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Integration of artificial lung-olfactory sense system and
identification method of gas mixtures

YANG Shengnan, WU Weiguo

(School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract; For olfactory sense and gas mixtures identification of humanoid robots, an artificial lung & olfactory
sense system ( HAL&OS-1) and its identification method through active breathing are proposed and researched. The
integrated hardware of the system mainly consists of micro vacuum pump, five gas sensors for alcohol/hydrogen
sulfide/ammonia/smoke/methane separately, and the single chip microcomputer along with the circuit boards for
signal sampling and processing. Gas identification experiments of five pure gases and four gas mixtures were
conducted by using K-mean cluster analysis method, genetic algorithm combined with neural network ( GA+BP) ,
cascade neural network ( GA+3BP) separately. The experimental results show that the identification rate of five
pure gases by the GA+BP algorithm is above 90% , but the identification rate is relatively low when the gas mixtures
are included. Gas identification rate of all gases by the GA+3BP algorithm is more than 90% except the smog and
hydrogen sulfide mixture gas of which the identification rate is 70%. It is revealed that the GA + nBP algorithm has
higher identification rates for multiple pure and gas mixtures.

Keywords: artificial lung; olfactory system; mixed gas; genetic algorithm; cascading BP neural network
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Fig.4 Data sampling and processing system of olfactory sensors
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Fig.5 Response curve of five gas sensors to the experiment gases
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Tab.1 Normalized data of ammonia’ s experimental eigenvalues

S TGS822 TGS825 TGS826 TGS2600 TGS2611
s FoRE BRBUME R BREOME B BRWOHA RRE FREoHE FoRE BRROME

1 0.883 8 0.289 3 0.793 7 0.407 0 0.977 2 0.096 2 0.301 2 0.184 8 0.176 6 0.009 0

2 0.940 0 0.146 8 0.967 8 0.144 6 0.979 5 0.047 7 0.655 3 0.103 4 0.506 9 0.064 9

3 0.883 2 0.141 4 0.942 6 0.152 4 0.973 1 0.060 1 0.412 1 0.075 3 0.201 1 0.017 0

4 0.873 9 0.102 5 0.790 2 0.167 0 0.976 0 0.007 6 0.280 2 0.057 0 0.144 6 0.011 1

5 0.895 5 0.057 4 0.871 0 0.091 5 0.979 5 0.002 6 0.369 1 0.085 9 0.256 5 0.018 2

6 0.937 7 0.1390 0.963 1 0.146 6 0.979 5 0.037 3 0.616 7 0.095 7 0.578 6 0.065 5

7 0.883 2 0.848 2 0.903 7 1.000 0 0.979 5 0.159 0 0.301 5 0.344 3 0.147 4 0.013 7

8 0.890 3 0.072 1 0.837 6 0.122 6 0.979 5 0.006 9 0.333 1 0.052 9 0.2117 0.009 0

9 0.867 7 0.122 6 0.788 4 0.130 2 0.976 6 0.029 3 0.2415 0.051 5 0.156 5 0.015 0

10 0.940 6 0.152 7 0.983 0 0.157 8 0.986 5 0.079 1 0.761 8 0.127 6 0.703 0 0.081 7

11 0.9353 0.147 5 0.974 8 0.157 1 0.987 7 0.061 4 0.760 6 0.124 3 0.722 3 0.100 7

12 0.926 5 0.146 8 0.964 3 0.156 4 0.986 5 0.062 7 0.745 1 0.123 6 0.707 7 0.097 4

13 0.914 9 0.147 4 0.948 8 0.155 4 0.987 7 0.083 1 0.739 9 0.124 3 0.720 5 0.107 4

14 0.900 2 0.143 5 0.935 9 0.152 7 0.984 2 0.083 1 0.677 8 0.114 6 0.573 4 0.075 9

15 0.892 6 0.139 5 0.926 5 0.150 1 0.981 9 0.082 5 0.583 0 0.094 2 0.444 0 0.050 4

16 0.884 4 0.141 4 0.920 7 0.150 1 0.979 5 0.088 8 0.534 1 0.096 2 0.356 8 0.045 7

17 0.911 9 0.145 4 0.941 8 0.154 1 0.987 7 0.083 1 0.723 5 0.121 9 0.755 4 0.113 9

18 0.906 1 0.144 8 0.935 3 0.152 7 0.984 2 0.079 8 0.711 2 0.120 6 0.585 6 0.089 2

19 0.907 2 0.146 1 0.936 5 0.154 0 0.987 7 0.113 9 0.716 4 0.119 3 0.708 8 0.107 2

20 0.899 0 0.144 7 0.926 5 0.152 1 0.983 6 0.107 2 0.679 6 0.116 6 0.499 3 0.077 8

21 0.887 3 0.145 4 0.939 4 0.152 8 0.971 3 0.100 2 0.394 9 0.070 8 0.144 6 0.015 0

22 0.936 5 0.136 3 0.963 1 0.142 7 0.979 5 0.0327 0.570 7 0.087 0 0.538 5 0.055 0

23 0.873 9 0.141 4 0.939 4 0.1527 0.972'5 0.079 1 0.418 3 0.075 9 0.201 1 0.018 3

24 0.917 2 0.146 8 0.950 2 0.155 7 0.987 7 0.078 5 0.737 5 0.123 6 0.726 4 0.106 0

25 0.905 5 0.145 4 0.940 0 0.154 0 0.985 4 0.083 1 0.710 0 0.120 6 0.653 8 0.087 6

26 0.902 0 0.142 8 0.9353 0.152 7 0.984 2 0.084 5 0.672 9 0.106 6 0.545 0 0.066 9

27 0.891 4 0.143 4 0.928 3 0.151 4 0.983 6 0.085 8 0.620 2 0.102 9 0.487 0 0.048 4

28 0.875 1 0.140 7 0.916 0 0.150 0 0.979 5 0.092 2 0.485 9 0.086 5 0.306 8 0.037 4

29 0.915 4 0.146 1 0.942 9 0.154 1 0.987 7 0.079 1 0.729 9 0.123 3 0.778 2 0.119 9

30 0.911 9 0.146 1 0.937 7 0.153 4 0.987 7 0.085 1 0.727 0 0.121 9 0.725 2 0.099 5
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Tab.2 K-means analysis results of five gases
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Tab.3 Identification results of five single gases
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Tab.4 Identification results of nine gases using GA+BP-ANN
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Tab.5 Identification results of nine gases using GA+2BP
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Tab.6 Identification results of nine gases using GA+3BP
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