 99 99 97 98 96 96 93 86 79 942
HF 99 99 99 99 98 95 93 89 81 68 920
1.8EHF, 99 99 99 99 96 93 92 8 83 70 915
EHF, 99 99 99 99 98 99 95 84 84 64 920
HF 99 99 97 97 95 90 94 92 73 60 896
2.0 EHF, 98 98 97 95 96 97 93 84 82 65 905
EHF, 98 99 98 96 97 95 95 88 80 64 910
HF 98 97 96 96 95 96 91 86 75 54 884

HEE 5 AT 7E o= 0 BN BT L A SCHE 1Y)
A Kimia 99 LK R F s & F HF #iid 1
(EHFs N 974, HF N 970), N T B % Bow
PHERRER MMM 25 K& 5 PR
TE7E B R 7 KT 1) A2 Ak A% 10 22 i i 48, 25 4R
mE 9 FiR .,

980
s
950

920

890

Matching results
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Fig. 9

830
0

Influence of Gaussian noise in retrieval rate

gia e 5 MK 9 HEAT 53 B, 7E WA KE Ry
0.4~1.0 B}, EHFs 51k B K M B LT A 52 g
FASCUR . FE PR IR R K RN E 7R K Gk B 1. 4~
2.0 18T . EHFs 5335 (0 K 2OKG BE T B i B 4%
HF /N, # 6=2.0 B}, EHF, 509K R84 AR
FETE 91.92%(910/990) , EHF, Bk K 91.11%.,
W = T HE Bl MR 9 B (03 98, EHF, (4
FHK L EHF, TR, HEHEE T EHF,
HAL S 5 2 AR B 3 B il Y v R TE R E K
RESRZRAE TR 2 TG B A % JE0 AR AR A 3 23 X
TE R B /N TR 8 1) 35 A28 T SRk T BRI %
TE DR R BE 2 R AR DG i &85 SR 1 B 67 T R 0
2 LTk EHF, M1 EHF, 85k 1) 5t B M 5 A8 00
T HF, %4t EHF, R R MEReE AL, 50 5 0
T bR TR,
4.3 EXRTERZENK

Shy 0 0 ) DR T K 3R SR A AT BT
{k PDP.PDP 5 %41 DP #:47 He 4. 48 it EHFs
B IR 5 AU PE b 3EAT IR DT I A AT e
B, ZEEE T Matlab Zi #2875 £ 4% CPU 355 T
SCPE L, CPU 2K %)y Intel Xeon 6 #%., N T #— 4
R FF AT B W RCR  FE PDP Wil B T R [A] (19 4
TR 45RO 6, o {4k PDP B3k R 12 67,
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Tab. 6 Matching times tested on several databases

thifr, ~ PDPCRIFEIZE) /s
PDP/s 4 8§ 12

e /s DP 5% /s

MPEG-7 4.23  10.47 7.58 5.09 37.35

Swedish Leaf 4.01 9.03 6.35 4.17 32.43
Tools 0.14 0.31 0.23 0.16 0.94
ETH-80 9.84 24.1517.47 11.36 88. 07

Kimia99 0. 37 0.81 0.55 0.45 2.81

Hi 5 6 Al L >Rk AL PDP 55095 R A7 2 IR DT
BC Y T 53 i E] %2 PDP />, HOB AR T DP 539k,
PDP H A [ 2k A (9 1555 (8] o A [a] L 34530 8] il 2
LRRERY IS A Wik b . 3d 3 H 8 fe PDP #il DP
TEBEN RO i 1 32 17 I 8] T 45, >R HIT4 4L PDP 55
A VEEC I A 2 48 DP S5k 12.5% . ik
AIAL, AR SCHR HR A SR A DE AR 1 B i T
HE , 5 A8 i 2 52 PR R R U Y 755K

5 & ®
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S k-

(1] #AXRA.FHEE.H8F. 5. QBB Lk

JBARIC R L], s s &t 5 B ¥ F R,
2015,27(10) :1865-1873.
HU D M, HUANG W G, YANG]J Y, etal.. Im-
proved shape matching algorithm based on discrete
curve evolution [J7]. Journal of Computer Aided
Design and Computer Graphics, 2015, 27 (10):
1865-1873. (in Chinese)

(2] &FF. 8405 707, %, RHZIERFERG W2

M ARSI b 4% £ 42,2014,22(12)
3368-3376.
LI1P, WEI ZH H, HE X, et al.. Object recogni-
tion based on shape feature fusion under multi-views
[J]. Opt Precision Eng., 2014, 22 (12): 3368-
3376. (in Chinese)

(3] B, Z4&F,%F.5. THEEBEYTHHHA
AFHAR R ER ()] 4o sh 5ok T 42,2015, 44(2):
769-774.

