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Algorithm 1 Forward lifting

Input: ¢;[t]: signal, L: resolution level, J: decomposition level.
Require: L>J J>1

1: for j< LtoL—J+1do

2: () 1[t] + ¢;[2t]

3: d,(f; [t ¢[2t +s], keD

4: fori<+ 1tondo

7 1—1 i—1
5 A« d §:p S Vit—ul, keD
U€EZ?
7 i— 1 7
6 Lt eV Y N w d,g; Jt— ]
keD ucz?

7: end for

8 ¢ 1[]<—Kc(”)[]

9 dy 1[]&1/}((1,5?1[] ke D
10: end for
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2. {EEURSY coi[t] % FHERT 2 -

cojlt] = cj—1[t] = > Undrj—1) [t].
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3. BERSY {Ckuj [t]}i:17273 AT D

Cr;,j[t] = di, j—1[t] + (Pr, co5) [t], ki € D;,

Dy:={4+1]0<¢< N/4},
Dy:={40+3]0<(<N/4},
Ds:={20+2]0<(<N/2}.

4. co [t & e, j[t], i =1,2,3 #BR LT, ¢t] ZFHEKT 2.
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Algorithm 2 Backward lifting

1: for j=L—-—J+1toL do

e [t] < 1/K ¢;_1[t]
dk(';) [t] < Kdgj_1[t], keD
4: fori<+ntoldo

1
5 e c®-3 Y uPuld® -yl
LGDu€Z2
6 a0 dD 1+ Y pPlefVt—ul, keD
ucZ?

end for

¢j[2t] & ¢4 [t]
9 ¢;[2t + tl] « select df’)_,[t] with k € {1,5,9}
10:  ¢;[2t + to] < select dLJ L [t] with k € {3,7,11}

11: ¢j[2t + t3] < select di’)_,[t] with k € {2,4,6,8,10,12}
12: end for '

2 R {c;[]} ez, FEBRS {c;1[]}scze, BMRS {deyor[t]}seropep (EB:k=6,...,1.
FTE:k=12,...,7.)
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RETRZOTay 7 )4 AHBAEBRERNA TS Z EICHERTS. ZOoMEEZFIRATHE, FZTK6 D
57, EBICEENDFARIBDLRYRTWT 7 ZAF v BB LT, LT 5 HALsy OFEEE % it
LTHIAT2Z LT, BRFREREREBGDZLENTED.

6 HHYIC

AWFFETIE, FAOBRMEZUE L EEEROZRMEK CORFHELREL, BRI 2B EERIC L
DEDORYEEZR L. RBEFTHE IR ML FHMADMED b L— P47 L0 EHETHERIE L Y H2FER
TENTEY, ZRERICBT27T—2OMBEZFIHTL2Z LT, L0 —BROTEERT — 7 LI HILE
ARETHDHZLAMFTED. KRTIE= y VOo— kit Z BRI LGB Z2H - 7223, EEERIZBIT
FERAFZORFICB W THMBICRRI2MHEZ R EAFEZHVWD Z L T, BHRICERFHEZR-EZ L
LA THDH. SRIIZI LIEFE~OELRIMVMAEZED, L EMELT —Z TR 2 BEn g
Beies.



5 JEMERER (F  Iekik, £ IR

L R 2R

L AR 2B ¢
® oo

6 JEMERER (K kil Ao BRI

SE Xk

[1] J. Antoine, P. Carrette, R. Murenzi, and B. Piette, Image analysis with two-dimensional continuous
wavelet transform, Signal Process., 31 (1993), 241-272.

[2] R. Bamberger and M. Smith, A filter bank for the directional decomposition of images: theory and
design, IEEE Trans. Signal Process., 40 (1992), 882-893.

[3] E. Candeés and D. Donoho, New tight frames of curvelets and optimal representations of objects
with piecewise C? singularities, Comm. Pure and Appl. Math., 56 (2004), 216-266.

