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The measurement-system mainly consists of sensing-element, signal conditioning circuit and signal-
processing unit. The sensing-element of a measuring system is directly affected by materials carrying
quantity to be measured. This system supports solid or semi-liquid material. This paper signifies the

Keywords: designed system for dielectric constant measurement using Arduino with Wi-Fi and capacitive sensing
Measurement element which sends/shows information continuously on android app or cloud to build IoT based system.
WeMos With the help of Polarization, Dielectric properties, Cole-Cole diagram, Microwave Measurement
ICO;acitance Methods and Arduino with IC-555, many techniques with limitations and complications are available
Arduino to calculate dielectric constant. But this advanced system consists only Arduino without any other bulky

circuit. In this system, measurement of dielectric constant depends on parameters of capacitive sensing
element and property time constant of capacitor. Capacitor with larger capacitance takes more time to
charge as well as discharge. The charging and discharging voltage of the capacitor is applied to
Arduino (WeMos D1-R1) with signal conditioning. Here, from capacitance, dielectric constant of material
is calculated and verified with standard values. WeMos D1-R1 Arduino has Wi-Fi facility to transmit data
continuously on cloud. Designed system gives the capacitance, dielectric constant of substance, and dis-
plays it on android app and cloud or website with accuracy about approximately 99.46%.
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Dielectric Constant

1. Introduction Electronic circuits having high frequency applications uses

dielectric-material and the working principle of all high-

The elements are insulators or dielectric materials, conductors,
and semiconductors. Insulators or dielectrics play vital role in our
day-to-day life appliances as well as all electrical and electronic
equipments. The applications of dielectric constant measurement
system are in quality testing of various fruits and vegetables [1].
Also useful in transformer manufacturing, for dielectric properties
measurements of paper, pressboard and transformer oil, with
effect of the ageing and moisture [2,3].

Abbreviations: 10T, Internet of Things; RF, Radio Frequency; TDR, Time domain
spectroscopy.
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frequency circuits depends on the dielectric properties of the
material. In designing of high frequency circuits, it is necessary
to have proper acquaintance of the properties of the dielectric
materials particularly the dielectric constant (real-part of complex
permittivity) and loss tangent at the working conditions [4].
Dielectric property is also a key parameter of plant and fruits
mainly due to the large amount of water content and the structure
of the biomaterials. Dielectric materials are electrically insulating
materials which will be polarized under an electric field, such a
phenomenon is called as dielectric polarization. The dielectric
properties of material give considerable data about the dissipation
and storage of magnetic and electric fields in materials [5]. The
permittivity expresses the polarizability of the material. The per-
mittivity is always in the form of complex number and its real part
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is generally known as dielectric constant. Though the perfect
dielectric material has electrical conductivity zero, every insulator
is not a dielectric-material [6].

2. Dielectric property measurement techniques

Ninety-three years ago, polar dielectrics and modelling studies
were used to determine grain moisture content and permittivity
measurement techniques were based on dc electrical resistance
[7]. A non-linear rise in the resistance of grains, as the temperature
decreased provides useful readings [8]. The ac measurement tech-
niques used to measure the variations in capacitance and suitable
sample holding capacitors were industrialized [9]. Based on the
dielectric properties, grain moisture measurement data turn out
to be the most projecting agricultural applications. Novel instru-
ments with their calibration led to the advance of a standard oven
technique that more contributed to several applications of RF
dielectric heating and added the pursuit for more quantitative val-
ues. In past 25 years, techniques of the permittivity measurement
have been extended and used to various bio-resource, food and
agricultural problems.

