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Metal oxide semiconductor (MOS) sensor array with cross-sensitivity to target gases is often used in
electronic nose (e-nose) for monitoring indoor air quality. However, MOS sensors have their own defects
of high susceptibility to some interferences which would seriously impact on the detection of target
gases. Therefore it is urgent to solve the problem of interferences elimination as e-nose composed of
MOS sensors cannot be used when there are interferences. A closely related method tends to discrimi-
nate the interference gases and target gases, and it depends on the type of interference gases. However,
there are numerous interferences in real-world application scenario, which is impossible to be sampled
in laboratory experiments. Considering that target gases detected by an e-nose can be fixed as invari-
ant information, a novel and effective Pattern Mismatch based Interference Elimination (PMIE) method is
proposed in this paper. It contains two parts: interference discrimination (i.e. pattern mismatch) and cor-
rection (i.e. interference elimination). Specifically, the principle of interference discrimination is whether
anew pattern violates the rules established on the invariant target gases information (i.e. the case of inter-
ference gas appearing) or not (i.e. the case of only target gas appearing). If the current pattern of the sensor
array is of interference, orthogonal signal correction algorithm (OSC) is used for interference correction.
Experimental results prove that the proposed PMIE method is significantly effective for interference
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elimination in e-nose.
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1. Introduction

Electronic nose (e-nose), as an artificial nose, is a technology
in modeling of biological olfactory system. In recent years, e-nose
techniques have been widely used in many areas, such as environ-
ment monitoring, food quality evaluation, and industrial control
etc. In this paper, a developed e-nose which consists of metal oxide
semiconductor (MOS) gas sensors and some pattern recognition
algorithms for indoor air quality monitoring is introduced. The
performance of e-nose depends largely on the selected sensors,
which should have good cross-sensitivity, selectivity, reliability and
robustness [1].

Objectively, the cross-sensitivity of sensor array has both
advantages and disadvantages. Specifically, the cross-sensitivity is
beneficial for detecting many kinds of gases with a limited number
of gas sensors. However, this also results in that the sensor array
in an e-nose would produce significant responses to some inter-
ferences. Thus the interferences will have a serious impact on the
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detection of the target gases. It is hopeful that the interferences
can be removed by designing appropriate filter, however, it cannot
be effectively separated from target responses by traditional filters
because interference responses are almost entirely mixed with the
target responses with similar frequencies. To solve the problem of
interference elimination, the machine learning idea is utilized in
this paper.

Generally, there are two kinds of interferences in an e-nose. One
is from those non-target odors which do not belong to the target
gases being detected. The other one is from environmental factors,
such as temperature, humidity, etc. [2]. In conventional e-noses,
the latter, i.e., temperature and humidity have been compensated
by integrating corresponding sensors into the e-nose sensor array.
Currently the methods for eliminating the impacts from environ-
mental temperature and humidity are based on temperature and
humidity compensation model [3-8]. A physical way, where SiO is
used as sensing material with a titanium thermistor being used to
maintain a constant temperature, is used to compensate tempera-
ture and humidity influences [9]. Independent component analysis
(ICA) is also used for reducing the environmental impacts [10],
where the component with the maximum correlation coefficient
with regard to the reference vector is removed as interference.
However, the non-target odor interferences cannot be handled
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Table 1
Target gas samples for models setting up.
Target gas formaldehyde toluene benzene NO, NHs3 co
Number of Samples 504 264 288 152 116 232
Number of train/test samples 336/168 176/88 192/96 101/51 77/39 155/77
Table 2

effectively so far, which seriously limits the real-time application
of e-nose in real-world scenario, such as the mall with perfumes,
the kitchen with smoke flavor, etc. since the MOS gas sensors are
very sensitive to pungent odors like perfumes and smoke flavor.

