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AR, BT Contourlet ZFHAEKIE R T LP 4 FIEUER 8, A B FE b & 7 R RRE
P, IXFE Contourlet A8 H AT A AT R AR, 1M BHG AL 45 1R X Tt~ 7% AN AR RE P A1 1 e 1 2
3 RN il S5 S o W FH Aok 2 B 9GE 18], Cunha 575 SCHR [14] R4 T4 F KA Contourlet
A (nonsubsampled contourlet transform, NSCT), %48 il ik & JF 4k JE T R & S I A 411
BT RAETT 1r) DR A 2H 58 BRI A . NSCT B T OR4F T Contourlet A2 1)K I S ABL T 2 B 1) 5k
g Rk i BRI R AL, R A 2 1) R EORRE T AR R PR AR R . RSO Jex NSCT U
] RECIME R GV H R AT, 00T T NSCT HREZ [0l 1 0¢ & LA KT 1) 7k M I S v etk
FRA eV RRYE, SR1S TAIN ST 85 3, Rl b @37 7 —MET NSCT 31k Markov A&7
(NSCT-HMT), 45t T AEY (1) S H S5 b e S A vk B BT Rk 1 A7 i R BE 23 (Rl Ry
I Z ) PRI, 7] IS AT AR AP IR~ P RS AN 2F— 22, ¥ NSCT-HMT M H] T B g rh, s 740
TN HMT BIAUFT Contourlet 3t HMT A [y Je i 2k B A8y ] )z B 1 IR 2 . 4338
S iR R 5 5 P . sl

2 [Eff NSCT RAHMRFIHHFIESF

2.1 NSCT KAREHZEBXFR

JE N KA Contourlet 454 (NSCT) &7E Contourlet A8 [FIFEAE F4EH K], 41X Contourlet 28 #f,
NSCT 7 FE ) 3 il A E A I RE PG TR SRAEAT L RAE I3RS, X — bl A3 4F N R4 Contourlet
AR T ORFF Contourlet AR BT BAT 2 70 HE L 22 RUSERIRS [ S PRSP B ob, 44T T Contourlet 42
BT HATI TR AL (shift-invariance) FFPE. NSCT ¥ 56K HE N RAE I 1 Hr i8S X 40 (NSLP)
RAGFEG I 2 ROk, 383 20 G M 1 50 PoRs B8 il D — NI 3 R T vl 4, S
PR P 7 5w B 0 — 2RI AR R RAERI 7 1) &S 24 (NSDFB) S & RURE I v il 17 AT 5
) I8, e EE 22 AN 5 ) 3l SERIRE AT £E [R5 1) )37 578 R e — AN R 8, AN RAGAN R RUEE L AN
Ji ey g . e NSLP SEBL T R 02 20 R 0 i, 10 NSDFB JWSEHL T 207 [ 0. A
RERERI S B, TR R T BUEARAE SRR DE B ds 4544, B NSCT. &l 1, 2 73 l45 i 7 AT NSCT Bk s
A0 PGt AT 22 ROBERI 1) 73 At RO RURE S BEABBIUSR ) 70 AT 181, B 3 DA “Peppers” IR 3 J2& NSCT
ON IR, BEIERE ORI 4, 4, 8 AN T W AE B

TR NSCT R X, i1 XAE X MHITi) 8 AR A K REO 1% R BN WA EL (NX);
B X AR5 AHAE T E— R R IO IZ R BN R R (PX), I B R B —

1432



FRERE . FERYE F43 % F 11

b) (©) ()

(
3 Peppers Ef&8 NSCT ik

Figure 3 The NSCT on the Peppers image. (a) Low frequency image; (b) the high frequency coefficients of three level
decomposition; (c) the high frequency coefficients of two level decomposition; (d) the high frequency coefficients of one level

decomposition
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Figure 4 The relationship of the coefficients of the NSCT
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The subbands at the finest scale
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Figure 5 The statistical analysis of the coefficients of the NSCT on three test images
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Figure 6 The joint probability distribution of the directional subband coefficients of the NSCT
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Figure 7 The set membership of the NSCT coefficients
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XFEREAS NSCT $5k HMT BT (2) PRI SEU e,
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T t t
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% 1 NSCT-HMT #ES#
Table 1 The parameters of the NSCT-HMT model