The dielectric properties of the food or agricultural materials in
the microwave region can be resolute by numerous methods using
different micro-wave measuring sensors [10]. The use of specific
method be subject to the expected frequency range and the type
of the material to be tested. Selection of the equipment for mea-
surement and sample holder design depends upon the dielectric
materials to be examined, available equipment, resources for the
studies and the extent of the research [11]. For measuring the
dielectric-properties of homogeneous food materials, the cavity
perturbation technique is often used because of its simplicity, easy
data reduction, accuracy, and high temperature capability [12]. The
transmission line technique is inconvenient because the sample to
be available in annular geometry or a slab. Only the coaxial line
technique is practical because of the requirement of larger size of
the waveguide [13]. A microwave resonator completely filled or
partly with a material can be used in the measurement of the per-
mittivity. The resonator or perturbation technique is generally
standardized with materials having known dielectric properties,
typically with organic solvents like ethanol, methanol, etc. The fre-
quency range for measurement is from 50 MHz to 100 GHz. If the
transmission line is enclosed (waveguide), it is possible to measure
the permittivity of a material without the resonator by keeping it
inside the waveguide directly. The method is applicable to all solid
and liquid materials, but not for the gases because of lower permit-
tivity of gas [14]. TDR (Time domain spectroscopy) or reflectome-
try methods were developed in the 1980 s and applied in studies
related to dielectric properties of the food materials. Basically, to
compute dielectric properties, the reflection characteristic of the
material is utilized. This measurement method is rapid and gives
high accuracy, within very small percent error [15]. Free space
transmission technique is grouped under nondestructive and con-
tactless measuring methods. It does not require particular sample
preparation. So, it is mostly suitable for inhomogeneous dielectric
and for material at the high temperature. Moreover, it may be sim-
ply implemented in industrial applications for control and contin-
uous monitoring. e.g., density measurement and moisture content
determination [16]. In microstrip transmission line method, micro-
strip has been used as microwave component, it shows numerous
properties which overcome some limitations, hence makes it suit-
able for dielectric permittivity measurement. The effective permit-
tivity of a microstrip transmission line highly depends on the
permittivity of region above line. This is used in designing of the
microwave circuits and to smaller amount examination of dielec-
tric permittivity [17]. The Colloid Dielectric Probe is implemented
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in permittivity evaluation of the colloidal liquid material in phar-
maceutical, chemical, biochemical, and food industries. It works
from 200 kHz — 20 MHz with the precision LCR meter [11].

3. Methodology

The IoT based dielectric constant measurement system is
designed using Arduino WeMos D1R1. Here, non-polar capacitor
is built by using two parallel copper plates with dimensions 0.05
m x 0.015 m as shown in Fig. 1, with gap of 0.10 mm and air as
a dielectric material between them. On LCR meter, it gives capaci-
tance 64.1pF with small variations as shown in Fig. 2.

The parallel plate capacitor is interfaced with Arduino WeMos
D1R1at pins D13 and AO as shown in Fig. 3.

Fig. 1. Photograph of parallel plates of designed capacitor.

Fig. 2. Photograph of designed capacitor with air as dielectric medium for
capacitance measurement using LCR meter.

Fig. 3. Photograph of dielectric constant measurement system using Arduino
WeMos D1R1 for parallel plate capacitor with air as dielectric medium.
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START
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d, A, &
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DISPLAY DIELECTRIC
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Fig. 4. Flowchart for capacitance measurement using WeMos D1R1 for nonpolar
capacitors with the range 20 pF-1000 nF.

This system is useful for the capacitance measurement from
20pF to 1000nF. Arduino C program is written to measure capaci-
tance and dielectric constant with logic shown in Fig. 4.

The unknown capacitor is connected between D13 and AO.
Here, pin D13 is used as the charging pin and pin A0 used as the
discharging pin. Initially, the unknown capacitor is charged by set-
ting D13 as HIGH and measure the voltage at AO from the following
formula.

Vao = (Va2 x Cp)/(Cr + G)
where

Vao = voltage at pin Ao,
Vaz = voltage at pin A,,
Cr = capacitor under test and.
C, = internal capacitor.

But voltage at Ag is measured with the help of analog read func-
tion. Hence, using that value in the above equation, the unknown
capacitance is obtained.

