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a. System block diagram
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b. Gas chamber structure design section
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c. External structure diagram
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d. Physical top view
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e. Gas sensor array placement diagram
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f. Physical side view
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Fig.1 Intelligent Zanthoxylum bungeanum variety identification device

(internal)
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Fig.2 Sensor used in experiment

F 1 SIAERESREEEE

Table 1 Gas sensor response characteristics

TG fEIRER AR T E U
Sensor serial number Sensor name Primary sensitivity
1 MQI35 KR, Gk
2 MQ2 [ESS
3 MQ5 Tt Wike. Bkt
4 TGS2611 Bk, WG
5 TGS2600 B
6 TGS2610 feke, ke, Tkt
7 TGS2602 [ N 3

1.3 EEREMEE

AR RFERT, HRORDIRVE MR ENRE AE, 3E4T
e, HARLREISRPESIIm RS SR, KRR R R
BRI SAB A A FE VAR, S5 VERT A4 10 min. KEAERUREA
ENBERAE, JFR AR TR, et AR g
HATZ) 60 s FITRY, (HAEBEREEFIAT IER T/ERE, R
ENHNREREL 26°C (£1°C) o BT R, REE
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2924 10 min, RRAMEEREET IR 50 R8HE, REK
SREENAIRE 10's, HU 50 JCRFEEERFAME (aver) , #K
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1.4 KiESH
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B, FEm T AORR AU D B RS R E
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2.1 ERSRES Wilks A %itimik

XiF 220 MFEAFTIRAEML 21 MEFIESHOHAT 55>
oM, HZEBRERWE 3, ERS LS 5 AL,
BBy EBKETa TR, BRI E RS 5 A, TE
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Fig.3 Cumulative contribution rate of principal component
variance
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R2 Wilks A Fit2iEF
Table 2 Wilks A statistical selection

FF5 No N Input Wilks A
1 TGS2602_max 0.091
2 MQS5 max 0.062
3 MQ2 aver 0.052
4 MQ135 aver 0.045
5 TGS2610_aver 0.040
6 TGS2602_min 0.037
7 TGS2602 aver 0.030
8 TGS2600_aver 0.029

2.2 Fisher #IBI 9%
IR A& PCA Al Wilkss A ST 95k 485,

335 PCA-Fisher J 54 HT# 54 5 Wilks-Fisher H| 51
MR, 2 FRRERII LA 3 NFIHIEK %, PCA-Fisher
S R E DR
PF,=1.655xPC,+0.101xPC,—0.247xPCs—
1.362xPC4+0.739%PCs (1
PF,=0.224xPC,~0.376xPC,+0.073xPCs+
0.619xPC,—0.531xPCs 2
PF3=0.072xPC,+0.498xPC,+0.308xPCy+
0.519xPC,—0.534%PCs 3)
A PFy, PF,, PF; KRmpFKAFRE, PC,~PCs ER 5
ES TN
Wilks-Fisher H1| 71 s 4 F :
WEF;=-0.001xX;-0.031xX,+0.028xX5—0.045x X+
0.015%X5+0.026xX:+0.005%.X;—0.004xX5—5.56
(4)
WEF,=—0.013%X;-0.049%X,+0.002xX5+0.093 X X,—
0.048xX51+0.066xXs—0.001x.X-+0.036xX5—2.417
(5)
WEF;=—0.002xX;-0.008%X,~0.024xX;—0.074xX,—
0.138%X5—0.005%X¢+0.034xX7+0.116xX5+5.101
(6)
K WF, WF,y, WF RRFANRE, Xi~Xg Kmk 2
S 1~8 [ 8 Mk &, KN A 2 FifiA, 4
Sl 5 LS R RO R B A, SR A B S R R A BT A R
AT RAE 3 FoR.
%3 Fisher FIHI S HRER

Table 3 Fisher discriminant classification results
FIRREA Y

A ERf R
_ . Discriminant sample classification T
A B RS =@5 WL B Average
Functions Dataset eiin  aME  DURAL L correct
Hanyuan Yunnan Hanyuan Shaanxi rate/%
green green red re
PF eSS 54 49 52 40 88.6
IIEEE 19 16 17 20 90
WF g 58 51 53 40 91.82
Uil 20 17 17 20 95

FHEE 3 %1, Wilks-Fisher 3 51 734 A 8 A4 1 A A0 X6t
Wi HAYE PCA-Fisher FIRIR A, =R H IS
TRETAERU R B R 0] BRAIG, X2, ANFEIEHIE
RAE R FEX B AN o SCHR[241F FE H, DUIR T AEARURD
DURAAEMUIE R SR R ZE RN, DURTH I
MR G & B, MR AEHER RS YE =,
XS T L AR N, 2 Fh AR H0E 22 5 i R B R A,
DL 2 IR 2 2811 e TGS2602 R, 4a
AR TGS2602 TR FTREF AN TFME (aver) #T
LK, WHRTLLB A E 1 4 Ffesum N 2 S E RN
BHE; [ 4b 23R 2 Rk fL s TGS2611 RRALREER:
AKHPEEMEATLRE, FTRUR I, 1AL a0t 4 FEHUT
Wi N AH 22 S0, IR 1 AR B i s B TE R E
JL4x, T PCA £IREUX —HAMIIRGER, XS
PCA-Fisher #A1EUIKE BEAK AR K, tHIFERH T Wilks
Geit oy Mo BIBR TUAR B G 3 . B 4 ¢ i 4 SEARAE
Fisher 5 /3 AT 4408 N B4 bR 55, MWEF AT LA H, Bkt
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c. Discrimination result graph

