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Resumé
Ce papier presente une technique
utilisable pour le +traitement d’image en

appuyant sur la méthode de 1’holographie en
micro-ondes pour les objets plans
diélectriques .de diffusion. La simulation
numérique des hologrammes avec la
transformation discréte de FRESNEL-KIRCHHOFF
complétée par un terme de diffraction pour
inclure les objets diélectriques offre

1’avantage de pouvoir étudier systématiquement
les conditions importants de traitement
d’image. La reconstruction numérigque d’image
au moyen de la transformation de FRESNEL
permet une technique rapide avec l’usage de
1’algorithme FFT 4 deux dimensions. La
simulation des hologrammes est verifiée par
des mesurages appropriés. Les résultats de la
reconstruction d’image démontrent que
1’identification sfire des objets rectanguliers
est possible, méme pour une modique
permittivité relative. Afin de mettre la
limite de résolution en évidence par un
exemple, on a choisi un objet diélectrique
plus compliqué en forme des caractéres "RW" en
verre (permittivité relative 8).

1. Introduction

versatile
remote,

inaccessible or concealed objectsl_7, as well
as for diagnosing errors in large surface

profiles, e.g. reflectorss. A reliable
identification of +two- or three-dimensional
metallic objects is possible by using single
freguency or, for higher axial resolution
requirements, multifrequency techniques.
Moreover, a suitable numerical second-order
technique has been developed for hologram

simulation4 7, by which the required
parameters may be systematically investigated
in order to improve the accuracy of the
imaging method. For dielectric objects, so
far, the problem has hitherto not yet been
suitably attacked.

holography is a
widely wused for imaging

Microwave
technique

The objective of this paper is to present
an efficient hologram simulation theory, and a
computer-aided image reconstruction technique
for plane dielectric objects. For an
appropriate +theoretical description of the
scattering properties, the complex reflection
coefficient of the structure is derived wusing
the relations of the geometrical optics, which
allow to include all relevant parameters, such
as permittivity, thickness, angle of
incidence, size and shape. For the computer
simulation, FRESNEL- KIRCHHOFF’s diffraction
integral is wutilized in its discrete form
together with a suitably extended object
function. The image reconstruction step is
carried out digitally, where the
FRESNEL-approximation enables the use of
standard signal processing methods like the
Fast-Fourier-Transform (FFT) technique.

Summary

An efficient imaging technique for
scattering dielectric plane objects is
presented which is based on microwave
holographic methods. FRESNEL-KIRCHHOFF’ s

diffraction integral in its discrete form with
a suitably extended object function provides
an appropriate numerical hologram simulation
by which the relevant imaging parameters may
be systematically investigated. The image
reconstruction is carried out digitally, where
the FRESNEL approximation enables the use of
standard FFT +technigues. Comparison between
simulated and measured holograms verifies the
numerical simulation technique. The results of”
the numerical image reconstruction show that a
reliable identification of the dielectric
objects is possible. The efficiency of the
signal processing method 1s demonstrated at
the image reconstruction of a more complicated
dielectric object (glass, with a permittivity
of 6) shaped in form of the letters "RW" by
utilizing a computer simulated hologram.

2. Theory

The computer simulation of the diffracted
wave at the point Pil in the hologram plane

(Fig. 1) is calculated by FRESNEL-KIRCHHOFF’s

diffraction integral in its discrete form7.

0 Ky

X8y $yN

Y

AZ,
-A—ygzp [ hologram
plane
o ]

Object and hologram plane



512
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The general form of equation (1) includes the
application of the multifrequency holography
technique and is written for threedimensional
objects, which can be subdivided in P planes
with the dimensions Ax«M , Ay.N. The subscript
g denotes the discrete frequency used. For the
numerical examples (dielectric plates) with
P=1 calculated in this paper, however, already
the monofrequent holographic imaging technigue
provides sufficient resolution of the object
shape.

The scattering characteristics of +the
plane dielectric obJject are included by the

complex reflection coefficient anq which is
based on the uniform geometrical theory of
diffraction (UTD)S. The subscript q denotes
the frequency, and mn is the number of the
related rectangular object segment of size
AXe Ay
_ ry - (1 - rz-rB)
R = (2)
—mnq 1 - rlir.r
1 23
The coefficients in (2) are given by
| 2
cos P - de - sin”¢
ry = rmn (3)
_ 2
cos ¥ + € rmn sin“¢
B —j4n~]ermn « d
r, = exp - (4)
Aq.h -(sin®e)/e
jamd « sine s Te
rg = exp } (5)
_ 2
Aq-Jl (sin 'P)/ermn
¢ is the angle of the reflected wave, and d is
the thickness of the dielectric slab section

mn (Fig. 2)
€rmn” eZmn/el'

with the relative permittivity
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Fig. 2

