2012.1

MTF

,® (@) O, @
b M b
D , 100049;©® s s 100094)
, MTEC o
s MTEFC ,
:MTFC; ; ;
doi:10. 3969/j. issn. 1000—3177.2012.01. 016
. TP751 ‘A :1000—3177(2012)119—0078—06

An Improved MTFC Restoration Algorithm for Remote Sensing Image
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Abstract; This paper proposes an improved MTF restoration algorithm for remote sensing image based on inverse filtering,
a traditional image restoration method. The improved algorithm is accomplished by optimizing the compensating curve shape at
different frequency and the compensating factor. The quality of resultant image is better than before and the quantitative results
are satisfying. Moreover, the optimal algorithm is adaptive to various remote sensing images and it overcomes the limited adapta-
bility of former work.

Key words: MTFC; remote sensing image restoration;algorithm

1 [7~8] 3
s MTF (Modulation Transfer Function)

s ,MTF s
[1] .

) e » MTFC(MTF Compensation) MTF
N - . . MTF . MTF

51 Lo, MTF
(el R , MTFC ,
s [10~12] s MTF
:2011—02—28 :2011—05—06

(1986~), ,
E-mail ; yqchai(@ ceode. ac. cn
E-mail ; zkf@ ceode. ac. cn



2012.1

, MTF ,
) [13]
[14~15] s , MTF
, MTEFC
. MTEC :
, MTEFC
[16] ,
s MTFC ,
2 MTFC
. MTEFC ,
s 1

n(x,y)

fen—] 1 —D—sewn
1
s f(x,y)
H n(x.y)
g(x,y), ,
g(x,y) H f(x,y)
( n(x.y) Do
) H
g(x,y)
o 2 GQuyv)  Flu,v)
g(x.y) f(x.y) , Hu,v)
, Flu,v) g
(x,y) , H(u,v) G(u,v)
L Flu =S

A A ‘
f(f’y):Fill:F(u,v)]:F*l |:G(u,'v) }

H(u,v)
’H(uy'U) .

) o H(u,v) )
, H(u,v) ,
He|H| - [H
o ) 1,
(Modulation
Transfer Function,MTF) , H(u,v) ke
MTF(u,v),
" . 1
f(x.y)=F 1[mG(u,‘v):|
MTF ,
A .
F(u’v):;((z’,z)):[}//(u,v)k .1MTF(u’v)}G(u,v)
sy (usv)
) MTF,
o 1
) T ok - MTF i)
%(u,v) f/\?(u,v):}’(u,v)(}(u,v)o
MTF . y(u,v)
1, MTFC
R y(u,v) (i,
, ;%(u,v)ZG(u,v)D’(u,
v) %, a , 0, MT-
FC

1 .
(us0)k o MTF(M,‘U)]

MTFC(u,v):[)’(u,v)]“:[y/

3 MTEFC
1) )’ ! Q
MTF , MTFC ,
'}’,
[14] 7/
1/3 , vz o,
2/3 .
O; ’
1.55; s ,
’ 1. 11,



1, Y, s o MTF
4 s y' =ax® +b2* +cx+d s x
’ / ’ 7
’ ~ ~ )’ : ’71 \72 \)’3 o
v, =5.29482° —9. 2882 +4. 1432x+1 1, n'r' v
Yy, =1.37092° —3. 7892 +2.5381x+1 1/3,1/2  2/3, y’
Y s =—0.73252°"—0.8492x* +1. 73172 +1 2 .
971/\72/\}’3/ N N s o
24T e
L7 T T T 1 \ T T T 1
o T . R R o [ | —— S |
‘ . r : __(_;__.:‘-;-:_;_;i_\—‘ Soh 75 y) . |
B e : ’"""..\\k ------------ Besomosnioas .
B : : Py 1S N ;
! L g7 g 1 B i ay |
R s e e e 54:-----\--—--} ----------- -
g : T ‘\E
3 £ i i .
| e b S RS REEE . T — fh e s . L 5\4\-\-‘ -------- -
i l/r/' : i : : I.I'(l”) i AN
s : : i ; i ! \\\
| s TR fommmmmme e s T e e bemmenes e
i : : : 1 ! s
I : : ! !
'y ! 1 ? e e
1k i i i I i i i i i
0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1
IH—{k s
2 v
MTFC . ’ ’
1) 03 o
s o 4.1 MTEFC
2 , a s SPOT4 s
1.5.1 0.5 s , .
o ) 1 o 1 ,
MTFC , ,
'}’/ Q . MTF D) ° ’
MTFC ° [y(u, ﬂ)]a ’ ’
. b o
, , , ¥’ 1 MTEC
(usv) , o
1 71/ 72, )’3,
135. 27 123. 81 122.01 120. 67
y 108.92 103. 88 100. 83 105. 23
. 0.00% | —4.63% | —7.43% | —3.39%
; 1.00 0.95 0.97 0.97
, , 6.67 6.97 7.21 6.91
- , 0.00% | 4.50% | 8.10% | 3.60%
59.63 62.6 65.06 64.63
[7~9.12~14] 0.00% | 4.98% 9.11% 8.39%