[4] 1. Daubechies, Ten Lectures on Wavelets, CBMS-NSF Regional Conf. Series in Appl. Math., STAM,



Philadelphia, 1992.

[5] M. Do and M. Vetterli, The contourlet transform: an efficient directional multiresolution image
representation, IEEE Trans. Image Process., 14 (2005), 2091-2106.

[6] R. Duffin and A. Schaeffer, A class of nonharmonic Fourier series, Trans. Amer. Math. Soc., 72
(1952), 341-366.

[7] K. Fujinoki and O. Vasilyev, Triangular wavelets: an isotropic image representation with hexagonal
symmetry, EURASIP Journal on Image and Video Processing, 2009 (2009), 1-16.

[8] C. Heil, WHAT IS ... a Frame? Notices of the American Mathematical Society, 60 (2013), 1-3.

[9] N. Kingsbury, Complex wavelets for shift invariant analysis and filtering of signals, Appl. Comput.
Harmon. Anal., 10 (2001), 234-253.

[10] J. Kovacevi¢ and M. Vetterli, Nonseparable multidimensional perfect reconstruction filter banks
and wavelet bases for R”, IEEE Trans. Inform. Theory, 38 (1992), 533-555.

[11] D. Labate, W. Lim, G. Kutyniok, and G. Weiss, Sparse multidimensional representation using
shearlets, in Wavelets XI, edited by M. Papadakis, A. F. Laine, and M. A. Unser, SPIE Proc. 5914
(2005), SPIE, Bellingham, WA, 254-262, 2005.

[12] S. Mallat, A Wavelet Tour of Signal Processing, 3rd ed., Academic Press, 2008.

[13] B. Olshausen and D. Field, Emergence of simple-cell receptive field properties by learning a sparse
code for natural images, Nature, 381 (1996), 607-609.

[14] E. Simoncelli, W. Freeman, E. Adelson, and D. Heeger, Shiftable multiscale transforms, IEEE
Trans. Inform. Theory, 38 (1992), 587-607.

[15] G. Strang and T. Nguyen, Wavelets and Filter Banks, Wellesley-Cambridge Press, 1996.

[16] W. Sweldens, The lifting scheme: a custom-design construction of biorthogonal wavelets, Appl.
Comput. Harmon. Anal., 3 (1996), 186-200.

[17] W. Sweldens, The lifting scheme: a construction of second generation wavelets, SIAM J. Math.
Analysis, 29 (1997), 511-546.

[18] W. Sweldens and P. Schréder, Building your own wavelets at home, ACM SIGGRAPH course
notes, 1996.



(2 X & H

A BEGE - FREF RRER
A' No‘Fe on Curvelets and Multiscale SO R BT ST e b 2019 4£ 2 A
Directional Transforms
Directional Lifting-based Wavelet | The Ninth International 2018 4 12 f
Transforms and their Applications Conference on Information
IS PR EEE 8 B TR - T% &
2 ZEHK B IS R BT 12> U C AR 8 WATFAL - TES | gn18408 1
V7T 4V TAF =KL BT =—T Ly T o A2t
- i SR ER 201
kR H A B B 2 3m 5 018 4% 6 H
Multi-Lapped Directional Wavelet Advanced Ipnovatlon powered by
. .. Mathematics Platform,
Transforms and Their Applications to e . ; 2017410 A
. Signal Analysis and Time-
Image Analysis ‘o
Frequency Analysis
The 12th International
Haar Wavelet Decompositions on | Conference on  Innovative 2017 4£ 8 A
Spherical Sound Fields Computing, Information and
Control
A Two-dimensional Lapped Directional | The 11th International Society
Wavelet Transform with Directional | for Analysis, its Applications | 2017 4 8 A
Lifting and Computation Congress
. . The 14th International
A Lapped Directional Wavelet Transform Conference on Wavelet Analysis | 2017 4 7 H

Based on B-Splines

and Pattern Recognition






