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Hyperspectral Estimation Model of Total Phosphorus Content for Citrus Leaves

Huang Shuangping' Hong Tiansheng'®  Yue Xuejun'® Wu Weibin'? Cai Kun'? Li Yunyu'
(1. College of Engineering, South China Agricultural University, Guangzhou 510642, China
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Abstract; Field experiments were conducted on 117 planted Luogang citrus trees in the crab village of
Guangzhou. 234 pairs of data sample were collected in two different development stages, respectively,
germination period and fruit picking period. Hyperspectral reflection data was used as high-dimensional
vector description. Phosphorus content measured by chemical method as true label and to predict the
phosphorus content of citrus leaves. Two mainstream multivariate regression analysis algorithms, partial
least squares and support vector regression, were used for modeling and prediction after various
preprocessing on spectral reflectance data. Calibration and validation sets were used to evaluate the
predictive performance of model. Two regression analysis methods respectively achieved coefficient of
determination of 0. 905 and 0. 881, the MSE of 0. 005 and 0. 004, the mean relative error of 0. 026 4 and
0.031 2, respectively. The experimental results showed that it is an effective way to predict phosphorus
level based on hyperspectral reflection data.

Key words: Citrus leaves Content of phosphorus  Hyperspectral — Partial least squares  Support

vector regression

J™ B B . DI, i R BE T A

5B ol E P&
MG N A I8 BB (P) & &2 Hom = 5 i i *E%PA PR A 27 A N 3 B SRORS o (R R
ek H . 2012 -09 —15 & H H#Y. 2012—-11-05

« E [ RFIF L4 BT H (30871450) A48 F SRR 4 W BII0 H (S2012010009856 ) F145 3 7= 2 W45 43 % BT H (2011B090400359)
EE B 2B, PRI, 1, =2 il B fg i 8 A0 38 B 42 48 AT S AL SE B 5T, E-mail . huangshuangping@ scau. edu. cn
BIESE: HE% B, L, FZN SR TR LR — A G SR B FF5T , E-mail ; yuexuejun@ scau. edu. cn



430

TERUHE AF o BT G A A I A S R S 203

Je FEITELA B, B, BFREH — B T b
FEARF I . B G H AR R R A T O
336 S I ) 5 A 0 A 2 R B AN A B R R T TR
It 5 5 B 55 0 i U 45T ek B8 A S B 1 R
B T A 2 REFI AT BEAR B B T 3 Ok A
B T A [ A DA 1 B G 2, O R P e g
K R AT AR AR H AR E B B

AL AR OF B 8 22 14 F 5 AR D A A
ARG B AT 8 R on Z W2 o
N & EWE R R TER 2 Y
B OE, R AE W P o RE AR B RF R M BR
§[10,11.13.19~23] .

ASCLL 117 # 5 A  B b W Sl BF 5 4, BT A
AR I - P A S T () R, SE R ASD
FIH FieldSpec3 %1 i i {3 R 4 M 7% SR 9 409 B S
RS 2 A K B B 1) 5 O 3 i i, 4 A T AR
AW Z TR EHR . LRI 234 D ZICRBREA K
o B OUSE K I 50 55 BT P (A 1 I 45 17391 7]
M REAR B LS P g R, ST 234 R SR
X, BEHLEE IR 80% #4 B 1F 45, T 20% #4) A 3t
SR B /N e i (PLS) P 0 32 % kIl ik
(SVR) " gt sy P2y ik 5000 450 750 OF: 3 £ A5 750 4
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Fig.1 Mean reflectance spectra of citrus samples
during different growing stages
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Tab.1 Descriptive statistics of phosphorus

content measured in laboratory g¢/kg
P &t git 2011 4£6 26 H 2011 4£8 f] 23 H
e /IME 1.5010 1.5024
ESFN] 1.8100 2.1107
S 1.573 4 1.8782
T s 2 0.049 4 0.184 1

2 PLS &KW 5o

2.1 {wE/NZFEEREPSH
fif B /)N — 3¢ 1 ( Partial least square, PLS) 24 =
—Fh Z R AE et o A Oy ik R e aE T R R
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AT R, R IE & /N J7 1% 25 (Mean square error,
MSE ) J5E 0], >R F 28 Lk 7 XS R S 8UA
2.2 AEREHETLENEELER

