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Abstract: Material can be interacted by energy called electromagnetic radiation. For characterizing medium of
the material, the process of interaction plays a major role in all application which are employed for sensing.
Characteristics of any material can be represented by constant dielectric parameters. They can be identified in
various conditions of environment by emitting, interacting and receiving the electromagnetic radiation. Here
a system 1s proposed for developing an effective method measuring the permittivity in the different types of
liquid samples like salt water, tap water and in the mineral water at various ranges of frequencies at certain
temperature by using capacitive sensor and temperature sensor.
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INTRODUCTION

An extensive role in several areas in industry sectors
and scientific research were played by dielectric materials.
Due to the various developments over semiconductor
technology, various IC industries design the mimaturized
compoenents. In recent times capacitive sensors have been
widely used in several sensing applications. They are
measurement of pressure, testing the level of liquid,
measuring  the thickness of dielectric, sections by
capacitive imaging through any kind of wave which are
penetrating through i1t and measuring the displacements.
These sensors can be developed in macro and micro form
of structures. So, it can play a vital role in the technology
of micro sensors.

The permittivity of water can be measured by using
different methods but the most important method is a
capacitive method by measuring the capacitance.
Proposed system consists of a probe of capacitance and
the measurement module for monitoring the change of
capacitance. The module for measuring contains
capacitive sensor module and temperature sensor module
which are used m a different way. The electrical
conductivity 13 the very important quantities where the
complex permittivity on water is affected. Tt is linked to the
made-up part of complex permittivity. Conductivity effects
on the measwrement of capacitance in liquids by
employing cylindrical capacitive sensor. Frequency
is another parameter in that are affecting complex
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Fig. 1: System architecture for designing an efficient
method of measuring the permittivity of samples in
a various frequency range using capacitive sensor

permittivity (Blackham and Pollard, 1997; Krupka et al.,
1998; Ellison et al., 1998; Huang et al., 1989; Grant ef al.,
1989; Roth et al., 1990).

System architecture: The model of system architecture
for designing an efficient method of measuring the
permittivity of samples n a various frequency range using
capacitive sensor 1s 1llustrated in Fig. 1.

MATERIALS AND METHODS

The main aim of our proposed system 1s to study the
capacitance measurements of the liquid samples which are
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affected by frequency. The system uses the capacitance
sensor for measuring the complex permittivity of the liquid
sample at the certamn temperature which is calculated by
using temperature sensor. Figure 2 illustrates the block
diagram for designing an efficient method of measuring
the permittivity of samples in a various frequency range
using capacitive sensor. Furthermore, these process can
be momtored from anywhere in the world by using the
wireless communication.

Hardware components

Capacitance sensor: All types of metallic and non metallic
objects can be 1dentified by using the capacitance sensor.
Capacitive sensor can easily detect liquids or glasses
which are lighly transparent one. Only the relevant thing
is the target material with dielectric conductivity. Higher
the dielectric constant of a thing, switching distance or
detection reliability of the materials will be high. The
application of capacitive sensors includes measurements
due to high dielectric constant. Capacitive sensors can be
able to measure the materials from outside which can
occur on certain conditions. These sensors are also
employed for identifying solid materials such as wood,
plastics and paper. They are available mn the most of the
sectors in industries because of their protection to all
types of factors which interfering it.

Temperature sensor: Temperature sensor is employed
mn our system for analyzing or measuring the change
in capacitance in liquid samples like salt water, tap
water with the certain

water and  mineral

temperature.
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Fig. 2: Block diagram for designing an efficient method of
measuring the permittivity of samples in a various
frequency range using capacitive sensor

Raspberry Pi 3: Our proposed system uses Raspberry
Pi 3 as a central processor. Tt is employed to control all the
process of capacitence sensor and temperature sensor in
our system. Tt is a miniatured computer. Tt is used in our
system because of its reliability and eficiency on different
microcontrollers. Tt only consumes low power. So, it can
be functioned over a long period of time n the efficient
way.

RESULTS AND DISCUSSION

The system uses the capacitance for

measuring the complex permittivity of the liquid sample at

SEIS0T

the certain temperature which is calculated by using
temperature sensor. Calculated capacitance of different
water samples with frequency of 100 Hz-2 kHz were
llustrated in the Fig. 3.

The results that are obtained from this system show
that when the frequency mcreases, relative complex
permittivity will get decreased. Figure 4 illustrates the
calculated relative complex permittivity for various liquid
samples like salt water, tap water and mineral water with
the wide range of frequency.
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Fig. 3: Calculated capacitance of different water samples

with frequency of 100 Hz-2 kHz
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Fig. 4: Calculated relative complex permittivity for various
liquid samples with frequency
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CONCLUSION

An efficient system is developed for measuring the
permittivity of the liquid samples in a wide range of
frequencies of 100 Hz-2 kHz using the capacitive sensor.
Measuring of chemical or physical parameters of the
materials by changing m the capacitance 13 known as
capacitive methods
measuring the permittivity, out of those methods,
capacitive method are one of the most vital ones. In this
study by using cylindrical capacitive
temperature sensor an investigation on the complex
permittivity in samples of water can be done.

sensors.  Varlous available for

sensor and
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