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Research on Similar Odor Recognition Based on Bid Data Analysis
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Abstract: In the common olfactory system odor recognition is processed by the electronic nose
collecting sensor data, but the odor data collection of substances is easily affected by the environment
and the processing is complicated, which is prone to deviation. This paper proposes a method based on
big data analysis. According to the different chemical structure characteristics of different odor
substances, the BP neural network is used to build a model to classify and recognize similar odors, and
compare it with the traditional PCA+LDA recognition method. The results show that the establishment
of a similar odor recognition model can accurately classify substances with similar odors, and the BP
neural network algorithm is used to identify different substances with a higher rate of odor recognition.
This method is stable and simple, and can provide different ideas for odor identification.
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I. INTRODUCTION

n recent years, artificial intelligence smell has been
greatly developed worldwide. Domestic research on

odor analysis lags behind that of foreign countries, and
most of them use electronic nose to collect sensor data
for research. The research content mainly includes odor
recognition, quality inspection and quality identification
of food and agricultural products such as tobacco, wine,
tea, vegetables and fruits. The sense of smell enables
animals to recognize the chemical nature of the world
around them. Sensory neurons in the nose detect odor
molecules and transmit signals to the olfactory bulb,
which is the forebrain structure where the initial odor
processing occurs. The olfactory bulb mainly transmits
information to the pear-shaped cortex (the main
structure of the olfactory cortex) for more
comprehensive processing.

At present, most research on olfaction uses sensor
response values to perform feature extraction and
analysis to identify odors. Due to the particularity of
gas data, processing data is more troublesome, and
there may be deviations in the final recognition rate of
similar odorants. Recently, the research team of

Sandeep Robert Datta of the Department of
Neurobiology of Harvard University revealed in the
journal Nature that the olfactory system performs
corresponding neuronal activities based on related odor
cues. Research has shown that the similarity of odor
chemistry can be reflected by the similarity of neural
activity. The more similar the chemical structure of the
odorant, the more similar the neuronal response is.
Therefore, according to the different chemical structure
characteristics of the odor of different substances, this
paper innovatively proposes a similar odor
identification method based on big data analysis,
through the chemical structure of odor compounds
Using PCA+LDA algorithm and BP neural network
algorithm to establish similar odor recognition model to
classify the similarity of different odor substances, and
compare the recognition rate of odors, so as to better
realize the identification of substances through the
chemical structure of the substances odor.

II. RELATED WORK

This experiment uses different types of odor
compounds collected from the FlavorDB flavor
molecule database (such as "fishy", "sweet", "fruity",
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"burnt", "spicy", "floral fragrance" and " "Sour")
chemical structure (such as number of atoms, molecular
weight, number of hydrogen bond acceptors,
electrochemical properties, etc.) as the initial data set,
some of which are shown in Table 1 below. Through
the preprocessing of the data, the appropriate feature
attributes are selected, and the PCA+LDA and BP
neural network algorithms are used to classify and
recognize similar odors for substances with similar
chemical structures; establish a similar odor recognition
model; train the model; test the model. Through
continuous training and testing, the algorithm is further
optimized to make the final recognition rate more
accurate. According to related research, odor
recognition can be divided into two categories.

TABLE I. ODOR-RELATED CHEMICAL STRUCTURE DATA SET

A. Odor recognition based on machine smell
The common smell recognition based on machine

olfaction [1-3] is to first use the electronic nose to
collect gas data sets of volatile substances, preprocess
the data, and use a set of signals of known odors as the
training set. The algorithm compares and learns to
obtain the characteristic model of the smell, and then to
identify an unknown smell signal. In this process,
multivariate model analysis technology must be
adopted, and multivariate analysis is used to determine
the potential relationship between an independent
variable set (such as the output of n sensors) and
another related variable set (such as gas category and
component concentration). For example, in 2016, Yin
Yong and Hao Yinfeng of Henan University of Science
and Technology conducted a study on the identification
of 5 kinds of corn with different mildew degrees based
on the multi-feature fusion electronic nose technology
[4]. In 2019, Zhu Yufeng, Wang Ningcheng and others
of the University of Science and Technology of China
proposed an algorithm that combines RNN with
artificial bee colony to classify the origin of sweet
orange and kiwi fruit samples with a short collection
time to achieve rapid identification The purpose of [5].

