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ABSTRACT

Electronic Nose (E-Nose) utilizes as an array of chemical sensors of different
specificities which responds to the volatile organic compounds (VOCs) present in the
gases. The demand of electronic nose has been in the market for improving the food
quality control, environment monitoring, oil and gas industry, beverages and
cosmetic products. However, the constraint of the electronic nose is that the choice of
sensors is quite large. Besides that, the electronic nose is expensive, not portable and
their performance is relatively slow. Therefore, a low-cost and portable electronic
nose is expected to be developed. In this project, electronic nose is designed by using
different types of gas sensors such as alcohol sensor (MQ-3) and natural gas sensor
(MQ-4). The electronic nose is implemented by utilizing Arduino programming and
it will read the sensitivity smell of the tester in ppm (parts per million). Once the
smell is detected by the electronic nose and the reading is above the set point value
(i.e., 500 ppm), the reading and the sign “DANGER” will be displayed on the LCD
display. At the same time, the LED and the buzzer will be activated. On the other
hand, if the sensor reading is below the set point, the sign “SAFE” will be displayed
on the LCD display, LED and buzzer will be inactive.
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ABSTRAK

Hidung Elektronik (E-Hidung) menggunakan pelbagai sensor kimia dengan
ciri — ciri yang berbeza bertindak balas terhadap sebatian organik meruap (VOC)
yang hadir dalam gas. Permintaan hidung elektronik telah berada di pasaran untuk
meningkatkan kawalan mutu makanan, pemantauan alam sekitar, industri minyak
dan gas, minuman dan produk kosmetik. Walau bagaimanapun, kekangan hidung
elektronik adalah bahawa pilihan sensor agak besar. Selain itu, hidung elektronik itu
mabhal, tidak mudah alih dan prestasi mereka agak perlahan. Oleh itu, hidung
elektronik kos rendah dan mudah alih dijangka dibangunkan. Dalam projek ini,
hidung elektronik direka dengan menggunakan pelbagai jenis sensor gas seperti
pengesan alkohol (MQ-3) dan sensor gas asli (MQ-4). Hidung elektronik
dilaksanakan dengan menggunakan pengaturcaraan Arduino dan ia akan membaca
bau sensitiviti penguji dalam ppm (bahagian per juta). Apabila bau dikesan oleh
hidung elektronik dan bacaan melebihi nilai titik set (iaitu 500 ppm), bacaan dan
tanda "BAHAYA" akan dipaparkan pada paparan LCD. Pada masa yang sama, LED
dan buzzer akan diaktifkan. Sebaliknya, jika bacaan sensor adalah di bawah titik set,
tanda "SELAMAT" akan dipaparkan pada paparan LCD, LED dan buzzer akan
menjadi tidak aktif.
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CHAPTER I

INTRODUCTION

Since past two decades electronic nose technology has quietly advanced and
the commercial models has been equipped with sensor arrays in the mid - 1990s,
besides they are used to analyze food flavors, distinguished wine brand, and sort
lumber [1]. In 1982, Persaud and Dodd [2] constructed an electronic nose using
semiconductor transducers and incorporating the design features. Electronic nose
was well known since 2,000 BC and has been used by both the Greeks and the
Chinese used to diagnose diseases [3]. An electronic nose (e-nose) is a device that
functions to detect and recognizes chemical volatile substances by using an array of
gas sensors, and other some kind of signal preprocessing and a pattern recognition
algorithm [4]. Nowadays the applications of an electronic nose in environmental
monitoring are great interest because the instruments’ proven capability of
recognizing and discriminating between a variety of different gases and odors using

just only a small number of sensors [5].

In addition, the development of the electronic nose was encouraged by the
desire for reasonably priced, quick, and also portable device capable of calculating
complex mixtures of volatile organic compounds (VOCs) [6]. Since the electronic
nose have used in wide area application, these noses cost between range of US
$5000 to $100 000 but the prices could easily drop to under a dollar by 2020 [1].
Axel and Buck won the Nobel Prize in Physiology or Medicine, 2004 for their

research on “Odorant receptors and the organization of the olfactory system” [7]
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which can see that the interest and value of the research on olfaction. VOCs
presented to the sensor array that produces a signature or pattern of characteristics of

the vapor [8].

Besides that, one of the most popular gas transducers is Metal Oxide
Semiconductor (MOS) because of their high sensitivity and low price which
typically under 10 euro for each [9]. However, MOS need to be pre-heated at
temperatures up until 200 to 500 °C to facilitate the interaction with the target gas
[9]. Besides that, the acquisition cycle is very long due to their slow response
especially when recovering the baseline level after the exposure to the target ends
[10]. In fact the baseline levels show that the sensor output in their absence of target

gases, besides varies with temperature and humidity among sensors.

