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Fig.1 Six SPAD measurement locations of rape leaves
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Table 1 General characteristics of the leaves sample
it H o ¥{E SEON: H/ME it 22
Item Number Mean Maximum Minimum Standard deviation
ML Modeling set 267 48.610 60.300 18.000 5.980
T4 Prediction set 133 48.760 57.500 16.300 6.010
BAREEAR Total sample 400 48.660 60.300 16.300 5.980
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Fig.3 Average reflectance of rape leaf
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Table 2 Accuracy of PLS model based on original and

preprocessing hyperspectral with SPAD data

AR
Modeling set

ERIES

Prediction set

T4k #3175 12

Pre-processing method

R. RMSEc R, RMSEp
TR VAR 4
PR IR 0.739  4.019  0.738 4.111
Original spectrum
— Bk T 1% Der 0.741  4.011  0.762 3.902
Bk 27 Der 0.756  3.904  0.742  4.057
bR IE A AE B A IR
] 0.7 4.059  0.762  3.932
SNV 33 5 62  3.93
%
fu‘? 0.657  4.499  0.654 4.546
Detrending
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Table 3 Result of SPAD value prediction model

based on hyperspectral data

» R ARG ToU I B K
i . .
Modeling set accuracy Prediction set accuracy
Model
R. RMSEc R, RMSEp
SNV-PLS 0.733 4.059 0.762 3.932
SNV-LS-SVM 0.844 3.205 0.844 3.227
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Table 4 Correlation between SPAD value and plant chlorophyll concentration

$8 45 Target Ti—M First leal T~ Second leaf T = Third leaf TP Fourth leaf
H#%2 a Chlorophyll a 0.737 0.831 0.851 0.857
-#4¢2 b Chlorophyll b 0.756 0.843 0.862 0.865
42 (a+b) Chlorophyll (a+b) 0.744 0.836 0.857 0.862
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Table 5 Regression equation between SPAD value and plant chlorophyll concentration

Hti i I o

Target Leaf position Quadratic regression equation

T — I First leaf y=—76.91222+ 102.84x + 17.664 0.957

W& a T 1 Second leaf y =—84.3522%+ 117.96x + 10.781 0.970

Chlorophyll a T =1 Third leaf y =—78.777x%+ 111.76x + 11.687 0.973

TiPUrt Fourth leaf y =—122.992%+ 175.18x —11.067 0.975

T —nf First leal y =—752.482%+ 302.85x + 21.412 0.971

W Z b T~ Second leaf y=—834.57x%+ 351.79x + 14.833 0.986

Chlorophyll b T =1 Third leaf y =—780.83x%+ 334.11x + 15.484 0.989

WPY it Fourth leaf y =—1229.22%+ 527.16x —5.333 0.990

T — I First leaf y=—44,747x%+ 77.624x + 18.352 0.963

52 (atb) T 1 Second leaf y=—48.976x?+ 88.943x + 11.610 0.975

Chlorophyll (a+b) T =1 Third leaf y=—45.722x%+ 84.256x + 12.477 0.978

TipUrt Fourth leaf

y=—71.5552%+ 132.33x—9.903 0.980
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Table 6 Correlation between SPAD value and leaf chlorophyll

concentration in different leaf position

=Lz T &R g LB
Target Top Middle Base
MR a
0.908 0.899 0.885
Chlorophyll a ’
MERE b
0.903 0.894 0.880
Chlorophyll b
4k (atb)
0.908 0.898 0.885
Chlorophyll(a+b) ’
®7 TEHAREEA SPAD EHE
HEHEESENERAE
Table 7 Regression equation between SPAD
value and leaf chlorophyll concentration
in different leaf position
. . a1 Jy
EEE D HR AL . . )
. Quadratic regression R?
Target Position .
equation
o158 = —88.855x2
[ % y 88.855x% 4 0.994
Top 107.38x + 18.700
"R a e y=—92.03z%+ 0070
Chlorophylla piddle 109.59x + 18.300 :
FLHB y =—102.67x%+ 0.073
Base 120.53x + 15.153
o1 &8 y =— .3zt
[ 3y 1004.32%+ 0.971
Top 352.12x+20.259
A D s y =—104122+ L0586
Chlorophyll b Middle 359.472+19.875 :
FLHB y =—1166.6x2+ 0,980
Base 396.45x +16.827
i ——52.7872
[ 35 y 52.787x2+ 0.063
Top 82.287x+19.061
& F Gatb) s y =—54.7042% +
) 0.975
Chlorophyll Middle 84.01x +18.661 ’
(a+hb)
e S y=—61.118z%+ 0078
Base 92.481x+15.532 ’
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Hyperspectral imaging technology based prediction of spatial distribution of
SPAD value of rapeseed and optimal measurement of leaf position

ZHAO Kun' WANG Junke?® WANG Chufeng®' XIE Tianjin** ZHANG Jian*"

1.Modern Education Technology Center  Huazhong Agricultural University ,Wuhan 430070,China ;
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3.Spatial Information Technology Application Department ,Yangtze River
Scienti fic Research Institute ,Wuhan 430010,China ;
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Yangtse River) Ministry of Agriculture ,Wuhan 430070,China

Abstract The hyperspectral images, SPAD and chlorophyll content from different part of leaf of
different rapeseed plants under different nitrogen levels were collected. The methods of preprocessing hy-
perspectral data were calculated and compared. The PLS (partial least squares) and LS-SVM (least
squares support vector machine) methods were used to build prediction model of rapeseed leaf SPAD.
The results showed that the result of LS-SVM prediction model based on the SNV (standard normal
variate) processing method named as SNV-LLS-SVM was the best. The map of rapeseed leaf spatial distri-
bution SPAD was constructed according the best prediction model. The SPAD value extracted from
SPAD map of different rapeseed plants and positions was analyzed with chlorophyll content. The results
showed that leaf on the top part of fourth rapeseed plant was the optimal measurement position. This pa-
per combines the advantage of hyperspectral imaging technique and the non-destructive SPAD measure-
ment method.The methods proposed realized the predicting SPAD spatial distribution of rapeseed leaf
and the optimizing measurement position identification.It will provide a theoretical basis and methodo-
logical guidance for efficiently detecting chlorophyll content in rapeseed plant.

Keywords rapeseed; chlorophyll; hyperspectral imaging; SPAD value; least squares support vec-

tor machine; partial least squares; non-destructive testing
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