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Figure I-Flow diagram for hologram construction 
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Fl(x) == e2Z and F2 (y) ==~; . Thus the Fourier trans-
form of F satisfies F(t, T}) == F 1 (t).F2 (1])' If the 
propagation function is an- NF x MF array, the sav
ings in machine operatio'ns accomplished using the 
separability property is (NF.ML log2 NF.MF) -
(NF lo~ NF + MF log2 MF + NF.MF /2), a saving 
of 24 operations in our example. 

These savings are not fully achieved- however. The 
convolution which is obtained is not good over the 
NF x MF points of the propagation function, as can 
be demonstrated by the Helm-Sande theorem on finite 
convolutions.· If the object T(x,y) is defined over 
NF x MF points, where NF>NT and MF>MT, tben 
the finite convolution of the two is written as 

NF-l MF-l 

W(n,m) == L L B(r,s)F(n-r, m-s) (6) 

r==O s==O 
n==O,I, ... , NF-l 
m==O,I, ... ,MF-l 
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where 
B(r,s) == T(r,s) r==O,l, ... NT-I 

s==O,I, ... MT-l 
==0 r=N~ NT+l, ... ,N~l 

s=MT, MT+l, ... , MF-l 

The finite Fourier coefficients B(j, k) and F(j, k) 
are given QY 

NF-l MF-l . L2: .rj sk B(],k)= B(r,s)exp(-2'7T1(--+--» 
NF MF 

r=O 8==0 

and (7) 
NF-l MF-l 

. ~~ rj sk 
F(],k)== L.,; L.,; F(r,s)exp(-2m( NF + MF-.» 

r==O 8==0 

The inverse finite transform of the product 
B(j,k).F(j,k) is defined as 

NF-l MF-l 

A(n,m)== 2: 2: B(j,k)F(j,k)exp(2m(-jn + km 
'=0 k==O NF MF 
] (8) 

The Helm-Sande theore mstates that W (n,m)=A(n,m) 
only for the region NT<m<NF-l and MT<p< 
MF -1. Thus in general, W(n,m)=FA(n,m) for m <NT 
and p<MT, and the convolution obtained using the 
finite Fourier transform technique is valid only over 
(NF-NT) x (MF-MT) points. With our object de
fined in a basic block of 64 X 128 points and a 
propagation function defined over 128 and 512 points, 
we obtain a basic convolution block of 64 X 384 
points. Our choice in the size of the basic block is 
dictated by the core available to us and convenience. 
We can increase the number of points in the convolu
tion (the final hologram) by adding blocks. 

A hologram require~ resolution and frequency con
tent four times greater than that needed to define the 
object. In the reconstruction process, only ~ of the 
frequency content is used to construct the real image. 
The other % is used to construct the virtual image and 
the central order image. One could compensate for' 
this loss by decreasi~g the size by four and making 
a convolution four times larger. Of course, this would 
greatly increase the computing time. We have alterna
tively obtained' good results by interpolating the con
vo~ution. We insert, by parabolic interpolation, three 
pomts between each pair computed in our convolution. 
Thus the interpolated convolution is made four times as 
large in negligible computer time. The interpolation 
requires! approximately 3N operations compared to 
the N log2 N operations needed for the Fourier ap
proach. 
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Figure 2-An image of the Greek letter lambda that was read 
into the computer 
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Figure 3-A digital hologram plotted on an IBM 2995, Model 2 
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Experimental verification of computer-generated 
holography 

The test of a computer-generated hologram is whether 
the H(a,b) defined in Eqn. 4 can be translated to a 
photographic plate, which in turn can be illuminated 
by coherent light to form an image. An image is first 
digitally read in as the A in Figure 2. We then com
pute H(a,b) and plot it using the IBM 2995 Model 2 
photographic plotter, which has 32 grey levels and 
plots on a 40" X 60" piece of'film with a spot size of 
10 mils., Figure 3. We then photographically reduce this 
film to a 35 mm slide which is then illuminated with a 
collimated laser beam. Figures 4-6 exhibit the laser 
reconstructions which we have achieved from some of 
our computer-generated holograms. The image arrays 
contained 384 X 256 elements and the final hologram 
array contained 1530 X 256 elements. The physical 
dimensions of the reconstructed images are I" X l.5'! 

Note the virtual; central and real images 

CONCLUSIONS 

We have shown that the computer generation of holo
grams is feasible technique for the display of digitally. 
defined data. Major savings in computer time can be 
achieved using the fast finite· Fmirier transf().rm· algor
ithm and by taking advantage of the separability of 
the propagation function.· Further improvements can 
be achieved using interpolation. 

Figure 5-The real image of an optical reconstruction of 
the Jetter "B" 

Figure 6-The real image of an optical reconstruction. of the 
lambda in Figure 2 
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