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ABSTRAK

Terdapat pelbagai cara untuk menentukan tahap kematangan sesuatu buah, tetapi
kebanyakan cara ini akan merosakkan buah tersebut, misalnya seperti memicit buah itu
atau mengambil jus buah untuk membuat ujian kimia. Tujuan projek ini ialah untuk
merekabentuk satu alat yang dapat menentukan tahap kematangan buah tanpa
merosakkan buah itu. Projek ini adalah sebahagian daripada kajian yang berterusan di
USM. Dalam projek tahun ini, gelombang mikro akan digunakan untuk menentukan
tahap kematangan buah. Dua antena heliks ragam paksi akan digunakan, satu sebagai
pemancar, dan yang satu lagi sebagai penerima. Antena pemancar akan memancarkan
gelombang mikro ke arah buah yang diuji, dan antena penerima akan menerima
gelombang mikro yang dipantul oleh buah tersebut. Kekuatan gelombang mikro yang
terpantul akan memberi gambaran tentang tahap kematangan buah itu. Ini adalah kerana
buah dengan tahap kematangan yang berbeza mempunyai komposisi kimia (komposisi
dalaman) yang berbeza, dan pantulan gelombang mikro akan bergantung kepada
komposisi kimia buah. Oleh itu, adalah dijangka bahawa buah dengan tahap
kematangan yang berbeza akan memantulkan gelombang mikro dengan kekuatan yang
berbeza. Kekuatan gelombang mikro terpantul itu turut disampel pada ketika-ketika
yang berbeza dengan menggunakan penukar analog-ke-digital (ADC). Penyampelan
perlu dilakukan untuk memperolehi sambutan transien gelombang mikro yang terpantul.
Corak sambutan transien gelombang mikro yang terpantul juga dapat memberi
maklumat tentang tahap kematangan buah kerana, buah dengan tahap kematangan yang
berbeza akan memantulkan gelombang mikro dengan corak sambutan transien yang
berbeza. Buah pisang digunakan dalam projek ini. Dua tahap kematangan buah pisang
akan diuji, iaitu tahap masak dan belum masak. Keputusan yang diperoleh daripada
kajian dianalisis untuk menentukan tahap kematangan buah pisang. Terdapat perbezaan
diantara keputusan yang diperoleh daripada pisang masak dan belum masak, oleh itu,
konsep menentukan tahap kematangan buah dengan menggunakan pantulan gelombang

mikro adalah munasababh.



ABSTRACT

There exists many ways to detect the ripeness of a fruit, but most of the time
these methods are destructive, like for example, pressing the fruit or extracting the juice
for chemical tests. The aim of this project is to develop a method to detect the degree of
ripeness of a fruit without destroying it. This project is part of an ongoing effort carried
out in USM. In this year's project, microwave signal will be used to detect the degree of
ripeness of the fruit. Two axial mode helical antennas are used, one as the transmitter,
and the other as the receiver. The transmitter will radiate the microwave signal towards
the fruit, and the receiver will pick up the microwave signal that is reflected from the
fruit. The strength of the reflected microwave signal will show how ripe the fruit is.
This is because fruits with different degree of ripeness have different chemical (internal)
composition and the reflection of microwave signal will depend on the chemical
composition. So, it is expected that fruits with different degree of ripeness will reflect
microwaves with different strength. The strength of the reflected microwave signal is
also sampled at different instances using analogue-to-digital converters. Sampling is
needed to obtain the transient response of the reflected microwave signal. The transient
response pattern could also give information about the degree of fruit ripeness because,
fruits with different degree of ripeness will reflect microwave signal with different
transient response pattern. Bananas are used in this project. Two levels of banana
ripeness is tested, ripe and unripe. The results obtained are analysed to determine the
degree of ripeness of the bananas. The results do show some difference between ripe
and unripe bananas, therefore the concept of using microwave reflection to detect the
degree of fruit ripeness is feasible.
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CHAPTER 1: INTRODUCTION

Generally, the ripeness of a fruit is determined by looking at its colour or by
pressing it with our fingers. The colour and the softness or hardness of the fruit will tell
the user whether the fruit is ripe or not, and the degree of the ripeness — how ripe or
unripe it is. However, sometimes the method mentioned above will not give an accurate
answer of the degree of the ripeness of the fruit. Moreover, by pressing the fruit , the
user might damage it. Also, for fruits that have a hard covering, for example durians ,
the user has got to pry open the fruit to find out whether it is ripe. If it is not ripe

enough, then the fruit is spoiled because it is opened before it is ripe enough to be eaten.

There are also scientific methods to determine the degree of ripeness of a fruit.
Many of these methods use chemical tests, compression tests and hardness tests. These
methods provide an accurate answer of the degree of ripeness of the fruit but the fruit
will be spoiled because its juice needs to be extracted, the fruit needs to be compressed
or hit at when conducting the tests.

Therefore, due to the destructive nature of these tests, the need arose for a non-

destructive yet accurate scientific method to determine the degree of ripeness of a fruit.

The purpose of this project is to create a system which will be able to detect
whether the fruit under test is ripe or not, and also the degree of the ripeness, without
destroying the fruit. Projects with this same purpose had already been done during
previous years by USM students using horn antenna, normal mode helical antenna, and
capacitance together with neural networks. However, my project this year is different
because it will utilize the axial mode helical antenna together with a circuit comprising
of eight ADCs (analog to digital converter). One axial mode helical antenna will be the
transmitting antenna, while the second one will be the receiving antenna. Therefore, this
project will make use of the microwave signal that is reflected from the fruit, unlike the
projects of previous years that utilize microwave signal that penetrates through the fruit,
to find out about the fruit ripeness. The strength of the received microwave signal that is
received by the receiving antenna will be sampled by the ADCs at eight different
instances. The sampled data will provide the information about the degree of ripeness of



the tested fruit. Fruits with different degree of ripeness have different chemical
(internal) composition, so it is expected that fruits with different degree of ripeness will
reflect microwave signal with different intensity and strength, and also produce different

transient response patterns.

