
1 44 ò 1 11 Ï g Ä z Æ � Vol. 44, No. 11

2018 c 11 � ACTA AUTOMATICA SINICA November, 2018

² ­ Tetrolet C † Ž { ï Ä

Ü � Œ

1; 2
Ï w A

1
4 p ¸

1
Ü ¬¬

1
© ˜ ƒ

1

Á ‡ • 
 �� k � � ã ” õ º Ý A Û L ˆ , J Ñ ˜ « k � � Ä u Haar � ÅC † � ² ­ Tetrolet C † Ž { . ² ­ Tetrolet
C † ´ ˜ « d o ‡ ü   � • / Ï L > ë � å 5 � # � g · A Haar a � ÅC † , é A � È Å ì | { ü 
 k � . † I O � ‘ � Å

C † ƒ ' , ² ­ Tetrolet C † ´ ˜ « # . Ä u o ‚ © † � õ º Ý A Û C † ó ä , U 
 Ï L õ • • À J k � / Ó ¼ ã ” ¥ ˆ •

É 5 A 5 . � © é ² ­ Tetrolet C † � © ) Ú ­ � Ž { ? 1 
 • [ £ ã , é | ^ ² ­ Tetrolet C † é ã ” � © ) ? 1 
 • ý

† © Û . ¢ � ( J L ² , † D Ú Ž { ƒ ' , J Ñ � Ž { 3 � 3 � © ã ” > � Ú « n & E � Ó ž , Œ ± k � / � � � Ð � D Õ L

ˆ , U ž Ø Tetrolet C † Ž { é ã ” K Ü • 3 • ¬ � A � " € .

' … c ã ” ? n , ² ­ Tetrolet C † , o ‚ © † , Haar a � ÅC † , • ¬ � A

Ú ^ ‚ ª Ü � Œ , Ï w A , 4 p ¸ , Ü ¬¬ , © ˜ ƒ . ² ­ Tetrolet C † Ž { ï Ä . g Ä z Æ � , 2018, 44(11): 2041� 2055

DOI 10.16383/j.aas.2017.c160827

Research on Stationary Tetrolet Transform Algorithm

ZHANG De-Xiang 1; 2 XUN Li-Na 1 LIU Kai-Feng 1 ZHANG Jing-Jing 1 LU Yi-Xiang 1

Abstract In order to get an e�cient image multi-scale geometrical rep resentation, an e�cient 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 �lter bank algorithm is simp le
but very e�ective. Compared with the standard two dimension al wavelet transform, stationary tetrolet transform is a
novel tetrominoes based multi-scale geometrical transform tool, which can capture image anisotropic geometrical str uc-
tures information e�ciently by multi-direction selection . In this paper, decomposition and reconstruction algorith ms 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. Experim ental results show that compared with traditional algorith ms,
the proposed algorithm can get better sparse representation and eliminate the blocking artifacts in image fusion resul ted
from tetrolet transform algorithm. Meanwhile, the signi�c ant information of original image like textures and contour
detail is well maintained.
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ê © O � \ � 5 Tetrolet C † � © ) X ê ¥ . l ã

5 Œ ± w Ñ , ² ­ Tetrolet C † © ) � X ê ƒ � u

3 � k � Tetrolet C † X ê ¥ … 1 … � � þ æ � ,
� \ é A � © ) X ê , l 
 ¦ © ) � $ ª ã ” Ú p

ª ã ” † � © ã ” Œ � ˜ — , ¢ y ² ­ Tetrolet C

† .
ã 5 ¥ Y ² • • I 5 � 4 � 4 « • ´ Tetrolet

C † © ¬ , R † • • I 5 � 4 � 4 « • ´ ­ U � ©

¬ . Y ² • • I 5 � 2 � 2 « • Ú 12 � 1 « • ´

Tetrolet C † © ) � $ ª X ê Ú p ª X ê , R † •

• I 5 � 2 � 2 « • Ú 12 � 1 « • ´ ­ U © ¬ �

� � $ ª X ê Ú p ª X ê . ç N L « � © ¬ « • ´

Tetrolet C † © ) � X ê L ˆ Ú   ˜ , ² ­ Tetrolet
C † | ^ ² £ � U C k � / J p © ) � P { Ý ± |

u ã ” � K Ü ? n .