Cr = (Ci x Vao)/(Vaz — Vao) [18].

Substituting distance between parallel plates (d), area of rectan-
gular plates (A) and &y = 8.84 x 10~'2 in standard equation &, = Cr-
-d/(A-gp) [19], dielectric constant of the material placed between
two copper plates is calculated. Figs. 5 and 6 shows readings of
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DIELECTRIC CONSTANT MEASUREMENT
USING WEMoOs D1R1

21102021 13:5521 Air nn 03780 3¢

21102021 13:5525 Air - 93804 n°c
2-102021  13:5528 Air 7781 03888 73%C

21-10-2021 13:55:33 Air 23°C

21102021 13:55:34 Air 7770 93756 3°C

21102021 13:5539 Air 7778 93852 1C

Fig. 5. Screenshot of designed Android app showing readings of dielectric constant
measurement system.

Dielectric constant measurement system on designed Android
app and webpage respectively.
Specifications of LCR Meter:

e Brand Name: Aplab.
e Type of Product: Digital LCR Q - Meter.
e Model No: Aplab 4910.
e Measurement Frequency: User selectable 100 Hz or 1KHz.
e Display: 3% Digit.
e Operating Temp. Range: 0° to 40 °C.
e Measurement Ranges.
Inductance Range: 0.1pH to 9999H.
Capacitance Range: 0.1pF to 9999F.
Resistance Range (Ohm): 0.001 to 100 M.
Quality Factor: 0.1 to 99.
e Resolution.
Inductance: 0.1pH.
Capacitance: 0.1pF.
Resistance: 0.001 O.
Quality Factor: 0.01.
e Accuracy: +0.25%.

Features of WeMos D1R1:

e 11 x I/O x pin.

e 1 x ADC x pin (input range 0-3.3 V).

e Support OTA wireless upload.

e Integrated 5 V 1A switching power supply (maximum voltage
24 V).

e Based on ESP-8266EX.

e Arduino compatible, using IDE Arduino to program.

e CPU 80 MHz [20].

Following tables and graphs show measured capacitance and
dielectric constants of air, mica, glass and talcum powder at differ-
ent temperatures with accuracy about approximately 99.46%.
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Accuracy is calculated by using formula: Accuracy = (1 — (Obse
rved value — Actual value)/Actual value) x 100.