Therefore, this project will provide users with a way to determine the degree of
ripeness of a fruit without destroying the fruit. This undestructive method of testing
would be useful to the farmers to help them determine the degree of ripeness of the fruit

so that they will know when to pluck and sell the fruits.

11 PROJECT OBJECTIVE

The objective of this project is to:

1) Create a system which will be able to detect whether the fruit under test is ripe
or not, and also the degree of the ripeness, without destroying the fruit.

2) Apply microwave propagation concept in detecting the degree of ripeness of a
fruit.

3) Obtain the transient response of the microwave signal received by the receiving

antenna by sampling. ADCs are used to do the sampling.

1.2 PROJECT SCOPE

This project involves the use of two axial mode helical antennas. The first
antenna functions as the transmitting antenna to radiate the microwave signal towards
the fruit. The second antenna functions as the receiving antenna which will pick up the
microwave signal that is reflected back from the fruit. The receiving antenna is the data
collecting device. A circuit consisting of eight ADCs is designed and implemented to
sample the amplitude of the microwave signal that is reflected back from the fruit at
eight different instances. The reason for sampling at eight different instances is to obtain
the transient response of the strength of the reflected microwave received by the
receiving antenna. This is based on the concept that fruits with different degree of

ripeness would reflect microwave signal with different transient responses as well as



strength. The sampled data is obtained from the output of the ADCs. The output is eight
bits and displayed by eight LEDs (light emmiting diodes). The transient response
pattern as well as strength of the microwave signal received by the receiving antenna

will give a picture of how ripe or unripe the fruit is.

1.3 REPORT GUIDE

This project began by collecting all the related information to design and
implement the hardware system that is needed to test the fruit to determine the degree of
its ripeness. After obtaining the relevent information, the design of the hardware is

begun.

Firstly, a circuit which could act as a microwave switch is designed. This circuit
will be referred to in this text as the microwave switching circuit. This microwave switch
is needed because the ADCs must start sampling at the same instance when the
transmitting antenna starts to radiate the microwave signal towards the fruit. So, this
microwave switch will cause the microwave signal to start radiating towards the fruit

and at the same time trigger the ADCs to do sampling.

Next, a microwave detector circuit is designed. This circuit is needed to convert
the received microwave signal power that is reflected back from the fruit into a DC
(direct current) voltage. The received microwave signal power needs to be converted

into a DC voltage so that it could be input to the ADCs to be sampled.

Then, a circuit comprising of eight ADCs is designed. This circuit will be
referred to in this text as the sampling circuit. The ADCs will each sample the amplitude
of the received microwave signal at eight different instances to get the transient
response. The sampled data will give the result of the degree of ripeness of the fruit

under test.

The schematics and layouts of all the circuits are created using the OrCad

software.



Two axial mode helical antennas are also designed. One antenna will be the
transmitting antenna to transmit the microwave signal towards the fruit, while the other
antenna will be the receiving antenna to receive the microwave signal that is reflected
from the fruit. The antennas are designed to operate at 1 GHz. 1 GHz is chosen to be the

frequency to test the fruit.

After all the necessary hardware is designed, build and able to work properly,
the fruit is tested. Bananas are chosen as the test subject. The data that are collected in

this project are :

1) The strength of the microwave signal that is reflected from the banana and
received by the receiving antenna

2) The transient response of the reflected microwave signal.

Two groups of bananas are tested, that is ripe (yellow) and unripe (green). After
gathering the data from the ripe and unripe bananas, the data are analysed to see
whether there is a difference between the data obtained from the ripe bananas and the

unripe bananas.



CHAPTER 2 : LITERATURE REVIEW

This chapter contains the theory behind all the hardware design in this project. It
contains the specification of the axial mode helical antenna design, the function and
operation of the components used, as well as the circuitry that is needed to make the

entire fruit testing system function.

21 THE AXIAL MODE HELICAL ANTENNA

There are two modes of operation for the helical antenna, that is, normal mode

and axial mode.

In the normal mode of operation, the maximum field radiated by the antenna is

in the plane that is normal to the helix axis, as shown in Figure 2.1.

Figure2.1 : The normal mode helical antenna

(www.ece.tufts.edu/en/61/Labl_antenna.pdf)



In the axial mode of operation, there is only one major lobe and the maximum

radiation intensity is along the axis of the helix, as shown in Figure 2.2. The minor lobes

are at oblique angles to the axis.

Figure2.2 : The axial mode helical antenna

(www.ece.tufts.edu/en/61/Labl_antenna.pdf)

The design specification for the axial mode helical antenna is as follows:
0.751L < C < 1.3333A
S=Al4
N>3
o =tan™ (S/C)
where C : circumference of the helix
A : operating wavelength of the helical antenna
S : spacing between the turns of the helix
N : number of turns
o : pitch angle
Total length of wire for the entire helix =N x Lo
where Lo=V(S2+C?

= length of wire between each turn

(2.1)
(2.2)
(2.3)
(2.4)

(2.5)
(2.6)



The impedance at the terminal of the axial mode helical antenna is :
Z =140 (C/¥) (2.7)

(www.ece.tufts.edu/en/61/Labl_antenna.pdf)

Figure 2.3 shows the design parameters of the axial mode helical antenna.

ground plane
or reflector

o .'=|

Figure 2.3 : The design parameters of the axial mode helical antenna
(wwwe.ece.tufts.edu/en/61/Labl_antenna.pdf)

The pitch angle, o , is the angle formed by a line tangent to the helix wire and a
plane perpendicular to the helix axis. o must be between 12° and 14°

(www.ece.tufts.edu/en/61/Labl_antenna.pdf).

When o = 0°, then the winding is flattened and the helix is reduced to a loop
antenna of N turns. When o = 90°, the the helix reduces to a linear wire. Varying the
dimensions listed above can control the output of the antenna. The input impedance of
the antenna is generally dependent upon the pitch angle and the size of the conducting
wire near the feed point to the transmission line

(www.ece.tufts.edu/en/61/Labl_antenna.pdf).



2.2  SILICON PIN DIODE

The pin diode consists of heavily doped p and n regions separated by an
intrinsic, i region, as shown in Figure 2.4 . When reversed biased, the PIN diode acts
like a nearly constant capacitance. When forward biased, it acts like a current-controlled
variable resistance. The low forward resistance of the intrinsic region decreases with

increasing current.

