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1. Calculating ¢ Training
Composition ratio DataSet
2. Normalization
& g Trained
3. Model Training > Model
a9 3-8. ANN &7 29 st o
R e o st B9 24 542 A4sm AiEE AR 249 =
% g5 ANN 25 2dS Algs SAgo] i3k 7k F/HE 2554 @
T 3-20 b= BH mde] Txe} shgel A& stold wevEE Y,
% 3-2. ¥ wele] 72 2 sols shejule
Modell Model2 Model3
Input Layer Node 30
Hidden Layerl Node 200
Hidden Layer2 Node 300
Hidden Layer3 Node 300
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Activation Function RelLU
Output
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Loss Function CrossEntropy
Optimizer Adam
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B = o o B=
T = y o T
walo] shgo] ALER dolEel FHEE E 3-67 gou] B mFoA Aota z4u A
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o] EF AHIEE wusu. 449 Ao tig £FE Confusion Matrix® YeERH 2
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Normalized confusion matrix : 64.75394951879426%
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0.8
B 0.6
B
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2
oy - 0.4
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T i 00
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&
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Predicted label

1% 3-14. Raw HolHZ H&3 27 23

Normalized confusion matrix : 85.81804975485746%
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=
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Normalized confusion matrix : 87.60794473229706%
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T T T T
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&2
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K
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Normalized confusion matrix : 91.96891191709845%
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ole] x7k H4 o]
w5 A7} H2sE

A Aeke GAR AEE =4
=2o ;g

$Hwr 3.8% U
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A A
3
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A o =
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Normalized confusion matrix : 78.49740932642487%
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STt 42.0%0 W, 240 A4S A& o= dA 65.3%= 23.3% W w2 43
=5 wlth
¥ 3-9. 2% BF vt PnE
7t~ 1 7t 2 A 5= (%)
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True label

Normalized confusion matrix : 41.97424892703863%
0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00

1.0
h2s nh3

h2zs_ch3sh 0.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.8
h2s_co -0.00 0.00 0.0534g] 0.00 0.16 0.00 0.00 0.00 0.00

h2s_ch4 -{0.00 0.00 0.00{:%-"! 0.00 0.000.46 0.00 0.00 0.00
— ; —— 0.6
nh3_ch3sh 40.35 0.42 0.00 0.00 0.15 0.02 0.05 0.00 0.00 0.00

True label

nh3_co 40.00 0.00 0.00 0.47 0.00@ 0.00 0.00 0.00 0.00
p— - 0.4
nh3_ch4 40.00 0.00 0.00 0.00 0.00 0.00%s} 0.00 0.00 0.00

ch3sh_co 40.00 0.00 0.00 0.00 0.00 0.004sE:=E4 0.06 0.00 0.00

- 0.2
ch3sh_ch4 4{0.00 0.00 0.00 0.34 0.00 0.00/0.44 0.00 0.22 0.00

co_ch4 0.00 0.00 0.00{/-E 0.00 0.00 0.39 0.00 0.00 0.08

Predicted label

% 3-22. Raw HOlHE ARSEE 59 7hs 5 Ayt

Normalized confusion matrix : 65.31498913830558%
h2s_nh3 40.34 0.00 0.01 0.00 0.00 0.00 o.ooﬂo.m 0.00

1.0

h2s_ch3sh 0.000.22 0.00 U.EJD 0.00 0.00 0.04 0.00 0.00

0.8
h2s co 40.00 0.0[} 0.00 0.00 0.00 0.00 0.00 0.00 0.00

h2s_ch4 40.00 0.00 0.00 0.39 0.00 0.00 0.00 0.00 0.00

0.6
nh3 ch3sh 40.00 0.00 0.00 0.00 0.16 0.00 0.0D0.0D 0.00

nh3_co -0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 0.4
nh3 ch4 40.00 0.00 0.00 0.00 0.00 0.00 0.090.00 0.01

ch3sh _co 40.00 0.00 0.00 D.UDE 0.00 0.00 0.41 0.00 0.00

- 0.2
ch3sh_ch4 40.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00

co_ch4 40.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

T
o
s

Predicted label

1% 3-23. Ratio Hl°o|HE A&k 53 7t~ &5 A
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[Abstract]

Research on Reliable Odor and Harmful Gas Monitoring
System Based on Artificial Intelligence using [oT Sensor
Array

In this paper, sensor array and ANN (Artificial Neural Network) algorithms
combined with several gas sensors are used without changing the physical elements
of the sensor to complement the low stability and selectivity of the semi-conductor
gas It also proposes real-time odour and harmful gas monitoring systems that can
be reliably gas detection and concentration measurement.

The sensor array consists of six different semi-conductor gas sensors and due
to its low selectivity, one gas sensor generates a pattern for the six sensors that
react on one gas, using inversely the cross-responsiveness of the different types of
one The ANN algorithm produces a model that classifies gas types based on these
patterns and uses 30 Ratio Values extracted as a percentage of six ADC Values
measured by the sensor array as input characteristics to create a reliable gas
classification model. In this case, the calculation speed of ANN is improved by
selecting the high correlation composition ratio value with the Genetic Algorithm for
the system requiring real-time monitoring and using it as input characteristics for
the generation and classification of ANN classification models. In addition, six sensor
measurements of sensor array measured at different concentrations of a single gas
and an artificial neural network of the Convolution Neural Network structure create
a regression model to estimate the concentration of a single gas.

Real-time odour and hazardous gas monitoring systems consist of data collection
devices that measure gases, databases, data acquisition and analysis programs and
monitoring programs. The data collection unit consists of a sensor array consisting
of a zigbee system that allows wireless communication with the server, an Arduino
as Micro Control Unit, six TGS series sensors from Figaro Corporation, and an Air
Pump Motor for gas inhalation. The data acquisition and analysis program obtains
data from the data collection unit, calculates gas classification and concentration
with the gas classification and concentration estimation algorithm, and stores the
results in the database. The monitoring program queries the database and outputs
real-time and specific date results.

Through sensor array and ANN algorithm, the proposed odour and harmful gas
monitoring system can verify reliable gas detection and concentration measurement
performance by complementing stability and selectivity of semiconductor gas sensor,

which is expected to contribute to increasing the various utilization possibilities of
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industrial gas measuring equipment and early warning system using semiconductor

gas sensor.
keyword : odor, harmful gas, gas sensor, classification, concentration, gas sensor,
composition ratio, sensor array, semiconductor-type sensor, artificial

aduino,

neural network, convolution neural network, genetic algorithm,

monitoring system
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