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EMD Based Smoothing Algorithm for Four-side Region Surfaces
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Abstract Surfaces smoothing has been widely used in computer aided geometry design( CAGD). Digital surface with noise
can be looked as non-stationary discrete geometry signal. Empirical mode decomposition (EMD) is a new method for non-
stationary signal analyzing. In this paper, novel methods for spatial curves smoothing by EMD and four-side region surfaces
smoothing with 2D separable EMD are presented. Four-side region digital surface can be represented as a mesh formed by U
and V discrete curves. In spatial curve smoothing, we parameterize the digital curve to 1D, and transform the curve to 1D
signal firstly. Then decompose the 1D signal into a collection of intrinsic mode functions (IMF) by using EMD. Thirdly,
remove the high frequency IMFs and reconstructing the signal. Finally, mapping the reconstructed signal to 3D, and the
smoothing curve is obtained. During the four-side region surface smoothing, smooth each U curve of the surface first and
then each V curve with the spatial curve smoothing method. Experiments show that noises in the surface can be removed
efficiently, and good results are obtained by using the smoothing method.

Keywords surface smoothing, four-side region surface, EMD ( empirical mode decomposition), IMF (intrinsic mode

functions)

EL&TE :ERAH R %I E I H (60673063) ; B % & 8 AR B 5% & 1% (863) 30 H (2007AA12Z141) 5 Wi VL4 H 48 B 2 3 405 H
(Y1080436) ; #ivT. 28 Bl £ 11 %135 H (2006C33045)

W75 B #7:2008-10-23 ; 2 [ B #§ :2009-01-22

E—EEBN KE R (1965 ~ ), A, @IEEZ, 1997 SEF WL RFEIR ARG TRBU24 00, 3 BHF5E 7 k8 RE# A R 4 TR, B9
SRR 25 I R4S Ab B, E-mail : zmy@ zjut. edu. cn



38 F 4 T EMD (%) DU 3 skl i o A vk 985

=
T}

e LA B JL AT 353 (CAGD) i, 41 3k ik
S LT S PR FR B R A A N IR AE D7 E R
I, 2% Hh DO TR 4 PL A B % (CAD) i
CAGD My HEH AR 2 — . 7630 i) T8 o, i & ity g
BET I J5 U B A SR 11 S g i, i 5
HA RS T S A M A E 2R 15 25 0 B AL 2%, X R
BORAETE R o R T 5 SO TR B it 4t TR R
VI, B B S AT O i T L AT I
A1 77 0 T3 R e 2 0 DR 38R AR, 3
HE B R 5 v RE R W, R RRE, &
BIL 8 0 5 X Ol IS 3 A 7 0 9 R, R Ot 7 e
LT H R AT A I

I AT I T8 60 4 F 5% 3 AR e S 0O 1
BT T YT 7 9 R A0 3 155 0 AR TR T L 4 S R e 2
R J5 B I 7 v R RO I 7 1 A SR R A A
e/ BT A R B I I i, % R o 5 A T R
JB T X — 2 o X T B AR A i TR O
5 FH 0 T i, R Ay 24 i 4 KA, 16 T A R
0 A i ML A, RV A N RO R
R M6 T A 0 LM A, Bk SR A I 3, A/ R
PR N A H R, IR A 4
VA A3 3ok R T AR 6 TR e f TR £ i
T W 279, AT 5 BB H Y, k2 i
A T B B 0 I e Y Tl %
S R R A T X e gy ik —
T b B A o 7t e Y A Y U I R L Y M
BRI R TR IAE R TR, T R

1998 4F ,Norden Huang $ H 7 — Bl (1) 9F - F2
55 M T ¥, &2 B 040 R 5 3k (EMD) ™, EMD
e 52 A0 0 AR R AR 5 8 0 40 R T4 B AT
FRAE R (TR i B 2 S A T i B . Hrp 4
— AN F R E R — A W K
(IMF) ™ B ET REE S RERET, B
4k, EMD Al B -451 7] i 5 35 4k, B A 13 38 L, AT
DA 27 545 5 X Ak 0 455 3R 9 95 e 42 ) 75 5% /DN 3 R
. EMD {ER—F B de 4 v JE P RS S
VL TE L iR SN 2 4E PR 1R 4k B P s B R 3 R
O A SO I I 3 8 R i T A S BIOUL
5, R, B R—MIETERES . T
5 2 4 AR AAETE B AR 9 e 5T 56 &, AT LLSR T 2

HEP 15 EMD J7 12 ok Ak P 8 850 ith T . S B e A
5, S B it T B A B

Bt Xk I i e ol T, AR SR T — AR T 2
YE R oy Eg EMD BEU . JRA I T 1 46 (55 1
EMD 73 fif , JF R iZ Tk 9 R B 2 4E L, $2 Y R 52
BT 2 4ER oy BB EMD 3R U5k R SR T
23 [AAE 5 i £k B9 EMD G AR B 57 v, Xt m U,V
2 EAT 2 R Ak B, AT S BT T A Ol T A B