AP

Anode Cathode

Figure 2.4 : Silicon PIN diode stucture and symbol

The PIN diode is used as a dc-controlled microwave switch operated by rapid
changes in bias or as a modulating device that takes advantage of the variable forward
resistance characteristic. Since no rectification occurs at the pn junction, a high
frequency signal can be modulated (varied) by a lower frequency bias variation
(Thomas L. Floyd, 2002).

The silicon PIN diode used in this project is the BA 885 surface mount device
(SMD). This silicon PIN diode can work in the frequency range of 1 MHz to 2 GHz.

23 SCHOTTKY DIODE

Schottky diodes are used in high frequency and fast switching applications.
Another name for Schottky diode is hot-carrier diode. Figure 2.5 shows the symbol and
structure for a Schottky diode. A Schottky diode is formed by joining a doped
semiconductor region (usually the n-type) with a metal such as gold, silver or platinum.

So, instead of a pn junction, there is a metal-to-semiconductor junction.



metal-siicon
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— T region / region
A |
Cathode | Anode
— L ———

Figure 2.5 : Symbol and structure of a Schottky diode.

The Schottky diode operates only with majority carriers. There are no minority
carriers and thus no reverse leakage current as in other types of diodes. The metal region
is heavily occupied with conduction-band electrons, and the n-type semiconductor
region is lightly doped. When forward biased, the higher-energy electrons in the n
region are injected into the metal region where they give up their excess energy very
rapidly. Since there are no minority carriers, there is a very rapid response to change in
bias. The Schottky diode is a very fast-switching diode, and most of its applications
make use of this property. It can be used in high-frequency applications and in many

digital circuits to decrease switching times (Thomas L. Floyd, 2002).

The Schottky diode is also used as a microwave detector. A microwave detector

will convert a microwave signal into a DC voltage.

The Schottky diode used in this project is the HSMS-2850 manufactured by
Agilent Technologies. It could be used optimally at frequencies below 1.5 GHz with
input power level lower than -20 dBm. Figure 2.6 shows the output voltage versus
input power graph of the HSMS-2850 Schottky diode.



10000

I
R, =100 Ko

1000 —

100

=
=

VOLTAGE OUT mV)

5.8 GHz
I

DICDES TESTED IM FIXED-TUNED

FR4 MI':‘iH':'STHIFI" 'EIRI:-UI'I'S.

50 -40 20 20 -0 0

POWER IN (dBm)
Figure 2.6 : +25°C Output Voltage vs. Input Power, HSMS-2850 at Zero Bias

(Agilent Technologies Surface Mount Microwave Schottky Detector Diodes
Data Sheet)

According to the graph, at 915 MHz, if the microwave signal input power to the
Schottky diode is -30 dBm, the output DC voltage will be about 30 mV.

2.4 555 INTEGRATED CIRCUIT TIMER

The 555 timer is an integrated circuit used in many applications. It basically
consists of two comparators, flip-flop, a discharge transistor and a resistive voltage
divider, as shown in Figure 2.7. The flip-flop is a two-state device whose output can be
either at a high level, (set, S) or a low level, (reset, R). The state of the output can be

changed with proper input signals.

10
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Figure 2.7 : The internal diagram of the 555 timer integrated circuit

The resistive voltage divider is used to set the voltage comparator levels. All
three resistors are of equal value, therefore, the upper comparator has a reference of 2/3
Ve and the lower comparator has a reference of 1/3 Vcc. The comparators' outputs
control the state of the flip-flop. When the trigger voltage goes below 1/3 V¢, the flip-
flops sets and the output jumps to its high level. The threshold input is normally
connected to an external RC timing circuit. When the external capacitor voltage exceeds
2/3 V¢, the upper comparator resets the flip-flop, which in turn switches the output
back to its low level. When the device output is low, the discharge transistor (Qq) is
turned on and provides a path for rapid discharge of the external timing capacitor. This

basic operation allows the timer to be configured with external components to operate as

a monostable (one-shot), an astable (oscillatory), or a time-delay element (Thomas L.

Floyd, 2002).

11




The 555 integrated circuit chip used in this project is the Texas Instruments
NES555. Two 555 timer integrated circuits are used in this project, one as a monostable

and the other as an astable.

241 555 TIMER IN THE MONOSTABLE MODE

(7) E -
Discharge P > Ei_miei ______ —
O ]

— |
|
Control | SR cotnparator '
oltage () [ |
o } + I
e | - = :
Threshold L c: ' |
|
(5) _| | ;R Flip-flop Output [ o
N I : Cutput
+
Trj_ggero : W I {3)
(2 i Cotmparator |
| <k |
| I
I L |
(- ___ S —
o4
Eeset

Figure 2.8 : 555 timer configured to operate in the monostable mode
(NE555 and NE556 applications, Philips Semiconductors application note, 1988)

Figure 2.8 shows the 555 timer configured to operate in the monostable mode. It

requires an external resistor and capacitor.

The operation as a monostable starts when a voltage below 1/3 V¢ is sensed by
the trigger comparator. The trigger is usually applied in the form of a short negative-
going pulse. On the negative-going edge of the pulse, the device triggers, the output
goes high and the discharge transistor turns off. Prior to the input pulse, the discharge
transistor is on, shorting the timing capacitor to ground. At this point, the timing

capacitor, C, starts charging through the timing resistor, R. The voltage on the capacitor

12



increases exponentially with a time constant T = RC. The capacitor will reach 2/3 V¢
in 1.1 time constant or

T=11RC (2.8)
where T is in seconds, R in ohms and C in Farads.

This voltage level trips the threshold comparator, which will drive the output
low and turn on the discharge transistor. The transistor discharges the capacitor rapidly.
The timer has now completed its cycle and will await another trigger pulse (NE555 and

NES556 applications, Philips Semiconductors application note, 1988).

