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Fig. 1 Hyperspectral imaging system
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Table 1 Statistical values of SPAD in healthy
and infected leaves of tomato

Type Number Range Mean  Standard deviation
Healthy 60 31.20~41. 90 36. 39 2.41
Infected 124 8.18~32. 56 22.46 5.55

Total 184 8.18~41.90 27.00 8.09
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Table 2 Statistical values of SPAD in tomato leaves

of calibration and prediction

Type Number Range Mean  Standard deviation
Calibration 122 8. 08~40. 04 26. 64 7.99
Prediction 62 11. 36~41. 90 27.71 8. 30

1.5.2 FHAEKETRLE

T IR EIG G RO P R B R | RER IR S T
P 2 @R 52 . BFRCR AT Smoothing, Normal-
ize FFZRNTALIL J5 1, A5 R TRAL 1S (OGS B 1 D B
At X, SPAD AR Y Aght, #sr SPAD {H i fie /) — 7
[8] 9 (partial least squares regression, PLSR)AEARY, @ d Fhig
AT [ TR AR DTS 25 Fp AL BT AT PPN, Ba
W E FET Normalize BT ALFH Ty 72 -4 S AH AR AL,

L5.3 Rk Ffm)a, o )2, BP 4P 2 ML F &
R AR EMN

A d5e/IN 3R 181 114 R A5 TE A R DG B X 7R 2 114 [
IR TR BRI Y 255, T Y B2 55 55 X
HF AR, HEE X B HWS 55 EY BT 1t
Y. BT PLSR GG S AR 2] 1) Iz B

443815 (principal component regresssion, PCR) 2%
FRIT Iy BT REAS CTE R B X AT o0, FRase B rp ) 3=
I HEAT 2 TCEAE [ S04 . AT R B JIR i A 72 1 22 (]
LR LA, PCR AR TE 632 40 Hr ot 45 31 17 ALk
Jog F 10

J A5 4% #2828 (back propagation neutral network,
BPNIN) 2 B A 2R 72 i A 28 50 0 20 1l 1 — b iy 45t 280 4o 2 9
7%, MAICHEE R R A Sigmoid B K%K, W] LA A
Fird AR AR e, FLAE R A TSR, AT DAY
DICTERAR M E B AT AR E . B SRR B Ak Lt T g
JINT L, HG BP M M4 RS T T AR B T IZ A B
e,

/N3 3 5 ] B ML (least squares-support vector ma-
chine, LS-SVM) Hy Suykens Z£00 3 2, BXHE S5 743
AL —Fh R, BRAS AL PR MR Ltk 2 07 i R[]
L, [ I R A PR b i e 22 08 i 1 S 2R PR IR, LS-SVM
AL SR A R AN LA Ty R 2 A — Oy R OR AR A S ]
ML, 0 T ERE, LSSVM TR @ HEAE B i
WAFH] T — L 2,

DL RERSCR B P 4 A 2 00 4R T g R 2L R (Deter-
mination Coefficient) #8 . 4% 4 4 J5 #li% 22 (root mean
square error of calibration, RMSEC) #175 Jll & ] J7 Hii% 22
(root mean square error of prediction, RMSEP){H it /)» H. %
B Z R ZE ) o DAY P T g i, iR A



3326 i SR

%32 %

2 RS hhe

2.1 SHERHMESN

&1 2 v Ca) 1 (b)) 43 51l 2 £ o RN G T it i R B9 5635 S 559
bk, B 3 SRR B AT R OGS A E 43 B BOT Y
JEAR BT I B A M 4k, BRARAR 2D, A FRE g I
SR, AL R 2 AT AR H R R e R AN A i 2R 4 5 AR
o1, %A B B X 5, 7€ 550 1 750 nm fi T 45 — AN,
680~750 nm &% G R AT BRI, AT UL I LN RO R
SR TN, (HEaT & 3 A LA S5 5 S f B e
FEAFE 400~1 000 nm J% B3 Bl N 777 B &2 22 51, 400~720
nm P B ] Y Y RE AR (1 615 R S i TR AR A, 720~
1 000 nm % B3 [ P YL e AR (19 9335 R 3 I Tl B A

