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Research on Stationary Tetrolet Transform Algorithm

ZHANG De-Xiang1, 2 XUN Li-Na1 LIU Kai-Feng1 ZHANG Jing-Jing1 LU Yi-Xiang1

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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U
g·A/�lã��AÛ�K��, æ^ “AÛ6” ù����Nã�ëY«�CzVg� Bandelet C�[6]. õºÝAÛ©ÛnØ��
¯��u�, éã�?n��éõA^¤Ò.

2002 , Do Ú Vetterli JÑ
U^ØÓºÝÚØÓªÇ�f��O(/Ó¼ã�>Æ�©ã�gëY�� Contourlet C�, �L«�%CXêUþ�\8¥[7]. 2005 , Velisavljević �Äu�ê�:nØJÑ
�«Uk�/ÓPÚL«p�&Ò¥��ÛÉ��©lõ��õºÝã�L«�{
Directionlets C�[8−9], ¿��2�A^[10−11].�þãõºÝAÛ©Û�{3ã�©)L§¥Ú�ÅC��',   �9Læ�!Ø�©l�òÈ$�±9E,�ÈÅì�O, O�þ�, æ^�ÈÅì'�E,. 2009 , Krommweh JÑ
�«#�g·A Haar �ÅC�— Tetrolet C�[12].

Tetrolet C�æ^(�{ü� Haar ÈÅì�O, $ÏÚpÏÈÅì=d3 2 × 2 �/«�Sü�� 4 �����²þÚ�²þ�(½, ��¼êXÚ·AÛÜ(��À�k��Ä½µe, �%�¼�k�õ��ÀJ5���É5©). 3 4 × 4�«�SØ�Ä^=Ú��k 22 «Ä�), 3�Ä^=Ú��©¤ØÓ«���{êǑ 117 «, ¤±�±¼�ã��õ���5©), ã��>ÆÚ«nǑ��õ/J�Ñ5, U¢yã�õ«AÛAÆ��`%C[13].

Tetrolet C�3ã�Ø !ã�üDÚã�KÜ��¡?nk�½�`³, ��
2��A^,�3ã�KÜ?n¥´uÑyKÜã��
±9
Gibbs y�[14−16]. �©�é Tetrolet C�3ã�KÜÚã�üD?n¥Ñy��¬�A"�JÑ
² Tetrolet C���{, 3�3ã� TetroletC�L§¥�õºÝõ©EÇA5!õ��5A5±9��É5A5�Ó�, O\
ã�©)L§�P{5, k�/Jp
ã�?n��J, U�Øæ^ Tetrolet C�?1ã�?nL§¥Ñy��¬�A[17].

1 TetroletC��{
1.1 Tetrolet C��Ä�g�

Tetrolet C�´d Krommweh JÑ��«Äuo�©� (Tetrominoes) Vg� Haar a�ÅC�, U
�âã��ÛÜAÛAÆ, g·A/ÀJéA�o�©�é��/«�?1DÕL�. �DÚ

�õºÝC� Wavelet Ú Curvelet Ú Contourlet�', �^�Óêþ�C�Xê��±���`�ã��þ[18].o�©��VgÄk´d Golomb JÑ�A^u©�iZ¥�õ>/©�, ��d 4 �ü ��/|¤[19]. XJ�Äã��>ÆAÛ(�, �±�Ǒz¬ã��AÛ&EÑ�±U©�y©, �3Ø�Ä^=Ú�=��¹eÑ�±�Ǒd 5 «ØÓ/G�gdo�©�W¿. gdo�©�� 5 «Ä�/ªXã 1 ¤«.ã 1 gdo�©�� 5 «Ä�/ª
Fig. 1 The five fundamental forms of free tetrominoes

Tetrolet C�Ò´òã�U 4× 4 ©¬, ,�éz�¬ã��âÙAÛ&E?1©�|Üy©Ǒ 4�«�, ¿éz�«�?1lÑ Haar �ÅC�, l��ã��DÕL�%CL«.

Tetrolet C�æ^o�©�(�?1©), z�o�©�Ø
$Æ�ë	, z�>ÆǑp�ë�.3 4 × 4 �«�SØ�Ä^=Ú��k 22 «Ä�), (�Xã 2 ¤«. 1 1 1´vk²L^=Ú��C�; 1 2 1´²L�åC�N����o«C�; 1 3 1´²LC�����o���); 1 4 1´²LC����l�����«�é¡).