24.2 555 TIMER IN THE ASTABLE MODE

Figure 2.9 shows the 555 timer configured to operate in the astable mode. It

requires two external resistors and one external capacitor.

vCC
78
(7] E -
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o - f |

|
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|

|

I

|

|

|

|
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[:: —
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Figure 2.9 : The 555 timer configured to operate in the astable mode

(NE555 and NE5S56 applications, Philips Semiconductors application note, 1988)
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For the astable mode, the trigger is tied to the threshold pin. At power-up, the
capacitor is discharged, holding the trigger low. This triggers the 555 timer, which
establishes the capacitor charge path through Ra and Rg. When the capacitor reaches
the threshold level of 2/3 V¢, the output drops low and the discharge transistor turns

on.

The timing capacitor now discharges through Rg. When the capacitor voltage
drops to 1/3 V¢, the trigger comparator trips, automatically retriggering the 555 timer,

creating an oscillator whose frequency is given by :

_ 149
(R, + 2R})C

(2.9

Selecting the ratios of R and Rg varies the duty cycle accordingly (NE555 and NE556
applications, Philips Semiconductors application note, 1988).

25 ANALOGUE-TO-DIGITAL CONVERTER (ADC)

The function of an analogue-to-digital converter (ADC) is to measure an
analogue input signal and provide a quantized representation of the signal in the form of
a digital output code. The ADC is considered as an encoding device that translates
between the analogue signal and the digital word. Figure 2.10 shows the block diagram
of an ADC.

VEEF
Start - — —  —p] L i
COnversion I
b
Andogo—  ADC )
nput g -
Conversion
complete

Figure 2.10 : The block diagram of an ADC.
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The analogue-to-digital converter (ADC) accepts an analogue input signal and
produces a digital output code that corresponds to some characteristics of the input
signal. Often, this characteristic is the magnitude of the input signal at the time of
conversion. The range of the input signal is typically divided into some number of equal
quantum intervals. These levels are numbered consecutively. The output of the ADC is
a coded equivalent of this level number. Among the several types of ADC are the
parallel or flash converter, the sucessive approximation converter, and the ramp

converter (David J. Comer and Donald T. Comer, 2003).

The flash ADC is used in this project. The flash ADC has the fastest conversion
speed compared to conventional ADCs.

The flash method of analogue-to-digital conversion uses parallel comparators to
compare the linear input signal with various reference voltages developed by a voltage
divider. When the input voltage exceeds the reference voltage for a given comparator, a
high level is produced on that comparator's output. To illustrate this, consider a flash
ADC as in Figure 2.11 that produces three-digit binary numbers on its output, which
represent the values of the analogue input voltage as it changes. This comparator
requires seven comparators. In general, 2" — 1 comparators are required for conversion
to an n-digit binary number. The large number of comparators neccessary for a
resonably sized binary number is one of the drawbacks of the flash ADC. Its chief

advantage is that it has a high conversion speed.

The reference voltage for each comparator is set by the resistive voltage-divider
circuit and Vger. The output of each comparator is connected to an input of the priority
encoder. The priority encoder is a digital device that produces a binary number on its

output representing the highest value input.
The encoder samples its input when a pulse occurs on the enable line (sampling

pulse), and a three-digit binary number propotional to the value of the analogue input

signal appears on the encoder's outputs.
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The sampling rate determines the accuracy with which the sequence of binary
numbers represents the changing input signal. The more samples taken in a given unit of
time, the more accurately the analogue signal is represented in digital form (Thomas L.
Floyd, 2002).
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Figure 2.11 : Internal diagram of a flash ADC.

The ADC used in this project is the AD7822 manufactured by Analog Devices.
The AD7822 is an 8-bit half-flash ADC with 420 ns conversion time. The on-chip
reference is 2.5 V. Figure 2.12 shows the AD7822 chip and the pins. DBO to DB7 are
the data output lines which will give the sampled data as an eight-bit binary number. To



enable the ADC to start analogue-to-digital conversion (sampling), the CONVST must
have a logic 0 (LOW) input. Both the RD and the CS must be given a logic 0 (LOW)
input when the user wants to read the eight-bit output data.
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Figure 2.12 : AD7822 chip and the pins

26 DEMULTIPLEXER

DATA .

input

SELECT mput

Figure 2.13 : The functional diagram for a digital demultiplexer

A demultiplexer (demux) takes a single input and distributes it over several
outputs. Figure 2.13 shows the functional diagram for a digital demultiplexer. The select
input code will determine to which output the DATA input will be transmitted. The
demultiplexer takes one input data source and selectively distributes it to 1 of N output
channels just like a multiposition switch (R. J. Tocci and N. S. Widmer, 2001).

17



The demultiplexers used in this project is the MC14051B manufactured by
Motorola. Figure 2.14 shows the pins of the MC14051B. Pins C, B and A are the select
input code pins. The C, B, and A input code will determine to which output (X0 until
X7) the data input at pin X will be transmitted. For example, if the C, B, and A input
codeisC=1,B=1and A=0, (whichis 110, that is 6 in decimal), the data input at pin
X will be transmitted to the output pin X6. In this project, the data input at pin X is
always zero (LOW) because pin X is connected to ground. Therefore, any output (X0
until X7) that is selected by the C, B, and A input code will be LOW. The output (X0
until X7) must be LOW because the output are connected to the CONVST , RD and CS
pins of the analog-to-digital converters (ADCs) which need to be logic LOW to do

conversion and read.
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Figure 2.14 : The pins of the MC14051B
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2.7 J-KFLIP-FLOP

—— ] oF—e
o—CIK
— x Q—e

Figure 2.15 : Clocked J-K flip-flop

The J-K FF is the most widely used FF because of its versatility. Figure 2.15
shows a clocked J-K flip-flop that is triggered by the positive-going edge of the clock
signal. The J and K inputs control the state of the FF. The truth table in Table 2.1
summarizes how the J-K flip-flop responds to the the positive-going edge of the clock
for each combination of J and K (R. J. Tocci and N. S. Widmer, 2001).

Table 2.1 : Truth table for J-K flip-flop

7 | K |CLK Q
0 0 4 Qo (no change)
1| o | # 1

0 1 T 0

1 1 T Qo (toggles)

The J-K flip-flop used in this project is the MC14027B manufactured by Motorola.
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CHAPTER 3 : PROJECT HARDWARE AND PROCEDURE

This chapter explains about the hardware design and implementation and how
the project is being carried out.

