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FCM) . k-FIT48e%0 (k nearest neighbor, KNN) FIH
AL L% (probabilistic neural network, PNN) 73#7 T
Ha, 1 S0 SR el 7 B A B TR AR, Ok el 7K R
ST SN A 2%

1 #MR57F%E

1.1 RIEs

TR0 K H AN [R] AR B A B FE AT B SR 1 o,
JT F 3 B8 R AW T AR A8 ) T A R A K 24 R N R
b, snBich KR o TR L) 25 d B, X an kR
SERETRRE, SREERIA N 7d, JEREE 6 RPN RS
(6 AN LB BT BIFRIC A s1. 824 3+ s4+ 85 Fl 56, ) ,
FERIURE 20 FOCH i an R R 5. GRS, S RIS 5
AT A ERAE

Rl HBRARMBAMEFZHEER

Table 1 Litchi information for sampling in different mature stages
P KA (2015 4 RS H N K AL RHAE P9 RIVAPE I T TR 43
Number Sampling data in 2015 Time after fruited/d Sample number Fruit’s size/mm Fruit’s weight/g Soluble solid content/%
04-25
sl April 25 25 20 10.81+1.02 1£0.2 —
2 05-02 32 20 16.2120.8 2.66+0.34 —
May 2
$3 05-09 39 20 22.96+2.15 7.1741.25 837+1.20
May 9
s4 05-16 46 20 26.01+1.26 9.97+0.84 9.1040.59
May 16
s5 05-23 53 20 27.9242.25 12.30+3.45 12.65+1.30
May 23
s6 05-30 60 20 33.14+2.42 20.83+3.63 12.98+1.72
May 30

e AERARTERTE N, TR AT W L [ E =

Note: - means the pulp of litchi fruit has not formed yet, so the soluble solid content index cannot be tested.
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Note: R1-R10 are the number of 10 metal oxide sensors of electronic nose, G is

the response value when sensors contact to sample volatiles, Gy is the response
value when sensors contact to zero gas.
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Fig.1 Electronic nose for single litchi sampling in mature stage of s5
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First principal component (Contribution rate was 100%)
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Note: R1-R10 are the number of 10 metal-oxide sensors in the sensor array.
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Fig.2 Loadings for litchi’s volatile
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BT PRI A AE AR FI AR HER, H Loadings U4 55
ANEBM 2 MEKZE RO FIR10, B[RS R2. R4,
R6. R7. R8. R9 FR10 HHAT )5 L5447 -
2.3 ZMHFIF SR

TR 6 SR UE 1 Ak B A A e 8 i 140 750 e AN [ e
AR B SR S AT — 2D e, BE S, HE4T LDA
I3HT o 8] 3 02K LDA X 7 K5 B B 1 23 R U3 45 2R
BRI (LD MutekEh 63.16%, 2 2
PEHE - (LD2) WITRREEA 26.47%, 5 1. 2 ZPEH
ST 1) BARTTHRE Ny 89.63%. BT EX s2 Al s3 5k kE
AEHE TGO EESR, T B s5 Rl s6
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FEIEMAIBIF T (TIik263.16%)

First linear discriminant factor (Contribution rate was 63.16%)

e s1~s6 2 ZHBSGRGE FE T 6 AN L B ¥ % 5 o
Note: s1-s6 are the number of 6 different litchi mature stages.

B3 BB B KPR AT
Fig.3 LDA for mature stage detection of litchi

WFFER WA, SR LDA 20 M HEECH 0 e 0 531 [H
(linear discriminant factor, LD) 5 FEAE 2205 FIRFIE
i, Wb i 8 TP CRF R, A ESsE
W FRONRCR . AR LDA W 15 21 H5 7 N2k
FIAA 7 BTk R W E 4 FroR. B/ 4 ASHIHIRE T 2
FADTHR R IL F] 99.9%, Hlr 100%, JLFEE BT LD i)
FEAME R Bk, JE8 8 RH LD1 2 LD4 0 M2 1t
AL PR -0 FEAE 23 SR R R AR