The problem of non-target odors interference is urgent to be
solved in e-nose, while the conventional methods that tend to solve
this problem can be divided into two steps: interferences discrim-
ination and interferences correction [11]. Briefly, the first step is
to determine that whether the current e-nose response is from
interference or not. If yes, the second step is performed to cor-
rect the sensor responses with interference elimination method.
Therefore, a classifier that is used to discriminate the interference
should be first set up by the limited types of interference sam-
ples, such that the learned classifier largely depends on the limited
number of interferences and it may be only effective to the lim-
ited types of interference. However, there are so many possible
kinds of interferences that cannot be collected in laboratory exper-
iments. Therefore, conventional methods cannot discriminate all
non-target odor interferences in real-world application scenar-
ios. In the correction step, generally the correction of interference
response depends on the previous target response, so that the e-
nose cannot work in real time when interferences exist.

As shown in Ref. [12] for interferences elimination of e-nose
in wound detection, it tends to remove the background interfer-
ence according to the spatial correlation coefficients by performing
wavelet transform on the collected odor samples between the
infected and healthy mice. In Ref. [13], the sensor response is ana-
lyzed by independent component analysis (ICA) and the sensor
response of healthy mice body odor measured independently is
regarded as a reference vector of background interference, then
the correlation coefficients between the components of ICA and
the reference vector are calculated where the components with the
biggest coefficient is regarded as background. It is known that, in
this method, the reference vector is very important for determining
the interference component. However, interferences are various in
complex real-world scenario, such that it is difficult to obtain the
so-called reference vector. Additionally, the ICA algorithm shows
a good effect in eliminating environment interferences, but it does
not fit the non-target gas interferences. One reason may be that
the target gas and non-target gas have similar nature and influence
on the array of sensors, and cannot be effectively separated from
the mixed responses. The orthogonal signal correction algorithm
(0SC) may remove the information that is orthogonal to target
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Training algorithm of the proposed PMIE method.

Algorithm 1. PMIE training algorithm

Input
Dataset 1 (X;);
Dataset 2 (X3);

Output
Prediction function f(-);
Threshold T.

Procedure
1. Data preprocessing;
2. Obtain the prediction function f(-)by training on Xy ;
3.Fori=1toN
Predict the fourth sensor response: y = f (Xtem, Xhum» Xs1, Xs2, Xs3) by using
X, Calculate the prediction error: error; = |y — Xsa|
end
4. Calculate the misjudgment rates of the 100 thresholds;
5. Get the threshold T with the smallest misjudgment rate.

signal, where the orthogonal information is recognized as irrele-
vant information, therefore, it has been used to correct signals and
remove interference information in [14,15]. However, the problem
of determining the reference vector still exists as ICA. Moreover,
the interference in Ref. [15] is fixed in the whole detection. Various
interferences in real-world environment that are independent of
the target gases are considered in our proposed method.

From the analysis above, many appropriate methods are devel-
oped to compensate and eliminate environmental interferences.
But the interferences of non-target gases are still troubling. In order
to solve this problem, a novel Pattern Mismatch based Interfer-
ence Elimination (PMIE) method consisting of discrimination and
correction is proposed in this work.

The rest of the paper is organized as follows. The experimen-
tal setup and experimental data are introduced in Section 2. The
PMIE method proposed in this paper is introduced in Section 3.
Experimental results and discussion are presented in Section 4.
Conclusion is given in Section 5.

2. Experiments
2.1. Experimental setup

The experimental platform and the designed e-nose system are
described in Fig. 1. The e-nose system is composed of an array of

CD
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Fig. 1. Experimental platform and e-nose system designed for environmental monitoring.
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sensors (TGS2602, TGS2620 and TGS2201 with two outputs A and
B), a CPU (PIC32), a power module, a LCD display, etc. Besides, a
module with two sensors for temperature and humidity is also
used as the inputs of model for compensating the influence of
environment factors. The analog-digital converter is used as inter-
face between the sensors and PIC32 processor. In this paper, six
target gases are monitored by this environmental e-nose, they
are formaldehyde (HCHO), benzene (CgHg), toluene (C;Hg), car-
bon monoxide (CO), ammonia (NH3) and nitrogen dioxide (NO,).
The experimental platform consists of a programmable tempera-
ture and humidity chamber, a gas sampler, a personal computer,
an air pump, a humidifier, etc. Specifically, the programmable
temperature and humidity chamber can provide a stable exper-
imental environment, the air sampler is used for sampling the
gas within chamber and determining the concentration of the gas
using spectrophotometer and gas chromatography (GC) analysis,
the humidifier is for adjusting the humidity in the chamber, and
the personal computer is used to collect and process the data from
the e-nose system.