ã 2 Tetrolet ÄC�� 22 «o�©�(�
Fig. 2 22 kinds of tetrominoes structures for tetrolet

basis transformation3�Ä^=Ú��©¤ØÓ«���{êǑ
117 «, ¤±�±¼�ã��õ���5©), ã��>ÆÚ«nǑ��õ/J�Ñ5.

1.2 TetroletC��©)(�
Tetrolet C��ã�õºÝ©)��´ò$Ïã�U 4× 4 «�©¬, ,�éz�¬«�ã�?1

Tetrolet ÄC�, òT«�ã�©)Ǒ 2× 2 $ÏÜ©9 12× 1 pÏÜ©. 3 Haar ÈÅì|¥, $ÏÚpÏÈÅì=d3 2 × 2 �/«�Sü�� 4 ��



11Ï Ü���: ² Tetrolet C��{ïÄ 2043���²þÚ�²þ�(½. ~Xò 64 �� × 64���ã�?1 Tetrolet C�, 31�� TetroletC�¥, òã�©)Ǒ 32 �� × 32 �����$ÏÜ©Ú��Ǒ 16 �� × 16 �� (ü Ǒ 12 × 1¬) �pÏÜ©, ,�2é$ÏÜ©ã�?1 4 × 4©¬�e��� Tetrolet ÄC�, �daí��©)(å, ©)(�Xã 3 ¤«. ù�Ò��$ªCqã�ÚõºÝõ���pªã�, Ù¥ã��>Æ[!Ú«nÌ�©Ù3pªXê¥.

ã 3 ã�� Tetrolet C��õºÝ©)(�ã
Fig. 3 Image multiscale decomposition structure using

tetrolet transforms

1.3 TetroletC���{Ú½�Ñ\ã�Ǒ a1 = (a[i, j])N
i,j=1 , Ù¥ N = 2J ,

J ∈ N , �±éã�?1 J ? Tetrolet C�, ?11 r ? r = 1, 2, · · · , J C�©)�Ú½Ǒ[12] :Ú½ 1. òõºÝ©)L§¥�$ªã� ar−1,UeZ 4× 4 �«�?1©¬?n��©¬ Qi,j, Ù¥ i, j = 1, 2, · · · , N/2r+1.Ú½ 2. éz�©¬«� Qi,j U 117 «|Ü�ª?1©�y©, y©�� 4 �«�¥Ñ´d 4 ���:|¤, éz�y©«�?1 Haar �ÅC�l�� 4 ���$Ïf� ar,(c) XêÚ 12 ��|¤�pÏf� w
r,(c)
l Xê, Ù¥ l = 1, 2, 3; c �L 117«|Ü¢Ú, c = 1, 2, · · · , 117.$Ïf�XêǑ

ar,(c)[s] =
∑

(m,n)∈I
(c)
s

[0, L(m,n)]ar−1[m,n] (1)pªf�XêǑ
w

r,(c)
l =





∑

(m,n)∈I
(c)
s

ε[0, L(m,n)]ar−1[m,n]





3

s=0

(2)

Ù¥, ε[l,m], l,m = 0, 1, 2, 3 ´ Haar �ÅC�Ý
p���.

W = (ε[l,m])3l,m=0 =
1

2













1 1 1 1
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(3)ª¥ I(c)
s , s = 0, 1, 2, 3 L«o�©�f8; L ´ I(c)

s�o�¢Ú (m,n) é�8Ü {0, 1, 2, 3} V�N�.3��©)Xê��I�é��«CX c∗ ��
12 �pªXê� l1 �ê��±ÀÑ�`ëê, ÀJ�KǑ

c∗ = arg min
c

3
∑

l=1

3
∑

s=0

∣

∣

∣
w

r,(c)
l [s]

∣

∣

∣
(4)Ï, ÀÑ�`�Y�, �±¼��|�`�

Tetrolet ©)Xê [ar,(c∗), w
r,(c∗)
l , w

r,(c∗)
2 , w

r,(c∗)
3 ].Ú½ 3. Ǒ?1e�?�©), I�éf�Xê

ar,(c) Ú w
r,(c)
l ?1 2 × 2 �Ý
ü.

ar
l|Qi,j

= R(ar,(c∗)) =

[

ar,(c∗)[0] ar,(c∗)[2]

ar,(c∗)[1] ar,(c∗)[4]

]

(5)Ón�±üpªf� wr
l|Qi,j

= R
(

wr,(c∗)
)

.Ú½ 4. ��$Ïf�Ý
 ar Úpªf�Ý

wr

l �¤ ar−1.

ar−1 =

[

ar wr
1

wr
2 wr

3

]

(6)Ú½ 5. EÚ½ 1∼ 4, �±éã�?1��©)ºÝǑ J ?�õºÝã�©).

