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Study of Fusion of Meteorological Satellite Infrared
Image and Water Vapor Image

LIU Kai, KOU Zheng

(Institute of Meteorology and Ocean, PLA University of Science and Technology, Nanjing 211101, China)

Abstract: The multi-resolution analysis fusion method and multi-scale geometric analysis fusion method

are used for fusing the infrared cloud images and water vapor cloud images from FY-2E meteorological

satellite. Moreover, the mean mutual information and Xydeas-Petrovic index are used to evaluate the

performance of different fusion algorithms qualitatively and quantitatively. The results show that the

visual effect of the fused image is actually improved relatively to the raw images. The fused image contains

more abundant information about the cloud and the texture and hierarchy of cloud are improved as well.

In light of two objective evaluation indexes, the multi-scale geometric analysis fusion method is better

than the multi-resolution analysis fusion method in fusion effectiveness.

Key words: image fusion; infrared cloud image; water vapor cloud image; multi-resolution analysis

fusion method; multi-scale geometric analysis fusion method
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PA,F log2

PA,F (k, g)
PA(k)PF (g)
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PB,F (k, g) log2
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PB(k)PF (g)

(2)

?&�PA,F (k,g) (� PB,F (k,g) )�B�� A(� B)

�6.�� F �\�]f.�)?��
e#

[-. [22,23] �2b"

MIAB,F =
MIA,F + MIB,F

2
(3)

Infrared (monthly)/Vol.34, No.5, May 2013 http://journal.sitp.ac.cn/hw



M 34 N�M 5 O � � 11

e#[-.*��Pg6.��5B��&5

"�-.�*0�6.�16?*,


3.2 Xydeas–Petrovic ]�

Xydeas � Petrovic[24,25] 5�
�"Ac^

-.A'�6.:&:�;59F
?9F�


)&B���c^-.�6.��&�6E

N)�%2b"

QAB/F (m, n) =

M∑
m=1

N∑
n=1

(QAF (m, n)wA(m, n) + QBF (m, n)wB(m, n))

M∑
m=1

N∑
n=1

(wA(m, n) + wB(m, n))

(4)

?&� M � N "����>�h>�i+

wA(m, n) � wB(m, n) "�&')c^/)�N

>
 QAB/F (m, n) �+W��" [0,1] �+*�'

(6.��fj�B��c^-.*0�6.

�16*,


4 SRUV^_`OP
�k^/�&�*U�%#������)

$!���U�%#��$!�!��� [1] �

2Kcl�6.kdmR&��*U_%��

U_%A�!!�6.$,
��6.kd�

�%#��$!��	�)c_� FY–2E �	

��%� (IR1) �$!�g (IR3) ��%��g

�<h" 10.5 µm�$!�g�<h" 6.2 µm �

�&�g�`�%B8" 8–bit �%��/%�

256 &�)/
�%#��$!���6. �

�
�n=��)#" 512×512


kd%��OPOÆFNH6. (LAP G

>) 	ST)<=�6. (DWT G>) 	ee!

=ST)<=�6. (SIDWT G>) 	[BAX

Contourlet =�6. (NSCT G>) � Q<=�

6. (Bandlet G>) f"�>��d�%#��

$!����6.
�*UX �>A�[#

e6.$,� λ "�%#��i�>�%�"

0.5 	 0.8 � 1.0 ���UX �>A�"e#�

6.$,
SIDWT G>	LAPG>	DWTG>

�%D/>" 4 /� NSCT G>� Bandlet G>

�%D/>" 3 /
A� MI � Xydeas–Petrovic

9F%��f"6.�>6.�����:�

;5


� 2	� 3	� 4�%�A�;i�> 0.5	

0.8 � 1.0 �i+�%�$!����6.�-

6�� 5	� 6	� 7 �%�A�;i�> 0.5	

0.8 � 1.0 �4+�%�$!����6.�-

6
' 1 a�
�i+�%�$!����6

.�f"G>�:&;59F-6�' 2a�


�4+�%�$!����6.�f"G>�

:&;59F-6


P� 2∼ � 7 �
o��f"6.G>�"