3.1 PROJECT OVERVIEW

This section gives a brief summary of the whole system which is designed and
created in this project.
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Figure 3.1 : System to detect the degree of ripeness of fruit

Figure 3.1 shows the system which is created in this project. Except for the
signal generator and spectrum analyser which are provided in the lab, the other devices

and circuits shown in Figure 3.1 are designed and build as part of this project.

The signal generator is the microwave signal source. The microwave signal will
be able to pass through from the signal generator to the transmitting helical antenna

when the microwave switching circuit is ON because the PIN diode is conducting.
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Microwave signal will radiate to the fruit. When the microwave switching circuit is
OFF, microwave signal will not radiate because the PIN diode is not conducting. The

ADCs will also start sampling when the microwave switching circuit is ON.

The transmitting helical antenna will radiate microwave signal towards the fruit
when the microwave switching circuit is ON. Microwave signal that hits the fruit will
be reflected from the fruit. The receiving helical antenna will pick up the microwave
signal that is reflected from the fruit.

The reflected microwave signal will be input to the microwave detector circuit.
The Schottky diode in this circuit will rectify the reflected microwave signal and
convert it to DC voltage. The DC voltage is then input to the ADCs in the sampling
circuit. The 8 ADCs, one at a time, will sample the input DC voltage. This is to get the
transient response. The sampled input DC voltage will be output from the ADCs as an

eight bit binary number (digital form).

3.2 MICROWAVE SWITCHING CIRCUIT

A circuit which could act as a microwave switch is designed. This microwave
switch is needed because the ADCs must start sampling at exactly the same instance
when the transmitting antenna starts to radiate the microwave signal towards the fruit.
So, this microwave switch will cause the microwave signal to start radiating towards the

fruit and at the same time trigger the ADCs to do sampling.

The ADCs must start sampling at the same instance when the transmitting
antenna starts to radiate the microwave signal towards the fruit so that, the transient
response of the microwave signal that is reflected from the fruit and picked up by the
receiving antenna could be obtained. The transient response needs to be obtained
because it is assumed that the microwave signal will penetrate deeper into the fruit as
time goes by, and so the strength of the reflected microwave signal may be different at
different instances. For example, during the first microsecond that the microwave signal
hits the fruit, the microwave may only penetrate the skin before it gets reflected back to

the receiving antenna. But at the second or third microsecond, the microwave signal
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may penetrate into the flesh of the fruit before getting reflected back. Finally, at the fifth
or sixth microsecond, the microwave signal may have reached into the core of the fruit
before it is reflected back to the receiving antenna. So, the strength of the microwave
signal that is picked up by the receiving antenna may vary as the transmitted microwave
signal penetrates deeper into the fruit before it is reflected back. However, the strength
of the reflected microwave signal may reach a steady state as well when the strength
stays constant as time goes by. The aim of this project is to obtain the transient response
of the reflected microwave signal.

The reader might wonder why the sampling must start at the same instance when
the transmitting antenna starts to radiate the microwave signal instead of at the instance
when the reflected microwave signal first hits the receiving antenna. Logically thinking,
the reflected microwave signal will only reach the receiving antenna after a short time
after the transmitting antenna start radiating the microwave signal. But in practical, the
microwave signal propagates at a very high speed, 3 x 10® meters per second. Therefore,
the receiving antenna will be able to pick up the microwave signal that is reflected from
the fruit at almost the identical instance at which the transmitting antenna starts to
radiate the microwave signal towards the fruit.

Figure 3.2 shows the schematic of the microwave switching circuit. When the
"ON MICROWAVE" switch is closed, current will flow into the base of transistor Q11
and transistor Q11 will turn on. Current will flow from the 5V supply into transistor
Q10 and Q11. Current will also flow through the two back-to-back PIN diodes, D2 and
D4. Current will flow as shown by the arrows. The ON LED will light up to indicate
that the microwave switching circuit is ON.

The PIN diodes, D2 and D4, are used as microwave switches. The PIN diodes
used are the BA 885 silicon PIN diode with a frequency range of 1 MHz to 2 GHz.
When current flows through them, D2 and D4 will become almost short-circuit to
microwave. So, microwave will flow from the signal generator, through capacitor C2,
PIN diodes D2 and D4, and capacitor C4, and to the transmitting antenna. Microwave
signal can flow through PIN diode D2 eventhough the forward bias direction of the

diode is opposite to the direction of microwave signal flow. The reason for using two

22



PIN diodes instead of only one is to create more resistance towards microwave signal
when the microwave switching circuit is OFF (microwave signal not supposed to flow
through from signal generator to the transmitting antenna). When the "ON
MICROWAVE" switch is closed, the eight ADCs will also start sampling.

When the "ON MICROWAVE" switch is open, microwave will not flow

through from signal generator to the transmitting antenna.

The resistors R2, R3 and R4 and inductors L2, L3 and L4 are radio frequency
(RF) chokes. The RF chokes are needed so that the microwave signal will flow from C2
to D2, D4 and C4 and out to the antenna, instead of flowing away to other parts of the
circuit. Capacitor C10 is needed to stabilize the supply voltage, which means that if the
supply voltage were to dip down at any time, the capacitor which has stored-up charge,