1.4 TetroletC�3ã�KÜ¥"�
Gibbs y�´du��fã�êâ3��>.ØëYE¤�. dufã��C�Xê3>.ØëY, E¤E��fã�3>.ǑØëY, ldE�fã��¤��ÌE�ã�¥yÛ����±fã�º�Ǒü ��¬G(�, KǑ��ã��þ, �fã�º�����Ǒî.æ^ Tetrolet C��{�ã�õºÝAÛ©)´U 4×4 «�©¬?1 Tetrolet ÄC�, ��uÝ/Iéã�?1©�?n, 3?1ÈÅìÈÅ�¬du�äCq9ªÌâa�)pª���A�)

Gibbs y�. Ý/I3��´â,�ä�, ùÒ�Ý/I�ªÌk�õ�pª©þ, ¤±Ý/I����éÌÝ'��. ��3?1ã�KÜ�¬�)�¬�A, ©)��g�õ, �)��¬�A�r�.
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× 3 ÛÜUþ�{éØÓ�å��¨ã�KÜ��J. ã 4 (a) ´ 2�©)�KÜ(J, ã 4 (b)´ 4 �©)�KÜ(J, ã 4 (c) ´ 5 �©)�KÜ(J,ã 4 (d) ´ 7 �©)�KÜ(J.

ã 4 æ^ Tetrolet C�ØÓ�g©)�ã�KÜ(J
Fig. 4 Image fusion results with different levels

decomposition using tetrolet transforml©)�KÜ�Jw, ��æ^ Tetrolet C��©¬�{, 3ã�KÜ�N´�) Gibbs ��¬�AKǑKÜ�J, �©)�g�õ�¬�A�²w. Ǒ
k�/�Ø Gibbs y�, 8��{�):

1) UCI¼ê{�ÌªA5�LÞ�°ÝCz, l�ªÇǑA��ÍÝC���±~��)����A; 2) �>{´3�5ØëY�n�ªÇǑA�z>�þü�ëYCz�>, ±B3Å/Ñy�C�ÏLO\LÞ:±�Ø�C; 3) UCÈÅÏf�ä�Ý{ÏLO\�ä�Ý N 5³����A; 4)g·AÈÅì{±��þ��ǑOK, ÏLgÄN!���ü óÀǑAA5, ���`z�ÈÅ�J. du Tetrolet C�æ^ 4 × 4 «�©¬, I���½, ¤±�{æ^þãUCI¼ê{; Ó�du Tetrolet C�æ^�½� Haar ÈÅ, �´I�S���\~�ê$�, ¤±Ǒ�{æ^UCÈÅÏf�ä�Ý�g·AÈÅì{. �UÏLæ^�

>{ÏLI�CXEâ5�Ø>.�ØëY5±�Ø Gibbs ��¬�A, ùÒ´² Tetrolet C��JÑg�.

2 ² TetroletC��{
Tetrolet C�©)�ã��pªf�ã�Ú$ªf�ã���´þ��$ª©)ã������.

Tetrolet C�´UY²�¡ÚR���z 4 × 4 ?1^S©¬, �©¬�mvkU, Ïz©)��ã����~�. duã�©¬�mvkU, ¤±©)�ã�Xê3ã�?n¥N´Ñyã���¬�
�AÚ Gibbs y�, �{÷vã�?n�I�.Ǒ
�Ø Tetrolet C�3ã�?n¥�"�,Ú\P{?n, 3ã�©)L§¥æ^©¬Ü©U�ª, 3�k� Tetrolet C�©)Xê¥m�\#�U©¬, �©)��z�ã��pªf�ã�Ú$ªf�ã������©ã��º����Ó, ¢y² Tetrolet C�.

2.1 ² TetroletC��Ä�g�æ^² Tetrolet C�¢yã��õºÝAÛ©), Äkò$Ïã�U 4 × 4 «�©¬, ,�éz�¬«�ã�?1 Tetrolet ÄC�, òT«�ã�©)Ǒ 2 × 2 $ÏÜ©f�ã�9 12 × 1 pÏÜ©f�Xê. �3À� 4 × 4 «�©¬�Uì Ii,j =