K=1 K=2
Statel State2 Statel State2

Py 0.46 0.54 0.72 0.28
Statel 0.34 0.99 0.00 0.83

Az ok_1
State2 0.66 0.01 1.00 0.17
Statel 0.69 0.00 0.00 0.82

Az 2k

State2 0.31 1.00 1.00 0.18
Statel 0.99 0.61 0.49 0.00

Az ok—1
State2 0.01 0.39 0.51 1.00
Statel 0.99 0.60 0.52 1.00

Az 2k

State2 0.01 0.40 0.48 0.00
Statel 0.39 0.01 0.48 0.00

A3z 2k+3
State2 0.61 0.99 0.52 1.00
Statel 0.59 0.99 0.47 0.00

A3z 2k+4
State2 0.41 0.01 0.53 1.00
o1 20.22 5.38 8.25 20.19
022k—1 2.21 12.18 11.89 2.67
ook 11.32 2.17 11.95 2.68
O3.0h-1 1.10 6.96 8.29 1.13
3.9k 1.10 7.38 1.16 8.31
02,2043 7.64 1.05 7.79 1.12
O2.2kt4 1.03 7.91 7.80 111

EM 12 NSCT-HMT i

165/ 8

o~
o

Joint probability values
o
S

(3]
=]

O " " " n n L " "
0 10 20 30 40 50 60 70 80 90 100
Iterations

8 NSCT-HMT HEIER 352

Figure 8 The iterative process of NSCT-HMT
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4 NSCT-HMT ##8 7 E& K ayn F

4.1 HF NSCT-HMT BEEIRE LS

WIS BRI NSCT RECH v, WHELS F oy v LR EE ) NSCT 2% » FIE S 1) NSCT &
o ALK IXFE MG 2k n) U T LLARIR A E A S S R R ALy SO0 T, X R GR G R AL
x kTt

JET NSCT-HMT 84 (1) -5 g B

Step 1. SMEFE EGIH) NSCT REUN y #37 NSCT-HMT #A R 3.2 /N5 NSCT-HMT #i
WRSEAGTHEE BT S HU G, SRR S5

m,n

On—tvr = { P, (m), €700, 07 s i }- (8)

Step 2. FIHIZHEF K%' (Monte-Carlo) J5ik ), B L AN 2L sl BEALIK 1 75 1150 LA i 151 14
75 NSCT BP9 (115 Z2 1K 5 I A S0 7 B AR A rp e s R K s 22 (08,:,55))2-

Step 3. JHILME K% NSCT-HMT MUKy 72 k25 8 75 AR 805 22 ) LASRAS I s Pl 0 ) 2 ke
B

o

(0 i) =[O iy ) = (00N, 9)
L g ki SIS N R Jil . %L, m KR NSCT REFALHIFIRAs,

Z, it Z>0,
[Z]+ =
0, else.

Step 4. H1®) O AT LI 205 R HMT ZH0BH Ox_ar—e = (P, (m), €70, (01002,
i b, RSSO 22068 R 10 NSCT REGHITMH. 1 2.2 N, 9IRA S, — &R, NSCT
REURM T BB P R M0 R R (e 7, L5 NSCT RECE e, FERI Bayes {3
T

(o@

2
i) )
Bl kilyj ki ON-nT—2, Sjii] = —75 k) o) X Yjikyi-

(Cr(j,k,z'),m)2 + (U(j7k7qj))2
Step 5. %57 FIH EM 57543 4 AR p(Sng,i = m|yj,k,i79N7HMT7m), ]3R5 3 K%
x Wt

(2)
(ki) X Uik
@ ) ki
Gokiym)” (T g)?