2.2 ² ­ Tetrolet C † � © ) Ž { Ú ½

� – C † ã ” I = [( i; j )], i = 1 ; 2; � � � ; M ; j =

1; 2; � � � ; N , Ù ¥ M Ú N © O • ã ” � 1 � Œ �

ê Š … þ • ó ê . � © ) º Ý • J , K 1 r ? (r =
1, 2; � � � ; J ) ² ­ Tetrolet C † © ) � Ú ½ • :

Ú ½ 1. ò þ ˜ ? © ) � � $ ª ã ” � • �

2 � Ú • � 2 1 U º ” é ¡ • ª ? 1 > . * Ð ±

ž Ø > . K • . I r = [ I r � 1; f liplr (I r � 1(:; end � 1 :
end))], Ù ¥ f liplr L « † m € = Ý 
 ; I r = [ I r ;
f lipud (I r (end � 1 : end;:))], Ù ¥ f lipud L « þ

e € = Ý 
 .
Ú ½ 2. • ¢ y õ º Ý A Û © ) Ž { , ‡ é ² >

. ? n � �$ ª ã ” ? 1 4 � 4 « • © ¬ ? n , U ì

I r
i;j = f (2i � 1 : 2i + 2 ; 2j � 1 : 2j + 2) g é ã ” ?

1 © ¬ ? n �� 4 � 4 © ¬ Ý 
 Qi;j , © ¬ ^ S • d

† • m , d þ • e ^ S ? 1 © ¬ ? n , Ù ¥ i = 1 ; 2,
� � � , M=2, j = 1 ; 2; � � � ; N=2, M Ú N ´ – © ) $

ª ã ” � 1 � Œ � Š , ¢ S þ Ò ´ � © ã ” � Œ � .
Ú ½ 3. ò z ‡ © ¬ Ý 
 Qi;j U 117 « | Ü �

ª ? 1 © † y © , 4 � 4 © ¬ Ý 
 y © � � 4 ‡ « •

ã 5 ã ” � ² ­ Tetrolet C † �õ º Ý © )( � ã

Fig. 5 Image multiscale decomposition structure using stat ionary tetrolet transform
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¥ Ñ ´ d 4 ‡ ” ƒ : | ¤ , U ì ª (1) � (3) ? 1

Haar � Å C † l 
 � � 4 ‡ ” ƒ � $ Ï f ‘ ar; (c)

X ê Ú 12 ‡ ” ƒ | ¤ � p Ï f ‘ wr; (c)
l X ê , Ù ¥ l

= 1 ; 2; 3; c “ L 117 « | Ü ¢ Ú , c = 1 ; 2; � � � ; 117.
Ú ½ 4. U ª (4) é��� © ) X ê é � ˜ « C

X c�
¦ � 12 ‡p ª X ê � l1 ‰ ê • � ± À Ñ • `

ë ê wr; (c� )
l , l 
 ¼ � ˜ | • ` � Tetrolet © ) X

ê [ar; (c� ) , wr; (c� )
1 , wr; (c� )

2 , wr; (c� )
3 ]. wr; (c� )

´ 12 � 1
� p ª X ê Ý 
 , p ª X ê Œ ± 8 a • 3 ‡ • • X

ê , Ù ¥ Y ² • • X ê wr; (c� )
1 = wr; (c� ) (1 : 3 : 12),

R † • • X ê wr; (c� )
2 = wr; (c� ) (2 : 3 : 12) ± 9 é �

• •X ê wr; (c� )
3 = wr; (c� ) (3 : 3 : 12) � ­ ü Ý 
 .