[2i − 1 : 2i + 2, 2j − 1 : 2j + 2)] ?1©¬?n, Ù¥ i = 1, 2, · · · ,M/2, j = 1, 2, · · · , N/2, M Ú N´©)ã��1����.éu©¬�²£UìY²��zgO\ 2 ��� ��m²£, R���zgO\ 2 ��� ��e²£. ù�3©¬�mÒ¬ÑyUÀ�, �±k�/�Ø Tetrolet C�¥Ñy��¬�A.Ǒ
k�/�Ø>.�Aé©)Xê�KǑ,3z�$ªã�©)I�éã��� 2 �Ú��
2 1?1º�é¡ÿ�.~Xò 8 �� × 8 ���ã�?1² Tetro-

let C�, 31��² Tetrolet C�¥, òã�©)Ǒ 8 × 8 ���$ÏÜ©Ú��Ǒ 8 × 8 (ü Ǒ
12× 1 ¬) �pÏÜ©, ,�2é$ÏÜ©ã�?1
4× 4 ©¬�e��� Tetrolet ÄC�, �daí��©)(å, ©)(�Xã 5 ¤«. ù�Ò��$ªCqã�ÚõºÝõ���pªã�, Ù¥ã��>Æ[!Ú«nÌ�©Ù3pªXê¥, Ó�$ªã�Úpªf�ã���º���©ã�����.3ã 5 ¥, 4 × 4 «�©¬�À�æ^zgY²ÚR���²£��ü �Ý�©¬�ª, ��u3 Tetrolet C�©¬¥�\��#�©¬, Ó�ò#�©¬©)�� 2 × 2 $ÏXê9 12 × 1 pÏX



11Ï Ü���: ² Tetrolet C��{ïÄ 2045ê©O�\�5 Tetrolet C��©)Xê¥. lã
5 �±wÑ, ² Tetrolet C�©)�Xê��u3�k� Tetrolet C�Xê¥�1���þæ�,�\éA�©)Xê, l�©)�$ªã�Úpªã���©ã�����, ¢y² Tetrolet C�. ã 5 ¥Y²��I5� 4 × 4 «�´ TetroletC�©¬, R���I5� 4 × 4 «�´U�©¬. Y²��I5� 2 × 2 «�Ú 12 × 1 «�´
Tetrolet C�©)�$ªXêÚpªXê, R���I5� 2 × 2 «�Ú 12 × 1 «�´U©¬���$ªXêÚpªXê. çNL«�©¬«�´
Tetrolet C�©)�XêL�Ú �, ² TetroletC�|^²£�UCk�/Jp©)�P{Ý±|uã��KÜ?n.

2.2 ² TetroletC��©)�{Ú½��C�ã� I = [(i, j)], i = 1, 2, · · · ,M ; j =

1, 2, · · · , N , Ù¥ M Ú N ©OǑã��1���ê��þǑóê. �©)ºÝǑ J , K1 r ? (r =

1, 2, · · · , J) ² Tetrolet C�©)�Ú½Ǒ:Ú½ 1. òþ�?©)��$ªã����
2 �Ú�� 2 1Uº�é¡�ª?1>.*�±�Ø>.KǑ. Ir = [Ir−1, f liplr(Ir−1(:, end − 1 :

end))], Ù¥ fliplr L«�m�=Ý
; Ir = [Ir;

flipud(Ir(end − 1 : end, :))], Ù¥ flipud L«þe�=Ý
.Ú½ 2. Ǒ¢yõºÝAÛ©)�{, �é²>.?n��$ªã�?1 4× 4 «�©¬?n, Uì
Ir

i,j = {(2i − 1 : 2i + 2, 2j − 1 : 2j + 2)} éã�?1©¬?n�� 4× 4 ©¬Ý
 Qi,j, ©¬^SǑd��m, dþ�e^S?1©¬?n, Ù¥ i = 1, 2,

· · · , M/2, j = 1, 2, · · · , N/2, M Ú N ´�©)$ªã��1����, ¢SþÒ´�©ã����.Ú½ 3. òz�©¬Ý
 Qi,j U 117 «|Ü�ª?1©�y©, 4 × 4 ©¬Ý
y©�� 4 �«�

ã 5 ã��² Tetrolet C��õºÝ©)(�ã
Fig. 5 Image multiscale decomposition structure using stationary tetrolet transform