In the preparation stage, formaldehyde, benzene and toluene are
liquid, they were volatilized in the gas collecting bags after their
liquor are injected, respectively. While NH3, CO, NO, are gases,
so the standard gases were injected into the gas collection bags,
directly. These target gases in the gas collection bags were diluted
by pure nitrogen (N, ). In experiments, the quantity of gas was con-
trolled by injection time through a flow-meter connected with the
standard gas bag. The experimental temperature was set to 15, 20,
25, 30, 35 and 40 °C, and the relative humidity was set to 40%, 60%
and 80%, respectively. The total time of each experiment was 10 min
including 2 min for baseline and 8 min for steady state. For each
sample, 300 sampling points were collected. After each experiment,
the chamber was purged by clean air until the response of sensors
returned to the baseline state.

2.2. Experimental data

Three datasets are prepared respectively, as follows.

2.2.1. Dataset 1

Dataset 1 shown in Table 1 is a multi-class sample set composed
of six target gases. Each sample is the steady state point in the sen-
sor response, that is, each sample is generated by an individual
sensor response sequence. The experimental process is illustrated
in Section 2.1. It is used to train a prediction model by dividing
into training and test data. The training samples are selected from
Dataset 1 by using KS algorithm [16] and the remaining examples
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Fig. 2. Response curve of the four sensors of Dataset 3.

are used as test data. The proportion of training and testing data is
approximately 2:1 for generalization.

2.2.2. Dataset 2

It is used to determine the threshold and test the performance
of the prediction model, which includes target gas samples and
interference gas samples. The experimental method for obtaining
Dataset 2 is the same as that of Dataset 1. Note that the interference
experiments and target experiments were carried out separately.
The experimental process is illustrated in experimental setup. Here
perfume and alcohol are used as the interferences. The number of
target and interference gas samples is 1205 and 1195, respectively.

2.2.3. Dataset 3

It is a data set for verifying the performance of the PMIE model
in real environment. It is obtained when the e-nose is exposed to
the mixture of interferences and the target gas. The experimental
process is shown as follows. First, the target gas is injected into the
chamber, until it reaches the steady state. Then the interference
gases are injected into the chamber. Third, repeat these two steps
three times. The selected target gas is formaldehyde, and the inter-
ferences are perfume, alcohol and orange, respectively. In dataset 3,
there are 2400 points in total, which simulates the case of interfer-
ence in real E-nose application. All the data points are used to verify
the performance of PMIE model in real environment. The curves of
sensor responses are described in Fig. 2.
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Fig. 3. Structure of PMIE for interference discrimination.



706 F. Tian et al. / Sensors and Actuators B 234 (2016) 703-712

Table 3
Testing algorithm of the proposed PMIE method.

Algorithm 2. PMIE testing algorithm

Input
The prediction function f(-);
The threshold T;
Dataset 3 (X3).

Output
The interference label;
The interference eliminated sensor response Zc,,.

Procedure
1. Data preprocessing;
2. Predict the fourth sensor response: y =f (Xtem, Xhum, Xs1, Xs2, Xs3) by using Xs;
3. Calculate the prediction error: error = |y — Xs4l;
4. Predict the interference label based on pattern mismatch:
iferror>T
label=1;
else label =0;
5. Correct the original signal X3 using the OSC:
if label =1
Zor=X3 — X3'h
else Zor =X3;

3. Proposed method
3.1. Main idea

Suppose the dataset S to be (X, Y), where X = (x1, %2, - -, xy) e
fN*d x; = (x;1, -, Xiq) and Y e %N, N denotes the number of train-
ing samples and d is the feature dimension. The prediction function
f(-) can be defined as:

N
n}ianxi)—Yin% (1
i=1
The absolute prediction error can be calculated by
error; = |f(x;) - Yil,i=1,--- N (2)

We can imagine that a larger prediction error will be obtained
by using the learned prediction function f(-) on some samples with
different pattern from the patternS. Therefore, an unknown sample
can be discriminated whether it belongs to the patterns from S or
not by finding an appropriate threshold T. For example, if a sample
(U, V)with different pattern from S is used as the input of f(-), we can
obtain that |f(U) — V| > T.Thisideaimplies that the invariant infor-
mation of the fixed dataset S has been memorized in the learned
prediction function f(-). The new patterns that have different space
distribution from S will have a conflict, such that it is easy to rec-
ognize all types of different patterns that are uncorrelated with the
invariant information in S.

In this work, this idea is motivated by the fact that there are
many kinds of interferences in e-nose applications. From the view-
point of experiments, it is impossible to collect all interferences
samples. However, the target gases, as fixed patterns, can be rec-
ognized as invariant information, such that the proposed idea is
reasonable for interference elimination. Motivated by the informa-
tion invariance and the proposed idea, a pattern mismatch based
interference elimination (PMIE) method is proposed. Note that it is
“pattern mismatch” instead of “pattern match” which aims at rec-
ognizing the interference by the mismatch degree (i.e. prediction
error), instead of recognizing the target gases.

3.2. Pattern mismatch based interference elimination (PMIE)
The proposed PMIE method includes two parts: interference dis-

crimination and interference elimination. The details for each part
have been presented as follows.

3.2.1. PMIE based interference discrimination

In the e-nose, the responses of temperature (Xt ), humidity
(Xpum) and three MOS sensors (Xs1, Xs2, Xs3) are used to predict the
response of the fourth sensor (xs4). In the proposed PMIE method,
the pattern vector x is described as (Xtem, Xpum» Xs1, Xs2, Xs3) and the
predicted variable Y is described as x4. In this paper, the existing
regression techniques such as regularized least square (RLS), back
propagation neural network (BPNN) and support vector regression
(SVR) have been used to learn the prediction function f(-), by assum-
ing that xs4 =f (Xtem,» Xnum» Xs1,» Xs2, Xs3). We call them PMIE-RLS,
PMIE-BP and PMIE-SVR, respectively. Note that in this paper, four
gas sensors have been used as predicted variable respectively.

For the discrimination of an unknown sample x, the label of X can
be obtained by calculating the error between its predicted output
¥ =f(XtemXnhum, Xs1, Xs2, Xs3) and the true value x4, as follows

1, i T
label — , lf error > 3)
0, if error <T

where the threshold T can be determined by ROC curve and mis-
judgment rate (MR). Note that the label “1” denotes the interference
pattern (i.e. non-target gas) and “0” denotes target gas pattern.
Specifically, the interference discrimination process of the PMIE
method is shown in Fig. 3. Note that the training process of the
sensor prediction functionf(-)in Fig. 3 is conducted by Dataset 1.

3.2.1.1. Threshold determination. Dataset 2 was used to determine
the threshold T for pattern mismatch. Specifically, the ROC (receiver
operating characteristic) curve was used to test the performance
of the prediction model, which was a popular index in reflecting
the sensitivity and specificity of recognition. The area under the
curve can reflect the overall recognition performance [17-19]. For
abinary classification problem, four items such as true positive, true
negative, false positive and false negative are included. In ROC, the
true positive rate (TPR) is calculated by

TP

TPR = 75—y (4)
The false positive rate (FPR) is calculated by
FP
FPR= ooy (5)

In Eq. (4) and (5), TP is the number of true positive samples, FN
is the number of false negative samples, FP is the number of false
positive samples, and TN is the number of true negative samples.

