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Research on Stationary Tetrolet Transform Algorithm
ZHANG De-Xiang" 2 XUN Li-Na' LIU Kai-Feng' ZHANG Jing-Jing' LU Yi-Xiang'

Abstract In order to get an efficient image multi-scale geometrical representation, an efficient stationary tetrolet trans-
form algorithm based on haar wavelet transform is proposed. Stationary tetrolet transform is a new adaptive haar-type
wavelet transform which is made by connecting four equal-sized squares. The corresponding filter bank algorithm is simple
but very effective. Compared with the standard two dimensional wavelet transform, stationary tetrolet transform is a
novel tetrominoes based multi-scale geometrical transform tool, which can capture image anisotropic geometrical struc-
tures information efficiently by multi-direction selection. In this paper, decomposition and reconstruction algorithms of the
stationary tetrolet transform are described in detail, and the simulation and analysis of decomposition of the image using
the stationary tetrolet transform are carried out. Experimental results show that compared with traditional algorithms,
the proposed algorithm can get better sparse representation and eliminate the blocking artifacts in image fusion resulted
from tetrolet transform algorithm. Meanwhile, the significant information of original image like textures and contour
detail is well maintained.

Key words Image processing, stationary tetrolet transform, tetrominoes, haar-type wavelet transforms, blocking arti-
facts
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4 R0 rRmEa as R, K 8 (¢) J& b Ea R A 45
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Fig.6 The three layer decomposition coefficient image using wavelet transform and tetrolet transform
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Fig.7 The three layer decomposition coefficient image using stationary wavelet transform and

stationary tetrolet transform
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(c) Fusion results with 5 (d) Fusion results with 7
levels decomposition levels decomposition
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Fig.8 Image fusion results with different levels of

decomposition using tetrolet transform
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Tetrolet 2B/ fft 52:0] LAT R0 Bl Tetrolet 2%t
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ORI AR AT DAIRAS R I i R il 2R, Tetro-
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PR 15 20 3t
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G BOR, SR IR G br (s B8 . A8 S
M« bl 2= 21200 Sfedi i A R
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A 53 B AT e G R s P2 4 Gibbs (1977 Bk
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Table 1

different decomposition levels in Fig. 8

Quantitative index of fusion image using

AWETR B bREEE R TR TR
I A A XN
2 o 77.419  39.713 6.959 0.3635 0.4455
4 oy 77.408  39.941 6.974 0.2678 0.3283
5 2ok 77.356  40.114 6.983 0.2318 0.2843
TR 77.287  40.334 6.999 0.2045 0.2509

N T KR A2 Tetrolet AR 3 B3 AT Rk,
2 Wk B K R AT Bl e LA, S &5 SRR H /D
PR He (Wavelet transform, WT) ., P52 /)Ny A8 4
(Stationary wavelet transform, SWT). Contourlet
4 (Contourlet transform, CT). JE KA f Con-
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tourlet 7% ## (Nonsubsampled contourlet trans-
form, NSCT). Directionlet 7% #t (Directionlet
transform, DT) FI*F-F2 Tetrolet A # (Stationary
Tetrolet transform, STT) Z5AR#k 757 iEBEAT il &5 L
B AR R A o, X BRI R KR 304 14
F x 304 BENNH R

AN 43 fif L bR BOR ) biorthogonal 6.8 S 4%
M, DhEIZICN 3 )2, Contourlet ZRHRH] “9-77 3&
W2 200k, R “pkva” P& ST 1) 73 i,
Hormh 3 )2, £F2 8 NJjA); 4 Directionlets 4%
Horh R ROEAT 9/7 ANBIER AR, A% Az e
LA 45° T [} 53 TR M A% B 41 LA R AR 8 fs 4 —45° T
) A IR AR 02K 3 2. MG TR 3 %
3 SR Re T RS R

AR o R S 2AS 2 A SRRl 45 R an il 9 B,
K9 (a) FIIE 9 (b) & Raafrml & i 2 p B &5 &
9(c) NP ME G LR, K 9(d) &R/
e 450 K9 (e) & Contourlet ARl 7545
Kl 9 (f) 2&dE 1 RAE Contourlet A7l 5 45 A, Kl
9 (g) #& Directionlet Al & 45 3 Kl 9 (h) & P&
Tetrolet A& H il 45 AL

N T KR T AR Tetrolet A8 #e 43 fift (1) EAZ il &
ROR, RGBS Y bk 2 452122
M2 TR ok il & ROR, RAPPAT FR bR iR 2

(a) SR 8 KI5
(a) Original band 8 image

884 3
(f) NSCT A4 545 o
(f) Fusion results using
NSCT decomposition

(e) CT A& ffefih 5 4 A
(e) Fusion results using CT
decomposition

Fizs. MR 2 WL, ~FAS Tetrolet AZ#AT #4f
bt 22 A5 B0, BEW]FA Tetrolet 22t K&
R mP ) UG AR ] e AR A T i 5 AR B, 45 P AR
Tetrolet Azl FLATHLAS & 25 R

® 2 ANFEGETTE R LG ERE BARER
Table 2 Quantitative index of fusion image using

different decomposition methods

AWy B bREZE R TR BT
i Jiik: UK 2 XN
WT 140.273  63.452 7.5993 0.4487 0.4502
SWT 140.318  63.866 7.5959 0.4440 0.4480
cT 140.561  63.226 7.6052 0.4302 0.4325
NSCT 140.356  63.703 7.5910 0.4412 0.4458
DT 140.411  61.289 7.5268 0.4897 0.4974
STT 140.309  63.216 7.6236 0.4462 0.4476

MR AR o3 A A 2 1R il 5 TR () S G 3K
K&, ‘P12 Tetrolet RHeBENT R Tetrolet AR 11 K]
Gk IR Gibbs T HIR G, [ B MSESG FR b
F, ‘P12 Tetrolet AR £r KGR J7 TH 5 4% ¢
K& G RO AR . (H P2 Tetrolet AR AH L A%
G2 DR R G, B NI e ik

(d) “PRE/INBAR epih £ 45
(d) Fusion results using SWT
decomposition

() 7N A i 7 25 A
(c) Fusion results using
WT decomposition

¢ 5 EhgN

(h) PR TT AS e £ 45 4

(h) Fusion results using STT
decomposition

E

(g) DT 7Bt 7545
(g) Fusion results using DT
decomposition

B9 AT B R Rl 25 R

Fig.9 Image fusion results of different decomposition methods
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Table 3
in Fig. 9. with the comparison of graph 9 (a) and (b)

Edge preserving index of different fusion results

tbign 4 WT SWT CT NSCT DT STT

9 (a) 0.9817 0.9447 0.9643 0.9739 0.9903 0.9421

9 (b) 0.9920 0.9547 0.9745 0.9842 1.0008 0.9520

N T RAEFS Tetrolet 2% 3 J5 2 44 1 i M,
KHIXT 256 123 x 256 1251 Lena & ik 5
UE. 7N AR 8 3 fift 35k of BK - biorthogonal 6.8 €
Peasdl, o3 PR N AR e RS AN AR ¥ 3 )2 o i
Ji & 2R RECS XY Tetrolet AR #e fIF-E2
Tetrolet 2 H#k 3 2705 & J2 IR0 177 R AT
HEATLRAS. NS S5 A mT LAA3 Y, P38 Tetrolet 4%
e it o R AR B A f
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W REI A S T7 Bl oA, K10 (a) st /NEAR
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Fig.10 Normalized coefficient distribution map using stationary wavelet transform and stationary tetrolet transform
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