2046 g Ä z Æ � 44ò¥Ñ´d 4 ���:|¤, Uìª (1)∼ (3) ?1
Haar �ÅC�l�� 4 ����$Ïf� ar,(c)XêÚ 12���|¤�pÏf� w

r,(c)
l Xê,Ù¥ l

= 1, 2, 3; c �L 117 «|Ü¢Ú, c = 1, 2, · · · , 117.Ú½ 4. Uª (4)é���©)Xêé��«CX c∗ �� 12 �pªXê� l1 �ê��±ÀÑ�`ëê w
r,(c∗)
l , l¼��|�`� Tetrolet ©)Xê [ar,(c∗), w

r,(c∗)
1 , w

r,(c∗)
2 , w

r,(c∗)
3 ]. wr,(c∗) ´ 12 × 1�pªXêÝ
, pªXê�±8aǑ 3 ���Xê, Ù¥Y²��Xê w

r,(c∗)
1 = wr,(c∗) (1 : 3 : 12),R���Xê w

r,(c∗)
2 = wr,(c∗) (2 : 3 : 12) ±9éÆ��Xê w

r,(c∗)
3 = wr,(c∗) (3 : 3 : 12) �üÝ
.Ú½ 5. Ǒ?1e�?�©), I�é$ªf�Xê ar,(c) Uª (5) ?1 2 × 2 �Ý
ü. Ó���$ªXê!pªXê±9CXSÒ.Ú½ 6. ò$ªXêÝ
�Ǒ#�e�?©)ã�EÚ½ 1∼ 5, �±?1õºÝ©).

2.3 ² TetroletC����{Ú½Ú½ 1. Ö�² Tetrolet C�©)��XêÝ
��©)��g J . l�p©)� J m©òéA�pªXêÚ$ªXê�¤1 J − 1 �©)�$ªXê, Ó�Ö�1 J �©)���éA$ªXêÝ
 LowJ ÚpªXêÝ
 HighJ ±9CXSÒ¢Ú LJ .Ú½ 2. Ö�$ªXêÝ
�¥ 2× 2 �$ªXê Low = LowJ(2i−1 : 2i, 2j−1 : 2j) ÚÖ�éApªXêÝ
¥ 12×1 �pªXêHigh = HighJ ,Ù¥ i = 1, 2, · · · ,M/2 − 1, j = 1, 2, · · · , N/2 − 1,

M Ú N ´��$ªã��1����.Ú½ 3. òÖ�� 4 �$ªXêÚ 12 �pªXêü¤o�Ü©¿?1 Haar �Å��_$�.ü�z�Ü©´d 1 �$ªXêÚ 3 �pªXê|¤� 4 �ê, ©OǑ coefk = [Low(k),High(3k

− 2 : 3k)], Ù¥ k = 1, 2, 3, 4. zÜ© 4 �Xê�ª
(3) ¥�Ý
?1������ 4 × 4 � 16 �êÝ
.Ú½ 4. �âCXSÒ¢Úé���� 16 �Xê?1#üS, ���ª��� 4 × 4 � 16�êÝ
.Ú½ 5. ÏǑ3©)�©¬�ö�ÑyUJ��, Ø 2 1Ú�� 2 1,  2 �Ú�� 2 ��Xê	, Ù���ÀJ
 4 g©), ¤±��XêÝ
I�Ø 4 ö�. �5¿ã�o>>Æ 2 1Ú 2 ��ê�?n, ù´��'�. 3d��m��
2 �Ú� 2 ���êâ�±ØC, Ù����êâI�Ø 2 ö�; Ó�3dþ�e�� 2 1Ú�� 2 1�êâ�±ØC, Ù�1êâØ 2 ö

�. ù�¢Sþ´��Ý
Øo�Æá���1 11� 2 �Ú� 2 �, �� 1 1� 2 �Ú� 2 ����±ØC, Ù�� 2 1Ú�� 2 1,  2 �Ú�� 2 ����U\��Ø± 2, Ó�¥m1���U\�Ø± 4, ù��±����1 J − 1 �©)�$ªXê.Ú½ 6. EÚ½ 1∼ 5 �$��±���ª��ã�, ��ã�Ú�©ã�U���Ó.

3 ² TetroletC�©)¢�9©Û�â² Tetrolet C��©)�{��, ²
Tetrolet C�æ^�´3�5 Tetrolet C�Ä:þ����{, ´�«P{C�, |^I��U�{3ª�ÏLO\LÞ:��{�±k�/~�I¼ê����éÌÝ, O\
Ì��°Ý, lk�/�Ø�)�¬�A� Gibbs y�.Ǒ
�y² Tetrolet C�©)Ú��{�k�5, æ^ 256 �� × 256 ��� Lena ã�?1©)�y. Ó�ò² Tetrolet C�©)�
Tetrolet C�©)!�ÅC�©)±9²�ÅC�©)�{?1Xê'�. ©)�gǑ 3 �, �ÅC�©)Ä¼êæ^ biorthogonal 6.8 ÈÅì|.