The numerical
carried

image reconstruction is
out with the inverse discrete FRESNEL

- Transform7

k
. : . q 2 Z}
A% eakqsmneaqulez{(xw+ sxm)“+ (yh+ ayn)

oo s
mn (6)

)\qZ

anq
-1 L~ . . 2 27 :
1L J)‘-—ZZ{(AXO1)2+ (ay ) }e—J—)‘;Zi (x paxmax i + (..yw+Ayn)Ayo]f

53

1
i1q€
750 10

by which the image function anq is calculated

for the mn object segments and for a discrete
frequency denoted by q. For the multifrequency

holography technique, a weighted sum7 of all
image functions at Q frequency samples is
utilized. If I and L in (8) are chosen

appropriately, standard two~dimensional

FFT-subroutines may be used.

3. Results

A glass

48cm with a thickness of 8mm (Fig. 3 a) was
chosen for a first example to demonstrate the

plate (er= 6.5) of size 48cm x

Fig. 3a Glass plate (er:6.5) of size 48cm =

48cm, thickness 8mm.
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Fig. 3 b~e Glass plate (er=6.5). b)Computer simulated hologram

using equations (1)-(5). c)Measured hologram. d)Image
reconstruction from the simulated hologran, and e)image
reconstruction from the measured hologram using equ. (6). Position
of the transmitting antenna (cf. Fig 1): x05=1m, yos=2.5m; sample

point distances in the hologram and object plane: Ax=Ay=6mm;
number of sample points: M=N=32. Wavelength A = 3cm. Size of the
hologram and object plane: 1.92m x 1.92m. Distance between object
and hologram plane zp = 4m.
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Fig. 4 Plexiglass plate (er=2.5). a) Measured hologram. b) Image

reconstruction from the measured hologram using equation (6). Data
of the measuring equipment and for the reconstruction c¢f. Fig. 3.

efficiency of +the computer simulation of simulated by corresponding letters of the
holograms and the numerical reconstruction of printer. For the image reconstruction, all
plane dielectric objects by comparison with points below =-24dB of the maximum value are
the corresponding measured results, c.f. Figs. suppressed. Good agreement Dbetween computer
3b - 3e. The dynamic range of the measured and simulated and measured results may be stated.

reconstructed values of about 40dB 'is Moreover, the dlelectric plate is clearly
displayed by a logarithmic gray scale imaged at the correct position in its original
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A plexiglass plate (er=2.5) of size 48cm

x 48cm with a thickness of 20mm chosen for the
second example demonstrates (Fig. 4) that a
clear image reconstruction (Fig. 4b) from the
measured hologram (Fig. 4a) may be obtained
using the discrete FRESNEL-Transform(8), also
for dielectric plates with low permittivity
values.

The efficiency and the limitations of the
hologram simulation and image reconstruction

method investigated are demonstrated in Figs.
5 for the more complicated plane dielectric
object shaped in form of the letters "RW"

The dielectric material chosen is glass (er=65

with a thickness of 8mm. The width (12cm, 4A)
of +the bars of the letter "R" chosen violates

the sampling theorem for spatial spectra4 by

which the minimum size of the object
dimensions xobj’ yobj for the chosen data is
limited to
2niz _ 2rAz _

xobj > AxOI =12.5cm, yobj > AyOL =12.5em . (7)
n = 1 1is +the first minimum of the spatial
sinc-function considered, the distance 2z and
the dimensions AxOI, AyOL of the hologram
plane are the same as in Figs. 3b~e: z =
zp=4m, 1.92m x 1.92m. Consequently the image

resolution of the letter "R" in Fig. 5¢ is not
of sufficient quality. The clear
identification of +the 1letter “W", however,
demonstrates the accuracy of the numerical
hologram simulation and image reconstruction
method presented in this paper.
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Fig. 5 Plane dielectric object (glass,

thickness 8mm) shaped in the form of the
letters "RW". The small width (12cm, 44) of
the bars of the letter "R" chosen violates the
sampling theorem for spatial spectra. The
width (18cm, 6A) of the bars of the letter
"W", however, meets the sampling theorem. a)
Computer simulation of the objects under
consideration. b) Computer simulated hologram
according to (1)-(5). ¢) Image reconstruction
according to (6). Other simulation and
reconstruction data cf. Fig. 3 b-e. Wavelength
A = 3cm.
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