Ú ½ 5. • ? 1 e ˜ ? � © ) , I ‡ é$ ª f ‘

X ê ar; (c)
U ª (5) ? 1 2 � 2 � Ý 
­ ü . Ó ž �

• $ ª X ê ! p ª X ê ± 9 CX S Ò .
Ú ½ 6. ò $ ª X ê Ý 
 Š • # � e ˜ ? © )

ã ” ­ E Ú ½ 1� 5, Œ ± ? 1 õ º Ý © ) .

2.3 ² ­ Tetrolet C † � ­ � Ž { Ú ½

Ú ½ 1. Ö � ² ­ Tetrolet C † © ) � � X ê

Ý 
 � � © ) � � g J . l • p © ) � J m © ò é

A � p ª X ê Ú $ ª X ê ­ � ¤ 1 J � 1 � © ) �

$ ª X ê , Ó ž Ö � 1 J � © ) � � � é A $ ª X

ê Ý 
 LowJ
Ú p ª X ê Ý 
 High J

± 9 C X S

Ò ¢ Ú L J .
Ú ½ 2. Ö � $ ª X ê Ý 
 � ¥ 2� 2 �$ ª X

ê Low = LowJ (2i � 1 : 2i; 2j � 1 : 2j ) Ú Ö � é A

p ª X ê Ý 
¥ 12� 1 � p ª X ê High = High J ,
Ù ¥ i = 1 ; 2; � � � ; M=2 � 1, j = 1 ; 2; � � � ; N=2 � 1,
M Ú N ´ – ­ � $ ª ã ” � 1 � Œ � Š .

Ú ½ 3. ò Ö � � 4 ‡ $ ª X ê Ú 12 ‡p ª X

ê ­ ü ¤ o ‡ Ü © ¿ ? 1 Haar � Å ­ � � _ $ Ž .
­ ü � z ‡ Ü © ´ d 1 ‡ $ ª X ê Ú 3 ‡ p ª X ê

| ¤ � 4 ‡ ê , © O • coefk = [ Low(k); High (3k
� 2 : 3k)], Ù ¥ k = 1 ; 2; 3; 4. z Ü © 4 ‡ X ê † ª

(3) ¥ � Ý 
 ? 1 ƒ ¦ � � ­ � � 4 � 4 � 16 ‡ ê

Ý 
 .
Ú ½ 4. Š â CX S Ò ¢ Ú é ­ � �� � 16 ‡

X ê ? 1 ­ # ü S , � � • ª � ­ � � 4 � 4 � 16
‡ ê Ý 
 .

Ú ½ 5. Ï • 3 © ) ž © ¬ � ö Š Ñ y ­ U J

� � , Ø c 2 1 Ú • � 2 1 , c 2 � Ú • � 2 � � X

ê 	 , Ù ¦ � ƒ À J 
 4 g © ) , ¤ ± ­ � � X ê Ý


 I ‡ Ø 4 ö Š . ‡ 5 ¿ ã ” o > > � 2 1 Ú 2 �

� ê Š ? n , ù ´ ­ � � ' … . 3 d † • m ­ � ž c

2 � Ú � 2 � ­ � � ê â � ± Ø C , Ù ¦ � ­ � �

ê â I ‡ Ø 2 ö Š ; Ó ž 3 d þ • e ­ � ž c 2 1

Ú • � 2 1 ­ � ê â � ± Ø C , Ù ¦ 1 ê â Ø 2 ö

Š . ù � ¢ S þ ´ ­ � � Ý 
 Ø o ‡ � á � � ƒ 1 1
1 � c 2 � Ú � 2 � , • � 1 1 � c 2 � Ú � 2 �

� ƒ � ± ØC , Ù ¦ � c 2 1 Ú • � 2 1 , c 2 � Ú

• � 2 � � � ƒ U \ � • Ø ± 2, Ó ž ¥ m 1 � � ƒ

U \ � Ø ± 4, ù � Œ ± �� ­ � �1 J � 1 � © )

�$ ª X ê .
Ú ½ 6. ­ E Ú ½ 1� 5 � $ Ž Œ ± �� • ª­

� � ã ” , ­ � � ã ” Ú � © ã ” U � � ƒ Ó .