Bl kil¥j ki OnN—amT—z] = 2 0(Sj ki = M|Yjk,i ON—HMT—2) X (
m g

4.2 FLRERRSH

h T B UESR B (AT R, A SOR AN T 22 1K 2R R AT T 0 T0R g, RIS
Bk AMT BEAIALEET77% . Contourlet 3 HMT B ALEE 7y EAT T ARG, SEEO /N IERE T dbd,
Contourlet AZ#eiE H T 9-7 EEUEPE 2 FN pkva’ Jj M JEP 4%, NSCT AL#eit H T ‘maxflat’ JEF KAE
2 REPEP 2 <dmaxflat? JE T RAETT M BESE 28, UL /N AR . Contourlet A8 #e A1 NSCT A&
BIRH TR 5 iR, Forh Contourlet 284l NSCT A i r 1) 777 [n) &R 45 1R 23 7 100 43 0 A 4, 4, 8, 8.
Vi BLSKEG JEAE Matlab R2009 FA85 FHEAT ().
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(b)

9 ZMERMXEGRERYR L
Figure 9 The comparison of the denoising results for the three test images. (a) The original image; (b) the noisy image;
(c)the Wavelet-HMT model; (d) the Contourlet-HMT model; (e) the NSCT-HMT model
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Figure 10 The comparison of the denoising results of the PSNR for different HMT model
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Table 2 The comparison of the performances of the denoising results for different methods

Image Noise variance PSNR(dB)
Noisy image Wavelet-HMT Contourlet-HMT NSCT-HMT

30 18.88 28.35 28.18 29.18
Lenna 40 16.53 27.21 27.00 28.01
50 14.63 25.89 26.04 27.91
30 18.72 25.11 25.27 27.52
Barbara 40 16.38 24.94 24.79 27.36
50 14.48 23.71 23.74 27.23

()
E 11 Lenna B&ESXIBMK 3 FHIRREREXT L

(C))

Figure 11 The comparison of the denoising results of the three times partial Lenna image. (a) The original image; (b)
the noisy image(noise variance is 30); (c) the result of Wavelet-HMT denoising; (d) the result of Contourlet-HMT denoising;
(e) the result of NSCT-HMT denoising

HMT R 2 W8 795 T6 10 0 W 75 7 22 35 R W 7 | 3 A it 5 7 22 3w R gt o G 2o R R i T2 T
Wavelet-HMT #BFIHE T Contourlet-HMT AR (¥ 22 7y, iy HLBE A e 75 7 22 (138 i S R B 2
I PSNR ¥4 1 dB.

BEAk, R T SEAF O 2 M AL ORI 11 5 T MR S R BOK 3 f5 (1) Lenna 4. AT
DA H LT NSCT-HMT A5 2 [1 26: 15 A5 e 0% S 2 1) ORoRR it B R 3 S R 4 15 15 5L

5 N

ASCE YR HE R REE Contourlet 224t (NSCT) Jy f) 57 R B HIRFMESEAT T 2087, SRAFEIE NSCT
AR RO R AR E ARV 4518, AEDEIEA B4Rt — Mol NSCT 3K Markov B4 NSCT-
HMT, MR AT RESAH PEAN 5 1) AN [R) RUBEZ 1) 2R R MAPE  [) — ROBEAN Ty 1) [i) A 0 2R 4R
PELAI NSCT 3 fiff RECT B AR VER R, BE—20, X NSCT-HMT 2 1) 2 K 4 H R A4 2 55y 1l
GRJPEMAT TS, Sfa ettt 7—Fhde T NSCT-HMT BRGS0k, 5 BE T Wavelet-
HMT HE8UH Contourlet-HMT AR f) B £ 25 W S0 R AT S IR MR AR, e e DR R 25 e B R 134
G5 S5 1.

NSCT LA AR RAFE A7 sUARAIE T AR KT A2 AN, AR A2 ey sUAB A5 A2 e R 4L
2] EREEE MG, XAEAEA ] EM S2GEAUZRA R S 40, b5 JLARRE AT P 21T 32 1 I
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Abstract The non-subsampled Contourlet transform (NSCT) has not only characteristics of multi-scale, multi-
direction and anisotropy, like traditional wavelet transform and Contourlet transform, but also the good charac-
teristics of shift-invariant. We draw the conclusion that the directional subband coefficients also have persistence
and aggregation through studying the coefficients of the NSCT. On the basis of HMT, we establish a novel
non-subsampled Contourlet transform domain hidden Markov tree model, NSCT-HMT, and give the parameters
structure of the model as well as the training method of the model parameters. Finally, we apply the proposed

model to image denoising, and achieve a good simulation effect.

Keywords nonsubsampled Contourlet transform, Gaussian mixed model, hidden Markov tree model, NSCT-
HMT model, image denosing
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