�
<,�<916
�%���$!�&�

c^	@C�-.�6.��&� !!N)�

���#�a`�g�@\�#�Q49���

��T)���
5�
*UX ;i�>*

��6.���<916*,
�kd#��6

.&�0C)%3%06.�>�16T0%

B8%06.�>�16,


1' 1 �' 2 '(�56.��:&�:

�;59F	o�Q��4+#�V�i+#

���) LAP 	 SIDWT � DWT fX�0%B

8%06.G>�h-*UX ;i�> λ�g

��[-.& MI� Xydeas–Petrovic9F QAB/F

�+� 'Bb
-�) NSCT � Bandlet fX

�0C)%3%06.G>�h-*UX ;

i�> λ �g��[-.& MI �+p g��

QAB/F��i)�<3
<.�"9F�j λ"

1.0 )�/� Bandlet G>���6.���:

&3,�6.��fj�c^-.30�5B�

�&5"�-.?30
NSCT G>4.
P)

NSCT G>� Bandlet G>�RGSZ)T��

A�)0%B8%0G>c)T0�-q��*

�c)*0


http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.34, No.5, May 2013



12 � � 2013 � 5 �

( a ) djhI 1 ( b ) krI 1 ( c )LAP lkef ( d )SIDWT lkef

( e ) DWT lkef ( f )NSCT lkef ( g )Bandlet lkef

I 2 djhI 1 gkrI 1 ( λ=0.5 ) hsJHef

( a ) djhI 1 ( b ) krI 1 ( c )LAP lkef ( d )SIDWT lkef

( e ) DWT lkef ( f )NSCT lkef ( g )Bandlet lkef

I 3 djhI 1 gkrI 1( λ=0.8 hsJHef)
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( a ) djhI 1 ( b ) krI 1 ( c )LAP lkef ( d )SIDWT lkef

( e ) DWT lkef ( f )NSCT lkef ( g )Bandlet lkef

I 4 djhI 1 gkrI 1 ( λ=1.0 ) hsJHef

( a ) djhI 1 ( b ) krI 1 ( c )LAP lkef ( d )SIDWT lkef

( e ) DWT lkef ( f )NSCT lkef ( g )Bandlet lkef

I 5 mihI 2 gdjhI 2 hsJHef ( λ=0.5 )
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( a ) djhI 1 ( b ) krI 1 ( c )LAP lkef ( d )SIDWT lkef

( e ) DWT lkef ( f )NSCT lkef ( g )Bandlet lkef

I 6 mihI 2 gdjhI 2 hsJHef ( λ=0.8 )

( a ) djhI 1 ( b ) krI 1 ( c )LAP lkef ( d )SIDWT lkef

( e ) DWT lkef ( f )NSCT lkef ( g )Bandlet lkef

I 7 mihI 2 gdjhI 2 hsJHef ( λ=1.0 )
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a 1 Æbcdefghijgklmnopqkrstuvwxy

jt LAP lk SIDWT lk DWT lk NSCT lk Bandlet lk

no λ MI QAB/F MI QAB/F MI QAB/F MI QAB/F MI QAB/F

0.5 4.9170 0.7009 4.8770 0.6871 4.9188 0.7005 4.9005 0.6997 4.0938 0.7754

0.8 4.7183 0.6995 4.8659 0.6874 4.8405 0.6889 5.1797 0.6992 5.0974 0.7730

1.0 4.5958 0.6832 4.8404 0.6710 4.7400 0.6612 5.2837 0.6693 5.9343 0.7659

a 2 Æzcdefghijgklmnopqkrstuvwxy

jt LAP lk SIDWT lk DWT lk NSCT lk Bandlet lk

no λ MI QAB/F MI QAB/F MI QAB/F MI QAB/F MI QAB/F

0.5 5.3218 0.7265 5.2632 0.7172 5.3219 0.7262 5.2971 0.7260 3.9778 0.7873

0.8 4.6157 0.7231 4.8414 0.7157 4.7852 0.7108 5.3373 0.7212 5.3518 0.7880

1.0 4.1105 0.7215 4.4252 0.6995 4.3065 0.6803 5.0220 0.6867 7.0116 0.7835
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6.A� Dr.Gabriel Peyrelr� Bandlet=�4

Bs�NSCT =�A� Arthur L. Cunha, Jianping

Zhou and Minh N. Do lr� NSCT 4Bs��K
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