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Abstract                                                               

This  paper  describes  the  use  of  MOSFET  Odour
Sensors  and  Quartz  Crystal  Microbalance  (QCM)
odour sensor array to recognize odour constituents in
the  vicinity  of  the  electronic  nose  and  proposes  a
design  of  a  matrix-type  odour  generator.  The  odour
regenerator is responsible for remote recreation of the
odours  identified  and  transmitted  by  the  electronic
nose. 
This  set-up  can  be  integrated  in  the  fields  of
telemedicine  [1],  entertainment,  educational  training
etc.
 

1.  Introduction

It  is  well  known that,  in  recent  years,  intensive
research has been carried out on odour-sensing systems
(electronic nose). To understand the concept of odour
perception,  one  needs  to  be  acquainted  with  the
characteristics  of  odour  and  its  presence  in  an
environment[2]. 

Based on the application, different types of sensors
are available which can be employed in the electronic
nose.  Apart  from  the  two  sensors  described  in  this
paper,  conducting  polymers  and  MEMS  have  found
applications, but mostly for specific chemicals[3]. The
two  sensors  used  in  the  electronic  nose  are  the
MOSFET  Odour  Sensors  and  Quartz  Crystal
Microbalance  (QCM)[4],  with the  former  being  used
for detection of low molecular weight compounds and
the  latter  for  high  molecular  weight  compounds,
thereby ensuring greater accuracy in detection. This is
driven  by a  low power  chip  as  described  in  another
paper[5].
Now that electronic noses are well established devices,
scientists are looking toward odour reproduction. The

concept  of  reproduction  of  odours  has  been  present
from the first half of the 20th century, where in devices
were used to produce a fixed set of smells, and used
mainly in the field of entertainment. There has always
been difficulty in the recreation of the perceived odours
with accuracy and on a wider  spectrum. The trouble
lies  in  the  reproduction  of  the  odours  with  a  high
degree of fidelity as has been realized in the videos and
images[6].  Many odour  recreation  models  have  been
designed[6], but few are practically realisable on a real-
time basis, and till date, none of those are capable of
being  mass-produced  to  be  sold  as  consumer
electronics.  The  proposed  system  can  provide  an
efficient  solution to the problems, due to the relative
simplicity of its overall design. 

2.  Proposed Implementation 

2.1 Odour Sensor Unit

The  odour  sensor  unit  works  on  a  pro-active
sensing technique  which  is  used  for  quantitative  and
qualitative analysis  of  the vapour  mixture  inhaled by
the unit.  The odour sensing mechanism comprises  of
two  different  sensory  arrays,  the  MOSFET  Sensing
module  and  the  QCM,  which  are  housed  in  a
"measurement  chamber",  and  a  breathing  mechanism
comprising of vents, fans and a valve. Refer Figure 1.

2.1.1 Inhaling Vent.  The breathing mechanism which
is  situated  at  the  face  of  the  sensing  module
incorporates the vents along with small fans,  to draw
the  air  comprising  of  the  molecules  of  the  odour  in
toward  the  measurement  chamber.  This  breathing
mechanism, coupled with a valve, controls the flow of
the air across the sensory arrays.
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2.1.2 Sensor Array. The array comprises of two types
of sensors:

The  first,  A  MOSFET  Odour  Sensor  is
implemented  through  an  array  of  MOSFET sensors.
The  sensors  are  nonspecific,  thus  each  sensor
individual  sensor  in  the  array  is  capable  of  reacting
with several of the molecules, rather than just one. The
molecules entering the sensor module contain a charge,
either  positive  or  negative,  which  affects  the  electric
field inside the MOSFET. Each of the charged particles
produces  a  unique  change  in  the  MOSFET  signal,
which is then interpreted through pattern recognition in
the processor module (described in the next section).
The MOSFET array considers  the holistic  effect  that
the molecule has on the each of the sensors present in
the array to identify the molecule's fingerprint and its
concentration, because, while the changes potential in a
single  element  of  the  MOSFET  array  wouldn't  be
enough to identify the molecule, the varied changes in
multiple  array  elements  produce  a  distinctive,
identifiable pattern.

Second,  the  Quartz  Crystal  Microbalance  array
consists of a sliver of quartz crystal with electrodes on
either side. Two electrodes at different potentials create
an  electric  field  across  the  crystal.  Due  to  the
piezoelectric  nature  of  the  crystal,  the  electric  field
present in the rolling axis of the crystal, results in shear
motion occurring in its yaw axis, and vice versa. Thus
the shear  waves in the quartz  are coupled to  voltage
between the electrodes.  The mechanical  displacement
occurs  in  the  direction  of  pitch  movement,  which  is
also referred as the electric axis.  QCMs are sensitive
detectors  of  deposited  mass  on  their  surface.  The
exposure surface of the QCM to the molecules of the
odour,  results  in  deposition  of  some  mass  on  the
surface, which thereby results in change in the resonant
frequency of the QCM. Measurement of the change in
resonant  frequency  of  the  QCM,  and  some  physical
knowledge  can  yield  the  mass  per  unit  area  of  the
substance on the QCM. Because frequency changes can
be measured to very high precision, QCMs are highly
sensitive;  capable of measuring amounts of deposited
material with an average thickness of less than a single
atomic layer. Thus, they prove to be efficient detectors
of odour molecules.