120 -

96.82% 99.9% 100% 100%  100%
100 89.63% = ¢ ' ' ~
80//
60 63.16%
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R TTHRZE
Accumulate contribution rate/%
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;—"J 51 H % Number of discriminant factor
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Fig4 Accumulate contribution rate of 7 LDs, respectively
3 HRE5LM

3.1 1R C-ERELS
WG R ] FCM 2R 7T S 00 75 A Js A B IR T 4T

Mo I 6 MNEABTEE (s1. 82, s34 s4. s5 Al s6) , FA
BB BRI 20 N7 BFEAS . FCM A —Fp e B 24 2] 11
LN 53, AT O, JEFFIGAEART T B35
Ko Hr, IBUE m CHARRREL Jm K INBEEED X R
GERFEMIBCN, TR m H. &R, L
B m B3 BRI FCM 20 RN B AL, 7 84i R
W 2 Frox. FCM X 7 B BGART BER 73 200 IEAf 2% 4
89.17%. Horh B B s2 5 B B s3 B4 St i
IR, 85 5 s6 LA eI 7Tk, SEbRsy
Kb 5y IRE . FCM 43 KU 45 AR T - 5
T 75 B RE WE_E  FH mT ATk

R2 B C-HERED I HE M RAIRAER
Table 2 Fuzzy C means clustering analysis for litchi’s mature
stage detection
AT Bt Mature stage
sl s2 s3 s4 s5 s6

St IER%

Total accuracy/%

fIRTIES

Accuracy/% 100 60 80 100 95 100 89.17
0

3.2 K RIESPEESH

N RE— DR T B0 o0 e AT BOR M R RCR
TREGR T KINN X 58 K5 B B 7 B EAT 40 2R U3 . ik
BT 6 N bR B, B B BORAE 20 47
BREA . N BB BUh BEHLIEFE 15 D7 BEAAE Rl
I, B 5 ADFHBAEAENIAE. L, KK
WIERARFEAECY 90 A, MRARFEABCY 30 . £EREAT
KNN 307, ABREAEL & (3800 43 FE LRI R R 1 5%
MK . 2ot AT, BEE k IANECH 5. g7 KNN
Iy RIS, BERLGS YINZRARAE A [ [n] 40 TE A 2 N
100%, XA UM A IERE RN 96.67%, HATELT 1173
FVMNRER o« 7 2REE RN 3 PR

%3 KNN S #Hxf 7R B A B iR SR B9 IR A 45 3R

Table 3 KNN analysis for litchi’s mature stage
detection of test set

JEA BE Mature stage
sl s2 s3 s4 s5 s6

IS IRIES
Total accuracy/%

EE

Accuracy/%

3.3 EMEME S

K PNN 0 BCGABY BE 1) 7 A T 43 28 RIS, SR
T 6 A FHFL B B, BN Y BORAE 20 NI AREAR .
IS A B R BEHLIE B 15 A3 B AEAAE A I ZREE,
T 5 AN IHBAFEANE R AR 15 BN EAREAZCH 90 1,
MRAREEFEAECY 30 4~ AWFSCRH] Matlab R AFHAT
“newpnn”Bf F iy 2K SZ I PNN B84 i A4 . HoA, Spread
R RSB (1) 1 45 R B — € 56 . Spread £oR
PNN {4 Bs R, BRIAMEN 0.1, Wi HASEIEF o, W
W28 AH 1 T B A0 o 5 a%, AEMBOR, BRI 2 1 R 4
N T X RER PR R T AL, 3B B2 Spread 1]
PRACTER A 1x1072,2x1072, 3%107%, 4x1072, 5x1072, 61072,
7x107, 8x107%, 9x1072, 1x107. AIREGEFRIIZAEM IR
SR g v TR B DU A 1 DR 26t d v B 1) PNIN TR 3148

