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ABSTRACT

This thesis presents the electronic nose development using the Principal Component
Analysis (PCA) and Multiple Discriminant Analysis (MDA). The metal oxide gas sensors have
been used to measure the shirt odor samples because it is stable, reliable and convenience to design
the electronic nose.

According to each gas sensor provides vary values of Volatile Organic Compounds (VOCs)
responsibility from each sample that depends on the property of particular gas sensor. Thus the
voltage output of gas sensor can detected and classified the signal of VOCs. The PCA and MDA
techniques are used to analyze the highest signal changing value. There are 8 volunteers that
provide the odor samples.

Preliminary results, the PCA techniques are used to analyze the data from 4 to 8 volunteers
and found that the technique cannot classify the data more than 5 volunteers. The percentage
accumulation of relative extraction of PCAland PCA2 are 94.76. After that the MDA techniques had
been used to improve the system. The results show that the MDA techniques can classify the
amount volunteers up to 7 persons. The percentage accumulation of relative extraction

of DF1and DF 2 are 97.02

Keywords: electronic nose, principle component analysis, discriminant analysis, gas sensor
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Temperature/Humidity Dependency:
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dmivanuusisiuswves PC, uaz PC, fo

Cov(PC,,PC)=w' 2w, ; i=k ;k,i=L12..,p (2.9
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fu PC, Tail i <k

agUdmnaes X'=(Xy, Xg0e X,) Failwasadmutslsiusay Y At lenunay
nﬂmaﬂamu(ﬂl,wl),(ip,wz),...,(ﬂp,wp) Tagiia lownu AL=zA, 2.../1p20 HAZNADS
lownuw' = (w,w,,...w,) §1 PC,=w'x, PC,=w',X,...PC =W X dudlsznou
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A1 1 61 adulsoaseed1eatios 1 A2 ANUATINanEUEHIo¥HaveIaulsaiy Tagnns
a 4 LY A [ a a d' a v an a aa 4
AnTzranuaanegalsaunednlsFalsina luvaziasimsgviantlanansiuuue
w = % a = % a 1
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Taei >_<:—an+an_2
n, +n,
Wi Z—>_<=n2r(]xl+nxz)=—nlrfn (d) (2.18)
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2 0.153 0.265 0.112 0.409 0.776 0.672 0.694 0.776
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Thie paper preeente the claemfy pereonal ehirt odor by
dectrome moee. Becaues body odor of a particular pereon vaniee, the
reeearcher hae picked up 4 voluntesre to do exerciee for 2 howre. After

that bring their ehirte to evaluate volatile orgamic compounde {VOCe)
from the dirt on that ehirte. The reeietance of gae eeneor amay in the
dectrome noee will be changed depend on the amownt VOCe when
varioue kinde of gae eeneor are combined together, the reeult will vary
accoxding to the property of each parhicular gae eeneor. Then evaluate
gheet mignal changing walve of gae eeneor and amalyze by Principle

Component Amalyme {PCA). Thie teclmique ie to identify the
influence of the gae eeneor array on the vohmiesr’e ehirte odor.
From the expenment, we found that electonic noee can identify the
odor of each ehirt well, the data hae been eeparated to 4 groupe after
amalyz by PCA techmque It can extract data relation and
percentage accumulation of PCAL and PCAZ are §2.39.
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Personal Shirt Odor Classification Using an Electronic Nose

Chana Chansri

Signal Processing Research Laboratory
Rajamangala University of Technology Thanyaburi
Phatumthani, Thailand 12110
chanachansri@hotmail.com

Abstract— This paper presents the classify personal shirt odor
by electronic nose. Because body odor of a particular person
varies, the researcher has picked up 4 volunteers to do exercise
for 2 hours. After that bring their shirts to evaluate volatile
organic compounds (VOCs) from the dirt on that shirts. The
resistance of gas sensor array in the electronic nose will be
changed depend on the amount VOCs when various kinds of
gas sensor are combined together, the result will vary
according to the property of each particular gas sensor. Then
evaluate highest signal changing value of gas sensor and
analyze by Principal Component Analysis (PCA). This
technique is to identify the influence of the gas sensor array on
the volunteer’s shirts odor. From the experiment, we found
that electronic nose can identify the odor of each shirt well, the
data has been separated to 4 groups after analyze by PCA
technique. It can extract data relation and percentage
accumulation of PCA1 and PCA2 are 82.39.