R E L DOCRFE SRS B = (R L B S A
0 780 5 oK B A T . TR SR AR AR IR AT Bh S R
R Bk AT DR C o DA W B 42 DS B A% IR 51 A
TEMR A 4 BE S W A SR FHDC 2R . B
FEAIR T HE X TIRIREE JF AR (Y 3R 048 15 22 , A &k
TR R &R MR S B . MPEG-T,
Swedish Leaf, Tools ## & fil ETH-80 K% 3D
B 2 B VT BE 5236 A & Kimia 99 5048 8 19 41 Mg
SR ZE R R Z B AE MPEG-7 1 ETH-80 I
1) 46 2N B S5 = BE 23 Il 35 3] 90. 38 %6 1 90. 07 %
Xt AR e B 0 R A8 08 5 AR R AR e, B AE
Swedish Leaf fl Tools ¥t ¥ & I, EHFs & ik H
R I T T R RN B A 4 i R 95. 076
M 94.86% . H B AL T HF 534> 8 25 1.
7 Kimia 99 5088 5 L 3% 50 1% 00 o e vk ms & T
HE, B i 76 1 75 7K R 2. 0 5 80 F . fE 7
91. 92 % MK 2%, ad BiR 5 A EdE R r
EHFs 8k B PL A iy B4 HE B 12.5% . A3
P IR RK = R RACE S BB,
PUMEPE SR, RE W 4 5 PS.DCT 1 DCE % 5.3
HEATRLA B BT R

Je eI NG B R W o] A b ok EHFs Bk
o7 FH ) 5L T4 R A AR ERORT — 4 R K R

CUI X W, WU Q ZH, JIANG P, etal.. Affine-in-
variant target tracking based on subspace represen-
tation [ J .
2015, 44(2):769-774. (in Chinese)

(4] A&, X#. K& LT XEEHER SR RGBD W%
HFREMLT]. & dh b5 2 4,2016,31(1) :117-123.
DU J, WU J, ZHU L. RGBD salient object detec-

Infrared and Laser Engineering,

tion based on regional feature integration [J]. Chi-
nese Journal of Liquid Crystals and Displays.
2016, 31(1):117-123. (in Chinese)

(5] FEF . xAk, 4 ROAR,F. H TR AR (A 3%

PEL IR Hausdorf B B8R T A 77 k[ J]. 4z 4h
Lk 142,2015,44(2) . 775-780.
LIZH J, LIU S L, NIU ZH D, et al.. Hausdorff
distance template matching method based on gradi-
ent phase and significance constraints [J]. Infrared
and Laser Engineering, 2015, 44(2):775-780. (in
Chinese)

L6 Rz, xak, am. JBIRICE 7 & SR ]
B 34 4R,2012,38(6) :889-910.

ZHOU Y, LIU J T, BAI X. Research and perspec-



plres

% TR

%25 %

tive on shape matching [J]. Acta Automatica Sini-
ca, 2012, 38(6):889-910. (in Chinese)
BELONGIE S, MALIK J, PUZICHA J. Shape
matching and object recognition using shape con-
texts [ J]. IEEE Transactions on Pattern Analysis
and Machine Intelligences 2002, 24(4) :509-522.
LING H, JACOBS D W. Shape classification using
the inner-distance [ J]. IEEE Transactions on Pat-
tern Analysis and Machine Intelligence, 2007, 29
(2):286-299.
ZE@ L ATE &, F. BTl #HIBR BT SCRE
W AHE SRR kg 4% T42,2015,23(1)
302-309.
WU X Y, HE Y, YANG L, et al.. Binary image
retrieval based on improved shape context algorithm
[J1. Opt. Precision Eng. , 2015, 23(1):302-309.