3.1 ² TetroletC��©)¢�ã 6 (a) ´^�ÅC� 3 �©)���Xêã�, ã 6 (b) ´^ Tetrolet C� 3 �©)����Xêã�; ã 7 (a), (c), (e) ©O´²�ÅC�©)�1 1∼ 3 �Xêã�, ã 7 (b), (d), (f) ©O´² Tetrolet C�©)�1 1∼ 3 �Xêã�.¢�L², JÑ�² Tetrolet C��±k�/¢yã��©)��3�õ�ã�[!, ¢S¢�ǑL²éu�ºÝã��±é�/¢yã��²õºÝ�©).

3.2 ² TetroletC��ã�KÜ¢�² Tetrolet C�´é~5 Tetrolet C���«U?�{, 3�{þÏL��I��S��{�Ø��I�êâ>Æ�a�A5, ��©)��XêäkDÕ�P{5, �±k�/�Ø3ã�KÜ¥��¬�A, l�² Tetrolet C��·Üuã��KÜ?n.Ǒ
�y² Tetrolet C��{�k�5, æ^éØÓ�å��¨ã�^ 3 × 3 ÛÜUþ�{¢yKÜ?n, '�ØÓ©)�geã��KÜ(J,*	�¬�A� Gibbs y���Ø�J. ã 8 ´æ^² Tetrolet C�ØÓ�g©)��¨ã�KÜ��J. ã 8 (a) ´ 2 �©)�KÜ(J, ã 8 (b) ´
4 �©)�KÜ(J, ã 8 (c) ´ 5 �©)�KÜ(
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ã 6 �ÅC�Ú Tetrolet C� 3 �©)Xêã�
Fig. 6 The three layer decomposition coefficient image using wavelet transform and tetrolet transform
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ã 7 ²�ÅC�Ú² Tetrolet C� 3 �©)Xêã�
Fig. 7 The three layer decomposition coefficient image using stationary wavelet transform and

stationary tetrolet transform

ã 8 æ^ Tetrolet C�ØÓ�g©)�ã�KÜ(J
Fig. 8 Image fusion results with different levels of

decomposition using tetrolet transformJ, ã 8 (d) ´ 7 �©)�KÜ(J.l¢�(J�±�Ñ, ���æ^ Tetrolet C�¢yã��KÜ?n(Jã 4 '�, |^²
Tetrolet C�©)�{�±k��Ø Tetrolet C�3ã�KÜ¥Ñy��¬�A, =�3õºÝõ�g©)¥E,�±¼�û��ã�KÜ�J, Tetro-

let C�¥Ñy��¬ Gibbs y�du©)�P{5��Uõ.Ǒ
�y² Tetrolet C�ØÓ�g©)�ã�KÜ�J, æ^~^��*�I&E�!���!þ�!IO��[20] 5ïþKÜ�J.lL 1 �±wÑ, æ^² Tetrolet C�ØÓ�g©)�ã�KÜ�JkØÓ, ©)�g�õ, IO�Ú&E���, �����, `²KÜ�J��.Ǒ`²² Tetrolet C��Ø
��æ^ TetroletC��©¬C�3ã�KÜ��) Gibbs ��¬�A�Ø|KǑ, �Ø
©)�g�õ�¬�A�²w�"�.L 1 ã 8 ¥ØÓ©)�g�KÜã�½þ�I
Table 1 Quantitative index of fusion image using

different decomposition levels in Fig. 8ØÓ�g©) þ� IO� �� ²þ��� þ�����
2 �©) 77.419 39.713 6.959 0.3635 0.4455

4 �©) 77.408 39.941 6.974 0.2678 0.3283

5 �©) 77.356 40.114 6.983 0.2318 0.2843

7 �©) 77.287 40.334 6.999 0.2045 0.2509Ǒ
�y² Tetrolet C��{�k�5, éõÅã�aã�?1KÜ'�, ¢�(Jæ^�ÅC� (Wavelet transform, WT)!²�ÅC�
(Stationary wavelet transform, SWT)!ContourletC� (Contourlet transform, CT)!�eæ� Con-
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tourlet C� (Nonsubsampled contourlet trans-

form, NSCT)! Directionlet C� (Directionlet

transform, DT) Ú² Tetrolet C� (Stationary

Tetrolet transform, STT) �C��{?1KÜ'�. Ǒ�ã��[!âÑ, ùpæ^�ã¥ 304 �� × 304 �����ÛÜã.�Å©)Ä¼êæ^ biorthogonal 6.8 ÈÅì|,©)�gǑ 3�. ContourletC�æ^ “9-7” ÈÅìõ�©), æ^ “pkva” ÈÅì¢y��©),�©)Ǒ 3 �, z� 8 ���; 3 Directionlets C�¥æ^V�� 9/7 �ÅÈÅì|; »�)¤Ý
± 45◦ ��©��»��8±9C��U −45◦ ��ü���8; ©)�gǑ 3 �. KÜ�{æ^ 3 ×

