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SUMMARY 

Ve deve loped an image restoration method for re~ote sens ing salel 1 j
te image data ... ithout MH. Thi s method is use ful for American TM and 
Frenc h SPOT remote sensing resource sate!! i te image processing.and ad
ditionally 'We \oere able to receive improved i ma ges or super - l'f'so1ut ion 
images as io'el l. Characteristics of remote sensing blurred i mages are 
discussed,including the limited blurring set(LBS) . IJe discuss li mited 
blurring set analys is(l BSA). Image de gradation and restoration models 
in LBS are a pair of general transforlRation in LBS. III LBS, image res 
toration processing has been turned to point restoration processing . 
Rell10te sens ing i mage restoration operati on based on LBS selectivel~ 
appl i ed to some blurring - related p ixels of LBS i n spa tial domain, Ilot 
the whole image. This method makes complex restoration operation simp
le, and processed image size remains large,for example, 8000 pixels by 
6000 I ines for remote sensing satell i te i mage . Ue have developed a set 
of solutions for resto rat ion. From image -se lf blu rring properties \oe 
esti mate image restoration. Finally Io'e d iscus s and sho\.' r emote se nsing 
sate l lite i mage processing results . In addition the method would be 
usefUl f or digital processing of weather satell ite images. s(:'a satel
lite images, resource satellite images(inc luding Japanese ERS-l, Earth 
Resource satell ite- I),relote sensing resample illages,e t c . 

CHARACTERISTICS OF REMOTE SENSING BLURRED IMAGE 

Remote sensing blurred satel lite image g(x,y) has the fol lowing 
characteristics: 

A) The g(x,y) is a discre te volUme illage. 
B) The g(x,y) is limited in that: (I) The pixel grey volumes of 

g(x,y) ar e I imited;for example,the maxi mum is 255;(2) The range of 
position variables (x,y) i s l imited. 

C) The g(x,y) has its mean and variance . 
D) A Blurring area,which \ias affected by PSF(point spread function) 

for an ideal unblurring point~ is a limited set . 
\tIe called the blurring area a I imited blurring set (LBS); We define 

length for LBS as BL, LBS may be one dimensional ,tvo di.ensional , 
A ra .... remote sensing satel l ite image,generally,has a LBS \o'hich may be 
a arectangu l ar area,or I ine,etc., and BL is from 3 to 60 pixels al ong 
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x·axis or y·axis .The g(x,y) may also be written as 
M-1 N-1 

g(x,y) ; E Et(a, il )h(x, a ,y, il) (1) 
a ; O il;O 

This process is the remote sensing i mage degradation process in LBS. 
If we have a linear space invariance system ,then 
h(x, a ,y, il) ; h(x- a ,y-/l) 

and we have the fat t o~ing relation from Eq.(l): 
M-1 N-1 

g(x,y) ; E Ef(a,/l)h(x-a,y-Il) (2) 
a ; O 1l;0 

LIMITED BLURRING SET ANALYSIS fOR IDEAL REMOTE SENSING IMAGE PO INT 

first, we define the remote sensing image degradat ion operator mo· 
del. If degradation operator mode l is one dimensional ,then 

h; [ a1 .2 ___ an J Model(l) 
If degradation operator model is two dimentional ,then 

.11 a12 ...... al n 
a21 a22 . ..... a2n 

h ; .. ... . . . ... .. Mode I (2) 
.. .... . . .. .. . 
ami am2 ...... amn 

We then analyse LBS for a sing l e ideal unblurring po int.1 t is impor · 
tant to estimate the follo""ing parameters in LBS: 

• BL of LBS; 
• Blurred pixels grey volumes in LBS. 
• Est i mation for restoration operator model . 

Length of digi tal degradation opera tor model = BL of LBS 
Ye independentl~' analyse LBS in x· axis and LBS in y-a~is, tllen Io'e 

have a t~o dimentional digital degradation operator model. 
IJe have obtained support from physical experiment conce rn ing LBS . ln 

virtual satellite remote sensing image processing, using digital image 
enlarging processing soft or hard~are devices, we may directly view if 
the digital image point is blurred or not. Al so, we may locate single 
points and edge images .... hich have LBS for SPOT and TN satel lite i mage. 