Fig.4 Sensor partial response and discrimination coordinates
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Table 4 Cross-validation results of classification of Sichuan
Zanthoxylum bungeanum

TERL R A FIAIEH PR Efix
Zanthoxylum Correct Error &1t
L R Correct
bungeanum discriminati discriminati Total rate/%
varieties on on ’
NV =3
DTS 59 1 60 98.3
Hanyuan green
f—t ==
P 56 4 60 93.3
Yunnan green
DLIHEL 59 1 60 98.3
Hanyuan red
AN
Shaanxi red 40 0 40 100

R 4 AT, TEA RN, DO LU IR 2R
9 98.3%, wH 14, =~ EAMIIIESRFEA 93.3%, *
4 H, PEFELAEMRIERZEA 100%, DURLAEHUT IE
%N 98.3%, wH 1 H, FHIEMFILT] 97.27%, AT
A Y6 AIE 45 FL A R ARG M 25 T4 e . % IR 45 SRR
I3 2858 XBGAIE ) Wilks—Fisher 3 5B HY 0] DURE I b % 51
TR =, K 000 B BB RS B 2 7, B
A RS0 [ R4 BB AL P 4 501 R 4
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5 AR BE BT AEAEE HE 1T R AR, Jl 3 3 B 70 H - Wilks
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1. HE Zanthoxylum  bungeanums by steam distillation and

Pan Fenglin, Sun Weifeng, Che Zhenming, et al. Analysis of

Identification of Zanthoxylum bungeanum origin based on gas sensor
Pang Tao!, Yang Xiao', Chen Xiaoyan***, Tao Huailiang®, Li Mengliang*
(1. College of Mechanical and Electrical Engineering, Sichuan Agricultural University, Yaan 625000, China;
2. College of Information and Engineering, Sichuan Agricultural University, Yaan 625000, China;
3. The Lab of Agricultural Information Engineering, Sichuan Key Laboratory, Sichuan Agricultural University, Yaan 625000, China)

Abstract: At present, the identification of the origin of Zanthoxylum bungeanum is basically based on sensory evaluation, lack
of objectivity, and it is difficult to quantify standardize when applying, and is difficult for non-professionals to make
judgments. Therefore, in this paper, a smart device to quickly identify Zanthoxylum bungeanum was designed and developed.
The device was based on the gas sensor array, including a control module, a temperature module, a data storage module, a fan
module, and a display module, it could not only independently detect and identify the odor information of the Zanthoxylum
bungeanum, but also distinguish the same kind of Zanthoxylum bungeanum from different places. The sensor array contained
seven gas sensors, which could respond to irritating gases emitted by Zanthoxylum bungeanums such as benzene, alkanes,
alcohols, and aldehydes. When the temperature was stable at about 26 degrees Celsius, it could effectively collect information
on the odor emitted by Zanthoxylum bungeanum. Each group of Zanthoxylum bungeanum samples was collected 50 times, and
the average value, the maximum value, and the minimum value were taken as sample recording parameters. In this paper, four
kinds of Zanthoxylum bungeanums were selected as experimental subjects. Two kinds of green Zanthoxylum bungeanums were
from Ludian in Yunnan and Hanyuan in Sichuan. At the same time, the two kinds of red Zanthoxylum bungeanums were from
Hancheng in Shaanxi and Hanyuan in Sichuan. A total of 220 samples were collected as training sets, including 40 red
Zanthoxylum bungeanums in Shaanxi and 60 samples in the remaining three samples. Another 80 samples were taken as the
verification set, the number of samples for each Zanthoxylum bungeanum was 20 in the verification set as well. The detection
data were processed using principal component analysis (PCA) and Wilks statistical analysis. Five principal components were
extracted, and the cumulative contribution rate was 94.41%. The average accuracy rate of the training model corresponding to
the Fisher discriminant model was only 88.6%, and the verification set was 90%. As a comparison, the Wilks statistical
analysis finally eliminated 13 variables as well as selected 8 variables, and only TGS2611 sensor acquisition was not used. The
average accuracy of the Fisher model training set was 91.82%, and the validation set was 95%. The results of the comparison
of the two models indicate that the variables screened by Wilks are more effective in discriminating the Zanthoxylum
bungeanum field. Among the four kinds of Zanthoxylum bungeanums, the recognition rate of Yunnan green Zanthoxylum
bungeanum and Hanyuan red Zanthoxylum bungeanum was relatively lower than the others, and there was a phenomenon that
the boundary data overlaps in the discrimination result graph. Then, to solve the problem, a Fisher discriminant model with
cross-validation was established for the variables selected by Wilks statistic. In addition, the average accuracy rate reached
97.27%. Finally, the model was transplanted to the collection device to complete the identification device of intelligent
Zanthoxylum bungeanum variety. It was a simple and efficient method for identifying Zanthoxylum bungeanum varieties and
could provide a testing instrument and theoretical basis for further research on the origin and classification of Zanthoxylum
bungeanum.
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