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Spatial-domain (scanning) deconvolution of blurred photographs may be realized in laser light using the 
experimental point-spread function with the aid of the 1967 Stroke and Zech holographic Fourier-trans- 
form division filter 

Recent experiments have shown that direct 
incoherent-light deconvolution may be used to 
'deblurr l photographs in the spatial (x, y ) domain 
in some special cases  (e.g. imperfect focus, 
motion blurring) [I-31. The required scanning 
function s(x,y) used to illuminate the blurred pho- 
tograph 
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g(x' ,yl)  = IJf(x,y) h(xl-x,Y'-Y) d x d y  =f @ h  
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for the special cases  was generated either by 
photomechanical means [1,3] o r  by suitable mask- 
ing of a lens [2]. The scanning ldeblurringl func- 
tion s(x, y) was noted to be all real, without a 
formal mathematical proof for the general case. 
Two orthogonally polorized beams were used to 
generate respectively the positive and negative 
par ts  of the all-real function s(x,y) in the two 

comparable arrangements [2,3], with h(x, y) being 
the point spread function and f(x, y) the desired 
vdiffraction-limitedn image a s  usual [4]. Hereto- 
fore the required scanning function s(x, y) was 
generated by Fourier-transform or comparable 
computation. 

In view of the great simplicity which scanning 
spatial-domain deconvolution arrangements (using 
suitable scanning and photo-electric components) 
may present, a s  compared to alternate methods, 
it appeared essential to us: 1) to show that the 
scanning function s (x, y)  used for 'deconvolutionl 
of the blurred photograph, according to the equa- 
tion s 8 g = s 8 f 8 h,  is always a real function, 
having the property s 8 h = 6-function, i.e. SH = 1, 
where S and H are the Fourier transforms of s and 
h, and 2) to show that the scanning function s (x, y )  
may be readily generated (realized) in the general 
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case  directly from the experimental point-spread 
function h(x, y). 

We find that the holographic Fourier-transform 
division filter-generating method described by 
Stroke and Zech in  1967 [5,6] happens to be ideally 
suited to generate the desired scanning function 
s (x ,  y) by Fourier  transformation from the Fou- 
r ier- transform division filter 1/H = H*/ ( H I  2 ,  
in a s  much a s  s = T[l/H], where 

+m 

T[. . . ] = Jl[. . . ] exp [27i i (UX+ vy)] dx dy 
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i s  the usual spatial Fourier transformation, and 
H = T[h]. 

F i r s t  we show that the spatial-domain deblur- 
r ing  scanning function s(x, y) used to scan the 
blurred photographg = f @  h in incoherent light i s  
necessari ly a r e a l  function in the general case. 
Indeed, since h(x, y) i s  rea l  (i.e. an intensity dis- 
tribution) i t s  Fourier  transform H = T [ h ]  i s  her- 
mitian, i.e. H(u, v)* = H(-u, -v). It follows that 
[ 1 / ~ ( u ,  v)]* = [ l /H(-u,  -v) and therefore, since 
S(u, v) = T [s(x, y)] , we also have s * (u, v) =S (-u , - v). 
Accordingly, the deblurring scanning function 
s(x,  y) =T[S(u, v)] =T[S(u ,  v)] = T[l/H] is r e a l  ! 
However, it  will in general be partly negative, 
so that th is  conclusion i s  of limited interest in 
view of practical implementations, in the general 
case.  

In further thinking about general  ways of real- 
izing the positive and negative pa r t s  of the scan- 
ning function, i t  suddenly became c lear  to u s  that 
there  was in fact no need to separately realize 
the two parts ,  a s  appeared necessary according 
to the previous methods, using incoherent light. 
Rather,  by shining a collimated beam of laser  
light through the 1/H fi l ter  "sandwichM of Stroke 
and Zech [5], the scanning function s(x, y) i s  di- 
rectly generated a s  an aerial  image in the focal 
plane of the l ens  following the f i l ter  [4]. By scan- 
ning the blurred image g =f 8 h in front of s in 
one of the suitable scanning arrangements [3,7], 
the amplitude of the electr ic field transmitted 

through the photograph i s  equal to the desired 
convolution f @ h 8 s rn f ,  with the condition 
h 8 s = 6-function. The deblurred image i s  gen- 
erated by scanning, and recorded either by "con- 
tact printing", reimaging or via photoelectric 
devices. The final photograph is thus equal to f, 
using well-known photographic precautions [6]. 
It i s  essential to note that the imaging part of the 
process  i s  spatially incohevent, while using the 
advantages of intense laser  light. Accordingly, 
the method circumvents the considerable imaging 
imperfections "coherent phase noise" which char-  
acterize the imaging par t  in conventional (non- 
scanning) coherent image-filtering systems. Cor- 
respondingly, the general holographic Fourier- 
t ransform division f i l ter  [5] thus turns  out to be 
not only the key to the laser-scanning image- 
deconvolution method, but it also may be used in 
a more  perfect way than in the holographic image 
deblurring methods [5,6] for which it was created 
in the f i r s t  place. The resul t s  of experimental 
verification of the proposed method will be report- 
e d  in a future publication. Extensions to general 
"spatial filtering" applications a r e  obvious. 

The support of th is  work by the National Aero- 
nautics and Space Administration (Grant NGR-33- 
01 5- 068) i s  gratefully acknowledged. 

References 
1. D. J. MacLean, Proc. Roy. Soc.. (London) 2638 (1961) 

545. 
2. J. Tsujiuchi, Proc. United Nations Conf. Exploration 

and peaceful use of outer space (Tolcyo , 1968) private 
communic. 

3. W. Swindell, Un. Arizona, Optic. Sc. Newsletter 4 
(1970) 24. 

4. G. W. Stroke, An introduction to coherent optics and 
holography, Second ed. (Academic Press, New York, 
1969). 

5. G. W. Stroke and R. G. Zech, Phys. Letters 25A (1967) 
89. 

6. G. W. Stroke, Optica Acta 16  (1969) 401. 
7. L-Beiser, Soc. Photo. Scient. Eng. News 10 (1967) 18. 