3 ² ­ Tetrolet C † © ) ¢ � 9 © Û

Š â ² ­ Tetrolet C † � © ) Ž { Œ • , ² ­

Tetrolet C † æ ^ � ´ 3 � 5 Tetrolet C † Ä : þ

� � Š Ž { , ´ ˜ « P { C † , | ^ I • � ­ U Ž {

3 ª • Ï L O \ L Þ : � • { Œ ± k � / ~ � I ¼

ê � ‹ � ƒ é Ì Ý , O \ 
 Ì ‹ � ° Ý , l 
 k � /

ž Ø� ) • ¬ � A � Gibbs y– .
• 
 � y ² ­ Tetrolet C † © ) Ú ­ � Ž {

� k � 5 , æ ^ 256 ” ƒ � 256 ” ƒ � Lena ã ”

? 1 © ) � y . Ó ž ò ² ­ Tetrolet C † © ) †

Tetrolet C † © ) ! � Å C † © ) ± 9 ² ­ � Å C

† © ) Ž { ? 1 X ê ' � . © ) � g • 3 � , � ÅC

† © ) Ä ¼ ê æ ^ biorthogonal 6.8 È Å ì | .

3.1 ² ­ Tetrolet C † � © ) ¢ �

ã 6 (a) ´ ^ � Å C † 3 � © ) � ˆ � X ê ã

” , ã 6 (b) ´ ^ Tetrolet C † 3 � © ) � � ˆ � X

ê ã ” ; ã 7 (a), (c), (e) © O ´ ² ­ � Å C † © )

� 1 1� 3 � X ê ã ” , ã 7 (b), (d), (f) © O ´ ²

­ Tetrolet C † © ) �1 1� 3 � X ê ã ” .
¢ � L ² , J Ñ � ² ­ Tetrolet C † Œ ± k �

/ ¢ y ã ” � © ) … � 3 • õ � ã ” [ ! , ¢ S ¢

� • L ² é u Œ º Ý ã ” Œ ± é Ð / ¢ y ã ” � ²

­ õ º Ý� © ) .

3.2 ² ­ Tetrolet C † � ã ” K Ü ¢ �

² ­ Tetrolet C † ´ é ~ 5 Tetrolet C † � ˜

« U ? Ž { , 3 Ž { þ Ï L � � I • � S “ Ž { ž

Ø � � I • ê â > � � a � A 5 , ¦ � © ) � � X

ê ä k D Õ � P { 5 , Œ ± k � / ž Ø 3 ã ” K Ü

¥ � • ¬ � A , l 
 ¦ ² ­ Tetrolet C † • · Ü u

ã ” � K Ü ? n .
• 
 � y ² ­ Tetrolet C † Ž { � k � 5 , æ

^ é Ø Ó � å � ž ¨ ã ” ^ 3 � 3 Û Ü U þ • { ¢

y K Ü ? n , ' � Ø Ó © ) � g e ã ” � K Ü ( J ,
* 	 • ¬ � A � Gibbs y – � ž Ø � J . ã 8 ´ æ

^ ² ­ Tetrolet C † Ø Ó � g © ) � ž ¨ ã ” K Ü

� � J . ã 8 (a) ´ 2 � © ) � K Ü ( J , ã 8 (b) ´

4 � © ) � K Ü ( J , ã 8 (c) ´ 5 � © ) � K Ü (
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ã 6 � ÅC † Ú Tetrolet C † 3 � © ) X ê ã ”

Fig. 6 The three layer decomposition coe�cient image using w avelet transform and tetrolet transform
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ã 7 ² ­ � ÅC † Ú ² ­ Tetrolet C † 3 � © ) X ê ã ”

