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There has been a great deal of wcrk done on image sharpening, image f i l t e r i n g  
and related areas. It is a very large f i e l d  of ac t iv i ty  wi th  hundreds of ref-  
erences which you could s i t e  i n  t h i s  area. The image sharpness problem can be 
perceived i n  terms of the block diagram i n  Figure I .  Basically a scene i s  
viewed by a senso;', and t h e  sensor has some sor t  of function which is a nor- 
point observing function. It's a function tha t  gathers energy from some re- 
gion around a point i n  the scene. That energy is  integratec and is x n t r i b u -  
ted t o  each point or  each sample t h a t  is taken of the scene. "he samples 
become the pixels,  and the pixels a re  assembled together into t h e  d i g i t a l  
image. Each one has some b l u r r  or some of what is called t h e  point 's  spread 
function creating the value of information or data tha t  you see i n  each pixel. 
Then the sensor and electronic part  of the system a c t s  on t h a t  signal out of 
t h e  sensor and perha,ps adds more blurring, more loss  of resolution to  t h e  sys- 
tem. Finally, sampling and quantization of the data produce t h e i r  effects .  
You sample the signal a t  some r a t e  and create the d i t i g a l  image from that .  
The sampling or digi t iz ing process p u t s  the continuous voltage or whatever you 
have into a number of discrete  binary levels ,  and you have another error  i n -  
troduced there. 

After quantization you end up w i t h  the d i g i t a l  array of numbers known as  the 
remote sensing image. It should be noted that  the point sprcsd function of 
the atmosphere is  something i n  addition t h a t  causes blurring A t h e  image a t  
the point the sensor sees it. 

The terminology of the imaging process often creates confusion. Table 1 sum- 
marizes the def ini t ions frequently used. The only term or function that  I 
fee l  comfortable w i t h  is t h e  point spread function, the function which de- 
scribes what an inf in i te ly  small source i n  the scene would look l ike  i n  the 
image. The image is spread by the optics and by the other e f fec ts  i n  these 
systems t o  produce the f i n a l  image. How tha t  is affected by the system is 
what we c a l l  the point spread function. 

The point spread function is  a two-dimensional function describing how a point 
is  b lur red  i n  the scene. The IFOV we take a s  a number; a s ingle  number t e l -  
l i n g  you w l x t  the resolution or s ize  of the point spread function is. That 
can be any functional derivation of the PSF and we l i k e  t o  use the gaussian 
point spread function due t o  the mathematical ease of applying i t ,  and we feel  
i t  relat ively well expresses t h e  imaging system. Effective f i e l d  of view and 
resolution f i e l d  of v i e w  i s  something to  be discussed i n  t h e  panels l a t e r  i n  
t r y i n g  t o  define what those mean. They describe the imaging aperture asso- 
ciated with the imaging process. 

The point spread function is  what we use t o  describe what's goin( cn in the 
imaging process and that  can include t h e  f i l t e r - l i k e  e f fec ts  of the sensor, 
actual optical  effects ,  and perhaps the atmospheric e f fec ts  also. Right along 
w i t h  tha t  is a function called the modulation transfor function which i s  t h e  
Fourier transform of the point spread function (Fikure 2). It  is the fre- 
quency domain representation o f  t h e  blur propert ies  of p u r  system. 

'Edited ora l  presentation. 
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what you seek t o  f ind f o r  an imaging system. It 's what def ines  t h e  sharpness,  
what w i l l  result  i n  the  p a r t i c u l a r  image sharpness t h a t  you have, and the  
problem then is t o  f igu re  out  what t o  do about t h a t .  Is i t  a s a t i s f a c t o r y  
c h a r a c t e r i s t i c  f o r  your system? If it i s n l t ,  what do you do t o  compensate f o r  
t he  e f f e c t s  of  t h a t ?  How do you sharpen the  image t h a t  you have other  than 
bui lding a whole new sensor t h a t  has a sharper o p t i c a l  cha rac t e r i s t i c?  Can 
you  mathematically process the  imagery t . ~  improve the  sharpness? 