Keywords- human odor; electronic nose;principal component
analysis; gas sensor array

L

Electronic nose has been utilized in various fields such as
food quality assessment [1], air pollution monitoring [2],
identifying patients who suffer lung cancer from their breath
[3]. Because electronic nose is able to discriminate the
patterns [4][5] of volatile organic compounds (VOCs) during
examining the samples. The human body generates VOCs
that can give some information about diseases, behavior,
emotional state and health status of a person Also, body odor
is one of the physical characteristics of human which can be
used to identify people. An example of using the human odor
was explained by Chatchawal Wongchoosuk [6] in
2008.They detected the human body odor from armpits is
sweat to classified the body odor of 2 persons. The
electronic nose combines a sensing array with a data analysis
system. The sensing array consists of several gas sensors
which is the mainpart in detecting odors . In several
electronic nose systems, metal oxide sensor is widely used
due to low cost and user-friendly. In this paper, we present
the electronic nose for classify shirt odor because our daily
work or activity, sweat is always extruded through skin.
Sweat which contains protein and fat will interact with
bacteria on the skin, resulting in the smell or odor on the
shirts. We use 4 people to volunteer by everyone have a
similar life style. The samples to be tested with the electronic
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nose as a volunteer to wear the shirt after exercise for 2
hours to get the sweat and body odor this step is to prepare
the sample very well to be tested. After that the results of
measurements to analyze test results by PCA. Simple
statistical methods then most convenient to make us
recognize that a sample of how.

IL

Gas sensor is a transducer device with its electrical
resistance varies according to the environment it exposes,
especially in different types of gas; for example, carbon
dioxide (CO;), Methane (CHy), or Sulphur dioxide (SOy).
The gas sensor is composed of sensing element, sensor base
and sensor cap. The sensing element contains sensing
material and heater to heat up sensing element. Depending
on the target gas, the sensing element will utilize different
materials such as Tin dioxide (Sn0O,), Tungsten oxide
(WQ,), etc. When a metal oxide crystal such as SnO, is
heated at a certain high temperature in air, oxygen is
adsorbed on the crystal surface with a negative charge. Then
donor electrons in the crystal surface are transferred to the
adsorbed oxygen, resulting in leaving positive charges in a
space charge layer. Thus, surface potential is formed to
serve as a potential barrier against electron flow. Inside the
sensor, electric current flows through the conjunction parts
(grain boundary) of SnO, micro crystals. At grain
boundaries, adsorbed oxygen forms a potential barrier
which prevents carriers from moving freely. The electrical
resistance of the sensor is attributed to this potential barrier.
In the presence of a deoxidizing gas, the surface density of
the negatively charged oxygen decreases, so the barrier
height in the grain boundary is reduced as figure 1. The
reduced barrier height decreases sensor resistance. The
relationship between sensor resistance and the concentration
of deoxidizing gas can be expressed by the following
equation over a certain range of gas concentration

(GAS SENSOR ARRAY DESIGN

Rs=4|C] ™ ey

where Rs
A

electrical resistance of the sensor

= constant
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[C] = gas concentration
o = slope of Rscurve

Due to the logarithmic relationship between sensor
resistance and gas concentration, semiconductor type
sensors have an advantage of high sensitivity to gas even at
low gas concentration. The excellent stability and
performance of the semiconductor type sensor provides
maintenance-free, long lived, and low cost gas detection.
lReduCing gas

E eVs
in the presence of
reducing gas
\\ o]
o "8 .
Grain boundary Grain boundary
® Electron @ Electron
a) b)

Figure 1. Model of inter-grain potential barrier a) In the absence of
gases b) In the presence of gases

Each gas sensor responses to the environment differently
whereas the sensitivity specifically depends wupon the
qualification the kind of the gas sensor designed for the
assessment of each particular chemical substance. In the
experiment, many kinds of gas sensor were combined to
measure the volatile organic compounds on the shirts, as

shown in table 1.