Dielectric Medium - Air g = 8.84 x 10> Temperature = 26°C

Dielectric Material - Air, L=0.03m, W= 0.02m, t=26°C
Dimension of C Capacitance
Sr. by Arduino in COHSA 30 Capacitance (pF)
No. Lin Win Area(A)in dinm pF &= C.d/(A. ) Dielectric Constant
m m m’ 25
1003 002 0.0006 0.00020 26.59 1.0026 20
2003 002 0.0006 0.00020 26.46 0.9977
3003 002 0.0006 0.00020 26.62 1.0038 15
4 003 0.02 0.0006 0.00020 26.48 0.9985 10
5 003 002 0.0006 0.00020 26.52 1.0000
6 003 002 0.0006 0.00020 26.53 1.0004 s Approximately 1.0003
7 003 002 0.0006 0.00020 26.61 1.0034 0
8 003 0.02 0.0006 0.00020 26.49 0.9989 SREEELLELLL23232323230404843
(=R N = = =R = R R e e = O = I = = — I = R
9 003 002 0.0006 0.00020 26.50 0.9992
10 003 0.02 0.0006 0.00020 26.47 0.9981 dinmm
11003 0.02 0.0006 0.00025 21.11 0.9950
12003 0.02 0.0006 0.00025 21.23 1.0007
13003 0.02 0.0006 0.00025 21.22 1.0002
14003 0.02 0.0006 0.00025 21.27 1.0025
15 003 0.02 0.0006 0.00025 21.19 0.9988
16 003 0.2 0.0006 0.00025 21.18 0.9983
17 003 0.2 0.0006 0.00025 21.24 1.0011
18 003 0.02 0.0006 0.00025 21.25 1.0016
19 003 0.02 0.0006 0.00025 21.21 0.9997
20 003  0.02 0.0006 0.00025 21.29 1.0035
21 003  0.02 0.0006 0.00030 17.70 1.0011
22003 0.02 0.0006 0.00030 17.68 1.0000
23003  0.02 0.0006 0.00030 17.62 0.9966
24 003 002 0.0006 0.00030 17.82 1.0079
25 003  0.02 0.0006 0.00030 17.72 1.0023
26 0.03  0.02 0.0006 0.00030 17.71 1.0017
27 003  0.02 0.0006 0.00030 17.64 0.9977
28 0.03  0.02 0.0006 0.00030 17.66 0.9989
20 0.03  0.02 0.0006 0.00030 17.69 1.0006
30 0.03  0.02 0.0006 0.00030 17.59 0.9949
31 0.03  0.02 0.0006 0.00035 15.09 0.9958
32003 002 0.0006 0.00035 15.16 1.0004
33003  0.02 0.0006 0.00035 15.17 1.0010
34003 002 0.0006 0.00035 15.14 0.9991
35 003  0.02 0.0006 0.00035 15.08 0.9951
36 0.03  0.02 0.0006 0.00035 15.12 0.9977
37 003  0.02 0.0006 0.00035 15.21 1.0037
38 003  0.02 0.0006 0.00035 15.20 1.0030
39 003 002 0.0006 0.00035 15.18 1.0017
40 003 0.02 0.0006 0.00035 15.19 1.0024
Average 1.0003
1 005 0015 0.00075 0.00010 66.30 1.0000
2005 0015  0.00075 0.00010 66.29 0.9998 Material - Air, L=0.05m, W= 0.015m, t=26°C
3005 0015 0.00075 0.00010 66.32 1.0003 30 Capacitance (pF)
4 005 0015 0.00075 0.00015 44.19 0.9998 ’s Dielectric Constant
5 005 0015 0.00075 0.00015 4421 1.0002
6 005 0015 0.00075 0.00020 33.14 0.9997 20
7 005 0015 0.00075 0.00020 33.18 1.0009 15
8 005 0015 0.00075 0.00025 26.51 0.9996 10
9 005 0015 0.00075 0.00025 26.53 1.0004 5 Approximately 10003
10 005 0015 0.00075 0.00025 26.54 1.0008 0
Average 1.0002 SSSSSLLJLLIIRISAEAS8433
SO oo oo oo o CcC oo oo Ccooc o oo
Accuracy 99.82 din mm




S.A. Wankhede, V.S. Kale, A.D. Shaligram et al.

Dielectric Medium - Mica
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g0 = 8.84 x 107> Temperature = 24°C