will supply the voltage that is needed.
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	Figure 2.5 : Symbol and structure of a Schottky diode.
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	Figure 2.6 : +25(C Output Voltage vs. Input Power, HSMS-2850 at Zero Bias
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	Figure 2.7 : The internal diagram of the 555 timer integrated circuit
	The resistive voltage divider is used to set the voltage comparator levels. All three resistors are of equal value, therefore, the upper comparator has a reference of 2/3 VRCCR and the lower comparator has a reference of 1/3 VRCCR. The comparators' ou...
	The 555 integrated circuit chip used in this project is the Texas Instruments NE555. Two 555 timer integrated circuits are used in this project, one as a monostable and the other as an astable.
	2.4.1 555 TIMER IN THE MONOSTABLE MODE
	Figure 2.8 : 555 timer configured to operate in the monostable mode
	(NE555 and NE556 applications, Philips Semiconductors application note, 1988)
	Figure 2.8 shows the 555 timer configured to operate in the monostable mode. It requires an external resistor and capacitor.
	The operation as a monostable starts when a voltage below 1/3 VRCCR is sensed by the trigger comparator. The trigger is usually applied in the form of a short negative-going pulse. On the negative-going edge of the pulse, the device triggers, the outp...
	T = 1.1 RC          (2.8)
	where T is in seconds, R in ohms and C in Farads.
	This voltage level trips the threshold comparator, which will drive the output low and turn on the discharge transistor. The transistor discharges the capacitor rapidly. The timer has now completed its cycle and will await another trigger pulse (NE555...
	2.4.2 555 TIMER IN THE ASTABLE MODE
	Figure 2.9 shows the 555 timer configured to operate in the astable mode. It requires two external resistors and one external capacitor.
	Figure 2.9 : The 555 timer configured to operate in the astable mode
	(NE555 and NE556 applications, Philips Semiconductors application note, 1988)
	For the astable mode, the trigger is tied to the threshold pin. At power-up, the capacitor is discharged, holding the trigger low. This triggers the 555 timer, which establishes the capacitor charge path through RRAR and RRBR. When the capacitor reac...
	The timing capacitor now discharges through RRBR. When the capacitor voltage drops to 1/3 VRCC R, the trigger comparator trips, automatically retriggering the 555 timer, creating an oscillator whose frequency is given by :
	Selecting the ratios of RRA Rand RRB Rvaries the duty cycle accordingly (NE555 and NE556 applications, Philips Semiconductors application note, 1988).
	2.5 ANALOGUE-TO-DIGITAL CONVERTER (ADC)
	The function of an analogue-to-digital converter (ADC) is to measure an analogue input signal and provide a quantized representation of the signal in the form of a digital output code. The ADC is considered as an encoding device that translates betwee...
	Figure 2.10 : The block diagram of an ADC.
	The analogue-to-digital converter (ADC) accepts an analogue input signal and produces a digital output code that corresponds to some characteristics of the input signal. Often, this characteristic is the magnitude of the input signal at the time of co...
	The flash ADC is used in this project. The flash ADC has the fastest conversion speed compared to conventional ADCs.
	The flash method of analogue-to-digital conversion uses parallel comparators to compare the linear input signal with various reference voltages developed by a voltage divider. When the input voltage exceeds the reference voltage for a given comparator...
	The reference voltage for each comparator is set by the resistive voltage-divider circuit and VRREFR. The output of each comparator is connected to an input of the priority encoder. The priority encoder is a digital device that produces a binary numbe...
	The encoder samples its input when a pulse occurs on the enable line (sampling pulse), and  a three-digit binary number propotional to the value of the analogue input signal appears on the encoder's outputs.
	The sampling rate determines the accuracy with which the sequence of binary numbers represents the changing input signal. The more samples taken in a given unit of time, the more accurately the analogue signal is represented in digital form (Thomas L....
	Figure 2.11 : Internal diagram of a flash ADC.
	The ADC used in this project is the AD7822 manufactured by Analog Devices. The AD7822 is an 8-bit half-flash ADC with 420 ns conversion time. The on-chip reference is 2.5 V. Figure 2.12 shows the AD7822 chip and the pins. DB0 to DB7 are the data outpu...
	Figure 2.12 : AD7822 chip and the pins
	2.6 DEMULTIPLEXER
	Figure 2.13 : The functional diagram for a digital demultiplexer
	A demultiplexer (demux) takes a single input and distributes it over several outputs. Figure 2.13 shows the functional diagram for a digital demultiplexer. The select input code will determine to which output the DATA input will be transmitted. The de...
	Figure 2.15 : Clocked J-K flip-flop
	CHAPTER 3 : PROJECT HARDWARE AND PROCEDURE
	A circuit which could act as a microwave switch is designed. This microwave switch is needed because the ADCs must start sampling at exactly the same instance when the transmitting antenna starts to radiate the microwave signal towards the fruit. So, ...
	The ADCs must start sampling at the same instance when the transmitting antenna starts to radiate the microwave signal towards the fruit so that, the transient response of the  microwave signal that is reflected from the fruit and picked up by the re...
	The reader might wonder why the sampling must start at the same instance when the transmitting antenna starts to radiate the microwave signal instead of at the instance when the reflected microwave signal first hits the receiving antenna. Logically ...
	Figure 3.2 shows the schematic of the microwave switching circuit. When the "ON MICROWAVE" switch is closed, current will flow into the base of transistor Q11 and transistor Q11 will turn on. Current will flow from the 5V supply into transistor Q10 an...
	The PIN diodes, D2 and D4, are used as microwave switches. The PIN diodes used are the BA 885 silicon PIN diode with a frequency range of 1 MHz to 2 GHz. When current flows through them, D2 and D4 will become almost short-circuit to microwave. So, mi...
	When the "ON MICROWAVE" switch is open, microwave will not flow through from signal generator to the transmitting antenna.
	The resistors R2, R3 and R4 and inductors L2, L3 and L4 are radio frequency (RF) chokes. The RF chokes are needed so that the microwave signal will flow from C2 to D2, D4 and C4 and out to the antenna, instead of flowing away to other parts of the ci...
	Figure 3.2 : Schematic diagram of the microwave switching circuit
	Figure 3.3 : Schematic of the microwave detector circuit.
	Figure 3.3  shows the schematic of the microwave detector circuit which was designed and implemented. The function of this microwave detector circuit is to convert (rectify) the input microwave signal power (in dBm)  to a DC voltage. The reflected mic...
	The main component of this microwave detector circuit is the Schottky diode. The Schottky diodes in this circuit will convert input RF (microwave signal) power to output voltage. The Schottky diode used is the HSMS-2850 by Agilent. This Schottky diode...