3 ÛÜUþ�{¢yKÜ.ØÓ©)�{���äNKÜ(JXã 9 ¤«.ã 9 (a) Úã 9 (b) ´�©�KÜ�õÅãã�; ã
9 (c) ´�ÅC�KÜ(J; ã 9 (d) ´²�ÅC�KÜ(J; ã 9 (e) ´ Contourlet C�KÜ(J;ã 9 (f) ´�eæ� Contourlet C�KÜ(J; ã
9 (g) ´Directionlet C�KÜ(J; ã 9 (h) ´²
Tetrolet C�KÜ(J.Ǒ
�y² Tetrolet C�©)�ã�KÜ�J, æ^&E�!���!þ�!IO��[21−22]��*�I5ïþKÜ�J, äNµd�IXL 2

¤«. lL 2 �±wÑ, ² Tetrolet C�k���IO�Ú&E�, `²² Tetrolet C�3ã�KÜ¥�±éØÓã�?1KÜ?n, Ǒ`²²
Tetrolet C�äk���KÜ�J.L 2 ØÓ©)�{�KÜã�½þ�I

Table 2 Quantitative index of fusion image using

different decomposition methodsØÓ©)�{ þ� IO� �� ²þ��� þ�����
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 0.4476lþãØÓ©)�{���KÜ(J�¢��Jw, ² Tetrolet C�U�Ø Tetrolet C�3ã�KÜ¥Ñy� Gibbs �¬y�, Ó�l¢��Iw, ² Tetrolet C�3ã�KÜ�J�¡�DÚã�KÜ��J��. �² Tetrolet C��'DÚõ©EÇ©)�KÜ, ���`³´�L¯k�

ã 9 ØÓ©)�{�ã�KÜ(J
Fig. 9 Image fusion results of different decomposition methods



2050 g Ä z Æ � 44ò½ÈÅì, �´|^ã��g����$�Ò�±¢yDÚõºÝ©)�{�Ó��J.���´² Tetrolet C��©)U¼��õ�ã���5, >ÆÚ«n&EU�õ/��3.Ǒ
ïþ�«�{éu>Æ��3A5, Ú\>Æ�±�ê (Edge preserving index, EPI) 5½þLãþãØÓ�{KÜ�ã�é�©ã��>Æ�±�J.Äk|^>Æuÿ�f� Canny �fé�©�KÜã�ÚKÜ�ã�?1>Æuÿ, Ǒ�NY²��ÚR����>Æ�±�ê, æ^ª (7) L�ª¤«�{?1L«, |^�©�KÜã��>Æ�Ú�KÜ�ã�>Æ�Ú�'�5L«. >Æ�±�ê EPI ê���, `²ã�>Æ�3Uå�r.

EPI =

N
∑

j=0

M
∑

i=0

IO
canny(i, j)

N
∑

j=0

M
∑

i=0

IF
canny(i, j)

(7)Ù¥, IO
canny(i, j) Ú IF

canny(i, j) ©OǑ�©�KÜã�ÚKÜ�ã�²L Canny �f>Æuÿ�ã�, M Ú N ´ã����M × N.Ǒïþ>Æ�±�J, ©OòKÜ�ã��ã
9 (a), (b) �©ã�?1'�O�, (JXL 3 ¤«.lL 3 �±wÑ, æ^�©�{¢y�ã�KÜ�±��§Ý/�3�©ã�>ÆÚ«n&E.

3.3 ² TetroletC��DÕ5¢�DÕ5´õºÝAÛ©Û�{¥��'�;.�AÆ, U^����"��%CAÛ>Æ, ÏL�

�êþ�Xê��Uõ/£ã&Ò�Uþ. &ÒDÕL«�8�´3�½����i;¥^��U���fL«&Ò, �±¼�&Ò�Ǒ{'�L«�ª, l�N´¼�&Ò¥¤%¹�&E, ��B?�Úé&Ò?1\ó?n. &Ò�DÕ5´���
n �¢&Ò�±3�|Äe�m¤�� k-DÕ��þ, Ò´T�þ��"��Ǒ k,  k ��u n.L 3 ã 9 ¥ØÓKÜ(J�ã 9 (a), (b) �>Æ�±�ê
Table 3 Edge preserving index of different fusion results

