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Abstract: Fruit nutrition is the necessary part of human diet; hence determination of its quality has importance. The analysis of fruit quality
is also a critical task in the commercial market. The non-invasive method is the most referred technique for quality evaluation. In this
paper, the microwave technique is proposed and discussed. Both transmitter and receiver antennas are designed for a 2.45 GHz ISM band.
In this paper, a microwave system is proposed to determine the different conditions of an apple, so that the rejection of the internally rotten

apple is possible.
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1. Introduction

Quality is the important aspect of fruit to the commercial
market. The visual inspection and personal experience of
people to decide fruit quality and image processing is the
current trend used in food processing industry. An exterior
part of the fruits is considered in both the methods to decide
its quality. It often happens that exterior part of the fruit
looks good but an interior part is rotten, this case remains
exceptional for the image processing. The proposed
microwave technique completely considers interior part of
the fruit material [3]. Every fruit material has its own
dielectric constant and it depends on temperature, moisture
content and maturity level of fruit. Material properties like
permittivity for desired frequency should be known for any
analysis of microwaves on the fruit material. Permittivity is
a complex quantity which is expressed as € =€ - je¢'*, where
€’ is dielectric constant and €"” is dielectric loss factor [1-2].
Thus, antenna system is the most important part of proposed
method. Microwave radiated low power signals passes
through the fruit and due to €” of the fruit material power
loss occurs. The dielectric heating should not happen in fruit
material, power to be applied can be calculated by [6-7][10]

dT/dt = 0.239 x 10-6 P /(cp) 1)
P=55.63 fE2¢”" x 10-12 )

Where ¢ — specific heat of the dielectric, p — specific gravity,
f — frequency, E — rms value of electric field intensity in
V/m, P — power in W/m2. The received power depends on
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complex dielectric constant or permittivity. Later this
received power is used to determine the degree of maturity.

The selection of microwave frequency should be such that
it gives the promise to determine the quality of fruit. At the
lower side of the microwave frequency range variation in
dielectric constant appears and at the higher end of
microwave frequency range, significant variation appears in
dielectric loss factor [1][4]. Also, penetration of signal
power is more hence lower microwave frequencies are more
preferred. An ISM band of 2.45GHz frequency is used in the
proposed method [2-4]. Signal power is kept low
considering the nutritional values of fruit should not change.

2. Material and Methods

The quality testing of fruit has conducted by keeping a
fruit in between transmitting antenna and receiving
antenna inside the shielded enclosure. The radiated
microwaves are passed through the fruit material using
microstrip antenna and transferred microwave signal
strength is monitored by the receiving antenna. Further
the observed data is given for quality analysis. The basic
block diagram of proposed system is shown in Fig. 1.

Microwave Transmitting, Testing Receiving Quality
source * Antenna - enclosure |—» Antenna % o oation

Fig. 1: Basic block diagram of proposed system

Dielectric properties of material

Material ~ which  comes under influence of
electromagnetic waves has some electrical parameters
considered as dielectric material. Every dielectric
material has both electric and magnetic properties
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whereas these properties are decided upon how that
material is incorporated with electric and magnetic waves
respectively. The electric properties are permittivity,
conductivity, capacitance and resistance while the
magnetic properties are permeability, diamagnetism, and
hysteresis.

In this paper an apple fruits are considered as a sample
fruit. Every fruit has its own permittivity called as relative
permittivity, whereas relative permittivity is complex
quantity. As mentioned earlier, real part is dielectric
constant and imaginary part is dielectric loss factor. The
measured dielectric constant of an apple is used for
further experimentation is shown in Table 1[1][9][11].

Table 1: Dielectric constant & loss factor of an apple

(at 25°C)
) Permittivity Frequency (in
Time MHz)
10 |915| 245
0
Initial ¢ 70.0 |522| 504
¢ |1990] 62 | 89
2 ¢ 65.5 | 52.3| 50.4
Weeks ¢ |1445|59 | 94
4 ¢ 735 |53.4| 516
Weeks ¢ |2136(2136] 96
6 ¢ 68.0 |54.0 | 52.2
Weeks ¢ |169.7] 63| 95

It has been recorded that the monotonic decrease in
dielectric constant and dielectric loss factor as frequency
increases in most of the fruits and vegetables [1-2]. The
dielectric constant of an apple is increased as temperature
increases from 50C to 650C and decreases as further
temperature increases [2][4].

Design of rectangular microstrip patch antenna and
testing enclosure:

For the proposed method low power, small size microstrip
antenna has at 2.45GHz. The design equations to calculate
the transmitter and receiver antennas parameters, are given
below [6-7].