B. Odor recognition based on big data analysis
Studies have shown that the piriform cortex is the

brain area that receives the most input from the
olfactory bulb, and a single piriform cortex neuron can
sense multiple chemical odors. The researchers found
that among all neuronal responses caused by odors, the
third layer of the piriform cortex has a denser and wider
range than the second layer.

The reaction of pear-shaped cortex neurons caused
by similar odorants can systematically reflect the
chemical relationship between gas stimuli. Therefore,
the similarity of odor chemistry can be reflected by the
similarity of neural activity. The more similar the
chemical structure of the odorant causes the nerves. The
meta-reactions are more similar [6]. According to the
different chemical structure characteristics of the odor
of different substances, this paper innovatively
proposes a similar odor identification method based on
big data analysis.

First, preprocess the data set of the chemical
structure of similar odor substances, and then use
common recognition algorithms such as PCA+LDA
algorithm and BP neural network algorithm to select
appropriate feature attributes, establish similar odor
recognition models, and continuously train Improve the
test set to optimize the final recognition rate.

III. SMELL RECOGNITION ALGORITHM

The commonly used pattern recognition methods in
machine olfaction are statistical pattern recognition and
artificial intelligence methods. Statistical recognition
methods often include PCA (principal component
analysis), PCR (principal component regression),
cluster analysis (AC), partial least squares
Multiplication (PLS), etc., artificial intelligence
methods include back propagation algorithm (BP),
genetic algorithm (GA), wavelet transform neural
network (WNN), etc. This study selects PCA+LDA
algorithm and BP neural network algorithm to identify
similar odors and compare the recognition rate.

A. PCA+LDA
Principal Component Analysis (PCA) is a classic
method of statistics and feature extraction, which is
widely used in many disciplines [7]. For example, the
well-known transformation in digital image processing
and transformation in communication theory, the
application scope of PCA also includes data
compression coding, adaptive beamforming, pattern
recognition, etc. [8], PCA is by calculating the
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eigenvector of the input vector covariance matrix, So as
to achieve linear dimensionality reduction.
Linear Discriminant Analysis (LDA) is a frequently
used pattern recognition algorithm, which can be used
to find the effective direction of data classification,
thereby greatly improving the accuracy of classification
and recognition [9].

Because the PCA method is very effective for
representing data sample information, the LDA method
can find the direction of effective classification.
Therefore, if you combine PCA and LDA, you can use
the PCA method to better represent the advantages of
the data sample, and you can also use the LDA method
to find the best direction of discrimination, which can
improve the classification and recognition rate to a
certain extent.

If x is a zero-mean random input vector, that is,
x=[x_1,x_2,...,x_n] ^T, first use the PCA method to
process x accordingly to get the transformation matrix

, and then compress it to get = , Then use
the value as the input of the LDA method, and then
obtain the optimal projection matrix according to
the principle of the LDA method, and then obtain

= according to the formula y= x, and
finally classify according to the decision rules , The
type of sample x can be distinguished. The principle of
PCA+LDA algorithm [10] is shown in Figure 1.

Fig. 1. Schematic diagram of PCA+LDA algorithm principle

B. BP neural network
The artificial neural networks (ANN) system appeared
after the 1940s. It is connected by a large number of
neurons with adjustable connection weights. It has
large-scale parallel processing, distributed information
storage, and good The characteristics of self-
organization and self-learning have been widely used in
the fields of information processing, pattern recognition,
intelligent control and system modeling. In particular,
Error Back-propagation Training (BP network for
short) can approximate any continuous function, has a
strong nonlinear mapping ability, and the number of
intermediate layers of the network, the number of
processing units in each layer and the learning
coefficient of the network Such parameters can be set
according to specific conditions and have great
flexibility, so it plays an important role in many
application fields [11].

In machine olfactory odor recognition, multi-layer
feedforward networks have been widely used, and the
multi-layer perceptron (MLP) using back propagation
(BP) learning algorithm is the representative. Figure 2
is a typical three-layer BP network structure.