The two sensor systems are used in combination
because  the  MOSFET sensors  are  used  to  detect  the
compounds  of  low  molecular  weight,  and  the  QCM
sensors are adopted for the detection of compounds of
high molecular weight[4]. Another reason for the two
sensor  types  is  the  operating temperature.  MOSFETs
work well in warm temperatures whereas QCMs work
well in cold air.[8] In case of failure in extraction of
parameters of the molecules in one array system, only

parameters from the array which detects the odour are
propagated to the processor.  The working of  the two
systems  in  tandem provides  a  robust  mechanism for
odour detection. 

2.1.3  Driver  Circuitry.  To  derive  the  resultant
parameters  from  the  sensory  arrays,  an  interface
circuitry  and  an  ADC  follow the  sensor  arrays.  The
digitised data is sent to the identification module[5].

Figure 1. Odour Sensing Module

2.1.4  Odour  Identification  Module.  The  signal
processing  module  included  in  this  odour  sensing
system controls the measurement process and employs 
a  pattern  recognition  algorithm.  Based  on  the
parameters extracted by the sensors, pattern recognition
algorithms perform comparison and matching functions
with the pre-loaded database. The database is derived
experimentally from olfactometric analysis of odours.
Once the compounds have been identified, the obtained
information  is  sent  forward  for  encoding.  The odour
information is encoded with the help of a look up table.
The  resulting  data  is  a  2  byte  code  (4  digit
hexadecimal),  which  contains  the  qualitative  and  the
quantitative components of the odour that is detected.
16 bits will be used, of which 10 bits are to identify the
chemical compound and 2 bits for the intensity level.
The remaining 4 bits are redundant bits, leaving scope
for future expansion. These encoded bytes are sent to
the transmitter for transmission over a channel. 

2.2 Odour Recreation Module

The odour recreation module is fed by the receiver.
The responsibility of converting the encoded bit stream
to human-perceivable odour lies with this component.
Refer Figure 2.
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2.2.1 Interpreter. The Interpretation Module comprises
of a Digital Signal Processor which deciphers the 
characteristic odour and its intensity from the received 
bit stream. The decoder is referenced to a look-up table 
which comprises of the list of aromatic compounds 
loaded in the canisters. Once the compound is 
identified, the module generates a 4 digit number (0000
to 1023) which corresponds to a canister containing the
particular volatile organic compound. An energising 
signal is then sent to the matrix to vaporize the 
compound in the matched vial. The processor controls 
the intensity of liberated aroma by altering the time 
duration of heat supplied for vaporising.

Figure 2. Odour Recreation Module

2.2.2  Odour  Generation  Matrix.  This  matrix  of
aromatic compounds is the key set-up for the proposed
odour-recreation  unit.  Aromatic compounds  are  filled
into canisters and are arranged in the form of a grid.
This  layout  helps  in  indexing each  compound in  the
database and look-up table. Though the processor has
provision  for  indexing  1,024  compounds,  space
restrictions  of  the  practical  unit  limit  the  number  of
canisters  to  a  few  100.  The  canisters  are  Iron  vials
whose inner surfaces bear a protective Teflon coat. It is
this  surface  which  is  used  for  vaporization  of  the
volatile  organic  compound.  The  canisters  are
encapsulated  in  copper  windings  to  enable  Induction
heating, the benefits being efficiency, speed and safety.
Based on the 4-digit canister identifier generated, the
processor sends a signal  to energize the coils of  that
particular canister. This will result in the vaporization
of  top  layer  of  the  volatile  organic  compound
contained. 

2.2.3 Vent. It is located at the front end of the module.
The  vapours  which  are  liberated  from the  matrix  of
canisters  exit  the module through a small  fan placed
near the vent. A valve is built into the pipe leading to
the vent which can be used to shut off the vent when
vapours do not have to be liberated.        

