Ak TR 2 R

Transactions of the Chinese Society of Agricultural Engineering

Vol.32 No.12
Jun. 2016

3k 12l
254 2016 4F 6 H

ETEZHIMENETREINETAEEREE
BB, MR, FEA

G R K2 i 54 TRESBE, ¥#%BH 471023)

W OE: N TIRSHET SN ORATRER IEMEE, ZOCERA T BT RGN RRFE AL A R AN 8748 K S 45 2R
IR E5E, BHRFEEAATORN 5 AREARNZESMEHTIE, FENES . HK, 2 B0lE S
HIFR 43 (integral value, INV). P35 5 {8 (average differential value, ADV). X} AP {H (relative steady-state average
value, RSAV) 1ENFFIEA, 5 AR5 MERAEYY 73 R 3 Al — (WRRIE A B AL SRR IE (AR RAE « #R)5, 42T Fisher
55 HT (fisher discriminant analysis, FDAD 43 F%) 5 AL ZRELAT HI B 3HT,  HH B A IAZE AT 5 . FDA 2 #T
iR, WA HINAE B E R —RER 2 MEEAGRIET, ARIEREE FTRKEANGA ST, (B7E 2 M
TEARAE T IS IE R R — R IR G e s UM 3 MR A SR RIS B, FDA %R R 2gm, %01
IEFIZRAE 96% LA Lo 94, BT Wilks AGETHEE 5 T 1 BLrp A MBS IS 5 R AR 2 5, X 3 MR &)
FACTEBLHAT T RALAR BRI . FDA /MM 45 R on, T AT G S i & AR ARIT, SRS IEf 2834 7E 96%LA |, X
Vi B A [R5 IR 75 AN R R IE R AL, DUARTR 22 ek, ph bty T OB IS Ak . TG IR, H 2 ARl G5
AT TG R R AR HL T St A TR I M A B, AR T M AR TR S IE M2 o [, XFFFUS R A R — M

LT B 5 AL AR T —FhopT R

EKHER: AR RES AN, FE; HEms; E% 2K, Wilks A%it3; Fisher #5547

doi: 10.11975/j.issn.1002-6819.2016.12.036
hESES: TP212.2; TS207.5

XERERD: A

XEHRS: 1002-6819(2016)-12-0254-07

B2 B, fMiRR, TEEF ETZHTMAHNBEFELIEAETIEE[J]. RITEFIHK, 2016, 32(12): 254—260.

doi: 10.11975/5.issn.1002-6819.2016.12.036

http://www.tcsae.org

Yin Yong, Hao Yinfeng, Yu Huichun. Identification method for different moldy degrees of maize using electronic nose coupled
with multi-features fusion[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2016,

32(12): 254—260. (in Chinese with English abstract) doi:

0 31 &

TR T A B A, SR NE R
DU, PR E R .. HET, TOKRERRN S K R
SE ~ BB S 2 W BRI 52 (enzyme-linked immunosorbent assay,
ELISA) B M iEM5E (gas chromatography, GC) Pl
RSB (63 52 Chigh performance liquid chromatography,
HPLC) &< i Bk Al 2 ( gas chromatography-mass
spectrometry, GC-MS) MW7k, (HIX U ik ol e &
MRS AR EENE 2, BUAEE AR IS R B, FEIT
A T SR

B Ao MR E AR S  T R, el
ACPE SR AR A B P, ARk, T EAER
YA CAWITIRIE. A8/, R PR
A 3T B WA RN, PUNESES 50 90%.
92%. Lippolis %5 i ] it 1 & 506 75 AT i /N 22 A7 45031
45 R W IR0 RN ZE R H N 69.3%, HEGURSS Rodw a2
82.1%. Evans 5!V a7 B0 /NZE R EATVRAG,  1EH

WA E I 2016-01-25 51T H#: 2016-02-24

BEEWH: WK ARREEESYBIA (31571923, 31171685)

EE TN B 5, U5, WM, 8%, WS, FEFTIT AR
a0 VB TR RO i A TR A BE, 471023

Email: yinyong@haust.edu.cn

10.11975/j.issn.1002-6819.2016.12.036

http://www.tcsae.org

2k 92.3% . A T OV 37 T e T BT E AR R IE 3 B oK
PRI, B 90.63%. Gobbi 2517 T H - &b
X TR AR B w m AT T e s T, O R
PR B L 1 5T BB ) 0 B AR FOKHEAT S0, (H X8
AR TR EA R AMW R . — D F LR & 1
BAE S INERIE RS, KNS5 AR R AR S A 4G
SIS T RS (1) T BRI RV R
T AP DVRRIERAE T 18, ABAERAE I #0542 K FH AR [F]
P — R REAE o R T L7 S AR S 110 i)
I AR R SR A 0 2 ) e S e R S
MIRAEALAES B, BEANREAST . A R R AE 1 o6k R
DU S BT A R, H S R B AL A% S 1 Bl
PR ZE S, HETT BRI T o7 S A 45 S (P v 26

AR SCHRE IR S0 AR 5 P AUAME . T OE
FAXSRRZS P IME A R IEAE, R 5 A B — 2R R4
454 Fisher 53 b 5 AN [F) 52 AR A5 B FOK 24T |,
S T A [FRFAE 465 K A8 St H - g B A R, 1) R AR A
K, R AR AR B AT ORI SR
e, BT Wilks AGETFE 0 REAME KSR IET 3 MRFIE
HEMRMARTIAT T I, DARIUAS R AL B2 (1 2 7
JEYE, WG EIUR B HERE, DAL R EAE L
KR S S ) S TR N, A — 2 155



