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Three-dimensional shape representation and smoothing with elastic
quadratic patch model

Hao Shijie', Jiang Jianguo'”, Guo Yanrong', Zhan Shu'~
1. School of Computer and Information, Hefei University of Technology, Hefei 230009, China;
2. Engineering Research Center of Safety Critical Industrial Measurement and Control Technology, Ministry of Education, Hefei 230009, China

Abstract: It is important for shape processing and analysis to have a noise-robust and detail-preserving shape representa-
tion. In this paper, we propose an Elastic Quadratic Patch (EQP) model, which is extended from the basic idea of Elastic
Quadratic Wire (EQW) , for robustly representing three-dimensional shapes. In the model, energy function quantifying 0"
and 1™ discontinuity is constructed based on overlapping quadratic patches for each point and its neighborhood on the sur-
face. This function is in quadratic form and can be easily minimized through a specific vector of quadratic surface parame-
ters. The EQP representation, which is stable and geometry preserving, can be then obtained through a point-wise itera-
tion. In experiments, we mainly take facial depth image as experimental data to evaluate EQP’ s performance on smoothing
and detail preserving. Model parameters are first analyzed under different noise levels (N =1, 5, 10). Global and local
comparisons with splines and wavelets are then presented, which demonstrate, under relatively large noise, the superiority

of EQP both on quantitative SNR and qualitative visual effects.

Key words: shape representation; elastic quadratic patch; geometric feature; shape smoothing; feature preserving
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e, =K BRI EQP A EM R peemimias A,

e 2k AR T A MR LB S AL, B EQP (1 fF I LK
B ERE T =) B AL, BHRE, AR EQP
T AE S0 T A 25 WS 1 O TR S LR R ILRE &

F1 FBFHENETFS56 FIAMTER SNR AESHE
Table 1 Mean and variance of SNR of 56 facial surface
with 4 methods

/N7 AT A o 18T 6 (b) —(d) 2 JR i X sk /dB
AR AL L, BT S B R T SNR EQP TPS cubic-spline  wavelet

A EEAAML . AN ZAFE T, 45 B X i TPS N=1 37.0+0.25 32.5+0.32 35.3+0.56 38.5 +0.44
R P A A A T 3530 P "2 1 T DX N=5 32.3+0.56 32.3+0.47 31.9+0.55 29.3 +0. 67
{5 M HE T 5 EQP X 45 A i M 7 R A R B
I 08 S T 0 SR B

N=10 27.7+0.88 32.3+0.41 27.9+0.73 22.8 +1.12
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Hp X T SR s 4 A B[R] S35 24 15 s, kAR
WHCK 5 B b B — 1) 52 58 B 508 73575 0.34 s,
f#i ] matlab [ 3719 TPS 5 =R B #E 4% bR B0 43 I8 5K
PR PRt E] A 134.2 s 10,058 s, i Sk [ 13]
PR N R BRI FERT X 0.017 s, EQP
AEXF A 1 D DR A ok A T 2R (12) B B 40A T 5
AR M8 8 784 I B A5 A S B rp nl S 947
S < U5 1) 157 98

T HBACTE Yo A i T 8 S R X S A 7
ik, EQP 5 HAb i 4 A HL AR, ZEAN TR 7K T 4%
A T e AP RRT  EQP HA— 23
3.3 JUIBZHMEFRERE

O i T ELAT — 2 2 A T LAAT AR A5, 4
IR SR TR RN SR A a5, B TR AR by
St 23R 0 42 Ry R FEAN A A, AR AR SR R TR
AHREEM . ARS8 EQP £k T IR
i LT R AE AR R RE T

PASCHR 14 ] P US4 A B s RN AR A
JE 6 AN RO R AR S AR B 1 (AR g A
G o T ) 4 R 285 R Ry ) |, P AN [ i B M R T
2 EQP -1 I A R AIE ssi $ BV ff 58 (b ) o a2
B VR HR S A Y 10 () G b B (B A P
B

T2 ] LIF B, YR Ty 22 N BN
T A A I 1 T A B NG i TR AOE A5 1 24
Mg 7 SE— 25 A, B ARG S5 2 e, 2 P
Shr NG HR A 52 R 58 v 0 i R AR /M, EQP 2 4848

R2 AEEETZ EQP Fi5/Eh AR il HHHE SRR R
Table 2 Feature points detection accuracy of

EQP-smoothed facial surface
/%

N=1 N=2 N=3 N=4 N=5 N=10N=15

B 100 100 100 100 100 90 50
3§ 100 100 100 100 100 90 30

WHEEf 1 100 100 100 100 90 60 20
NHERf2 100 100 100 -~ 100 90 50 30
SN 1 100 100 100 90 90 40 10
AMIRf 2 1000 100 100 80 80 50 10

AR K8 7 o 5 06 3ok — Lol A 5 X T
SR ER R N i 1 SR, 26 EQP P ict g
T A M o 21 T LT S B e B
B bR S TR RS . AR, LT
EQP {TAR 277 57 M 76 2 A Bt M 4% 5 AT
T T 9 — 2 . 3 LA 1

4 & B

BN S AT AR 255 B e A A B R P 1Y
FRE, LTS RIS A B R R T ik S EAR Ok
PRFFIXSCRFIE . ASCHERIR 2 AR ARSE g ity st —
U AR EQW H#E)™ 2 367 3 4EIEAR I 5P — ik
A EQP, JF LA 3 4k N K U8 H s S S v 42
Sk EQP 75 i 18 40 75 PR A5 B T i 45 | A
Rk

s R, AR SC EQP BL R 2R 3 AR
o) i A H 45— 1 2 4280 L, BB
AR b B — mER W G — B AR FR 2R 7R (AR S0
3 A NI B 1 i X — R, AL s
=T R 2 R R R AN X — 2R Rk
EQP SEykiE— ) 2= HAWBUIR S50 T 1 3 4RIk
TN

it At Susquehanna X 57 Kubota 24 4% £ H
EEAGREPOF S EBL
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