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Development of Millimeter-Wave Detecting System for Foreign Object
Mixing in Food

Hitoshi Hojo and *Atsushi Mase
000 00 [ Plasma Research Center, University of Tsukuba and *Art, Science and Technology

Center for Cooperative Research, Kyushu University(l 0 00000000000

0 O We report the development of millimeter-wave detecting system for foreign object
mixing in food. We here show computer simulations and related experiments on the
detection of a foreign object mixed in food with use of millimeter waves in the range of 50-
100GHz.

00O In computer simulations, we have solved full-wave Maxwell equations describing
millimeter-wave propagation and its scattering by a foreign object. The numerical scheme is
based on the well-known finite difference time domain scheme, and the simulations were done
in two-dimensional space. The optical property of matter is generally characterized by the
complex permittivity, and since a foreign object has a complex permittivity different from a
sample to be inspected, wave scattering due to the foreign object is caused. As we are
interested in a foreign object of millimeter size, wave scattering lies in the Mie scattering
regime. The simulation results show that forward scattering expressing penetrating waves
mainly occurs if there is no foreign object, while forward scattering is reduced and side
scattering by a foreign object increases when there is the foreign object in a sample. This
feature is clearly shown in the scattering-angle dependence of the scattered waves. We
introduce the auto correlation function of scattered electric-field signals being a function of
scattering angle in order to distinguish a foreign object in a sample, and we compute the
Fourier spectra of the auto correlation function as well as the scattered electric field. We then
find that the values of these Fourier spectra at the origin are increasing functions of the size
of a foreign object. From the simulation results, we can expect that these findings bring us
good criteria to distinguish a foreign object in food.

0 O In experiments, we have developed a millimeter-wave detecting system for a foreign
object mixed in a sample. We have done the experiments with use of millimeter wave of
70GHz. We use granulated sugar filled in a polystyrene foam-made cup as a sample to be
inspected and assume an iron or plastic ball of the size of 1-10mm in diameter as a foreign
object. In the irradiation of probing millimeter wave into a sample, we could observe the
scattered-wave signals clearly for the ball of the size of 2-10mm. However, it was difficult to

distinguish clearly the ball of the size of 1mm, which was shorter than the half wavelength of
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the millimeter wave. Using the method of neural network, we estimated the size of the ball in
a sample, and confirmed that the ball of the size of 2-10mm in diameter could be distinguished
almost perfectly, and that the distinction for the ball of the size of less than 1mm was poor.
However, we expect that the use of millimeter-waves of the shorter wavelength will make it

possible to detect a foreign object of the size of less than 1 mm.



