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SAKAMOTO el al.: 3-D IMAGING USING HOLOGRAPHY 

resolving limit. As mentioned before, the reconstructed 
image g' (xs' Ys) in a given range cell is obtained by 2-D 
inverse Fresnel transformation. The result of the Fresnel 
transformation of (15) is given by 

, . [2-Trfo(Xs - xo) J g (xs, Ys) = Ix . Iy smc Ix 
CZo 

. [27r!0(Ys - Yo) l J . smc y • 

CZo 
(18) 

Consequently, the resolving limits Ox and Oy in the x and 
Y directions are given by 

o = "'0 2 0 
x 21x 

(19) 

o = "'ozo 
y 2l 

y 
(20) 

where lx and Iy are synthetic aperture lengths in the x and 
Y directions. The resolving limit increases as the distance 
Zo increases. However, if the antenna is not isotropic, the 
resolutions, independent of Zo, are about half the width of 
the antenna aperture. 

III. SIMULATION ON A COMPUTER 

In order to verify the proposed reconstruction method, 
a simulation on a digital computer was performed. We 
assumed the parameters of computer simulation listed in 
Table I. Under these conditions, the resolving limit in the 
range direction Oz is estimated theoretically as 7.5 cm, and 
the lateral direction Ox and Oy are both 3.0 cm at a distance 
1.0 m from the hologram plane (assuming that the antenna 
is isotropic). The maximum measurable range Zmax in the 
range direction is 2.4 m. 

Fig. 2 is an example of simulation using six point-tar­
gets whose locations are shown in Fig. 2(a). A multifre­
quency hologram is simulated by the digital computer. 
The 3-D image shown in Fig. 2(b) was reconstructed from 
the hologram by the method discussed above. It is ob­
vious that the six separated points are reconstructed and 
displayed well. By this method, the cell size of the lateral 
direction In a reconstructed image is the same as the sam­
pling distance in the hologram plane and independent of 
the target range. However, the resolving limit in the lat­
eral direction as seen in (19) and (20) depends on the tar­
get range. Thus, points further away are displayed as dis­
persed scattering in the reconstructed image. 

We now find that the proposed method can achieve a 3-
D image reconstructed from a hologram recorded in mul­
tifrequencies and can also give good resolution in both 
directions. 

IV. IMPLEMENTATION OF THE MULTIFREQUENCY 

HOLOGRAPHY 

Attenuation by accumulated snow increases with re­
spect to the frequency in the microwave region. There­
fore, it is desirable to use a low operating frequency for 

Unit: centimeter 
(a) 

(b) 

433 

Fig. 2. Computer simulation using six-point targets. (a) Locations of the 
targets. (b) Reconstructed image. 

TABLE I 
P ARAMETERS OF COMPUTER SIMULATION 

PARAMETER SYMBOL VALUE 

Aperture Length 1 * 1 x Y 0.5 * 0.5 m 

Numbe r o.f Sampl i ng 

( l atera l direction) N * N x Y 
32 * 32 

Frequency 9.0 - 11.0 GHz 

Number of Sampling 

( Freq uency ) 32 

radar used to detect objects in snow. However, as men­
tioned above, the resolution of the holographic radar in 
the lateral direction is proportional to the frequency, and 
the use of high-frequency results in fine resolution. Con­
sidering both requirements, we employed X-band micro­
waves (9.0-11.0 GHz) in the trial system. 

The experimental set-up consisted of three stages: data 
acquisition, data processing, and displaying. A block dia­
gram of the system is shown in Fig. 3. 

The data acquisition apparatus part consisted of a trans­
mitting-receiving antenna, a microwave oscillator, a re­
ceiver, a 2-D scanner, and an 8-bit microprocessor. Mi-








