FEi38E Fi1oH
2022 4 54

Kok TR R

Transactions of the Chinese Society of Agricultural Engineering

Vol.38 No.10

E T SEE RS FFHER LRI E R F RIS ERN

SNCES S BN

CRRE K= T 2R, dbat 100083)

KA,

W OE: NPMER A E LRSS (Tribolium castaneum (Herbst)) WA, 1ZWF 748 H B £ R BB RE dU 7 8
MLEE, RET /NP R 2 RS 7R A B R SRME R, ARYE 10 N BUE ARSI B4, $RELT
B BA AN AR UAE (Relative Change, RC). AHXFA43MH (Relative Integral, RD. “F¥J#%{H (Mean Difference,
MD) {ENEAEFFAEAFE (10x3), f#FHIEEHYL (Genetic Algorithm, GA) 1ENFFIEEIE TS, SRIGFEAMFFIER R,
JE I S TR E AR, SEEL TR /INEE R AR AOL A 1 R 1 R T . AR HERR ZEAE VAN R AR, X SR A R R AL R R
AT T Z2H AL, LA S P RFAE HE P A R S R 26 R IR A6 1) 82.85% T2 97.14%, LAk 5 IREE £ & HH IR 46 11 30 Uik
D124, RIS 60%, (RS ECR/D R 8 . HE il R A iR/ € [M1)T (Partial Least Squares Regression,
PLSR). F 43 mEIJH (Principal Components Regression, PCR) F1¥ ¢ &ML= JH (Support Vector Machine Regression,
SVR) 3 FENEVERAT BT HM, BFFias R T N —3fEE (PLSR) [T B IA B T A b (1 T80
TR 4E B YRR () A 56 R 5 » I3 J7 AR 1R 22 RMSE 4371104 0.828 Al 11.293. #fF FEilE B T S BUAL 188 BE 5 22 AR AR AL 7 vk

May 2022 303

HIRTAT PEAAT R, RIS O SEBUR R SR DU I B — RO M S5
KRR HRAE; K &FH; RERT, BARAR Fhsk HRAERT); HERE T

doi: 10.11975/j.issn.1002-6819.2022.10.036
FESHES: TP212.6 NEARERD: A

XEHS: 1002-6819(2022)-10-0303-07

KA, B L, BERRAN, F. BT SEUERBFMEIFHEM KA EIRE RIAUABEN [V]. R TEFIR, 2022, 38(10) :

303-309. doi: 10.11975/j.issn.1002-6819.2022.10.036

http://www.tcsae.org

Zhang Shuo, Han Shaoyun, Xiong Lijian, et al. Detection of stored grain pests Tribolium castaneum (Herbst) based on the feature
optimization of gas sensor array[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE),

2022, 38(10): 303-309. (in Chinese with English abstract)

0 35

SHESPEYN BN =S Pl R 8= e Vs I MK N
faftiih, ESERE TR 5~6 14t HERTH
WAERfEE, WERSEL i BFEMUES
AR HE, 2 EBR BRI T a5 H] A
SRS B, L2 T DA RO R R 1 1A% BT F AT
o 3 AT AR A PRI A I B, 35 REFE b R L 3
F ARSI R A (0 HUTE IR DL, 8 AT B I SR AR 1
it R & 1 45

7, EGEROR R ERN R AR AR
R e R T 2, MR R AR KRR, HAT 32
(¥ e SR 2 UG ARVES O B =D I ansh
JERER X AP, A SRl sl R
4% . Ridgway 55U HLF- S S 10 /N2 06 s AR o fes
FAE LRI s Zhou S FIH B SH A RGBT
AR AR RE A BEAT TR IT. Ak SR A AU -

il

B

Weka H e 2022-02-06  BITHIA: 2022-04-10

BEE T K H SRR R e A T R AR S AR RS R
JEYHF” WHE (2019YFC1605303)

(A P PR G W IS E SRl ok (20 SRk 527 N

Email: 991095354@qq.com

KIBEIER: I, #%, LA, S5 R AR G54,

Email: txying@cau.edu.cn

doi: 10.11975/j.issn.1002-6819.2022.10.036

http://www.tcsae.org

J5 1 6 {X (Gas Chromatograph-Mass Spectrometer ,
GC-MS) 73t T AR B3 R M SR I 2y,
TR RS PR 140K LHE-14-2000 . 1-+ =J@ Al
CRESER T, N SR R ST K B e He Al