100 100 80 100 100 100 96.67




244 Ak TRE2EHR (http://www.tcsae.org) 2015 &
RUONE BRIk, R86%F Spread=1x102 I 2] H:RZ 30~39d LUK 53~60 d B K.

() PNN AL Ay IR 7 A 3BT B U R . PNIN oS
SR el 5o B B A B AR (R 2 U 45 R N3k 4 PR
% PNN BRI ZREAE A [FEAIEA 4 100%, X3l
IRAE M RSB AN 96.67%, HATHAUF 1 73 2 Uk 4
F 4 PNN AT ZHE BRI B st £ 0 3R 81 5
Table 4 PNN analysis for litchi’s mature stage
detection of text set

JAHT B Mature stage
sl s2 s3 s4 s5 s6

ISR RYIES

Total accuracy/%

%
Accuracy/%
3.4 it it

TR SR F H - S BB 7 A AN ) e s o B b 47 R
i, &5 SR H e ) SR ] 7 A A B AT AT

KINN 1 PNN 0 5 [l 55 5 jle 2T B 1 R 8 R B
K FCM. KNN F1 PNN 3 B iR 50 7 vt 40 i Fi ik
R %) S 17 5 5 A [ BB B3 P 7 5 SR M AT
P EEMR R 89.17%, 96.67%F1 96.67%. Kt
KNN 5 PNN 2 RGPk (AR T2, AR Gtk iR
Jiid FCM, B 38 A i 1 7 1 B B U X S 1k
PR TR 7] 78

LRI F ) LDA. FCM. KNN Al PNN Z}25iH
2 B Rl A, 6T ) 7 B B BRI, 82 FH 83 2
A AR B o R R 25, 2 Bk bEiR S U7 (LDA
A FCM) 5 2 PR kiR 5 (KNN FT PNND 2786
e H X T, 85 F s6 Hik, 2 PP tkiR o ik
(LDA F1 FCM) W3 KRR 2, ARRA ARG R m 07
7% (KNN A PNND A DU AT IR0 HH3 1m0,
BT BCABT B s2~s3 DLJL s5~s6 1EAL T A K i
B, LS R A B AR A i, At Bl AR B AR G
X2 ANHrBUERKH RS, g BT TR E R A A
BB B s5~s6 AHXT TLAt Y BEIE KRR . I AR
SRR, R AVERE R BRI, KR
it Je AT LR - AR BRI R . et m RAED,
T 2 SRS P R A TR R R SR B 5 SN B AR R
WK R R, R SEARFAE R, A
SRS, SRR NN R, WY
T AR BB, AR R AR, W S 42K
PN T

Rl, F 2P0 TAE AT 5 AN R BB BE S
M W B A A% Ak SR T ASAH €8 - 5% B A ( gas
chromatography-mass spectrometer, GC-MS) 5 HL ¥ &t
AR LCBIF ST, 1 05 36 HH 4 /D B0 0] 75 B b B B
DR AL B, T S el A s S8 B8 M 0 1 & T 1
SRS A L S SR el K SR B S Ak LA
AL

4 % it

1) ARIEA [ SR B B B AL AR AT R, AE 7
ot R, JERSCEAR SRR 2 B ERRR A

100 100 80 100 100 100 96.67

2) R HL 7 S ST HE 2 20 d 21 S AT Y
1) 6 AT BEEATRAE o 7 3REUAS [7] B B S [l 75
e S5 BT, AT T BRI TIAL Bl . IR B AL K
WAEME (75 s N 2L AR NAE D AE 2k Ja B A A
KHEAT 0T (Loadings) HHATAIKASFEFIMIEIL, EIL
T R2. R4, R6. R7. R8. ROl R10 LKA 5517
S B3 HT e SRAVA— AR AL EO SR 5 1 2R Tl 7 A AN [) B
ST BT SR AT BN, K BN IS R BB A T 2
J 5143 #T (linear discriminant analysis, LDA) , $2HE 1.
2 3 M1 4 et JA 0 R 558 N P ) 30 BT A kg e A AR
DAk Bk R RICRE B EHK, H LDA XA R
L AT B R R AN E