	Gain = (33 k( + 3.3 k() / 3.3 k( = 11     (3.1)
	The output of the op-amp is fed into the input, VRinR, of each of the eight ADCs.
	This circuit is made out of eight ADCs among other integrated circuit chips. The ADCs will each sample the amplitude of the received microwave signal at eight different instances. The purpose of using ADCs is so that the transient response could be o...
	The first integrated circuit chip 555 timer, U15 operates in the monostable mode. When the START switch is pressed, this will apply a short negative-going pulse to the trigger pin (pin 2) of 555 timer U15. This will make the output of U15 (pin 3) to g...
	Figure 3.5 : Output waveforms of the monostable and astable timers
	Referring to Figure 3.5 above, the time interval when the output of the monostable 555 timer U15 is HIGH is also the total time period of the eight cycles of the output of the astable 555 timer U14. The value of the external resistor, R, for the mono...
	Whenever the output of the astable 555 timer U14 is HIGH, an ADC is triggered to sample the amplitude of the reflected microwave. The HIGH time period for each cycle of the astable 555 timer U14 is set to be longer than 420 ns because that is the con...
	The number of output cycles of U14 during the time interval when the output of the monostable 555 timer U15 is HIGH is fixed at eight cycles because there are eight ADCs. During the HIGH interval of the first cycle of the output of U14, the eighth AD...
	The following explaination will give a more detailed account of how the eight ADCs are triggered one by one to sample the amplitude of the reflected microwave. The output of the astable 555 timer U14 is connected to the clock input, CRBR (pin 13) of ...
	Figure 3.6 : Arrangement of the J-K flip-flops as a three-bit binary down counter
	In Figure 3.6 above, RESET is connected to LOW (ground) and SET is connected to a switch. When the switch is pressed, the Q output of all the three J-K flip-flops will be HIGH. This can be seen in Figure 3.7 where the inputs to DEMUX pins A, B and C ...
	Figure 3.7 shows the input and output signals of the J-K flip-flops and demultiplexer U10.
	Figure 3.7 : Input and output signals of the J-K flip-flops and demultiplexer U10
	Referring to Figure 3.7, CBA is the input of demultiplexer U10. CBA is countdown from 111 to 000, that is, 7 to 0. During the  first cycle of the output of U14, CBA will be 111, and so the output of pin X7 will go LOW. X7 will go LOW because the commo...
	After that, during the  second cycle of the output of U14, CBA will be 110, and so the output of pin X6 will be LOW. The output of pin X6 is fed to the CONVST input (pin 4) of the seventh ADC, U7. Thus, ADC U7 will sample the amplitude of the reflecte...
	Table 3.1 : Summary of sampling operation
	After the eight cycles, the output of monostable 555 timer U15 will go to LOW and so the output of the astable 555 timer U14 will stop oscillating and just remain LOW. The microwave switching circuit will also turn OFF and so the microwave stops radia...
	After the sampling is done, the sampled amplitude of the reflected microwave signal needs to be read and displayed as an eight-bit output by eight light-emiting diodes (LEDs). Another demultiplexer, U9, will select the eight ADCs one by one to so that...
	Table 3.2 : Summary of reading operation
	Each output (X0 to X7) of the demultiplexer U9 are fed to the CS (chip select) and RD (read) inputs of a corresponding ADC, as shown in Figure 3.4 previously.
	When the CS and RD inputs are LOW, the sampled data in the ADC will be output to the parallel ports as an eight-bit output. This eight-bit output is displayed by eight LEDs. Page 5 in Apendix D shows the pin function descriptions of the ADC.
	3.5 THE AXIAL MODE HELICAL ANTENNA DESIGN
	Two axial mode helical antennas are designed to operate at 1GHz. One antenna is the transmitting antenna, the other is the receiving antenna.
	The reason for using the axial mode helical antenna instead of the normal mode is because the axial mode helical antena is directional. The maximum radiation intensity is along the axis of the helix, therefore the radiated microwave signal can be con...
	The following materials are needed to construct the antennas :
	a) Copper wire to form the helix. The diameter of the copper wire is 1 mm.
	b) FR4 PCB as the ground plane and also to form the matching strip to match the end of
	the helix to the 50 ( transmission cable
	c) SMA connector to connect the matching strip to the transmission cable
	d) Cardboard roll having a 33.83 cm circumference to wind the copper wire around
	3.6 PROCEDURE FOR TESTING THE FRUIT RIPENESS
	After all the hardware is designed and build, the hardware is implemented to test the fruit ripeness.
	3.6.1 LAB EQUIPMENTS THAT ARE USED
	Besides the hardware that are designed and implemented, the following lab equipments are also needed in carrying out the testing on the fruits :
	a) Signal generator
	The signal generator is the source of the microwave signal. The operating frequency which will be used to test the fruit ripeness, 1 GHz, is selected and set using the signal generator. The 1 GHz microwave signal is radiated towards the fruit by t...
	b) Spectrum analyzer
	The spectrum analyzer will display the strength of the microwave signal that is picked up by the receiving axial mode helical antenna. The receiving helical antenna is connected to the spectrum analyzer when we want to see the strength of the rec...
	Figure 3.10 : Setup of hardware and lab equipments to test the fruit.
	CHAPTER 4 : RESULTS AND DISCUSSION
	The hardware are tested to see if they function properly and the results of the hardware performance is presented in this chapter, in section 4.1 HARDWARE TEST RESULTS. This chapter also presents the results and analysis of the fruit ripeness test, as...
	4.1 HARDWARE TEST RESULTS
	This section presents the performance results of the analogue-to-digital converters, helical antennas, microwave detector circuit and microwave switching circuit.
	4.1.1 ACCURACY OF ANALOGUE-TO-DIGITAL CONVERTERS.
	The ADCs were tested to check whether they could function properly and produce the correct eight-bit output code that corresponds to the analogue input voltage. Three different input voltages, 2.5V, 1.0V and 0.3V were input to the eight ADCs, and the ...
	Table 4.1 : Output of ADCs when analogue input voltage is 2.5 V
	Table 4.2 : Output of ADCs when analogue input voltage is 1.03 V
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	4.1.2 PERFORMANCE OF THE HELICAL ANTENNAS
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	Figure 4.1 : Setup to test transmission and reception of helical antennas (reflection)
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	However, this does not mean that the antennas show poor performance. It is just that signals are difficult to be reflected back. The antennas can actually transmit and receive quite satisfactorily. If the antennas were arranged as in Figure 4.2 with a...
	Figure 4.2 : Setup to test transmission and reception of helical antennas
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	4.1.3 PERFORMANCE OF THE MICROWAVE SWITCHING CIRCUIT