Some other  terms a r e  shown i n  Figure 3; these include the  edge spread func- 
t i o n ,  the one-dimensional vers ion of t he  point spread function which t e l l s  you 
how the  response w i l l  look going over an edge i n  one d i r ec t ion  i n  an image. 
Then there  is the  term reso lu t ion ,  defined a s  t h e  number of black and white 
square bars  t h a t  can be discerned from a pa r t i cu la r  u n i t  d i s tance  i n  an image. 
Accoutance is  another term I ' m  not fami l ia r  with b u t  r e l a t ed  t o  the  s lops  of 
t he  edge spread function. We have not used t h a t  i n  any of our work. 

Defining t h e  point spread f u n c t i m  o r  t h e  sharpness of an image is done a f t e r  
t h e  sys tem is b u i l t  and i n  the  platform. That is a hard job: you normally do 
t h a t  i n  t h e  laboratory by spec ia l  t es t  panels,  scenes t h a t  you use t o  eva lca te  
t h e  system. Once i t ' s  i n  o r b i t ,  t ry ing  t o  check it au t  you need t o  t o  f i n d  
o p t i c s  i n  the  scene t h a t  w i l l  s imulate l ine  o r  point sourzes so t h a t  you can 
measure what those b lu r r  function a re .  You usual ly  assume separable  point 
spreaa funct ions so t h a t  l ines in o w  d i rec t ion  or another can be used  t o  
es t imate  t h a t  function. I f  i t ' s  not synmetric, you have a problem l i k e  the  
computer-aided tomography problem where you're t r y i n g  t o  image t h e  so l id  by 
using project ions and you have t o  def ine  l i n e s  a t  many d i f f e r e n t  d i r ec t ions  
and use techniques of  tomography t o  t r y  snd es t imate  the  p c i n t  sk-ead func-  
t i on .  

One can look a t  ar, image a s  a one-dimensional sequence of s t a i r - s t ep  changes 
t h a t  is convolved w i t h  t h e  point spread function i n  the  imaging process a s  + l e  
sensor scans across the  scene and produces a smootn cr blurred version of che 
scene (F igme  4). The idea is t? t r y  and ge t  back the  o r i g i n a l  image o r  o r i -  
g ina l  s iqna l .  The output is t h e  convolution s f  h ,  t h e  point  spread function 
and t':e image ca l led  x there .  I t  would apFf.w t h d t  a s imple  d iv is ion  i n  the  
frequency domain takes  the  Fourier transform of these functions.  T h i s  becomes 
a SiInPle d iv is ion  t o  remove the  e f f e c t  o f  h and you would ge t  x back. B u t  i t  
doesn ' t  work out t h a t  e a s i l y .  There are  noise e f f e c t s ,  and t h e r e ' s  the  prob- 
lem of  zero 's  of the  point spread function i n  the  frequency domairl causing 
discont inous points  i n  t h e  so lu t ion .  And it  t u r n s  cut t o  be a r a the r  t r i c k y  
problem t o  t r y  and do t h i s ,  And a g rea t  deal  of l i t e r a t u r e  is i n  existence on 
a t tack ing  t h i s  problem. 

There a r e  problems w i t h  t he  i. verse i n  t h a t  a s  l / h ( f )  goes t o  zero,  you have 
s i n g u l a r i t i e s ,  you f i n d  ghosts can be c rea ted ,  a r t i f a c t s  i n  t he  restored image 
due t o  t h e  combination of these problems of taking t h e  inverse ,  noise e f f e c t s  
and quant izat ion.  Quantization can amplify t h e  e f f e c t s  of noise and there  is 
more t o  t h a t  priblem than i e i t i a l l y  meets the  eye. Therefore,  we form a model 
t h a t  descr ibes  t h e  way y ~ u  want t o  take a look a t  the  problem and set: u p  t he  
mathematical representat ion of t h e  model, and then def ine  t h e  means of so lv ine  
for t h e  f i l t e r  you want which would be here. 
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