TABLE 1. Metal Oxide Sensors contained in the sensor box

Figure 2 a) Structure of gas sensor model TGS 822

b) basic measuring circuit
Fig. 2, it is found that the structure of gas sensor Model
TGS822 with an inbuilt heater which is also found in most gas
sensor. Heater could help both eliminate humidity and protect
collection of assessed substance in the sensor. If there is humidity,
it may cause fluctuation on the resistance. The sample of gas

sensor TG S822, resistance ( RS ) can be calculated by

v,
Ry =(=S-1xR, @)
VRL

Therefore, an experiment under consistently controlled
temperature and humidity will yield an absolute result and in
order to achieve that goal a sensor to measure temperature.
1C model LM335 is added in the electronic nose to observe
the changes of the temperature, as shown is figure

i

'
'
'
H
‘
i
i
H
“
v
i
:
H

b

Figure 3. Electronic nose for shirt odor detection.

III. PRINCIPAL COMPONENT ANALYSIS

Principal Component Analysis (PCA) is a technique to
eliminate variables by converting a new set of variables in
to a linear function of the former variables whereas the
number of new variables will not exceed the former ones.

Model Gas Detection For example, the number of the original variable is p, the
TGS 822 Organic Solvent Vapor number the new variables is m, therefore m < p. The new
TGS 2620 Solvent Vapor variables will extract correlation or variance as much as
TGS 832 Halogen possible from the former variables to the new ones. The
SMTHS07 Humidity process of the analysis starts transforming all sets of data in
TGS 3870 Methane and CO, to the metric.

TGS 2600 Air Contaminate
TGS 2602 Air Contaminate A“ A’l Alm
% i A= A21 AZ’_‘ A‘lm
o : B
3 4 1 /
o il s L ‘4"1 ‘4112 T Amn
A RL S
3 3)
Vector of data set number 1 will the first row of metric,
GND 0 and vector of data set number 2 will belong to second row

metric. Therefore, vector of data set number n will be long

Basic Measuring Circuit to row n. Thus we will get the metric size n x m. Form the

b)
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data, covariance matrix can be calculated by the equation
number 4, 5 and 6 accordingly.

n
Mj:%ZA!,i 1<j<m 4)
i=1
q,:AU—M_i 1<ig<nl<j<m ®)
S=1>cc’ (6)
i-1
where M ;= average for each column of Ay
C, = standard deviation of data matrix
S = variance matrix

Next is to calculate eigen value and eigen vector from
variance metric obtained by equation 6 and then the eigen
vector value will create new variables as follow.

PC, =wx=w, X, +w,X, +..4+W,

In

Xn

PC, =wx=w, X, +w, X, +..4+w, X, o)

PC,=wx=w, X +w,X,+..+w, X,

New created PC; variables which are as many as the

number of variance metric are able to extract relationship of
the original variables to continuum for maximum to
minimum. Therefore, eigen values upshot from variance
metric are placed like which of the original variables too.
Such results are mostly calculated from the percentage of
accumulated eigen value of the component from the first
eigen value minimum 80%, for example, an emergence of
new variables. Therefore n=8, the proportion of the first 2

accumulative eigen value is 84%. That is the new PC] and

PC, are able to replace all the original variables.

IV. EXPERIMENTAL AND RESULT

The experiment to measure the volatile organic
compounds (VOCs) on the shirts is conducted by four
volunteers wearing those shirts used for the experiments.
The environments is under control, in addition the work out
equally 2 hours. After that the sweat occurred on the shirts
will be examined by electronic nose which is shown in the
form of diagram in figure 4. The diagram includes 3 main
parts: oxygen flowing control system, gas sensor array
system and signal recording system. The data acquisition
was realized by a DAQ NI-USB 6008. The recorder data
program used LabVIEW version 7.1. The measurement
circuit uses the voltage divider resistor for each sensor. The
sensor outputs collection uses the sampling rate every 1
second for subsequent analyses

564

TABLE 2. Truth table of gas control valve
Valve 1 | Valve2 Valve 3 System Status
OFF ON OFF Purging
ON OFF ON Sampling
Gas Sensor
Recorder ey s
g
lve 2
Valve 1 Hily Valve 3
Oxygen Gas 2000 ml
Tank Sample
Chamber

Figure 4. Schematic diagram of electronic nose system.

