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Wavelet ridge extraction algorithm using a cost function in two-dimensional
wavelet transform
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Abstract: Using the maximum of two-dimensional wavelet transform coefficient modulus as wavelet ridge will produce large error for the
fringe image with noise interference. In view of this problem, wavelet ridge extraction algorithm utilizing a cost function in two-dimen-
sional wavelet transform is proposed. Firstly, the maximum point is extracted from two-dimensional wavelet transform coefficient modu-
lus, and the local maximum points exceeded 90% of maximum point are also obtained, these points are selected as wavelet ridge candi-
dates. Then, the gradient of scale factor is introduced into the modulus, the cost function is established to evaluate the value of all candi-
date points. The logarithmic Logistic model is used to adjust the weights to improve the estimator. Finally, the dynamic programming is
applied to accurately identify the optimal wavelet ridge, and the wrapped phase can be obtained by extracting the phase at the ridge.
Consequently, the fringe pattern with low signal-to-noise ratio can be demodulated accurately, and its noise immunity is better than wave-
let ridge extraction from direct maximum modulus. At the same time, only one fringe pattern can be projected to reconstruct the shape of
object, which can be used for dynamic 3D measurement in harsh environment. Simulation and experimental results show that, for the
fringe pattern with noise, the accuracy of 3D surface recovery by the proposed algorithm is increased, compared with the maximum modu-
lus of the wavelet ridge extraction algorithm. And the computation time is shortened by 46.9% compared with the extraction of the whole
local extreme points. In addition, , simulation results show that the 2D Cauchy wavelet has better directivity and higher accuracy by ap-
plying different mother wavelets to the proposed method.

Keywords : two-dimensional wavelet transform; wavelet ridge extraction; cost function; 3D surface recovery

kS H 3 .2017-02  Received Date: 2017-02
# SEATH  [FHRK B AR FIA (51275405) BEVE4E B IARHFILaBFFE TR (2015IM6333 ) 151 H %% 1)



2916 & I £ ¥

38 %

0 3

il

FUAR RS R B AR LA AR R RS R R L B AT AR
A A 5 T S BRI S AR A R SRR A
TE ) TR T AS I BT s o R A58 R 2412
SCYE NP ) A5 N I A [ N AMUE Y
PN AR AR R R B B T R A R
B HE T 3 IE L S SURE TR A I
Takeda M 25 A" T 1983 4F 4 )l HUH S s B AR, & 1
T — RSB R B AT YR S Wk =450, 7T 0 T sh a8
TR = 4 TR S50 (L B O A e e 2 R AT £ i
J7 e AR oS R R S R AT R iR,
S G RS

AN AR LA 25y R HTRE 1, B 5 B AR
SIBTREPE TR T LIS A AR Y B TR A T
LAk Zhong J 4 N AR I T B RE AT SR /NIE
725 8t R BORSE e R ALK AR B/ IN U A, 08 T A5 316 2 AH A6
(R, 2 4 S0 A7 AE MRS I fe R AR — i R LI
B/ NP, W] BE SR MR A 7 A R SRR AR LS, PRI B B BRI
KBS KIRZE, SRR E 1) I AEAEER
W%, Liu H 28 NI T 3 T 56 50 /N R
PRIUAE e/ N AR B R BOBA S B 15| A SRS BE i
PR B0 SEVE AL , I LS 4 sh S LRI 7 ik 18 R/l
2k EAEARME RS R /N BB 5 2 o5 R O M . E 5
2 NE R T A R TP BB /N D R L R
B ANELR N A e 2R BORE (L M K (R A, T L4
BT AW i1 a5, EAREE T T N 58 A 1 /N R o i
B HRR 2 I 5 5 PG 18

S o7 1 L I P 26 B 1L, AR ST H — i 3 T4 {1
PRER Y AN AR g NECE PR IR S . BN 4N
705 o ZR BSOS 11 5 A A R e KA 90% 1) Jmy 8 A AL o 4
IRCH S, AR S /N 008 5, A (R AR B 1 ) s
MR T o 32 T U R L AR e 7 A
FKAGAE AT DAl FH R RO B 487 1Y e M AT LB IX —
JECRR, 75 /NS 0 RO b | AR B T (0 B, ST
B PREL, 51 AXTEL Logistic 558U 9F 1 7 A 7 4 el adk | X 41p
{8 BR B P P T A ) T R AT A, AT 75 ) 5
SIMEMT . RIF, R BN%AT KRB — MR R A
P e/ MBI A5, I 2 1) 4R 2 i 26 A e /NI (EL Y
SRAREAR , B Ri%AT 4 80 e/ INE 46, SR O 24k 1Y
Sz BV T 45 B — 47 4% 50 00 6 3 R CBORR A 218D o
AR e T RE VR i R 5 e LU A IR A A U L 2, o Mgk
REDL T BB B /N SR 10 9F B AR 4305 1 iR 4%
R BT AT SR, AT TR B T s S =
Y

1 ZH/NEEHRE KRN EE TR

HY T 4k /N A e W] I AT 4 TCRE RN 1) B 4
PR A BE L T — 2 /N A 4, LR /N A W
R AR , 5 IR IR S S BEAT HORL, RS B /NI
AR RHOERE . REUERD IS E SRR, R AR
E R, s/ NS (55 8RRl JE SN R B
BRI e BEAR

S AR BL A B W R IR R A B AR T SR B0 IR
JEAE R BN

g(x,y) =a(x,y) +b(x,y) x
cos(2mfyx + z(x,y)) (1)
A aa,y) HHEFICHRIE, b(x,y) HFEHIRE, f, N
BB, z(oe,y) A B TR AR

TE 2/ NP AR B AR R, R FH 48 Morlet 52 /N,
FmN:

Yo (2,7) = exp( - % m)x

exp(ik(xcos@ + ysing) ) (2)
3 0 S/ NBAHXS T« BEFE AL, b /N RO AR

ARE 45805 4k Morlet B2 /INBE 1) 4k /N AR e e 18
Fi VIR

W(a,b,s,0) = Slfzfjg(x,y)(//(%,%b,ra)dxdy

(3)
K W(a,b,s,0) /NP RZEL, (a,b) FFBH
T, s AARIE T, 0 BEREFBE, r, JIBEFEA I o
R REZ N T s A 64 T A [F) A9 I, e /1 B N 1
s A4 P[] B HUEL, 8 24 K% 8 i AL T8 2% B0 — 2/ e
Be)a a2 — A DU L R BOERE (512 x512 x64 x4) o 1
AR HERIRE 512 x 512 55 1 A B B RME, 20
64 x4 ZBGERE, RIDNHE 147 58 1 SRR S AEA A 4
TR BE R s R 2T ) 2k /NI A e R B R
e 1 s .

ekt £ IR F
6=0 6=1/6 6=n/3 6=n/2
Qg ° | @ G
s=1 [512x512| [512%512 {512x512 |;12><512 644
! 0000
5 g = 5 0000
w | s [s12x512| 5125512 [512x512 |;lz><512 e
3 [
B s : - R
w| s=3 [512%512] [SI2%512| |512%512 |512%512 D |
[
[ ]}(
[
. . . . [
H H % i [
[ ]
v ’—‘ ’— 0000
=64 [512x512| [512x512| [512x512| |512x512 —
Ve 1 BE R

BT /N e ) DU 2 22 KO R

Fig.1 4D coefficient matrix of 2D wavelet transform
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Table 2 Processing time and RMSE comparison under
different thresholds
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