in Fig. 9. with the comparison of graph 9 (a) and (b)'�é� 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 0.9520Ǒ
�y² Tetrolet C��Xê�DÕ5,æ^é 256 �� × 256 ��� Lena ã¡©)5�y. �ÅC�©)Ä¼êæ^ biorthogonal 6.8 ÈÅì|, ©Oò�ÅC�Ú²�ÅC� 3 �©)����éÆf�Xê�éA Tetrolet C�Ú²
Tetrolet C� 3 �©)����éÆf�Xê©Ù?1'�. l¢�(J�±�Ñ, ² Tetrolet C�©)�Xê�DÕ5��.ã 10´o«�{©)�1 2�Ú1 3�éÆf�Xê8�z����ã©Ù. ã 10 (a) ´�ÅC��1 2 �éÆXê©Ù; ã 10 (b) ´ Tetrolet C��1 2 �éÆXê©Ù; ã 10 (c) ´²�ÅC��1 2 �éÆXê©Ù; ã 10 (d) ´² Tetro-

let C��1 2 �éÆXê©Ù; ã 10 (e) ´�ÅC��1 3�éÆXê©Ù;ã 10 (f)´TetroletC�
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ã 10 ²�ÅÚ² Tetrolet C�©)8�zXê©Ùã
Fig. 10 Normalized coefficient distribution map using stationary wavelet transform and stationary tetrolet transform



2052 g Ä z Æ � 44ò�1 3 �éÆXê©Ù; ã 10 (g) ´²�ÅC��1 3 �éÆXê©Ù; ã 10 (h) ´² TetroletC��1 3 �éÆXê©Ù.lã 10 ¥�±wÑ, ² Tetrolet C��±¼�û��XêDÕ5, �õ�Xê8¥3 0 �NC.Ó�du©)��IE,�Ä¼ê, ¤±��ã�Ú��Ey�©ã�.Ǒ
�y² Tetrolet C�©)�Xê�DÕÊ·5, é�a4zã��Y²4z��ã�?1©)�y. ã���Ǒ 1 024 �� × 1 024 ��, Ǒ´æ^ 3 �©), Ó�é©)�éÆf�Xê©Ù?1'�. ã 11 ´�a4zã��Y²4z��ã�, �«�{©)�Xê©ÙXã 12 ¤«.ã 12 L��´o«�{©)�1 2 �Ú1 3�éÆf�Xê8�z����ã©Ù. ã 12 (a)´�ÅC��1 2 �éÆXê©Ù; ã 12 (b) ´
Tetrolet C��1 2 �éÆXê©Ù; ã 12 (c) ´ ã 11 �a4zã��Y²4z��ã�

Fig. 11 Horizontally polarized images of remote sensing

polarimetric image
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ã 12 ²�ÅÚ² Tetrolet C�©)8�zXê©Ùã
Fig. 12 Normalized coefficient distribution map using stationary wavelet transform and stationary tetrolet transform²�ÅC��1 2 �éÆXê©Ù; ã 12 (d)´² Tetrolet C��1 2 �éÆXê©Ù; ã

12 (e) ´�ÅC��1 3 �éÆXê©Ù; ã 12 (f)´ Tetrolet C��1 3 �éÆXê©Ù; ã 12 (g)´²�ÅC��1 3 �éÆXê©Ù; ã 12 (h)´² Tetrolet C��1 3 �éÆXê©Ù.þãØÓ�ã�©)¢�L², éuºÝ���ã�²² Tetrolet C�Ǒ�±¼����XêDÕ5L�.

4 (Ø² Tetrolet C�ÕA�{üÈÅì�O!õ

��5��!õºÝ©)!õAÆL��A:, Uéã��>ÆÚÓ+?1DÕL�Ú%CL�, �3�õ�ã�[!AÆ, 'Ù�õºÝAÛC�äk���C�°ÝÚO�{üA5. du©)¼ê·AÛÜ(��À�k��Ä½µe, �´ã�ÈÅì�«����²þÚ²þ�û½, ©)�ã�äk½�°�5, ·Üã��KÜ?n, Ó�Ǒ´uM��¢y.² Tetrolet C�´é8� Tetrolet C��`z?n, |^©¬I��U�{, ��uéu~5� Tetrolet C�©)Xê���$�, k�/�Ø
 Tetrolet C�¥Ñy��¬ Gibbs y�, Jp
ã�©)�P{Ý, Ǒã��KÜ�?nJø
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