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A Study on Sparse Representation of Dual-Tree Complex Wavelet
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Abstract The Dual-Tree Complex Wavelet Transform (DT-CWT) has good directional selectivity in multiple di-
mensions and its subband responses are approximately shift invariance. For two dimensional signals, this transform
is an overcomplete transform with 4:1 redundancy. In overcomplete transforms, we can find spare representation
which is the one that uses as few basis as possible to represent an object. In this paper, we describe the following
two facts. First, it is described that Noise Shaping method on DT-CWT to find sparse representation is equivalent
to the approximate method of sparse representation based on L0 norm. Second, A relation between parameters
of Noise Shaping and sparse representations by energy copmaction and mutual information is clarified. Then, an
improved selection of coefficients in Noise Shaping is proposed. Good Energy Compaction on proposed method is

validated.

Key words Complex Wavelet, Noise Shaping, Sparse Representation, Alternating Projection, Energy Com-

paction, Mutual Information.
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0O 1 Analysis FB for 1D DT-CWT
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O 2 Directional selectivity of DWT and DT-CWT
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3. Noise Shaping
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0 3 Structure of Noise Shaping on DT-CWT

Yir1 = yi +di- (9)

00000000000 DT-CWT OO gy 00y 0000
yy 0000000 ¢ 0000D0000000000000
U0D0O0U0OOD0ORy, = 0000000000000000
00 Noise Shaping 0000000000 ¢yt 0000000
oooo
000000000D00000000D0000000000
dt0D000D000D0dt—-o000000000000DO0
0000000000 ;0 e; —0000000000000
000000 y0O000000000000000d0000
oDod0oono

Noise Shaping 0 0 0000000000000 O0OOD
o000000O0O0O0O0O0O0O0O0O0O0O0OoOoooooon
00000000000000000000000 Energy
Compaction 0000000000000 Noise Shaping O O
000000000000 0000000000000000
000000000000 00000000000000
3.2 00DOO0OOD

Noise Shaping 000000000 20000000000
00000 (5)0000000000000000000000
00000000000000000000000000000
00000D00D0000D000000000000 Energy
Compaction 000000000 40000 1000000
D00000D000000000 (Gain) D0ODO00O0DO0
0000000 (NonZero) 00000000 (Iteration) O
2000000000000 (100000000000

Gain = NonZero (10)
Iteration

600000000 20000000000000000OAO0
oobooooooo

4. O 0O O

4.1 00O0O0OO0OOOOO
NxMUOO (N<M)eDOOOOODOODODODOOOODOO
oono

da =z (11)

0000zeRNODOODeeRMOOODODODODODOOO
0000000000000 =67[@e”]"' 0000 aD



20000000000 ers=v200000000000
gooooobooobooobooooooboooooboo
0ooUooUooo0oooOooUUoUOonD (12)0oooooo
ooooooon

Gog = argmin|lallo st. Pa=zx (12)

00O0O0|elo0 «0 LOOODDOOO00OO0OODDOOO0OO
00000000000D00000000000000000
0000 (13) 0000000000000

dos = argmin{[lallo + Al|®a — (3} (13)

o000 ANOOO0OOOO0OO0OOO0O0O0O0ooOoooooooo
NpOODODDOOOOOOOOOOOOOOOOODODBOOD
oooOoOooOo0ooOboO0o0O00000000000Matching
Pursuit (MP) [5] O Basis Pursuit(BP) O 0 O Basis Pursuit
De-Noising (BPDN)[6] 0000 OO00O0O0OMP 00000
0000000000000 000000000000BP(O
OO0 BPDN)O LoOUOO0OO L1O0O0OooUoOooooog
oo0o0obooo0obooobo0ooO0ob0b0O0DMancera OO0
Loo0o00o0o0oo0oo0oooooooooooooo (7o
4.2 LoO0OOOOOOOOOOO
Mancera 00 OAO0O0O0O (13) 00000000 KOO
00 Jlaosllo= KOODODOO0ODOO (13)000000000
0000000000 (4 0000o0oooUuoooooo

SK) — g —
a(K) agég%na |2
st. C(K)={ac RM:|alo=K} (14)

000 z00000D00000DO0O0DO000ODO0 KOOODOoo
0000 00000000000 DO0ODO0OO00ODGK)ODO
000000 (1) 000000000 S(®,z)0 C(K) 00O
000000000000 10)0C(K)D0 S(®,z) 0000
000 Pgg ) = a+ars — ¥Pal S(®,2) 00 C(K) 00O
00000 ht(e, K) DOODOODODOOOOOO ht(a, K) O
C(K)ODOOUOoOoUoooooooouooooooooooo
J0000 KOODOODOOoOoDOooOOooDboDoOOoOK =10
000000 DbOO00000DO0OD0 40000 Mancera 000
00000 Curvelet 0000 BP(ODOO BPDN)OOOOO
Energy Compaction 00 000000000000

5. 0 uonoan

5.1 Noise Shaping 000000

300000 Noise Shaping 0 4200000 LoOOO
000000000000 Noise Shaping 000000 k=1
0000000000000 (5)000000000 hi(a, K)
oooooOoO0o0oO00 Koooooooooooooooo
DDDDDDDDDDDDPSL(@,Z)DD (1/Yoooooooo
ooooooo

PSL(@J) =a-+ars — VYda

a+ ¥(x — Pa) (15)

c()

\J

0 4 LO-norm minimization through alternate projections
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