The experiment begins with the emission of oxygen
trough gas sensor array and in order to get rid of any
problems spurred from other chemical substances, the first
and the third solenoid valve are close, while the second one
stays open. Then wait until the gas sensor signals stable. At
the same time the shirts to experiment will be put in a
sample chamber 2000 ml. If the gas sensor signals stable,
the system is ready for the test. After that the first and the
third solenoid valves will be turn on while the second one is
turn off. Oxygen will convey volatile organic compounds on
the shirts to gas sensor array which leads to the changes of
the resistance on the gas sensor and resulting in the change
on the signal accordingly as shown in figure 5

Output (V)

15

1 S i

Time (Sec)

50 100 150 200 250

Figure 5. Signal of shirt odor detection

Fig. 5, the baseline belonging to each signal is not at
zeros because the voltage output depends on the properties
of gas sensor reacting to oxygen but when the solenoid
valve is turned on and oxygen can carry volatile organic
compounds to gas sensor array, the reaction occurs as seen
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in figure 5. Then the maximum level of the changes of the
sensor in each experiment will be examined and recorded.

Output(v)

4

B~
4
20 TGS832 SMTHS07 TGS3870 TC 0
Figure 6. Maximum change in the signal of resistance RL

TGS822 TGS: 00 TGS2602

Fig. 6, the maximum change in the signal spurred from
the examination of the sweat on the shirts has been found.
Such change varies according to each person. The data is
collected S days after an exercise to assess the relationship
of results, the principal component analysis (PCA) is
conducted as shown in figure 7 and figure 8

T T T T T T T

65.69%

1.42%

0.43% 0.21%
PCAG PCAT

PCAl PCA3 PCA4 PCAS

PCA2

Figure 7. Percentage of extract relationship after analysis data by PCA
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PCA 1 (85.69%)

Figure 8. Plotting between the PCA 1 and PCA 2

Fig. 8 shows plotting on correlation between the new
variables PCA 1 and PCA 2 which the total percentage of
correlation extract is 82.39. Such result can sufficiently
represent the all datum. Then the data is divided into 4
groups each represents the pattern of the response of the
clectronic nose toward the body odor from the 4 volunteers.

thorized licensed use limited to: Rajamangala Univ of Technology Thanyaburi. Downloaded on August 14,2010 at 10:08:17 UTC from IEEE Xplore. Restrictions appl

The correlation of PCA3 variables is plotted in three
dimensions as shown in figure 9

.| O Person1

156
O Person 2
e | A Person 3
& & Person 4
£ 05+ et
(3
S 0
&
S 054
a

SR

PCA2(16.70%)
Figure 9. 3D Plotting between the PCA 1,PCA 2 and PCA 3

Fig. 9, when PCA 3 is taken into a account, the total
percentage of correlation extract becomes 92.73 which
classification can be viewed from various angles. The
results from the PCA technique can identify the shirt of each
volunteer. Therefore, the result of use of electronic nose.

V. CONCLUSION

The electronic nose which is composed from the array
model combination of various gas sensor has been
employed to examine the body odor of the four volunteers
and the maximum output of signal transformation value of
each gas sensor upshot from the response of the volatile
organic compounds (VOCs) is analyzed to evaluate the
correlation by using principle component analysis (PCA).
The correlation of data from PCAl and PCA 2 can be
extract 82.39%. When result is plotted in graph to examine
the pattern in response to the odor of each volunteer, it can
identify correctly. That is the result of the study can be
employed to identify the smell of suspicious objects in a
more complicated investigation. Moreover, in order to
accomplish a cooperative utility with the artificial neural
network (ANN) and more of the gas sensor could be added.
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