FEAR S B DV BERT I T, R 2 M F 7
B, B TR G RS S O BT T, IESE T
HAL A R K AN [ RS SR % B2 () AT AT 1% s Behzad
USR] Y — A o T B ) F T B A R 4, i I
TR BN 3 b S5 SR S O THDR H A i
SRV BE RS ;AR O e R T R GRS B
BRSNS A [ A A2t G T AR AEREAT R, 73 0 SL 1
AN S HROCER () e MR AN S R T Y

EH TSRl Ry, UL RSS2 HAZ O
T, BT AL B EAAT U e SRR AN AR R B
PP, (E SRR N 2 P R PSR AN, SRR
RS B EA R RO, B2 kg 2 TR
SR FTLL, TR R AR AL R AR HRAT DR B AT
TEIGEEAIAL, FIBRTURFHEE S RE R, TR
PR RS, WM maNEE. B8 28 HEH
MIRHE IR BT R PR R R SR R AL
. SRR 2P EM A, B
Bz, SHEE. HRETEEL R R RS 1%
— 38 I VTA/T 7R D)X 4] 46 SRR AR 4R 1350 2 BOFT A REAIE - SRl
17%E, BEMRIENAIE TS, SEERE. 55



304 My TFESHR (http://www.tcsae.org)

2022 4

PAT KRR

NT BT E R B, ApiiEd I
R BRI, SEILERR T BRI R . @
L 5 FH AR B B A A RN RV A Rl . R
UL AR H TR =5 S o s 5, AR
55 e S s A RN B R R AR R B SRR AE
JRFEEE T VR R AR I PN i A AR Y . A G Al
by ARSCUAEAR AR AT H bR, E L B
FES) ] HAFFIE S AT A, LS iy i SR RS B
N HLF R R TR O T R R R S . DLE
1) 1R i R T ERUR 00 2 R AR 3] 1) R AR RORAS B Y Al
SR 35 A B0 2450 22 3 R HE SR B (1 22 R A B a4
FRIEIESE, B ERMIFFIETEAE, R)E LR/
—Jla] T (Partial Least Squares Regression, PLSR) . =&
%43 B1J9 (Principal Components Regression, PCR) F13¢
FrIr = ALA A (Support Vector Machine Regression, SVR)
RPN AR A AE B AR AR R I BIACR, S AN F]
THOMI A A () T e 77, CASS UEARFAEA Ak A Rtk . @it
TR T SRR B AR AR 3 A i el AT, A
SEPUAR L PRAS IR I RR 225

1 MR5ERE

1.1 AR

RIS /N P2 BT RO AR 190 /NZAREE: /)N
F LB TKIEVE 3~4 K, BRRILPIIRIT, BN 65 C
s T4, BT 6 h, A NEFTKERE
12.5%40.2%, BT 25 CHIEH&EH.

PR AR R A PG A B R, K
2579 3.5 mm, HHIMFGER T RN B YRR L. SRS I
RCRTEE R R R IR W8 IR, KiREEN (301 C,
FHRHRE N 45%+5% .

1.2 W&

KA = B F R IR E dUh 7 280 R4,
W 1 PR AR E T Skl R AR E . R RS
FE R R LI, (55 A FOR AR
BHE A EE R AT, R R AR RS R
INAR RGHUREL A AN R A . R E
IRV R MZ OHAE, BT AR B T AR
AR AT R el AR s Rl %2k
RAAFAE— 7€ IR 1 o AR SRR SRS 1)) 3 v 2 A0
TN R, BEST R T SBUL RS FES] . B
TARBULRBMRE L, SRAD B BL R
FHAMRA BF RS FarkSR s, Aasid
JZ IR, AR RIIRES 10 MRS LS
A SR R A A, LS UK E Y R n R 1
Fim o
1.3 HEH&E

T SR S I R G AN ] R RIS
AR, AR 7 DAFFRA EEH O
R LIRS, BEANEE R IR 04 104 204 30, 40.
50~ 60 RARAIE, BABREEH 20 NPATREA, 3Rt

140 N REBEA o K /N FE MUK AEER H T30 — B R i &
25 °C, FAFRES D BIFREL (20+£0.2) g /N, TN 200 mL
MIRGEEE S, K A0 B I TR 302 55 23 BN N2z
MIXCEESES, (B SURE SR, K
A 140 ANFESRONE IR FEA P, 55 5% 24 ho