	The microwave switching circuit is tested to see if it could function properly. The setup is shown in Figure 4.3.
	Figure 4.3 : Setup to test performance of microwave switching circuit
	The input microwave signal level from signal generator is put at -9 dBm. When the microwave switching circuit is OFF, the output signal level seen from the spectrum analyzer is -51.6 dBm. When the microwave switching circuit is ON, the output signal l...
	4.2 DATA COLLECTION OF THE DEGREE OF FRUIT RIPENESS
	The data to be collected is the transient response of the microwave signal that is reflected from the fruit. This transient response is referring to the strength of the reflected microwave during the earliest time when the microwave is first reflecte...
	However, a problem is encountered during the testing. There was no transient response as the sampled data of the eight ADCs were just almost the same. The cause of this problem might be because there are only very small differences in the amplitude o...
	Table 4.5 : Output of ADCs for all four bananas (transient)
	Figure 4.4 shows the transient response pattern of the two ripe bananas and two unripe bananas. The transient response pattern for all four bananas were the same.
	Figure 4.4 : Graph of sampled output voltage versus time
	Several alternatives were taken to try to obtain the transient response of the reflected microwave signal. The orientation of the banana was changed from horizontal to verticle; the distance between the antennas and the banana was adjusted; a whole c...
	Nevertheless, the data are still collected and analysed to see whether there is any difference between the data collected from the ripe banana and the unripe banana. Since there was no transient result, the collected data is only the constant value (...
	The data collected for the ripe and unripe banana were almost the same. So, the data for each banana is collected for the banana in different orientations and the values are averaged. Also, each banana is tested at different transmitted signal levels...
	Table 4.6 : Output voltage for the ripe and unripe bananas in different orientations and tested at different transmitted signal levels.
	Figure 4.5 shows the graph of the output voltage versus the transmitted signal level.
	Figure 4.5 : Graph of the output voltage versus the transmitted signal level.
	However, the output voltage that is obtained from ripe banana number 1 and unripe banana number 1 do not give any clear pattern. At signal level  –8 dBm to signal level  –6 dBm, ripe banana number 1 gives a higher output voltage than unripe banana num...
	This problem may be caused by the difference in size or shape between ripe banana number 1 and unripe banana number 1. Bananas with different size or shape may reflect the microwave signal with different strength. Also, different orientations of the b...
	Meanwhile, the graphs for ripe banana number 2 and unripe banana number 2 shows a regular pattern. Unripe banana number 2 always gives a higher output voltage than ripe banana number 2. Furthermore, it could be seen that unripe banana number 2 also a...
	A conclusion that could be drawn from observing ripe banana number 2, unripe banana number 2 and also ripe banana number 1 is that, the microwave signal that is reflected from the unripe banana is stronger than the microwave signal that is reflected f...
	However, to draw a surer conclusion, a large number of ripe and unripe bananas must be tested, and each banana must be tested at as many different orientations as possible. After that, some statistical method or other kind of method could be used to ...
	CHAPTER 5 : CONCLUSION
	This project is part of an ongoing effort to find a way to detect the degree of ripeness of a fruit using microwave, correctly and efficiently. It is hoped that the effectiveness of this method would enable users to determine the degree of fruit ripe...
	Eventhough this project did not provide a distinct difference between the results for the ripe and the unripe fruit, much could be learned from carrying out this project. It is discovered that a frequency higher than 1 GHz would be better because, th...
	5.1 PROBLEMS AND SETBACKS ENCOUNTERED
	Some problems and setbacks were encountered during the course of this project. Among them are :
	1) The transient response of the reflected microwave signal could not be obtained.
	The cause of this problem might be that the transient response may be very small, or the total sampling time was too fast. So, the transient response might not be visible.
	2) The difference in  output result between the ripe and the unripe fruit is rather small.
	3) The orientation, shape and size of the fruit could also affect the result and produce errors. Sometimes, the result obtained is not only due to the ripeness of the fruit, but also influenced by the orientation, shape and size.
	4) Some of the reflected microwave signal that is picked up by the receving antenna is not the reflected microwave signal from the fruit. It could be the microwave signal that is reflected from the surrounding objects, thus producing errors in the res...
	5) The reflected microwave signal strength is weak compared to the transmitted microwave signal strength.
	5.2 CONSIDERATIONS FOR FUTURE IMPROVEMENT
	Some suggestions to improve the project in the future :
	1) A frequency higher than 1 GHz should be used. Therefore, components which could work at higher frequencies, especially the PIN diode and Schottky diode should be used. Higher frequency would result in a smaller antenna size. A smaller antenna might...
	2) A method must be developed that would produce an accurate result based on the ripeness of the fruit, and not affected by the different orientation, size and shape of the fruit. Naturally, fruits, even of the same kind, will come in different shapes...
	3) To assist in the data analysis as mentioned in point 2 above, a software program should be written. This is because software will be able to process a large number of data quickly and easily. The data obtained would be input to the program and the ...
	4) To be able to obtain the measurement of the fruit in many different orientations quickly and effectively, an automated mechanism could be developed and implemented. The mechanism could rotate the fruit in many different orientations while microwave...
	5) A method should be developed that would be able to detect the degree of ripeness of different kinds of fruits, not only banana. This might be done by using antennas that could work effectively on any fruit, and also with the help of software. The u...
	6) The microwave signal that is reflected from the surrounding objects must be eliminated. This might be done by putting the fruit and the antennas into an enclosure. The walls of the enclosure must be lined with a microwave absorbant material. Theref...
	7) A low-noise amplifier should be used to amplify the received microwave signal before the received microwave signal is fed into the microwave detector circuit. This is because the microwave signal that is picked up by the receiving antenna has becom...
	5.2.1 USING MATHEMATICAL ANALYSIS, COMPUTER AND SOFTWARE TO ANALYSE THE COLLECTED DATA
	For future research, mathematical analysis, computer and software could be used to analyse the data collected from the fruits.
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