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Abstract

Nondestructive determination of dielectric properties of materials is essential in various applications to monitor the nature of
an object. Apart from many techniques like near infrared (NIR), X-ray, ultrasonic, and so on, a microwave based technique is of
interest due to its low cost, high accuracy, and small size. In this talk the objective is to describe and present a novel way to
determine in situ the ripening of fruits and how they can be applied in real time applications. This methodology has been
applied to determine the quality of fruits like Durian, Banana, Mangosteen and the like.

A number of techniques exist for characterization of lossy dielectric objects at microwave frequencies. Many such techniques
have been extensively developed, e.g. resonant and non-resonant methods. For the resonant method, the cavity perturbation
technique is well suited for measuring low dielectric loss materials and the accuracy is limited only by the size of the cavity.
For a non-resonant method, the transmission line technique needs an adequate thickness of the sample. An open-ended probe
technique, which has been successfully commercialized, can measure over a wide frequency range with moderate accuracy, but
the material sample must be sufficiently thick and the contact surface of the probe must be flat and free of air gaps.

In this methodology we propose to use a free space measurement technique used in RCS measurements and use the natural
resonant frequency concepts to estimate the variation of the dielectric properties with time, and thereby relate to the physical
characteristics of the fruit. What makes the problem challenging is that both the real and the imaginary parts of the dielectric
constant for most frits is extremely high and even much greater than that of sea water! The variation of these electrical
properties as a function of frequency will be described and how the singularity expansion method can be applied to estimate
the variation of the natural resonant frequency of the various fruits as it ripens changing the sugar content with time will also
be discussed.

In a free-space measurement technique, the amplitude and the phase of the returned probing signal are measured from a
sample of interest which is placed between a transmitting and a receiving antenna. Thus, the measurement setup is quite
complicated since one needs to measure both the magnitude and phase of the scattered signal. There have been attempts to
simplify the measurement system. An interesting method is to omit the phase and measure only the reflection and the

transmission coefficients instead. Subsequently, a coupled-dipole sensor using the magnitude of Sll and 821 has been
developed. This talk will provide an overview of the various measurement techniques and try to relate the electrical properties
to the physical properties of the various fruits.
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