1.0 @

0.8

0.6

Reflectance

400 500 600 700 800 900 1000
Wavelength/nm

Reflectance

700 800 900 1000

Wavelength/nm

400 500 600

Fig. 2 Reflectance spectra curves of tomato leaves
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Fig.3 Reflectance spectra curves of healthy

and infected tomato leaves
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Table 3 Prediction results of PLSR models
with different pretreatment

Model  Pretreatment R? RMSEP Number of E)fplaine’d
factors variance/ %

1 Raw 0.8815  2.8384 5 82.467 1

2 S. ML A5 0.8821 2.8267 5 82.395 6

3 Normalize 0.8956  2.664 2 4 84. 464 6

4 MSC/EMSC 0.8919  2.724 0 3 80.172 1

5 D.G.S 0.5832  6.202 2 4 67.724 1

6 D.S.G 0.8239  3.4834 2 77.661 8

7 Baseline 0.8788  2.8625 5 82.2818

8 SNV 0.8926  2.716 1 3 80.164 9
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A AR BP A28 W 2% 1% A28 g 57 BBNN B RL, it
PR f T 45 B i R B R® & 0.893 5. T 4 34 5 AR i 22
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AR sy LS-SVM AR, LS-SVM AR i) 15 48 the
ZECR? 2 0.901 8, BUMNLEH 7 RIRE2ZE RMSEP 2 2. 5992,
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Fig. 4 Scatter plot of predicted and measured values of SPAD in tomato leaves by four different models

Table 4 Comparison among different models

based on four types of algorithms

SN« Alg? Tnput Stage Elements R-Squ.¢ RMSE?
Model 1 PLSR 470 ﬁt&iﬁl O e o
Modlz PCR 7o obron B2 88 kT
Mol 3 BN 4R D e
Mo 1SS 4D Das s

S.N. a: sequence number. Alg. b regression algorithm. R-Squ. c: determina-
tion coefficient. RMSE d: root mean square error
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T LS-SVM BRI ROR S B HL BTN A ph e R AR ok
TN T7 AR IR RMSEP fi/)y. PLSR AR B AR K
X AT RESE 1 T PLSR B U RE A ADE 3 £ Hh i e 5 8
e o 52 22 PO il A 35 A TOAR R SR 3 SO o g
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Study of Detection of SPAD Value in Tomato Leaves Stressed by Grey
Mold Based on Hyperspectral Technique

XIE Chuan-qi, HE Yong, LI Xiao-li, LIU Fei, DU Peng-peng, FENG Lei*
College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China

Abstract Hyperspectral imaging feature of chlorophyll content (SPAD) in tomato leaves stressed by grey mold was studied in
the present paper. Hyperspectral imagings of healthy and infected tomato leaves were obtained by hyperspectral imaging system
from 380 to 1 030 nm and diffuse spectral response of region of interest (ROID) from hyperspectral imaging was extracted by EN-
V1 software, then different preprocessing methods were used including smoothing and normalization etc. The partial least
squares regress (PLLSR) and principal component regress (PCR) models were developed for the prediction of SPAD value in to-
mato leaves based on normalization preprocessing method, then the back-propagation neural network (BPNN) and least squares-
support vector machine (LS-SVM) models were built based on the four variables suggested by PLLSR model. Among the four
models, LS-SVM model was the best to predict SPAD value and the coefficient of determination (R*) was 0. 901 8 with the root
mean square error of prediction (RMSEP) of 2.599 2. It was demonstrated that chlorophyll content (SPAD) in healthy and in-

fected tomato leaves can be effectively detected by the hyperspectral imaging technique.

Keywords Hyperspectral imaging; Chlorophyll; Partial least squares regress; Principal component regress; Back-propagation

neural network; Least squares-support vector machine; Tomato; Grey mold
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