Dimension of C Capacitance Dielectric
Sr. . Constant
No. Lin Area (A) by Arduino
Winm L dinm in pF k= C.d/(A. &)
m in m
1 0.05 0.015 0.00075 0.00013 310.00 6.0784
2 0.05 0.015 0.00075 0.00013 311.00 6.0980
3 0.05 0.015 0.00075 0.00013 312.00 6.1176
4 0.05 0.015 0.00075 0.00013 309.00 6.0588
5 0.05 0.015 0.00075 0.00013 308.00 6.0392
6 0.05 0.015 0.00075 0.00013 305.00 5.9804
7 0.05 0.015 0.00075 0.00013 307.00 6.0196
8 0.05 0.015 0.00075 0.00013 305.00 5.9804
9 0.05 0.015 0.00075 0.00013 302.00 5.9216
10 0.05 0.015 0.00075 0.00013 300.00 5.8824
11 0.03 0.02 0.0006 0.00049 64.84 5.9901
12 0.03 0.02 0.0006 0.00049 64.87 5.9929
13 0.03 0.02 0.0006 0.00049 64.91 5.9966
14 0.03 0.02 0.0006 0.00049 64.94 5.9994
15 0.03 0.02 0.0006 0.00049 64.95 6.0003
16 0.03 0.02 0.0006 0.00049 64.70 5.9769
17 0.03 0.02 0.0006 0.00049 64.96 6.0012
18 0.03 0.02 0.0006 0.00049 64.99 6.0040
19 0.03 0.02 0.0006 0.00049 64.98 6.0031
20 0.03 0.02 0.0006 0.00049 65.00 6.0049
21 0.03 0.02 0.0006 0.00025 127.21 5.9959
22 0.03 0.02 0.0006 0.00025 127.23 5.9969
23 0.03 0.02 0.0006 0.00025 127.27 5.9988
24 0.03 0.02 0.0006 0.00025 127.28 5.9992
25 0.03 0.02 0.0006 0.00025 127.29 5.9997
26 0.03 0.02 0.0006 0.00025 127.30 6.0002
27 0.03 0.02 0.0006 0.00025 127.31 6.0007
28 0.03 0.02 0.0006 0.00025 127.33 6.0016
29 0.03 0.02 0.0006 0.00025 127.35 6.0025
30 0.03 0.02 0.0006 0.00025 127.37 6.0035
Average 6.0048
Accuracy 99.60

Dielectric Medium - Talcum

Material - Mica, L=0.05m, W= 0.015m, t=24°C

Dielectric Constant
350 Capacitance in pF
300

250

200

150

100

50 Approximately 6.0176

0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13
d in mm

Material - Mica, L=0.03m, W= 0.02m, t=24°C
Dielectric Constant
70 Capacitance in pF
60

50

40

30

20
10 Approximately 5.9969

049 049 049 049 049 049 049 049 049 049
Material - Mica, L=0.03m, W= 0.02m, t=24°C

Dielectric Constant
140 Capacitance in pF
120
100

80

60

40

20 Approximately 5.9999

025 025 025 025 025 025 025 025 025 025

d in mm

€0 = 8.84 x 10> Temperature = 23°C

. ; Dielectric
Sr. Dimension of C )
No. Capacitance by _ Constant
Lin Win Area(A)in . Arduino in pF k= C.d/(A.
B dinm
m m m £0)
1 0.03 0.02 0.0006 0.00064 77.72 9.3780
2 0.03 0.02 0.0006 0.00064 77.74 9.3804
3 0.03 0.02 0.0006 0.00064 77.81 9.3888
4 0.03 0.02 0.0006 0.00064 77.89 9.3985
5 0.03 0.02 0.0006 0.00064 77.70 9.3756
6 0.03 0.02 0.0006 0.00064 77.78 9.3852
7 0.03 0.02 0.0006 0.00064 77.82 9.3900
8 0.03 0.02 0.0006 0.00064 77.86 9.3949
9 0.03 0.02 0.0006 0.00064 77.92 9.4021
10 0.03 0.02 0.0006 0.00064 77.98 9.4094
11 0.03 0.02 0.0006 0.00090 55.32 9.3869
12 0.03 0.02 0.0006 0.00090 55.35 9.3920
13 0.03 0.02 0.0006 0.00090 55.37 9.3954
14 0.03 0.02 0.0006 0.00090 55.39 9.3988