Table 1.  List of Essential Oils/Aromatic
Compounds

Compound Odour
1. Ammonia (Very pungent)
2. Anise oil Saunf
3. Balsam oil
4. Basil oil
5. Bay leaf oil
6. Benzaldehyde Almond
7. Bishop weed oil Ajwain
8. Caffeine Coffee
9. Caraway oil
10. Cardamom seed oil
11. Caronaldehyde Fresh-cut Grass

12. Carvone Spearmint
13. Chamomile
14. Cinnamic acid Cinnamon/honey
15. Citronella oil
16. Clover leaf oil
17. Coriander seed oil
18. Cumin oil
19. Ethanol (Dilute) Alcohol
20. Ethyl acetate Paint thinner
21. Ethyl Benzoate Fruity
22. Eucalyptus oil
23. Fennel seed oil
24. Fenugreek oil
25. Ginger oil
26. Glacial acetic acid Vinegar
27. Jasmine oil
28. Limonene Orange/Lemon
29. Zinc sulphide Rotten egg
30. Methyl salicylate Wintergreen oil
31. Mustard oil
32. Neem oil
33. Oregano oil
34. Peppermint oil
35. Rose oil
36. Rosemary oil
37. Sage oil
38. Sandalwood oil
39. Thyme oil
40. Tsuga oil
41. Vanillin Vanilla
42. Vetiver oil Khus
43. Yarrow oil Bitter gourd
44. Zedoary Camphor
45. Lactone Red wine
46. Furaneol Strawberry
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3. Conclusion 
  

This paper describes a system for the detection of
odours using an Odour Sensor Unit, and the mechanism
for  subsequent  reproduction  of  the  detected  odours
which  can  be  communicated  over  a  variety  of
transmission channels. The encoded odour parameters
may be  transmitted  over  the  telephone  line,  co-axial
line, GSM or ZigBee[7] depending on the application.
At  the  perceiving-end,  the  parameters  are  decoded,
interpreted,  and  subsequently  used  to  trigger  the
corresponding  odours.  The  proposed  system  is  also
suited for specific applications such as television, as in
culinary  and  scientific  shows[9],  and  the  field  of
education.
 

4. References

[1]  P.E.  Keller,  R.T.  Kouzes,  L.J.  Kangas,  and S.  Hashem,
“Transmission of Olfactory Information
for  Telemedicine,”  Interactive  Technology  and  the  New
Paradigm for Healthcare, R.M. Satava,
K. Morgan, H.B. Sieburg, R. Mattheus, and J.P. Christensen
(ed.s), IOS Press, Amsterdam,
1995, pp. 168-172.
 [2] Arief Sabdo Yuwono and Peter Schulze Lammers, “Odor
Pollution  in  the  Environment  and  the  Detection
Instrumentation”,  Agricultural  Engineering  International:
CIGR  Journal  of  Scientific  Research  and  Development.
Vol.VI. July, 2004.
[3] Dowdeswell,  R.M and Payne P.A, “Odour measurement
using conducting polymer gas sensors and an artificial neural
network  decision  system”,  Engineering  Science  and
Education Journal (Volume:8 ,  Issue: 3 ), ISSN: 0963-7346, 
DOI: 10.1049/esej:19990307, pages 129-134
[4] Di Wang, Kai Yu, Yishan Wang, Cong Zhao, Lin Wang,
Ping Wang 
AIP  Conference  Proceedings  1362:161-162.
DOI:10.1063/1.3626343
[5] Kea-Tiong Tang, Shih-Wen Chiu, Meng-Fan Chang, 
Chih-Cheng  Hsieh  and  Jyuo-Min  Shyu,  “A  Low-Power
Electronic  Nose  Signal-Processing  Chip  for  a  Portable
Artificial  Olfaction  System”,  IEEE  TRANSACTIONS  ON
BIOMEDICAL CIRCUITS AND SYSTEMS, VOL. 5,  NO. 4,
AUGUST 2011,  DOI 10.1109/TBCAS.2011.2116786,  ISSN
1932-4545 
[6] Takamichi Nakamoto, Masashi Ohno and Yasunori Nihei,
“Odor  Approximation  Using  Mass  Spectrometry”,  IEEE
SENSORS JOURNAL, VOL. 12, NO. 11, NOVEMBER 2012,
DOI 10.1109/JSEN.2012.2190506, ISSN: 1530–437X
[7] ZigBee Wireless Sensor Applications for Health, Wellness
and Fitness - March 2009, ZigBee Alliance.

[8]  G.Sujatha,  N.  Dhivya,  K.  Ayyadurai,  D.Thyagarajan,
“Advances in Electronic Nose Technologies”,  IJERA, ISSN:
2248-9622, Vol. 2, Issue4, July-August 2012, pp.1541-1546
[9] Emmanuelle Schaller, Jacques O. Bosset and Felix Escher,
“Electronic  Noses  and  Their  Application  to  Food”, Article
No.  fs980376  Lebensm.-Wiss.  u.-Technol,  31,  305–316
(1998), Federal Dairy Research Station,Zurich
[10]  Kurup,  P.U,  “An  Electronic  Nose  for  Detecting
Hazardous Chemicals and Explosives”, IEEE Conference on
Technologies  for  Homeland Security,  E-ISBN: 978-1-4244-
1978-4, DOI:10.1109/THS.2008.4534439, pp. 144-149 

3205

International Journal of Engineering Research & Technology (IJERT)

Vol. 2 Issue 9, September - 2013

IJ
E
R
T

IJ
E
R
T

ISSN: 2278-0181

www.ijert.orgIJERTV2IS90963