Fig. 7 The three layer decomposition coe�cient image using s tationary wavelet transform and

stationary tetrolet transform

ã 8 æ ^ Tetrolet C † Ø Ó � g © ) � ã ” K Ü ( J

Fig. 8 Image fusion results with di�erent levels of

decomposition using tetrolet transform

J , ã 8 (d) ´ 7 � © ) � K Ü ( J .
l ¢ � ( J Œ ± � Ñ , † † � æ ^ Tetrolet C

† ¢ y ã ” � K Ü ? n ( J ã 4 ' � , | ^ ² ­

Tetrolet C † © ) Ž { Œ ± k � ž Ø Tetrolet C †

3 ã ” K Ü ¥ Ñ y � • ¬ � A , = ¦ 3 õ º Ý õ �

g © ) ¥ E, Œ ± ¼ � û Ð � ã ” K Ü � J , Tetro-

let C † ¥ Ñ y � • ¬ Gibbs y – d u © ) � P {

5 
 �� U õ .
• 
 � y ² ­ Tetrolet C † Ø Ó � g © ) � ã

” K Ü � J , æ ^ ~ ^ � • * • I & E � ! � � � !

þ Š ! I O � �

[20]
5 ï þ K Ü � J .

l L 1 Œ ± w Ñ , æ ^ ² ­ Tetrolet C † Ø Ó

� g © ) � ã ” K Ü � J k Ø Ó , © ) � g � õ , I

O � Ú & E � � Œ , � � � � � , ` ² K Ü � J � Ð .
• ` ² ² ­ Tetrolet C † ž Ø 
 † � æ ^ Tetrolet
C † � © ¬ C † 3 ã ” K Ü ž � ) Gibbs � • ¬ �

A � Ø | K • , ž Ø 
 © ) � g � õ • ¬ � A � ²

w � " € .

L 1 ã 8 ¥ Ø Ó © ) � g � K Ü ã ” ½ þ • I

Table 1 Quantitative index of fusion image using

di�erent decomposition levels in Fig. 8

Ø Ó � g

© )

þ Š I O � � Š ² þ �

� �

þ • Š

� � �

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 0.2509

• 
 � y ² ­ Tetrolet C † Ž { � k � 5 , é

õ Å ã € a ã ” ? 1 K Ü ' � , ¢ � ( J æ ^ �

Å C † (Wavelet transform, WT) ! ² ­ � Å C †

(Stationary wavelet transform, SWT) ! Contourlet
C † (Contourlet transform, CT) ! š e æ � Con-
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tourlet C † (Nonsubsampled contourlet trans-
form, NSCT) ! Directionlet C † (Directionlet
transform, DT) Ú ² ­ Tetrolet C † (Stationary
Tetrolet transform, STT) � C † • { ? 1 K Ü '

� . • ¦ ã ” � [ ! â Ñ , ù p æ ^ � ã ¥ 304 ”

ƒ � 304 ” ƒ Œ � � Û Ü ã .
� Å © ) Ä ¼ ê æ ^ biorthogonal 6.8 È Å ì

| , © ) � g • 3 � . Contourlet C † æ ^ \9-7" È

Å ì õ � © ) , æ ^ \pkva" È Å ì ¢ y • • © ) ,
… © ) • 3 � , z � 8 ‡ • • ; 3 Directionlets C

† ¥ æ ^ V � � 9/7 � Å È Å ì | ; » ‚ ) ¤ Ý 


± 45�
• • © • � » ‚ � 8 ± 9 C † � U � 45�

•

• ü � � � 8 ; © ) � g • 3 � . K Ü •{ æ ^ 3 �
3 Û Ü U þ •{ ¢ y K Ü .

Ø Ó © ) Ž { ��� ä N K Ü ( J X ã 9 ¤ « .
ã 9 (a) Ú ã 9 (b) ´ � © – K Ü � õ Å ã ã ” ; ã

9 (c) ´ � Å C † K Ü ( J ; ã 9 (d) ´ ² ­ � Å C

† K Ü ( J ; ã 9 (e) ´ Contourlet C † K Ü ( J ;
ã 9 (f) ´ š e æ � Contourlet C † K Ü ( J ; ã

9 (g) ´ Directionlet C † K Ü ( J ; ã 9 (h) ´ ² ­

Tetrolet C † K Ü ( J .
• 
 � y ² ­ Tetrolet C † © ) � ã ” K Ü

� J , æ ^ & E � ! � � � ! þ Š ! I O � �

[21� 22]

� • * • I 5 ï þ K Ü � J , ä N µ d • I X L 2

¤ « . l L 2 Œ ± w Ñ , ² ­ Tetrolet C † k � Ð

� I O � Ú & E � , ` ² ² ­ Tetrolet C † 3 ã ”

K Ü ¥ Œ ± é Ø Ó ã ” ? 1 K Ü ? n , • ` ² ² ­

Tetrolet C † ä k � Ð � K Ü � J .