HHH
A
= 4

Inlet sees

8 7/
i3
Outlet E

Listepod yESs 2P CHIAIR 3.9% 4R AR SR E TR
#®OOMAESE THRE SIRHIN

1.Carbon filter 2.On-off solenoid valve 3.Gas chamber 4.Gas sensor array
5.Flow controller 6.Micro vacuum pump 7.Sample chamber 8.Check valve
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Fig.l Schematic diagram of electronic nose detection device
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Table 1 Sensor type and its sensitive characteristic substance
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Fig.2 Sensor array response curves
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Table 2 Correspondence table of sensor feature parameters
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Fig.3 Principal Component Analysis (PCA) and Cluster Analysis
(CA) of feature matrix before optimization
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Table 3 The correspondence table of optimized sensor
characteristic parameters
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Sensor number Model Feature number
ADI1 TGS2620 RI1. MDl1
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Table 4 Prediction of the population density of Tribolium
castaneum (Herbst) based on PLSR, PCR and SVR

Ali:fhm r RESM
PLSR AL HT Before optimization 0.805 11.894
HefkJE After optimization 0.828 11.293
PCR fJL4L AT Before optimization 0.734 12.077
flitb 5 After optimization 0.764 13.859
SVR AL HT Before optimization 0.788 13.511
Ak J5 After optimization 0.804 12.976

T r NSRS, RMSE N HRIRE.

Note: r is the correlation coefficient, RMSE is the root mean square error.
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Fig.5 Regression results of ture and predicted values in PLSR
model before and after optimization
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Detection of stored grain pests Tribolium castaneum (Herbst) based on the
feature optimization of gas sensor array

Zhang Shuo, Han Shaoyun, Xiong Lijian, Hou Yuxin, Gao Xin, Tang Xiuying™
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Tribolium castaneum (Herbst) has been one of the most destructive insects for cereals and products in the world. A
rapid and accurate detection can be greatly contributed to the stored grain in recent years. In this study, an electronic nose
detection device was developed to detect the pests in stored wheat grains using the feature optimization of the gas sensor array.
The volatile odor information of Herbst in wheat was also collected with different population density gradients. Firstly, the
response signal of the gas sensor array was analyzed and preprocessed after collection. Then, the feature extraction and
selection were performed on the response curve of the sensor array, in order to obtain the feature information of the sample. A
regression model was established to predict the population density of Herbst in wheat. The Relative Change value (RC),
Relative Integral value (RI), and Mean Differential value (MD) of each sensor were extracted as the original feature matrix
(10%3), according to the response curves collected by 10 gas sensors. A Genetic Algorithm (GA) was adopted as the feature
selection to optimize the original multi-feature matrix, where the recognition accuracy was used as the evaluation index.
Finally, Partial Least Squares Regression (PLSR), Principal Component Regression (PCR), and Support Vector Regression
(SVR) were used for the regression prediction. The results show that the PLSR model achieved the best prediction. The
Principal Component Analysis (PCA) and Cluster Analysis (CA) were used to analyze the discrimination and aggregation
between different types of samples. It was found that the electronic nose device effectively distinguished the wheat samples
from those infected by pests. The redundant information was removed from the optimized feature matrix, according to the
recognition accuracy and PCA data. The recognition accuracy of the feature matrix increased from 82.85% to 97.14% after GA
optimization. The number of feature variables was reduced by 60% from 30 to 12, and the number of sensors was reduced to 8.
The PLSR, PCR, and SVR were used to establish the prediction model before and after the optimization of the matrix. The
prediction set correlation coefficient () and root mean square error (RMSE) of the PLSR model were 0.828 and 11.293,
respectively. By contrast, the prediction set » and RMSE of the PCR model were 0.764 and 13.859, respectively. The prediction
set » and RMSE of the SVR model were 0.804 and 12.976, respectively. The results showed that the PLSR was the best model
for the prediction of the population density of Herbst. Consequently, the feasibility and effectiveness of the sensor array
multi-feature optimization can be verified for the electronic nose detection of stored grain pests. The finding can also provide a
strong reference for the rapid detection of grain pests.

Keywords: sensors; optimization; electronic nose; food pests; volatile odor; Tribolium castaneum (Herbst); sensor array;
feature selection; prediction
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