First, the prediction error vector of dataset 2 can be obtained by
using the learned prediction function f(-), then the maximum and
minimum errors denoted as Emax and E,;, are obtained. The inter-
val [Eqin, Emax] is divided into 100, such that there are 100 potential
thresholds. For each threshold, the sensitivity (TPR, true positive
rate) and specificity (FPR, false positive rate) can be calculated for
ROC curve. Then, the misjudgment rate (MR) could be calculated
for each threshold, in which the threshold with the smallest mis-
judgment rate is chosen as the final threshold T in Eq. (3).

3.2.2. PMIE based interference elimination

After interference discrimination, the proposed interference
elimination algorithm is formulated as follows.

z—h-z, label =1

Zeor _{ z , label=0 ©
where z is the sensor array response and h is the correction vector
being determined. Here the orthogonal signal correction algorithm
(0SQ) is used to establish the signal correction matrix h.

The OSC has been used to remove the irrelevant information
(orthogonal part) in the projection vector from the spectral matrix
[20-22]. In this paper, the interference information needed to
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Table 4
Average training and testing prediction errors for the three models.
Predicted sensor TGS2620 TGS2602 TGS2201A TGS2201B
train/test error train/test error train/test error train/test error
PMIE-RLS 0.0269/0.0242 0.0545/0.055 0.0475/0.0499 0.0213/0.0182
PMIE-BP 0.0106/0.0112 0.015/0.016 0.019/0.021 0.0171/0.02
PMIE-SVR 2.2e-5/2.0e-5 1.6e-5/1.4e-5 2.3e-5/1.7e-5 1.0e-5/9.4e-6
Training algorithm: Testing algorithm:
Dataset] X Dataset3 X3
learn 40
y A 4
prediction function prediction response
0 P (tems Xvom, Xs1, X2, Xs3)
A 4
Dataset2 X, arror
10 arror=| y—xg |
A
prediction response
F=f (tem Xboms Xs1, X52, Xs3)
yes no
: 4 4
error interference target
aerror={ y—x |
T y
l correct by correct by
calculate MR Zer=X3- X3-h Zer=X3
v
threshold 7

Fig. 4. Flowchart of PMIE algorithm.

remove is irrelevant to the target signal, thus the OSC algorithm can
be used to remove it. Correspondingly, during the removal of inter-
ference information, the mean vector R of the nearest n real-time
target samples is used as the projection vector and the real-time
sensor interference signal zis used as the spectral matrix. The mean
vector R of the nearest n real-time target samples P can be defined
as:

n
1 .
Ri=HE Piji=1,2,.--,d (7)
=1

whereR = [Ry, ---, Rd]T, P=[Pq,- -, Pd]T, nis the length of the vec-
tor P;, and here, n is set to be 20. d is the feature dimension (i.e. the
number of sensors). The correction vector h can be determined by
the OSC algorithm.

3.2.3. PMIE algorithm

The training and testing stage of the PMIE algorithm have been
illustrated in Tables 2 and 3, respectively. And the flowchart of the
PMIE algorithm is shown in Fig. 4.

4. Results and discussion
4.1. Data preprocessing

Smooth filtering [11] and the vector standardization are used
for preprocessing and normalization, respectively, in this paper.
The filtered signal vector X can be calculated by

i+20-1

Z q; — max(q;, - -, gir20-1) — Min(q;, - - -, giy20-1)
=i

XD = 18

i=1,--,n=20+1 (8)

where q = [q1, 2, -, gn]" is a response sequence for one sensor,
and the length is n. X = [X(i), ---, X(n — 20 + 1)]T is the filtered sig-
nal sequence for one sensor. The length of the smoothing filter is
set as 20. By subtracting the maximum and minimum values, part
of the outliers may be removed, while the noise can be filtered out
by averaging the remainder samples (which functions essentially
as a low-pass filter).
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Fig. 5. ROC curves of the sensor TGS6220 (a), TGS2602 (b), TGS2201A (c) and TGS2201B (d) based on the three prediction models.

The vector standardization is used as a normalization method.
Xij

> ()

i

It is worthy of noting that the vector standardization, as one
kind of normalization method, makes the length of response vec-
tor of sensor array or the norm of vector to be per unit length, that
is, i.e, |lyjll = 1, withy; = [ylj,yzj,y3j,y4j]T.This is a common used
normalization method which diminishes the influence of concen-
tration to some extent [23].