2 AIEN2LZMENXSHF

2.1 1420 EXSBH=®

X F— MR A ARG S AL E 0 2 H8 AT fE
HEZNMRGES, IESERE -2 S/ 246
FF AR 1T M Ao 430 46 2 B5F (] 7 B R B8, 7 B — I
Z) LB — WA A7 T, XA 30 B8 A5 5 19 40
Bride il 7R BR . EMD J5 3% Tl LA &2 2405 5 40 i
R A LU AN A E i e g s L (D) MRl
MR 5T S WIS S R E A
(2) FEAT B a) A5, LR SR 340 N o o 3 T R
1E 2 I B AR ) B S b i B SR i EMID SC B
TESENZZ ARG HER 55

XEGESX e R Y EMD 43 U F -

(D)W :R, =X (RIRIT) , % j=1(NZEHK
KA mEH A ;

(2) KBRS j AN

(a)¥tafl hy =R, ,i=1;

(b)) SRHC b, 7 Jm ¥ e KA A B /MEL

()t A b, - BN A4 JR) 58 e R A e /M,
T LA R« AN LRy,

() IHHBEAEYIE m, = (%, +y,.,)/2;

(e)HEH,h,=h,_,-m,_ | ,i=i+1;

(f) 53 45 TR 0 ey £
_ - | hifl(k) _h’i(k) |2
SD, = AZ) ROE (1)

XL XHE S by b BB BICR SO K+ 1
A b CR) Ry (k) 2332 by by BOER b A SRAE AT
HONEREN (=S

(g) 2k SD, > &, BEH 2 (b) s /W, C, = h,, C,
RIS AN A i, X e —BIR0.2<e<
0.3;

RATLELHES Xala(2) B



986 SIS PP

X:ch+R (2)

s, R BRI A A, A5 5 5 A 4 510 4 T e
W, 24 RE /N T B0E (B B B ek BN £ 5 0
fiR BNA5 25 5, SCHRL 10 JHIEB T EMD 43 fif J5 15 1 58
FPEF AT ATVE X R 40 15 5 b AL 5 A5 B &
P 2B A0 A5 DA R A AR B o DA I pR B0 BEE A
KF AR S EAE R EMD R 3 o BUR R [ 2
[ XA M55 R TR 4tk ELJE g i
BN E T i — 2 5 E AR A TE AR 5% 4 A A
W3 3 B B pR K, DR X R O R A B R AR PR AR
THYAL

A — A5 BAE S R A R EMD 2385 %

f(t) =asin(2nft) +bsin(2nf,t) +csin(2mfyt)
(3)

FEA ) R 7B5S, Bl 3 DG
SR o — A IR E B IE AR T 5 A
N BRI IR S LMW S o P e b e 23
XERLCHEAE , fi\ fos Sy 0 0 3R BRI AR . 0 Oy
fMEl, 24 a =10 mm,b =5 mm,c =10 mm, f, =
5 Hz, f, =10(¢+1)Hz, f, =25(t + 1) Hz B, {2045
5 S EMD 53 fifg 4% P4 2 55X o3 o B4 IR S0 R A
Jis e T BoniEE, & R gy I o Bodls (R RE
BF A1 000 Hz) o 1 rp(a) ARG, 8 1(b) ~
B 1(d) 2300 s 4 R IR R 5 1Y 3 A IMF )4,
Kl 1(e) {55 EMD RYF 534,
2.2 2/ SBELRREXIBRTE

Xf 2 4EEMRFEAT EMD 2347 B9 RUAR A0 T < 15 54
KR —47F e — AR PR ASE LM 1| 4615
SO (RS B9 EMD 3 A 75 kSR H AR R AE Al
AME T 3 UM A I R 005 L B TR a2k 2k, SR AU EL
FI0E 5 SR J5 SR AR AR S (AU T 2 4R R
IRFEAE o 45— iR ab B )5 122 [R) 4 AT A0 Ak B 7 ¥ —HE
XS T BUR A 2 4 v] 5 B A A

[EEEAEEESEREAR
S(x,,2,) %, =1,2,- ,m3x, =1,2 -+ 'n, E{% EMD
I3 ff R ANE

(D) BIRAE Ry (2, ,5,) =f(x,,%,) ,j =13

(2) Fifi i 1 565 j A~ IMF

(a) WItRAL b (2, ,0,) =7 (%, ,%,) ,i=1;

(b)) $E WA, (v, %) AT B P LA B 5GHR
W A — A7 B R AR AR R R4 X B AR T 3 IR
SRR A 193] — 500 Y B gL IR s

514 %
é 25
k)]
1=
*25 1 1 1 ]
0 0.5 1.0
i E) (s)
(a) RIGES
10
Ean| 0
1
—10 L L L |
0 0.5 1.0
)
(b) IMF,
g 5
g
g 0
_5 1 1 1 ]
0 0.5 1.0
A E) (s)
() IMF,
E 10
m 0
[
~10 ' !
0 0.5 1.0
)
(d) IMF,
E 10
@ OP\
1=
~10 1 I 1 1
0 0.5 1.0
)
(e) RN E

K1 f5BAR 5 M EMD 43 fif 43 i i dal il 2
Fig. 1 Simulated signal and time-domain waveform
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