1. The width of rectangular microstrip patch antenna.

1 2
W =
2fr,/e0pn0 | 1+er

2. Effective dielectric constant of microstrip antenna

©)

er+1 er—1 1/2

W1~
+ 21+ 124 4)
3. Extension of the length AL

(ereff+0.3)(¥+0.264)

ereff =

AL
h 0.412 (ereff—o.zss)(gm.s) ®)
4. Length of patch is now determined by solving for L
-
L= 2frvereff,/e0pn0 2AL (6)

The dimensions of the transmitting and receiving antenna
are decided based on the size of the fruit under test. The
antenna parameters considered during the calculations are
as given below:

fr = 2.45GHz, er = 4.4 (FR4 epoxy), h = 1.6mm

The calculated values of the transmitting antenna is
W=38.03mm & L=29.42mm. Later dimensions are
optimised to W=38mm and L=27.8 for achieving better
results. Substrate and ground plane dimensions are (6h+L)
x (6h+W). Co-axial feed is given to rectangular patch
antenna and the feed point is selected as (W/+ereff , L/2)
[6-7].

The design of receiving antenna is quite tricky and
important, so that the only through power has to be meased
by the receiving antenna. According to the application, the
size of receiving antenna needs to be miniatured such that,
further use of multiple receiving antenna helps to plot image
of an inner part of the fruit such as output of one antenna is
one pixel. The stated design steps are used to calculate L=
28.7mm but to achieve miniaturization there is a need to add
a rectangular slot of 18x7mm with the optimization using
EM simulation tool (HFSS).Thus the length of patch is
reduced up to 20.58mm retaining the same working
frequency.

Width = J8mm = =

Lergth = 27.8mm

Fig. 2: Simulation design of transmitter rectangular &
receiver square microstrip patch antenna.

The size of the testing enclosure is made up of aluminum
sheet metal and its size is 30cmx30cm. To avoid the
internal reflection flat foam absorber is used. The material
of foam is soft polyurethane. This sample is prepared with
soft polyurethane and graphite (30%). This mixture is
poured in die and it is kept in oven and heated up to 65°C.
The soft polyurethane foam is prepared with density of ~ 65
kg/m3. The thickness of foam absorber is 18mm. As
graphite is used in sample, it has property to absorb electric
energy into it[12]. All the sides of case are packed with the
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flat foam absorber. The adjustable stand is used to keep fruit
in the vicinity of far field of antenna.

(b)

Fig. 3: Testing enclosure (a) and chemically treated soft
polyurethane structure (b)

To understand the internal condition of an apple, a turn
table is prepared and one receiving microstrip antenna
has been used during the experimentation. Every sample
is marked with 4 sections and rotated during testing.
Diring the experimentation two variety of an apple has
been taken as Red Delicious & Joly Red. The sample size
decided here is three for different maturity condition after
harvesting.

The source of microwave signal and the reciever system
has connected to an antenna which are attached inside the
enclosure for the purpose of quality testing of an apple.
The setup is shown in the Fig. 4(a). The samples of two
varieties of an apple is considered and is shown in Fig.
4(b).

Partially Prtially Ripen
Rotten Samples of
Samples Jolly Red
Apples
(b)

Fig. 4: (a) Microwave source and enclosure with
antenna, (b) Samples of Apple used for experimentation

3. Results and Discussions

Simulation results for transmitting and receiving
microstrip patch antenna:

As shown in Fig. 5; the S11 (Return Loss) of the simulated
transmitting antenna is -23.84 dB and receiving antenna is -
15.72 dB at 2.45GHz. The VSWR of the designed antenna
is observed as 1.14 and 1.39 respectively.

0
-5
=10
=
.15
—
»n
=204
25 (2.45, -23.84)
=30 T T T r T T T
1.6 1.8 2.0 2.2 24 2.6 2.8 3.0
Frequency(GHz)
(@)
0
54
a-lo 1
)
=t
-
w154
(2.45,-15.72)
=20
-25

1.6 1.8 2.0 2.2 24 2.6 2.8 3.0
Frequency(GHz)

(b)

Fig. 5: Plot of S11 for designed Transmitter (a) and
receiver (b) antenna.

International Journal of Intelligent Systems and Applications in Engineering

IJISAE, 2024, 12(3s), 666 671 | 668



Radiation Pattern 1

o
T T T

-

(@)

Radiation Pattern 1
0

(b)

Fig. 6: Polar plot of the radiation pattern of (a) transmitter
and (b) receiver antenna.

As the designed antenna has to transmit microwaves power
through the fruit, the expected radiation pattern of an
antenna needs to be directive. Fig. 6. Showing the radiation
pattern of designed antenna.