J tn G s Bt th T 2 AL RO R AR
LA L2 7 Sl A0 IR A2 2 DL K B AL R RS ) B
o 5 DAL TG 52 B 2 P 7 R 4 R g A
TR F4 63 Hh 32 BEDIL PR3 52 0 7 A 1) A o L
284k, R AT R 2 B A A G R . R, O
B ) AL R OGIE o A i R rp R 3R

S A S S OGS E (2 0 R,) SR
HIE XA B AR B DIATE R i e P R O

At T PLS 33 % 0 o] A A SRR L JELAA G 8
B 1 S AR AR G 0 I A SR
185 X 2 4 Ri\R’Z%\

1 N S b o s paes
IgR g 5o o1 FREAER P RPN RO SR

it 22 iR £ o B4 & 1E ( Multiplicative  scatter
correction, MSC ) 28] R M IE 75 A8 A% 4 ( Standard
normal variate transformation, SNV ) 21 E TEESR
1 ( Orthogonal signal correction, OSC) ORI SG O W
( Savitsky-Golay smoothing and differentiation) "*' 25 3
FRBAE TAL P A X J5U 6 B 5 15 Bdfe A7 b 2R, LA
HAARAS TN RE g B 0 H 1 RE A R RO BT

N T VARG R RUAT RO, S92 56 0 S R R e AR AL
R® X% 22 % K AH ( Max relative error, MRE) , #H X}
TR 75 14 {4 ( Average relative error, ARE) , ¥ J5 iR 4
(Mean square error, MSE) 2845 ¥R, R* kK, iR 245
P AR, F A Y 000 P R B AE o A S 0 T SR
SLIBAT 20 UK, R 20 Y BE SR bR Y X0 FAR 1 22 AR
NS A RAC R, JR A R AR 2 3R 3 s, 2
FORTEROEAE A AL E BRI PERE . P neomp J2
PLSregress 12K, M4 fre/ N J5 DR 28 W R B A 1EL

MF 2 3 15 58 0] PLS AR, SR T
SO 1 (0 KO e, A R I A A AR R A L B
P E Ao 91 g 0.905 1 0. 881, ¥ 77 5% 22 41 | Ay
0. 004 F1 0. 005 , # b o Ath 1 40 B £ A, H PLS 45 7Y
Fo bR ik B e A (H AR A b A 1 2R X 4 22 A T

1%%@24@%&%#:0 S5 9 G 457 kL MSC

Ak B RO S HR AR U T A B RCR AR
FU I AR O 3 45 T Ak R AR AT — R R A PR RE R T
SG AL RS , AH FE IR S 6T, PEREZS TR AN K, s 22
se, TR S HOETE ] PLS HBLAUR i 22, 78 IR R
bR B T AR ROH LU A D 1 AR LT 3%, T

R2 FRLEBHEMXTH PLS AR ITMA (KRIESE, A :188)

Tab.2 Model evaluation on calibration dataset with different transformation of hyperspectral data( PLS model)

S RE R 5L ncomp R? MSE MRE ARE

R 11 +7 0.874 £0.041 0 0.005 £0.001 6 0.141 £0.0309 0.0310 +0.0052
R 13 +7 0.890 +0.057 3 0.005 £0.002 4 0.136 £0.037 8 0.028 4 +0.0069
R! 12 +6 0.867 £0.071 8 0.005 £0.002 8 0.154 £0.045 1 0.0309 +0.007 0
1

" 13 +5 0.905 £0.046 0 0.004 £0.001 9 0.127 £0.0375 0.0264 £0.006 4
IgR, 10 +3 0.883 £0.034 4 0.005 £0.001 4 0.144 £0.0158 0.0295 +£0.004 8

1

lg? 11 +4 0.896 £0.0320 0.004 £0.001 3 0.132 £0.024 2 0.0279 +0.004 1
MSC 13 +7 0. 888 £0.046 0 0. 005 £0.002 0 0.129 £0.0229 0.029 3 £0.006 1
SNV 9+6 0.877 £0.033 0 0.005 £0.001 3 0.138 £0.023 2 0.0313 +£0.004 8
SG 16 +8 0.891 £0.0425 0.004 £0.001 7 0.130 £0.0313 0.028 8 £0. 005 2
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£3 FRLEHELXTH PLS HEERE M (MK, A H:46)