3) WEFCRH THOW C-MH KIS (fuzzy C means
clustering, FCM) . k-5 48 B 553 7 (k nearest neighbor,
KNNDFTHEZ 1 22 P 2% (probabilistic neural network, PNN)
Xof SR el 5 5 s B 1) LY S R A TR U . FCM
X SR el 5 g BT BV R IE A % 89.17% 0 SR JT] KNN
1 PNN X 5 el 5 15 B BOdEAT U3 I, KNN 55 PNN
VUSRS YN ZRAE 1 A IE AR 300 100%, IR 1)
PUNZEIE R 96.76%, HATHIUF 153 MR o
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Electronic nose monitoring mature stage of litchi in orchard

Xu Sai, Lu Huazhong, Zhou Zhiyan, Lii Enli*, Yang Jing
(1. Key Laboratory of Key Technology on Agricultural Machine and Equipment, Ministry of Education, South China Agricultural University,
Guangzhou 510642, China; 2. College of Engineering, South China Agricultural University, Guangzhou, 510642, China)

Abstract: Mature stage monitoring can provide significant scientific instruction for the management of litchi orchard.
However, nowadays, any research based on mature stage monitoring in orchard has not been reported yet. Given that this paper
proposed a monitoring method of litchi orchard mature stage based on electronic nose. We used electronic nose (PEN3) to
sample litchis which were in 6 different mature stages (s1, s2, s3, s4, s5 and s6) from about 25 days after it fruited to maturity,
and measured 3 physical characteristics of litchi fruits (fruits’ size, fruits’ weight and fruits’ soluble solid content). According
to the changes of litchi’s physical characteristics in different mature stages, the 2 physical indices (fruit size and weight) of
litchi from the 30™ to the 39™ day and from the 53™ to the 60" day after it fruited were increasing comparatively faster than
other stages. That was to say, the litchi fruit normally grew fast in the 2 periods. In addition, the soluble solid content of litchi
grew slowly from the 53™ to 60™ day after it fruited and could not be tested before the 32" day after it fruited. After extracting
each sensor’s response value in stable time (75 s), we used loading analysis (Loadings) for sensors optimization, and kept
sensors (R2, R4, R6, R7, R8, R9 and R10) for the next analysis. Loadings results also showed that R7, R4 and R6 were
comparatively more sensitive than other sensors when identifying the volatile of litchi, which provided a reference for the next
research when exploring especial instrument for litchi quality detection based on bionic olfaction mechanism. Then, unitary
processing was used for the noise reduction of the sensor’s response value. At last, we used linear discriminant analysis (LDA)
for further extraction of feature information to decrease the redundant information. In addition, LDA could not detect the
mature stage of litchi in orchard effectively. LDA classification results showed that the sample points in s2 and s3 were
overlapped by each other, which had poor classification effect. The sample points in s5 and s6 were not overlapped by each
other, but the distance between them was close, which may easily cause the confusion in practical monitoring of fruit mature
stage. For further research the feasibility of electronic nose application for litchi mature stage monitoring in orchard, fuzzy c
means clustering (FCM) method, k-nearest neighbor (KNN) method and probabilistic neural network (PNN) method were used
for pattern recognition. The experimental results showed that the accuracy of FCM for litchi mature stage monitoring in
orchard was 89.17%. The classification effects of s2 and s3 were undesirable, and the mature stages s5 could not be absolutely
distinguished from s6. After building up KNN and PNN detection model, their accuracies of training set were all 100%, and
their accuracies of test set were both 96.67%, which had good effect for litchi mature stage monitoring in orchard. By
comparing electronic nose analysis results with physical characteristics changes, we could infer that the accumulation speed of
litchi’s inner compositions had inverse correlation with the size growing speed of litchi fruit. That meant when the size of litchi
fruit grew faster, the accumulation speed of litchi’s inner compositions was slower. Otherwise, the accumulation speed of
litchi’s inner compositions was faster, and the classification effect was better. This research proves the feasibility of using
electronic nose for litchi mature stage monitoring in orchard, and provides the reference for fruit quality and situation
monitoring in orchard in the future.

Key words: nondestructive examination; fruits; models; electronic nose; mature stage; fuzzy C-means; k-nearest neighbor;
probabilistic neural network
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