1.1 Problem Statement

A number of different sensors have been developed for multi-sensor arrays.
Those sensors demonstrate physical and chemical interactions with the chemical
compounds when gases in contact with the sensors. However, the choice of sensors

is quite large. Besides that, the constraints of the electronic nose are:

» high costs of implementation
» long time analysis
» low samples throughput

1.2 Objectives

The objectives of this project are to:

e investigate and study the behavior of the electronic nose,
e identify which types of sensors are most suitable for electronic nose

application,
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e develop a low cost electronic nose to detect and discriminate among

complex odors using a sensor array.

1.3 Scope of project

In this project, electronic nose is designed by using different types of gas
sensors such as alcohol sensor (MQ-3) and natural gas sensor (MQ-4). In this
project, the electronic nose is implemented by utilizing Arduino programming and it
will read the sensitivity smell of the tester in ppm (parts per million). Once the smell
is detected by the electronic nose and the reading is above the set point value (i.e.,
500 ppm), the reading and the sign “DANGER” will be displayed on the LCD
display. At the same time, the LED and the buzzer will be activated. On the other
hand, if the sensor reading is below the set point, the sign “SAFE” will be displayed
on the LCD display, LED and buzzer will be inactive.

1.4 Thesis Organization

The thesis is organized as below:

e Chapter 1 (Introduction) — In this chapter, it focus on the roughly
understanding on the electronic nose behavior, and the problem statement
involved. With the problem statement arise, the objectives of the thesis are
identified and the scope of project was being explained.

e Chapter 2 (Literature Review) — This chapter is well explaining on the
behavior of the electronic nose and types of sensors that possibly involved
and can be conducted for the electronic nose application

e Chapter 3 (Methodology) - In this chapter, the flowchart is used to explained

the process of the electronic nose implementation.
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Chapter 4 (Results and Discussion) — The result was represented by using
Arduino programming, Proteus Professional 8, and Multisim for the software
simulaton. Next, the hardware simulation also was being conducted in order
to compare the result Proteus simulation. After the electronic nose had been
completely implemented, the analysis of the product is conducted.

Chapter 5 (Conclusion) — The thesis outcomes are concluded.

Universiti Teknikal Malaysia Melaka



CHAPTER I

LITERATURE REVIEW

2.1 History in a Development of an Electronic Nose

During the past twenty years, electronic nose devices had received

considerable attention in the field of sensor technology where largely due to the

discovery of numerous applications derived from research in devices fields of

applied sciences [13]. Figure 2.1 shows the milestones of the development of an

electronic nose:

1954

eHartman developed the first measuring tool for aromas where the sensing

element was consists of a microelectrode, a simple platinum wire with 0.8
mm in diameter which measured the flow of current by a sensitive milli
voltmeter.
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1960's

1961

1964

1965

1979

1982

*MOS were used as household gas alarms in Japan with names of Figaro or Taguchi.

J

\

eMoncrieff was worked on the concept that different coating materials consists of
gelatin, polyvinyl chloride, and vegetable fats that could be capable of providing
different and complementary data for the discrimination of simple and even complex
odours.

J

*King introduced the principle of BAW sensors with his Piezoelectric Sorption Detector]

*Buck et al. was studied the modulation of conductivity to answer the differentiating
aromas bouquets.

eDravnieks and Trotter was used the modulation of contact potential to monitor
aromas as a first approach to aromas evaluation due to lack of the analytical
instruments.

*Wohltjen and Dessy had introduced the first gas sensor based on a SAW oscillator. J

ePersaud and Dodd had invented first electronic nose and they used oscillating
semiconducting transducers where changed frequency when they detected certain
compounds.
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\

e Hitachi Research Laboratory, lkegami had developed an array for
odour quality database.

1985

J

e Julian Gardner had dubbed this approach of the electronic nos?
where an e-nose can identifies complex odours by using pattern-
recognition strategies which similar to those human olfactory

1988 system. )

N
e Conducting polymer (CP) sensors have been under development
almost 10 years and by the absorption of gas, CP sensors rely on

1990'5 changes of resistance.

J

* Gardner and Barlett defined "electronic nose" as an instrumen?
which comprises an array of electronic chemical sensors with
partial specificity and appropriate pattern recognition systems

1994 where capable on recognizing simple or complex aromas. )

N
» Researchers at the University of California, Berkeley had reported

using an array of integrated printable organic semiconductors to
2006 differentiate between basic classes of odours.

J

e Researchers at MIT had successfully printed barium carbonate
which can detect a range of gases onto a silicon chip.

2007

Figure 2.1: A summary of milestones in sensor development [1, 11-12].
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