\Jhen using certain digital image processing systems,for example ,the 
American CONTAL digital image processing system, we measure BL of LBS 
aiong x-axis(or along y -axis) and pixels grey volumes in LBS. This 
physical experiment is an important base for I imited blurring set ana
lysis . 

Human e~'es have a power f ul capabili ty of determining blurred i mages 
and pixels . This is useful tool . It is an important base f or i nterac· 
tive restoration mode. 

METHOD fOR REMOTE SENSING IMAGE RESTORA TI ON 

An Ideal remote sensing restoration image in LBS is 
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M -[ 
I( a , p) ; [ 

X; O 

N - [ 
[g(x,y)"(x, a ,y, p) 

y;O 
(3) 

we may estimate the restoration i mage f( a, (3) from 
g(x,y). Eq.(l) and Eq.(3) may be thought 01 as 
general transformation equations in a LBS situation. 

h(x,a,y,p) ; h(x -a, y- p) 
.... (x, a ,y, (3) = 1o' (X - a ,y- f3) 

degradation image 
beeing a pair of 
~hen 

this is a I inear space invariance system . The restoration has been tur 
ned t o the convolution operation for res t ora t i on operator model in 
LBS, or deconvolution for degradation ope rator model in LBS . We use 
the interactive res toration mode for image processing on TN and SPOT 
remote sens i ng sa te 11 i te images . 

1.\Je view some raw pixel on an enlarged image to locate some LBS for 
single isolated points Pi(i =1 ,2 , ... k) or edge image ,then estimate BL. 
2.Measurement of blurred pixel grey volu mes in LBS for po ints Pi (i = 

1,2,3, ... ,k) is obtained by hard""are. 
3.\Je estimate the digital image degradatio n model. 
4.\Je estimate the digital restoration model. The following are some 

calculation methods: 

A) An estima t ed degradation model 

H(u,v) 

FT 

1FT 

H(u, v) 
[ 

H(u,v) 

- restoration operator model 

B) Interactive estimation mode for digital restoration model . If we 
have a set of digital estimated restoration models Io'hich are not exact 
models, we may use the interactive mode to locate optimal restoration 
model .A ccording to Eq.(3),we obtain result images on the sc reen , and 
then select the optimum image. 

4.According to Eq . (3),we obtain restoratio n images,and then display 
the images on the screen. \Ie then view the result image . If the result 
image is not sufficient, we mod ify the restoration operator model in 
LBS in order to obtain a satisfacto ry ima ge 

REMOTE SENSING SATELLITE IMAGE PROCESSING RESU LTS 

I t is important to est ima te a remote sensing restoration operator 
mode l . The following are so me methods: 

A) Direct measurment for digita l degradation model based on LBS and 
esti mat ion for digital restoration model . 

B) Indirect estimatation for digital degradation model and estimation 
for digital restoration mode! . 

C) Inte ractive estimation for degradation mode! and restoration mo
del . 

For example: 
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LBx 
= Mxy L 

x= I 
I 

sign(x,y) = { 

LBy 
Lsi gn( x+y+ kx+ky) 
y=1 
(x+y+kx+ky»O 

-I (x+y+kx+ky)<O 
\tie applied interactive estimation f or the degradation and selected 

an artificial funct io n fami ly as a digital restoration operator model . 
Figure.l(b) \"las produced by the me thod in SPOT remote sensing satel
lite image. 

(a)Before pro cessing (b)After processing 
Figure.1 

CONCLUSION 

A)The restoration process ing method based on LBS is avai lable for TM 
and SPOT satellite image processing, ... · ithout an~' PSF or HlF as prio
ri knowledge. 
B)Caculation operation by this method is faster than FFT restoration 
opearation. 

C)Processed image size is large,for example,8000 pixels by 6000 l ines . 
D)This method would be useful for other digital image processing, for 
example, weather satell ite image processing. resources satel l ite image 
processing, remote sensing resample image processing,etc. 
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