Material - Talcum, L=0.03m, W= 0.02m, t=23°C

Dielectric Constant

90 Capacitance in pF

80
70
60
50
40
30

20 Approximately 9.3971
10

0.64
0.64
0.64
0.64
0.64
0.64
0.64
0.64

= (.64

Z 0.64

g 0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
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15 0.03 0.02 0.0006 0.00090 55.40 9.4005
16 0.03 0.02 0.0006 0.00090 55.41 9.4021
17 0.03 0.02 0.0006 0.00090 55.44 9.4072
18 0.03 0.02 0.0006 0.00090 55.48 9.4140
19 003 0.02 0.0006 0.00090 55.51 9.4191
20  0.03  0.02 0.0006 0.00090 55.53 9.4225
Average 9.3971
Accuracy 98.96
Dielectric Medium - Glass £0 = 8.84 x 10> Temperature = 25°C
Sr. Dimension of C Dielectric
No. Capacitance by Constant . ~ - i
Lin . Area (A) . Arduino in pF k= C.d/(A. Material - Glass, L=0.03m, W= 0.02m, t=25°C
Winm . 5 dinm
m n m 0) Dielectric Constant
1 0.03 0.02 0.0006 0.00235 22.00 9.7474 25 Capacitance in pF
2 0.03 0.02 0.0006 0.00235 22.05 9.7695 2
3 0.03 0.02 0.0006 0.00235 22.07 9.7784
4 0.03 0.02 0.0006 0.00235 22.08 9.7828 15 Approximately 9.8019
5 0.03 0.02 0.0006 0.00235 22.09 9.7872 10
6 0.03 0.02 0.0006 0.00235 22.14 10.1904 5
7 0.03 0.02 0.0006 0.00235 22.16 10.1993 0
8 003 002 0.0006  0.00235 22.18 10.2037 235 235 235 235 235 235 235 235 235 235
9 0.03 0.02 0.0006 0.00235 2221 10.2126 dinmm
10 0.03 0.02 0.0006 0.00235 22.25 10.2259
1 0.05 0.015 0.00075 0.00235 27.23 9.6517
2 0.05 0.015 0.00075 0.00235 27.32 9.6836
3 0.05 0.015 0.00075 0.00235 27.45 9.7296
4 0.05 0.015 0.00075 0.00235 27.54 9.7615 Material - Glass, L=0.05m, W= 0.015m, t=25°C
5 0.05 0.015 0.00075 0.00235 27.63 9.7934 Diclectric Constant
6 0.05 0.015 0.00075 0.00235 27.68 9.8112 30 Capacitance in pF
7 0.05 0.015 0.00075 0.00235 27.74 9.8324 25
8 0.05 0.015 0.00075 0.00235 27.78 9.8466 20
9 0.05 0.015 0.00075 0.00235 27.82 9.8608 1(5) Approximately 9.7835
10 0.05 0.015 0.00075 0.00235 27.83 9.8643 p
Average 9.7927 0
Accuracy 99.82 235 235 235 235 235 235 235 235 235 235
din mm
G Google x + - a x
« 3 C 0O 81000072 ®x 200 :
O ma mo Ao O @ v @ B0y @9 @ ooow @ NaaC @ Bam o et o 200D B 080 uf SRNET g PHD @ mMSER » Other bookmanks

Dielectric Constant Measurement using WeMos DIR1

Hame Sensor Valuas Componants About us
Date Time Material Capacitance Dielectric Constant Temperature
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21-10-2021 135528 Air b 3809 2%
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Fig. 6. Screenshot of designed webpage showing readings of dielectric constant measurement system.
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4. Conclusion

The IoT based dielectric and capacitance measurement system
using Arduino WeMos D1R1 is designed and developed for non-
polar capacitor. The non-polar capacitance measurement range
20 pF to 1000 nF is tested. Accuracy of capacitance varies depend-
ing on the value of capacitance. Designed capacitor provides
approximately 99% accuracy for the range 20 pF to 600 pF. Major
application of this system will be in various industries where not
only capacitance and dielectric property measurement is required
but also that storage is possible and available anywhere, anytime
as it is IoT based. For different size and shape of material, modifi-
cation in program and capacitor like area of plates and distance
between plates is required. Dielectric constant of material placed
between two plates can be easily measured. This increases applica-
tion of this system in quality testing of various fruits and vegeta-
bles. Also useful in transformer manufacturing, for dielectric
properties measurements of paper, pressboard and transformer
oil, with effect of the ageing and moisture.
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