Tab.3 Model evaluation on validation dataset with different transformation of hyperspectral data( PLS model)

e R IE ncomp R? MSE MRE ARE
R, 11 +7 0.854 £0.063 4 0. 006 £0.002 6 0.124 £0.039 8 0.0328 +0.006 3
R! 13 +7 0.845 £0.047 8 0.007 £0.0019 0. 145 £0.029 4 0.0345 +£0.004 5
R! 12 +6 0.792 £0.0555 0.009 £0.002 5 0.170 £0. 034 2 0.0389 +0.004 2
1
R 13 +5 0.881 £0.047 2 0.005 £0.002 3 0.119 £0.0330 0.0312 +£0.0059
IgR, 10 +3 0.863 £0.0453 0.006 £0.001 8 0. 130 £0.0219 0.0322 +£0.0051
1
lg? 11 +4 0.874 £0.0303 0.005 £0.001 1 0.126 £0.025 1 0.0308 +0.003 3
MSC 13 +7 0.866 +0.0379 0.005 £0.001 5 0.116 £0.029 4 0.0321 +0.0043
SNV 9+6 0.829 £0.036 8 0.007 £0.001 6 0.134 £0.026 0 0.0369 +£0.004 6
SG 16 +8 0.852 £0.053 8 0.006 £0.002 1 0.127 £0.036 7 0.0341 +0.0052
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Fig.2 Correlation between measured and predicted values
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R4 REREBERARTHREXT SVR HEEEE T (KRIES, AL 188,821 :99.9%)

Tab.4 Model evaluation on calibration dataset with different transformation of hyperspectral data( SVR model)

e R IE nocomp R? MSE MRE ARE
R, 13 0.888 +0.013 2 0. 005 £0.000 5 0.126 £0.0212 0.0352 +0.001 8
R! 48 0.925 £0.008 5 0. 005 £0. 000 4 0.108 £0.018 6 0.0354 +0.001 7
R! 36 0.910 £0.013 6 0.006 £0.001 0 0.124 £0.0209 0.0361 +0.003 3
1
R 25 0.934 +£0.003 5 0.007 £0.000 1 0.067 £0. 000 6 0.044 2 +0.000 6
IgR, 29 0.915 +0.016 3 0. 005 £0. 000 4 0.107 £0.0195 0.0336 +£0.001 7
1
lgR 29 0.915 £0.0130 0. 005 £0. 000 3 0.100 £0.023 3 0.0334 +£0.001 6
MSC 22 0.888 +0.014 8 0. 005 £0. 000 6 0.100 £0.013 1 0.0358 +£0.002 3
SNV 23 0.890 +£0.0215 0. 005 £0. 000 7 0.104 £0.0150 0.0358 +£0.002 3
SG 10 0.886 £0.019 1 0. 005 £0. 000 7 0.116 £0.025 8 0.0356 £0.002 6
RS RHEAEB/AEZTHABXT SVR FHBVERE T (NN E, AR 46,8821 :99.9%)
Tab.5 Model evaluation on validation dataset with different transformation of hyperspectral data(SVR model)
Stk E R = nocomp R? MSE MRE ARE
R, 13 0.824 +0.046 2 0. 008 £0.002 0 0.138 £0.0452 0.0400 £0.003 7
R! 48 0.857 £0.041 2 0.008 £0.001 8 0.117 £0.016 9 0.038 8 +0.005 2
R! 36 0.845 £0.050 6 0.009 £0.002 1 0.130 £0.0220 0.0399 +0.0052
1
R 25 0.733 £0.046 6 0.015 £0.0020 0.141 £0.0122 0.0600 +0.004 0
IgR, 29 0.875 £0.034 0 0.006 £0.001 5 0.114 £0.021 4 0.0377 £0.004 2
1
lg R 29 0.866 +0.036 6 0.007 £0.001 5 0.057 £0.021 2 0.0120 +0.0009
MSC 22 0.830 £0.044 5 0.007 £0.001 7 0.129 £0.0318 0.0379 +0.003 9
SNV 23 0.812 £0. 0659 0.008 £0.002 4 0.143 £0.0514 0.0417 +£0.004 2
SG 10 0.790 +£0.0853 0.008 +£0.0029 0.165 £0.093 9 0.0392 +0.004 4
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