L 2 Ø Ó © ) •{ � K Ü ã ” ½ þ • I

Table 2 Quantitative index of fusion image using

di�erent decomposition methods

Ø Ó ©

) •{

þ Š I O � � Š ² þ �

� �

þ • Š

� � �

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

l þ ã Ø Ó © ) Ž { � � � K Ü ( J � ¢ � �

J w , ² ­ Tetrolet C † U ž Ø Tetrolet C † 3 ã

” K Ü ¥ Ñ y � Gibbs • ¬ y – , Ó ž l ¢ � • I

w , ² ­ Tetrolet C † 3 ã ” K Ü � J • ¡ † D Ú

ã ” K Ü � � J ƒ � . � ² ­ Tetrolet C † ƒ ' D

Ú õ © E Ç © ) � K Ü , • Œ � ` ³ ´ Ã L ¯ k �

ã 9 Ø Ó © ) •{ � ã ” K Ü ( J

Fig. 9 Image fusion results of di�erent decomposition metho ds
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½ È Å ì , • ´ | ^ ã ” � g � ” ƒ Š $ Ž Ò Œ ±

¢ y D Ú õ º Ý © ) Ž { � Ó � � J .
• ­ ‡ � ´ ² ­ Tetrolet C † � © ) U ¼ � •

õ � ã ” • • 5 , > � Ú « n & E U • õ / � � 3 .
• 
 ï þ ˆ « • { é u > � � � 3 A 5 , Ú \ > �

� ± • ê (Edge preserving index, EPI) 5 ½ þ L

ã þ ã Ø Ó • { K Ü � ã ” é � © ã ” � > � � ±

� J .
Ä k | ^ > � u ÿ Ž f � Canny Ž f é � ©

– K Ü ã ” Ú K Ü � ã ” ? 1 > � u ÿ , • ‡ N Y

² • • Ú R † • • � > � � ± • ê , æ ^ ª (7) L

ˆ ª ¤ « Ž { ? 1 L « , | ^ � © – K Ü ã ” � >

� ƒ Ú † K Ü � ã ” > � ƒ Ú � ' Š 5 L « . > �

� ± • ê EPI ê Š � � , ` ² ã ” > � � 3 U å �

r .

EP I =

NX

j =0

MX

i =0

I O
canny (i; j )

NX

j =0

MX

i =0

I F
canny (i; j )

(7)

Ù ¥ , I O
canny (i; j ) Ú I F

canny (i; j ) © O • � © – K Ü

ã ” Ú K Ü � ã ” ² L Canny Ž f > � u ÿ � ã

” , M Ú N ´ ã ” � Œ � M � N:
• ï þ > � � ± � J , © O ò K Ü � ã ” † ã

9 (a), (b) � © ã ” ? 1 ' � O Ž , ( J X L 3 ¤ « .
l L 3 Œ ± w Ñ , æ ^ � © • { ¢ y � ã ” K Ü Œ

± • Œ § Ý/ � 3 � © ã ” > � Ú « n & E .

3.3 ² ­ Tetrolet C † � D Õ 5 ¢ �

D Õ 5 ´ õ º Ý A Û © Û • { ¥ ˜ ‡ ' � ; .

� A � , U ^ • � � š " � ƒ % C A Û > � , Ï L •

� ê þ � X ê ¦ Œ U õ / £ ã & Ò � U þ . & Ò D

Õ L « � 8 � ´ 3 ‰ ½ � ‡ � � i ; ¥ ^ ¦ Œ U �

� � f L « & Ò , Œ ± ¼ � & Ò • • { ' � L « •

ª , l 
 • N ´ ¼ � & Ò ¥ ¤ % ¹ � & E , • • B ?

