
Volume 1, number 7 OPTICS COMMUNICATIONS February 1970 . .. 

INFORMATION R E T R I E V A L  FROM CODED IMAGES FORMED BY 

GENERALIZED IMAGING SYSTEMS 

G. GROH 
Philips Zent~allaboratorium GmbH, Laboratorium Hamburg, Hamburg 5 4 ,  Gemany 

and 

G. W. STROKE 
State University of New York, Stony Brook, New York 11790, USA 

Received 11 December 1969 

Unconventional imaging systems such as  e.g. arrays of pinholes get increasing importance at  wave- 
lengths where no ordinary imaging devices, i.e. lenses o r  mirrors ,  exist. However, the images formed 
by such systems a re  coded and some data processing has to be performed, in order to retrieve the 
original optical information. 

A holographic solution of such problems has 
been found to be based most readily on the method 
of 'extended reference source' Fourier -transform 
holography first  described by Stroke et al. [1,2] 
in 1965. An extension to the information retrieval 
for the special case of imaging with a matrix of 
pinholes or zone plates may be obtained by using 
the Stroke 'lensless Fourier-transform' point 
hologram [3], as  f i rs t  published by Einighammer 
[4,5], who also suggested the use of a suitable 
lens matrix for such applications. However, the 
essential 'peaked auto-correlation' function dis - 
tribution, required for the pinhole camera was 
first  suggested by Dicke [6], and the correspond- 
ing holographic solution by Stroke [7,8]. In a gen- 
eralization of his methods of refs. [I-3,7-91, Stroke 
noted that they could form the basis of 'a new 
class' of optical imaging systems, and suggested, 
a s  an example, two methods capable of decoding 
images for such applications. 

The purpose of this commun'lcation is to pro- 
pose a third method which has some advantages 
compared with those suggested earlier. For ex- 
planation we briefly remind of the basic principle 
underlying this class of imaging systems. 

The essential assumption i s  that the intensity 
distribution of the coded image can be described 
a s  the convolution 

of the object u(x,y) with the point spread function 
p(x,y) of the system, i-e., except for a transla- 
tion p(x,y) has to be shift invariant over the ob- 

ject field. Then the object information u(x,y) is 
retrievable, if the autocorrelation function 

of the point spread function p(x8) is a 6 -function 
or similar to it [7-91. According to earlier sug- 
gestions this data processing can be performed 
by recording the Fourier-transform halogram of 
the blurred object information 5 63 p using the 
point spread function p (first method) or the 6- 
function (second method) a s  a reference source. 
On suitable reconstruction one obtains o 63 p * p *. 

The disadvantage is that an individuul holo- 
gram has to be recordedfiom each coded image. 
In order to avoid this drawback we now propose 
to record, once only, the Fourier -transform holo- 
gram of the point spread functionp for a given 
imaging system, by using a 6-function (i-e. a 
suitable illuminated pinhole) as  the reference 
source. The essential terms stored in the holo- 
gram a r e  

where P and D denote the Fourier -transforms of 
the point spread function p and the 6-function, 
respectively. Using this single hologram it is 
quite simple to construct a decoding apparatus 
for all coded images obtained by the correspond- 
ing generalized imaging system. One has just to 
put that hologram into the filter plane of an ordi- 
nary Fourier-transform arrangement where the 
Fourier-transformf[o@p] = S P [8] of the coded 
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image is displayed (S being the Fourier-transform 
of the decoded image a). Then, according to the 
fourth term of eq. (3) the virtual image 

i s  reconstructed in the surrounding of the posi- 
tion of the reference source used in the record- 
ing process. This convolution of the object func- 
tion o and the autocorrelation function of the 
point spread function p is equal to the decoded 
image if 

As in another holographic image synthesis 
method described by one of us  (GWS) [lo], we 
may note that another advantage of this method 
i s  that the zero order image terms of the holo- 
gram are  not broadened since they correspond 
to 6-functions when eq. (5) i s  fulfilled. 
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