Fig. 2. Typical structure of three-layer BP network

The learning rules of MLP [12] belong to supervised
learning, and its BP algorithm is a natural extension of
the error-based gradient descent criterion (LMS
algorithm). The weight is first initialized to a random
value, and then adjusted in the direction of error
reduction, until the error meets the requirements. The
BP algorithm is divided into two stages: The first stage
(forward), the input information passes from the input
layer to the hidden layer layer by layer Calculate the
output value of each unit; the second stage (back
propagation), the output error is calculated layer by
layer forward to calculate the error of each unit of the
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hidden layer, and use this error to correct the weight of
the previous layer.

IV. SMELL RECOGNITION

A. Identification process
The research on similar odor recognition proposed

in this paper is mainly composed of two parts, one is
data processing and feature selection, and the other is
data modeling analysis, verification and comparison.
The process is shown in Figure 3.

Fig. 3. Odor recognition process

B. BP neural network model construction
The BP neural network design uses the three-layer BP
network structure shown in Figure 4. The network is
divided into input layer, hidden layer and output layer.
Among them, there are n neuron nodes in the input
layer; q neuron nodes in the hidden layer; and j neuron
nodes in the output layer.

Fig. 4. BP neural network unit composition structure diagram

In this paper, the chemical structure data of different
odor substances are used as input, and the number of
neurons in the hidden layer q is determined by equation
(1); the output layer j sequentially represents the
classification output results of different chemical
structure substances:

(1)

Among them, n is the number of neurons in the input
layer; j is the number of neurons in the output layer.
The threshold function Sigmoid function between input
and output is shown in formula (2).

(2)

The performance index function E of BP neural
network is shown in formula (3).

(3)

Among them, r_out(k) is the expected output; y_out(k)
is the actual output.

In order to quickly obtain the self-learning results, the
gradient descent method is used to modify the
weighting coefficients of the BP neural network. Before
BP neural network model training, the data set is
divided into training set and test set, the ratio is 7:3, the
method of cross-check is adopted, and the number of
iterations is 4000.

C. Result
This experiment will complete the model training and

result simulation in MATLAB software. In order to
verify the performance of the model, this paper uses the
PCA+LDA algorithm to compare with the BP neural
network algorithm. Through a simple simulation of the
experiment, the identification results of the odor
category are as follows Two shown. It can be seen from
the table that the recognition rate of similar odor
recognition through BP neural network is greater than
that of PCA+LDA, and when there are more odor types
in the data set, the recognition of the two algorithms
will be reduced. Therefore, compared with traditional
odor recognition methods, the accuracy of BP neural
network is higher, but when there are too many odor
types, the classification and recognition effect is still
not ideal. In the follow-up, the model needs to be
continuously optimized to further improve the accuracy
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of odor recognition. In order to verify the performance
of ReNet, this paper compares several methods of
template matching, BP neural network and traditional
LeNet_5 network, and conducts control experiments on
the same character set. The specific experimental
results are shown in Table 2.
It can be seen from Table 2 that compared with the
traditional template matching and BP neural network
methods; the license plate recognition model ReNet
proposed in this paper has obvious

TABLE II. COMPARISON OF ODOR RECOGNITION RESULTS OF
TWO ALGORITHMS

Metals character accuracy
PCA+LDA (five smells) 93%

BP neural network (five
smells)

98%

PCA+LDA (ten smells) 81%

BP neural network (ten
smells)

92%

V. CONCLUSION

Common olfactory systems use electronic noses to
collect sensor data for analysis and identification.
However, due to the effects of temperature, humidity,
sensor drift and other phenomena in the process of
collecting data, the final experimental results may be
biased. Therefore, this topic uses different odors. The
chemical structure characteristics of the substances are
analyzed to identify similar odors, and the recognition
rate will be improved, which lays the foundation for the
research of identifying odor information from different
angles. And this model can help fragrance and flavor
companies save a lot of energy and investment required
to find specific odor molecules, and also save a lot of
post-user experience investigations. At the same time, it
may be possible to identify the specific odor in the
future. Molecules in the odor. In the following research,
the odor types and odor chemical structure attributes of
the sample data set will be further increased, and the
algorithm model will be optimized to make the model
more rigorous and more accurate.
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