12 W)

B ST AR TR S TR AR 255

1 #MR57HE

1.1 RIEw

RIS RE 350 h B et oK CR AR Ok A B 909, T 9%
BHT A s A S FOAS [ B AR FE S 1) oK e H T oK AR
5 [ A SE A, 2R A s AR A, Tl
B, EATEE B A KIS R oK A AT,
DRI AN [F) 25 A R B 1) oK S B s R i =2k B/ 7 vk
T BRI TR TN R YR B, 7740 (5 LHS-HC-100,
R AR IRATD) , EEE N 30 C, HIXHE
B 90% M4 N TR B . W KT, iR RIAN T,
XF R FOR AR AR, Rk T B =00 in OB &
KL H2 R B4R 6 R 8 RKbRIL K
AR FFAFEE o 5 PR AR FOKEAE 5 FIUARAE S, &
FOFE SO AZIE 40 MREAS, BENFEART 60 g BB i Bl A8 T
Ko MM EEREEAS TOKFEM 40 MFEAPBENLET 30
AREASRME N ZEE (3L 150 MREAS) |, TR 10 ANFE
ATERIREE (FL 50 MEAD , JEREHLAZ R 5 2Rk
eI I A, AR S A 7 45 L i e a vk
1.2 RIEUEEFEIRERE

TR BT A T A L R S FAT IR . %R
g L A EUE GRS . R B RAEREE  it
SEMLPIA o BT R AE 5 o A H T B LIPS AR A
i 16 308 12 17 5k 1Y A/D B3t B e . T8 R
G EWE 1 PR,

) 3

—\\ 2\ N\ =

\

coo /U Ll\LI

N Y e
LN 2.A/D BUERAESWE RS 3RS 4.14 ANIBATEK
AL RS SRR AR A

1.Computer 2.A/D data acquisition and measuring circuit device 3.Test
chamber 4.14 gas sensors with ring arrangement 5.Temperature and humidity

integrated sensor
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Fig.1 Schematic diagram of electronic nose system
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Table 2 FDA accuracy of test sets based on combination of each

two features
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Table 4 Feature parameters of each sensor

TS FRTE

Sensor model Feature parameters
TGS813 RSAV. ADV
TGS800 ADV
TGS821 INV. RSAV
TGS822 INV. ADV
TGS824 INV. ADV
TGS816
TGS812 INV. RSAV
TGS825 RSAV
TGS826 INV. RSAV
TGS831 RSAV
TGS832 INV. RSAV
TGS830 INV. RSAV
TGS880 RSAV
TGS842 RSAV
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Identification method for different moldy degrees of maize using
electronic nose coupled with multi-features fusion

Yin Yong, Hao Yinfeng, Yu Huichun
(College of Food & Bioengineering, Henan University of Science and Technology, Luoyang 471023, China)

Abstract: In this paper, in order to improve correct rate of discrimination result of different moldy degrees of maize using the
electronic nose (E-nose), the influence of different feature combination representation types of E-nose signals on the
discrimination result of moldy maize was studied in depth. In our investigation, the maize with 5 kinds of different moldy
degrees was identification objects, and there were a total of 40 samples for each kind of moldy maize. Firstly, 30 samples were
randomly selected from each kind of moldy maize for forming a training set (totaling 150 samples), and the rest 10 samples
were used to form a corresponding test set (totaling 50 samples). To verify the robustness of this research finding, 5 groups of
training sets and their corresponding test sets were randomly generated and respectively tested by the E-nose, and the test
signals of the 5 groups of training sets and test sets were obtained; meanwhile their discrimination results were also compared
with each other. Secondly, integral value (INV), average differential value (ADV) and relative steady-state average value
(RSAYV) of E-nose signals were extracted as 3 kinds of feature values; the five groups of training sets and corresponding test
sets were respectively represented by each feature value, and also by their combination feature values. Then, the 5 groups of
training sets were respectively analyzed by Fisher discriminant analysis (FDA) and 5 FDA analysis models were established,
and then their corresponding test sets were used to verify the 5 FDA models. FDA results showed that: when the E-nose
signals were represented by single feature or 2 features’ combination, different moldy degrees of maize could not be
discriminated effectively, but the correct rate of discrimination results based on 2 features’ combination was better than that of
the single feature, and the highest correct rate of single feature was 86%, while the highest correct rate of 2 features’
combination was 96%; the identification ability of FDA was improved under the condition of 3 features’ combination, the
correct rate of discrimination result was at least up to 96%, and the highest correct rate of 3 features’ combination was 100%.
In addition, the feature representation difference of each sensor response signal was inspected with the help of Wilks
A-statistic, and the feature parameters of each sensor response signal based on 3 features’ combination were selected and
determined. FDA results displayed that the discrimination results of the maize with different moldy degrees before and after
feature parameter selection were very similar, and the highest and the lowest correct rate based on feature parameter selection
were 100% and 96%, respectively. So, it is necessary for the different sensors to be represented using different feature
parameters so as to reflect their differences fully, and thereby the analysis complexity of E-nose can be reduced availably. The
research finding clearly shows that the response signal of E-nose to moldy maize can be more effectively represented using
multi-feature fusion, and the correct rate of discrimination result can be improved; at the same time, the research finding may
not lose generality and provides a new idea of feature representation for E-nose signal.

Keywords: identification; agricultural products; nondestructive examination; electronic nose; feature combination; moldy
maize; wilks A-statistic; fisher discriminant analysis
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