4.2. PMIE training on Dataset 1

Three models such as PMIE-RLS, PMIE-BP and PMIE-SVR are
used in this paper. The average prediction errors of each sensor
for the three models are listed in Table 4, and it is can be seen
that the prediction accuracy of the PMIE-SVR model shows the best
performance. However, the proposed PMIE method has less strict
requirement on the prediction accuracy, as long as the boundary

points which discriminate between target gas response and inter-
ference gas response can be found.

4.3. Threshold analysis based on Dataset 2

Dataset 2 was used to determine the threshold. First, the pre-
diction errors were obtained from dataset 2 for different prediction
models, then the maximum error Empax and minimum error Epp
can be achieved. The interval [Ei,, Emax] Was divided into 100
thresholds uniformly. For each threshold, the sensitivity (TPR) and
specificity (FPR) can be calculated. The ROC curves are shown in
Fig. 5, which show that the areas under curve (AUC) of the ROC
for three models are more than 0.5. The PMIE-BP model is bet-
ter than PMIE-SVR and PMIE-RLS models for pattern prediction of
TGS2620 and TGS2201B. The PMIE-SVR model is the best model
for pattern prediction of TGS2602 and TGS2201A. In general, the
PMIE-BP model and PMIE-SVR model have their own advantages
in discrimination, and the PMIE-RLS is the worst due to the linear
regression nature.

Second, the misjudgment rate can be calculated for each thresh-
old. The threshold with the smallest misjudgment rate is used as the
threshold for interference discrimination. Relationships between
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Table 5
Threshold (T) and misjudgment rate (MR) of four sensors for the three models.
model PMIE-RLS PMIE-BP PMIE-SVR
T MR T MR T MR
TGS2620 0.024 17.38% 0.0464 7.46% 0.00015 18.75%
TGS2602 0.188 13.58% 0.0905 10.54% 0.0012 5.08%
TGS2201A 0.0183 24.80% 0.1342 8.58% 0.0004 9.67%
TGS2201B 0.0189 16.90% 0.1802 4% 0.00018 17.83%
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Fig. 7. Curves of sensor TGS2620 after correction by ICA algorithm (a), OSC with PMIE-BP model discrimination (b) and OSC algorithm (c).

threshold and misjudgment rate are shown in Fig. 6, from which
the threshold and misjudgment rate of each model for each sensor
can be observed. The red point represents the threshold point. The
details for each sensor are described in Table 5.

In terms of the misjudgment rate, the PMIE-BP model with
respect to the TGS2201B sensor as the dependent variable in PMIE
has the smallest misjudgment rate for interference discrimination.

In summary, the training process of the discrimination model
f(-)based on Dataset 1 and the search for the best threshold T based
on Dataset 2 are described in this section. The obtained f(-) and T
will be tested in the following section by using Dataset 3.

4.4. Interference discrimination result on Dataset 3

4.4.1. Discrimination result based on single model

In this section, the prediction results of three models for each
sensor are described in Table 6. It can be seen that for each sensor,
the misjudgment rates of PMIE-BP model and PMIE-SVR model are
smaller. Therefore, the PMIE-BP model and PMIE-SVR model are
more suitable for interference discrimination.

Table 6

Misjudgment rate (MR) of four sensors for the three models.
model PMIE-RLS PMIE-BP PMIE-SVR