˜ Ú é & Ò ? 1 \ ó ? n . & Ò � D Õ 5 ´ • ˜ ‡

n ‘ ¢ & Ò Œ ± 3 ˜ | Ä e Ð m ¤ ˜ ‡ k- D Õ � •

þ , Ò ´ T • þ � š " � ƒ • k; 
 k � � u n:

L 3 ã 9 ¥ Ø Ó K Ü ( J † ã 9 (a), (b) � > � � ± • ê

Table 3 Edge preserving index of di�erent 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 0.9520

• 
 � y ² ­ Tetrolet C † � X ê � D Õ 5 ,
æ ^ é 256 ” ƒ � 256 ” ƒ � Lena ã ¡ © ) 5 �

y . � Å C † © ) Ä ¼ ê æ ^ biorthogonal 6.8 È

Å ì | , © O ò � Å C † Ú ² ­ � Å C † 3 � © )

� ˆ � � é � f ‘ X ê † é A Tetrolet C † Ú ² ­

Tetrolet C † 3 � © ) � ˆ � � é � f ‘ X ê © Ù

? 1 ' � . l ¢ � ( J Œ ± � Ñ , ² ­ Tetrolet C

† © ) � X ê � D Õ 5 • Ð .
ã 10 ´ o « •{© ) �1 2 � Ú 1 3 � é � f

‘ X ê 8 ˜ z � � † • ã © Ù . ã 10 (a) ´ � Å C

† � 1 2 � é � X ê © Ù ; ã 10 (b) ´ Tetrolet C

† � 1 2 � é � X ê © Ù ; ã 10 (c) ´ ² ­ � Å C

† � 1 2 � é � X ê © Ù ; ã 10 (d) ´ ² ­ Tetro-
let C †� 1 2 � é � X ê © Ù ; ã 10 (e) ´ � ÅC

†� 1 3 � é � X ê © Ù ; ã 10 (f) ´ Tetrolet C †
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ã 10 ² ­ � Å Ú ² ­ Tetrolet C † © ) 8 ˜ z X ê © Ù ã

Fig. 10 Normalized coe�cient distribution map using statio nary wavelet transform and stationary tetrolet transform
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� 1 3 � é � X ê © Ù ; ã 10 (g) ´ ² ­ � Å C †

� 1 3 � é � X ê © Ù ; ã 10 (h) ´ ² ­ Tetrolet
C †� 1 3 � é � X ê © Ù .

l ã 10 ¥ Œ ± w Ñ , ² ­ Tetrolet C † Œ ± ¼

� û Ð � X ê D Õ 5 , • õ � X ê 8 ¥ 3 0 � N C .
Ó ž d u © ) ž Ã I E , � Ä ¼ ê , ¤ ± ­ � � ã

” Ú � � E y � © ã ” .
• 
 � y ² ­ Tetrolet C † © ) � X ê � D Õ

Ê · 5 , é € a 4 z ã ” � Y ² 4 z • • ã ” ? 1

© ) � y . ã ” Œ � • 1 024 ” ƒ � 1 024 ” ƒ , •

´ æ ^ 3 � © ) , Ó ž é © ) � é � f ‘ X ê © Ù

? 1 ' � . ã 11 ´ € a 4 z ã ” � Y ² 4 z • • ã

” , ˆ « •{© ) � X ê © Ù X ã 12 ¤ « .
ã 12 L ˆ � ´ o « • { © ) � 1 2 � Ú 1 3

� é � f ‘ X ê 8 ˜ z � � † • ã © Ù . ã 12 (a)
´ � Å C † � 1 2 � é � X ê © Ù ; ã 12 (b) ´

Tetrolet C † � 1 2 � é � X ê © Ù ; ã 12 (c) ´

ã 11 € a 4 z ã ” � Y ² 4 z • • ã ”
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