
patient's ability to see these is imme
diately correlated with their observed 
position on the retina, so that specific 
areas of visual loss can be delineated in 
terms of the observable retinal features 
like blood vessels. 

The S L O is a diagnostic instrument, ex
tending present ophthalmoscopic capabil
ities. But its extension into new areas of 
visual function testing and therapy is 
already apparent, and its research poten
tial is still in its inventors' notebooks. 
Visual functions like acuity and reading 
technique are being investigated with the 
S L O by George Timberlake and Mart in 
Mainster at the Eye Research Institute. 
Use of the device to control photocoag
ulation therapy is in the stage of prelim
inary experiments. Details of scattering in 
the eye's optical media wil l be accessible 
with this system, as never with the previ
ous allocation of pupillary areas. 

The S L O represents a move from pure 
optics to electro-optics similar to that tak
ing place in microscopy and other imag
ing regimes. It is possible only because of 
the coming together of lasers, fast light-
beam deflectors, and appropriate detec
tor and processing electronics. —Robert 
W. Massof, Wilmer Ophthmalmological 
Institute, School of Medicine, Johns 
Hopkins University 
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Optical processing 
in radon space 

The Radon transform 1 is the mathe
matical basis of computed tomography. 
In this important medical imaging tech
nique, the basic data are a set of one-
dimensional (ID) projections of a 2D ob
ject, obtained by integrating it along a set 
of lines. The projection process is called 
the 2D Radon transform, and reconstruc
tion of the object from its 1D projection 
is an implementation of the 2D inverse 
Radon transform. 

It is also possible to obtain a different 
kind of 1D projections by integrating a 
3D object over a set of planes. In this 
case, the projection operation is the 3D 

Radon transform, and reconstruction 
from the projections is its inverse. Prac
tical applications of the 3D transform 
arise in nuclear medicine, imaging by 
nuclear magnetic resonance, determina
tion of electron momentum distributions 
in solids, and scattering theory. 

In both the 2D and 3D cases, the possi
bility of reconstructing the object from its 
projections is shown by the central-slice 
or projection-slice theorem. 2 This impor
tant theorem states that the 1D frequency-
domain function obtained by taking the 
1D Fourier transform of the projection, is 
in fact one line through the 2D or 3D 
Fourier transform of the projection. Thus 
the complete set of projections for all 
projection angles completely spans the 
object Fourier space and allows recon
struction of the object. 

We have been investigating the possi
bility of exploiting this theorem and the 
whole theoretical framework of com
puted tomography in problems that ini
tially do not involve projections at al l . 
The basic idea is to use the Radon trans
form as a pre-processing step to reduce 
the dimensionality of a problem and 
make it more tractable. 

For example, many excellent devices 
have been developed for 1D signal pro
cessing. Fourier transforms, convolu
tions, and correlations of temporal sig
nals with G H z frequencies can be carried 
out with surface acoustic wave filters or 
acousto-optic devices. By comparison, 
the available hardware for 2D processing 
is quite limited. The 2D operations can be 
performed digitally of course, but the 
data throughput rates are relatively small; 
for example, a digital Fourier transform 
of a 512x512 image usually takes a few 
minutes. Video rates can be achieved by 
use of a spatial light modulator and laser 
beam, but currently the accuracy of such 
systems is poor. Furthermore, there is vir
tually no hardware available for 3D pro
cessing operations. 

However, if a convenient and accurate 
system for the Radon transform and its 
inverse were available, these 2D or 3D 
operations could be carried out as a se
quence of 1D operations, taking advan
tage of the fast and sophisticated 1D 
hardware that is currently available. 

Suppose, for example, that we want to 
take the 2D Fourier transform of a nat
ural, reflecting scene, perhaps for the 
purpose of pattern recognition. One way 
to do this is to project a line of light onto 
the scene and simply collect the reflected 
light with a photodetector. If the line of 
light is rapidly swept parallel to itself, the 
temporal, signal from the photodetector 
gives one line-integral projection of the 
2D scene. The 1D Fourier transform of 
this signal, by the central-slice theorem, is 
one line through the 2D transform of the 
scene. The complete 2D transform is 
available by changing the orientation of 
the line of light. Wi th current technology, 

it is possible to determine one line in 2D 
Fourier space in about 1µsec, or with 
G H z data rates. 

A n extension of this idea is the mea
surement of the local power spectrum or 
Wigner spectrum of the scene. In this 
case, the projected line of light must 
simply be truncated so that it covers a 
selected portion of the scene. 

The Radon transform also permits 1D 
filtering of 2D images. We could use the 
system described above to determine the 
projection, pass it through any available 
1D filter, and then use another optical 
system to perform the inverse Radon 
transform. We can show that the result is 
mathematically equivalent to a complete
ly general 2D filter. Here we can draw on 
the considerable body of literature, re
viewed recently by Gmitro et a l . , 3 on op
tical implement of the inverse 2D Radon 
transform. 

This basic approach works also in the 
3D case, and, in fact, may even be easier 
in that case because of the different math
ematical form of the inverse Radon trans
form in spaces of odd and even dimen
sionality. 

We have worked out a conceptual de
sign for a general-purpose 3D data pro
cessing system using planar projections. 4 

This system promises to be orders of mag
nitude faster than even large, special-
purpose digital systems for the same 
operations. 

Probably the most important applica
tion of 3D processing is with space-time 
imagery, such as a movie strip or se
quence of aerial photos, in which the 
three dimensions are two space dimen
sions and the time. Moving-target detec
tion and temporally non-stationary 
matched filtering can be carried out with 
a 3D processing system. Other possible 
applications include multispectral im
agery, where the three coordinates are 
two space dimensions and a wavelength. 
— Harrison H. Barrett, Optical Sciences 
Center, University of Ar izona 

R E F E R E N C E S 

1. J. Radon, "Uber Die Bestimmung Von 
Funktionen Durch Ihre Integral-werte 
Längs Gewisser Mannigfaltigkeiten," Ber 
Saechs, Akad. Wiss. (Leipzig) 69, 262-278 
(1917). 

2. H. H. Barrett and W. Swindell, Radio
logical Imaging: Theory of Image Forma
tion, Detection, and Processing, vols. I and 
II, (Academic Press, New York, 1981). 

3. A . F. Gmitro, J. E. Greivenkamp, W. 
Swindell, H. H. Barrett, M. Y. Chiu, and 
S. K. Gordon, "Optical Computers for 
Reconstructing Objects from their X-ray 
Projections," Optical Engineering, 19(3), 
(1980). 

4. H. H. Barrett, "Three-Dimensional Image 
Reconstruction from Planar Projections, 
with Application to Optical Data Process
ing," SPIE Advanced Institute on Transfor
mation in Optical Signal Processing, Seat
tle, Feb. 1981. 

OPTICS NEWS November/December 1982 11 