MR MR MR

TGS2620 17.75% 3.63% 12.04%
TGS2602 6% 3.91% 2.33%
TGS2201A 28.40% 3.83% 6.70%
TGS2201B 34.70% 8.38% 8.50%

4.4.2. Discrimination result based on multiple models

For each model, the responses of four sensors are predicted,
respectively, i.e. Sy =f1(S2, S3, S4), S2 =f2(S1, S3, S4), S3=£3(51, 52, S4)
and Sy =f4(S1, S2, S3). So there are four prediction functions for each
model (e.g. SVR). In order to prevent the recognition error caused
by a single sensor prediction, it uses multiple sensor predictions
to discriminate between target signals and interference signals in
the same model. As shown in Table 7, k (k=1, 2, 3) denotes that a
signal is discriminated as an interference response when the sig-
nal is predicted as interference by k prediction functions. Table 7
illustrates that the misjudgment rate is smallest with k=3 under
the same model.
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-g(a)rb;:;:rison of the misjudgment rate (MR) between the proposed PMIE and method [11].
The proposed method Method [11]
Method k PMIE-RLS PMIE-BP PMIE-SVR RLS BP SVR
1 2 3 1 2 3 1 2 3
MR 42.10 15.25 10.45 5.67 341 3.25 5.41 5.62 5.29 6.55 5.75 5.08

The PMIE method proposed in this paper is different with the
pure classification based method [11]. It only relies on the target
samples when it is set up, and it is irrelevant to interference gases.
So the method is effective to all interference gases. However, the
method in Ref. [11] needs some interference samples to train clas-
sifier, so it depends on the type of interference gas to some extent.
Thus it is effective to limited types of interference. And Table 7
shows that the PMIE-BP method is superior to the method in [11]
in discrimination performance.

4.5. PMIE based interference elimination result

The OSC algorithm was used to correct the interfered responses.
The curves of TGS2260 responses which were discriminated by
PMIE-BP prediction model and corrected by OSC are listed in
Fig. 7(b), wherein we can find that the misjudgment positions are
the boundaries between the target gases and interferences. But
the boundary problem is still an unsolved issue, which is a cost-
sensitive problem.

The independent component analysis algorithm (ICA) and
orthogonal signal correction algorithm (OSC) can be used in compo-
nents correction [24-27]. In the e-nose based on MOS sensor array,
they are used to solve the interference problem and drift prob-
lem [28-30] caused by sensor aging. For comparison, the ICA have
been utilized for interference elimination. The TGS2620 response
curve with interference elimination is shown in Fig. 7(a). Addi-
tionally, the single OSC method also have been utilized, which can
remove the information that is irrelevant to target response. The
corrected curve of TGS2620 is shown in Fig. 7(c). From the results,
it is can be concluded that the proposed PMIE method can suc-
cessfully discriminate and eliminate the interferences in real-time
application. This also implies that ICA or OSC may not effectively
eliminate the interferences that are independent of target gases in
real-time application from their principle. Therefore, for real-time
use of an e-nose in real-world scenarios, the proposed method can
well address the issue in e-nose community.

4.6. Assumptions and limitations of PMIE model

Assumptions and limitations of the model are discussed as fol-
lows:

4.6.1. Assumption
For the PMIE model, we assume that the target gas concentration
remains constant when the interference gas exists.

4.6.2. Limitations

1) The threshold T used to discriminate the signal attribute should
be very accurate in the model. If the target signal and the
interference signal are very similar, the probability of wrong
discrimination will be larger.

2) During the process of interference elimination, the interfer-
ence information orthogonal to the target signal is removed,
but it cannot guarantee that all the interference information
is removed. Therefore the interference is not completely elimi-
nated while it can be suppressed to a large extent.

3) For the model in this paper, the signal is discriminated as one
of the two kinds: either target signal or interference. However,
in the future, we will consider multi-label prediction, that is,
multiple kinds of gases can be discriminated simultaneously.

5. Conclusion

In this paper, a pattern mismatch based interference elimination
(PMIE) method is proposed for addressing the key and unsolved
issue of interferences in e-nose. This method consists of two parts:
interference discrimination and interference elimination. The dis-
crimination model of PMIE only relies on target gas samples, and
it is built independently of specific interference gases, such that
the PMIE method is effective to all interference gases. By compar-
ing with ICA and OSC in experiments, the proposed PMIE method
shows the best results. It means that the interference problems
caused by non-target gases in e-nose was satisfactorily solved by
the proposed PMIE method.

In the future, the boundary problem of discrimination based on
a well-trained threshold should be further studied. Additionally,
more effective mismatch based discrimination model may also be
an interesting research direction.
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