Testing of the developed antenna on VNA

The R&S- ZVL-VNA (9KHz to 13.6GHz) used to verify the
results of developed antenna at 2.45 GHz. The S11 of the
transmitter and receiver antenna is measured and testing set-
up is shown in Fig. 7. The measured S11 of transmitter
antenna is -24.98 dB and the receiving antenna is -12.65dB.

(b)

Fig. 7: Testing of an antenna on VNA (a) transmitter & (b)
receiver

The Received power at different maturity levels of an apple
after harvesting has been measured using above setup and
the observation is shown in the Table 2.

Table 2: Dielectric constant & loss factor of an apple
along with received power through an apple.

. Received
Duration
of apple power
through
after an apple
harvestin
e ¢ | B
Premature 50.4 8.9 -23.02
2 weeks 50.4 9.4 -23.91
4 weeks 51.6 9.6 -24.14
6 weeks 52.2 9.5 -24.88
8 weeks 53.6 9.6 -25.24

The experimental result of proposed system is given in
Table 3. It has been reported that the received power is
reducing when observed after an apple samples. The
observed mean value of the received power is used to
evaluate the quality of an apple. The experimental
observation indicates that, when an apple is at premature
and mature stage; its dielectric constants as well as
absorption of microwave power is increasing. Hence
received power is reduced.

Fig. 8: Partially and highly rotten apple sample verified
after testing.

From the experimental observations, an apple with partial
rotten and highly rotten condition of an apple is determined.
When an apple is partially rotten and highly rotten, the
absorption in the apple is increased. The received power
observed for this condition is in the range of -27.90 dB to -
28.8 dB and for premature to mature it is -23.63dB to -25.05
dB. Fig. 8 shows the verified result of partially and highly
rotten samples of an apple.

4. Conclusion

The conventional quality evaluation method considers
exterior part of the fruit and it excludes interior part thus a
non-invasive quality evaluation is necessary. The result of
S11 of the developed transmitter and receiver antenna are -

International Journal of Intelligent Systems and Applications in Engineering

IJISAE, 2024, 12(3s), 666 671 | 669



24.98 dB, -12.65dB and the VSWR are 1.11, and 1.6
respectively. The variation in the result of simulation and
developed antenna is due to material and precision in
manufacturing process. The range of good condition and
rotten condition apple has been recorded. The predicted
result of the partially rotten apples is verified. If the range
of S11 is -27.90 dB to -28.8 dB, then the apple is partially
to highly rotten in condition and when the range of S11 is -
23.63dB to -25.05 dB, an apple is in good condition. The
observed efficiency of the proposed technique is 80-90%.
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Table 3: Experimental results at different condition of an apples

Marked Received power through an apple (dB)
co/:(;)iFt)ilsns sec::;;\nand Red Delicious Joly Red
R1 R2 R3 J1 J2 J3
Section 1 -23.2 -24 -23.8 -25.1 -24 -24.1
Section 2 -23.55 -23.2 -23.8 -24.8 -23.9 -24.8
Premature Section 3 -24 -24.5 -24 -24.8 -24.4 -23.8
Section 4 -23.5 -23.1 -23.7 -25.8 -25.1 -24.1
Average -23.56 -23.7 -23.82 -25.12 -24.35 -24.2
Mean -23.69 -24.55
Section 1 -25 -24.9 -24.9 -25.1 -25.2 -24.2
Section 2 -25.1 -25.5 -24.2 -25.4 -24.7 -26.8
Mature Section 3 -24.3 -24.1 -25.5 -24.1 -25.2 -24.7
Section 4 -24.5 -25.8 -24.4 -25.4 -24.8 -25.1
Average -24.72 -25.07 -24.75 -25 -24.97 -25.2
Mean -24.85 -25.05
Section 1 -27.1 -27.3 -28.7 -26.9 -27.33 -26.8
Mature but Section 2 -28.3 -28.8 -27.8 -26.6 -27.8 -26.45
partially o ion3 | 265 | -284 -26.9 271 | 2745 | -2751
rotten
internally Section 4 -28.6 -28.2 -28.3 -27.7 -27.68 -27.99
Average -27.62 -28.17 -27.92 -27.07 -27.56 -27.18
Mean -27.90 -27.27
Section 1 -28.32 -27.9 -28.95 -29.5 -29.6 -28.9
Section 2 -28.8 -29.18 -28.6 -28.6 -28.9 -28.84
Highly Section 3 -29.6 -29 -28 -28.33 -288 | -29.21
Rotten Section 4 -28.71 -28.4 -28.8 -29.4 -27.96 | -27.69
Average -28.85 -28.62 -28.58 -28.95 -28.81 -28.66
Mean -28.68 -28.81
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