(in Chinese)

[10] BT, %R, 8 —FIET 2R ERE L2

[ 2CRAFME B RIERE )] a3k F R,
2015,41(8):1405-1411.
YANG Y F, ZHENG D CH, HANG M. A shape
matching method using spatial features of multi-
scaled contours [ J]. Acta Automatica Sinica,
2015, 41(8):1405-1411. (in Chinese)
FARAKXR. BT F. HTEMERITE A
SRARFIER A (], k5 #r % T 42.2015.23(6):
1758-1767.
HUANG W G, HU D M, YANG J Y, et al..
Chord angle representation for shape matching un-
der occlusion [J]. Opt. Precision Eng. , 2015, 23
(6):1758-1767. (in Chinese)
WANG ] W, BAI X, YOU X, et al.. Shape
matching and classification using height functions
[J]. Pattern Recognition Letters, 2012, 33(2):
134-143.
WANG B, BROWN D, GAO Y, et al.. MARCH:
Multiscale arch-height description for mobile retrieval
of leaf images [J]. Information Sciences, 2015, 302;
132-148.
EaR. PR T 2 ROEHERE R A 0 B AG R
Jrik[)]. & F F4R,2013.41(9):1821-1825.
WANG B. Image retrieval using multi-scale arch
height shape description [ J]. Acta Electronica
Sinica, 2013, 41(9):1821-1825. (in Chinese)
NANNI L, BRAHNAM S, LUMINI A. Local

phase quantization descriptor for improving shape

retrieval /classification [J]. Pattern Recognition

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Letters, 2012, 33(16):2254-2260.

SHEKAR B H, PILAR B. Discrete cosine trans-
formation and height functions based shape repre-
sentation and classification [J]. Procedia Comput-
er Science, 2015, 58.:714-722.

SHEKAR B H, PILAR B. An ensemble of mor-
phology based pattern spectrum and height func-
tions for shape representation and classification
[C]. Proceedings of International Conference on
Adwvances in Computing, Communications and In-
formatics, 2014.2264-2272.

EARO, ZRALVE T F. T IUARHE /Y BDE r
ERTRZFLEMI] &5 2F,2014,29
(6):1003-1009.

WANG L B, WANG Y J, DI N, et al.. Subpixel
location of circle target center based on geometric
features [J]. Chinese Journal of Liquid Crystals
and Displays, 2014, 29(6):1003-1009. (in Chi-
nese)

TSANG PW M, YUENP C, LAM F K. Classifi-
cation of partially occluded objects using 3-point
matching and distance transformation [J]. Pattern
Recognition, 1994, 27(1) :27-40.

JIANG S, WANG C, XU X. Fast algorithm for
multi-source image registration based on geometric
feature of corners [ CJ. Proceedings of Interna-
tional Conference on Advanced Intelligent Com-
puting Theories and Applications: Intelligent
Computing, 2010:438-446.

LATECKI L J, LAKAMPER R, ECKHARDT
U. Shape descriptors for non-rigid shapes with a
single closed contour [C]. Proceedings of 1EEE
Conference on Computer Vision and Pattern Rec-
ognition, 2000:424-429.

SODERKVIST O. Computer vision classification
of leaves from Swedish trees [ D]. Sweden:
Linképing University, 2001.

BRONSTEIN A M, BRONSTEIN M M, BRUCK-
STEIN A M, et al.. Analysis of two dimensional
non-rigid shapes [J]. International Jowrnal of Com-
puter Vision, 2008, 78(1):67-88.

LEIBE B, SCHIELE B. Analyzing appearance and
contour based methods for object categorization [ C].
Proceedings of IEEE Conference on Computer Vi-
sion and Pattern Recognition, 2003:409-415.
SEBASTIAN T B, KLEIN P N, KIMIA B B.

Recognition of shapes by editing their shock



Bl

PN L 55 T DR AR DT IE B 8 28 g 58 R 0 I 40 8 235

[26]

[27]

graphs [J]. IEEE Transactions on Pattern Anal-
ysis Machine Intelligence, 2004, 26(5) :550-571.
DALIRI M R, TORRE V. Robust symbolic repre-
sentation for shape recognition and retrieval []].
Pattern Recognition, 2008, 41(5):1782-1798.

ZHIYL, WENYQ, JUNJC, etal.. ECDS:An

effective shape signature using electrical charge

i AH(1992—), B WidvE A A
IR A, 2014 4F T 1AL Tl K 27 3R 45
A, EENE R R AL AR 2R
9 % J5 1 B9 BF 5% . E-mail: zhangyhgd
@163. com

[28]

distribution on the shape [J]. Pattern Recogni-
tion, 2015, 48(2):402-410.

BAI X, YANG X, LATECKI L J, et al.. Learn-
ing context-sensitive shape similarity by graph
transduction [ J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2010, 32(5) .

861-874.

SUHE I

INEHR (1981 —), BL.WldE R IT AL 1%
+ B2, 2002 4F 2008 4FE T4 AL
Eb NG S I N v o S VAN
A G BRAIL 8% 2 ) %5 7 I 1Y

o

%% . E-mail:sgdeagle@163. com