2012.1

4.2 MTFC ,
2 3, s 3(a).(b) ; o
(e) 1.5.1 0.5 1SN 2 , 0.5
(d () 3(a). (b)) (e 1 o ,
2 3 ) , ’
, 3 C 3H 3(h)) ’ a 0.5,

3
2 MTFC , ;
a , )
0.5 1 1.5 2 ’
135.27 | 122.01 | 95.98 96. 79 °
SPOT
108.92 | 100.83 | 90.74 72.37
0.00% | —7.43%|—16.69%|—33.56% ’ , ,
1.00 0.96 0.83 0. 66 , ,
6.67 | 7.21 7.37 7.52 e
0.00% | 8.10% | 10.50% | 12.74% 4 > 0.5
59.63 | 65.06 | 53.21 | 42.85 ' |
0.00% | 9.11% |—10.77%|—28.14% ’ X ’
3(e)  3(g) 0.5 , o
. 3D 3(h) )
o (255) s 150~
200 , MTFC
) 2 ) .

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



2012.1

410 . _ ‘ . 3 510
vt R 0o ' 31—
a4t o
35}
T 2.5+
3 | Y:3.039¢+0,04 1 _—
Y:203e+0.04
2.5 2
2r 1.5k
1.5F 1!
1!
0.5 0.5¢
0 - 0 i
0 50 250 300 0 50 250 300
4
4.3 5 6 . ,  5(a) 5(b).
MTFC 6Ca) 6(b) s
s Landsat-5 ™ \IRS 5(c) 5(d) . 6(c) 6(d) 5

(a), 5(b) 6Ca), 6(b)

Landsat ™

6 IRS LISS MTFC

5 6 s s
MTFC y . SPOT4 \Landsat-TM IRS
’ ’ ’ P6 ’
5 MTF
MTFC s
MTFC , MTFC

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



2012.1

[1] (1] 22009(3).

[2] , , . [Jl. 52009(3).

[3] . . 1] ,2008(3).

[4] ; ; . ™ 0. »2000(2).

[5] Banham,M. R. .Katsaggelos., A. K. . Digital image restoration[ ] |. IEEE Signal Processing Magazing,1997,14(2) ;24—41.

[6] Rafeal C. ,Gonzalez Richard E. , Woods. [M]. ,2005.

[7] Joao P.Papa,Leila M. G. Fonseca.Lino A. S. ,de Carvalho. Projections onto convex sets through particle swarm optimi-
zation and its application for remote sensing image restoration[ J]. Pattern Recognition Letters,2010(3):1876—1886.

[8] Peng Liu,Dingsheng Liu. Selection of regularization parameter based on generalized cross-validation in total variation re-
mote sensing image restoration[ ] ]. Image and Signal Processing for Remote Sensing,2010(9) :7830—7831.

(9] , , » . MTFC [J]. ,2007(12).

[10] . . L] ,2006(10).

[11] , , . MTF (1] 12009(3).

[12] . . , . MTF [Jl. ,2010(4).

[13] . . MTF MTFC[J]. ,2007(12).

[14] , , . [Jl. 52010(8).

[15] Robert Ryan,Braxton Baldridge Robert A. ,Schowengerdt etc. IKONS spatial resolution and image interpretability char-
acterization[ ] ]. Remote Sensing of Environment,2003(88):37—52.

[16] . (1l +2002,2003(88) :21(5).

[17] K.]J. Hermiston,D. M. Booth NIIRS and objective image quality measures[J]. Computer Analysis of Image and Patterns
Lecture Notes in Computer Science.1999(1689) :385—394.

[18] Xinbing Chen,Shizhi Yang,Xianhua Wang. Satellite image blind restoration based on surface fitting and iterative multi-
shrinkage method in redundant wavelet domain[ J ]. Optk-International Journal for Light and Electron Optics,2010,121
(21):1909—1911.

[19] C. Pinila Ruiz,F. J. Ariza Lopez. Restoring SPOT images using PSF-drived deconvolution filters[ J]. International Journal
of Remote Sensing.2002,23(12).:2379—2391.

( 41 )

[1] . HJ-1B IRS [D]. : ,2010.

[2] Slater P N,Bigger S F, Thome K J,et al. Vicarious radiometric calibrations of EOS sensors[ ] |. J. of Atomsph-eric and O-
ceanic Technology,1996,13(2) :349—359.

[3] , , . .FY-2B L. ,
2002,21(6) :408—412.

[4] Schott J R,Julia A. Barsi,Bryce L. Nordgren,et al. Calibration of Landsat thermal data and application to water resource
studies[ J ]. Remote Sensing of Environment,2001,78(1—2).:108—117.

[5] [D]. : ,2008.

[6] . [D]. : »2006.

[7] A.Berk,G. P. Anderson, P. K. Acharya, et al. MODTRAN4 Version 3 Revision 1 USER’s MANUAL[R]. U. S. : AIR
FORCE RESEARCH LABORATORY,2003.

(8] ; , y o FY21C (1.

,2002,6(5) :328—333.
[9] , , .HJ-1B Lyl ,2010,14(6):1219—1225.
[10] , , s FY-1C.FY-2B [J]. )

2001,21(4):370—379.



