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 What is electronic nose (E-
nose) ?

It is a kind of gas analysis device mainly 
composed of gas sensor array and
pattern recognition methods.

 How does E-nose apply?
It is widely used in air-quality 
detection, disease diagnosis and 
food detection where beverage 
identification plays an important 
role. 
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 Gas sensor array
a printed circuit board 

equipped proper analog 
signal processing circuits 
and 32 commercial gas 
sensors which made in 
China, Japan and Korea.

 Control unit
It fulfilled analog signal 

sampling, data storage 
and transferring based on 
a micro-processor 
STM32F103ZET. Simple 
pattern recognition
algorithms can be 
executed on board if 
needed.



 Hardware connections (Working 
condition)
Two DC-power modules were adopted for 

power supply due to high power consumption 
of MOS-type gas sensors. DuPont Lines were 
used to connect the two analog signal 
interfaces on both gas sensor array and control 
unit.
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 Objective
Convert FDA from a binary classifier 

to a multi-class classifier.
 Structure

It is composed of FDA classifier set, 
binary encoding and binary-sequence 
recognition.



 Steps
1) Allocate (k-1)k/2 training sets from k
category samples, each training set has only 
two types of samples.

2) Train (k-1)k/2 FDA classifiers (FDA 
classifier set) with (k-1)k/2 training sets one 
by one.

3) Encoding each output of FDA yn as follows:

where w0n denotes the threshold value of n-
th FDA classifier, and a is a slack variable to 
enhance generalization ability.
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 Steps
4) Generate binary sequence y from yn:

5) Classification according to the hamming 

distance of binary sequences between  test 
and all the train samples. We used 1-NN 
method with hamming distance to obtain 
the final output.
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 Samples
Seven beverages including Chinese liquor, 
beer, wine, green tea, black tea, oolong tea 
and pu’er tea. 

Each beverage tested 12 times on different 
concentrations; 

Totally, 84 samples were collected.

 Features

Average value of each sensor response in 

one experiment. thus 84 32-demensional 
data were extracted as Feature for Patten 
Recognition

 Preprocessing



 Training and testing settings
Mode1: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12

Mode2: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12

Mode3: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12

Mode4: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12

For each kind of beverage samples, 
green color numbers are training 
samples while black color ones are 
testing samples.   



 PCA plots

 Alcoholic b
ever-ages  
and tea 
drinks can 
be divided 
clearly.

 overlaps 
and 
collisions 
occurred 
between all 
kinds of 
liquor drink 
samples as 
well as tea 
drink 
samples.



 Accuracy comparison

Compared with common multi-class 

classifiers, EFDA was helpful to increase the 
recognition rates in most of the time in 
beverage identification.



Thank you very much!


