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IS PR F o i S AR SR 7 T, Luo S5 UVRI g
g, KHZFEZPEIE (Multi-Scale Shape Regression,
MSR) . ff/h 3% (Partial Least Squares, PLS) .
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Fig.1 Overview of the study area
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RS RIS EN e e B R A by, w4453 317 A
FEA, f#H KS (Kolmogorov-Smirnov) #3675, %L
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A, WL 93 A, WK 1 PR,

x1 KEMHREAR. BERES SR

Table 1 ~ Statistical of nitrogen and phosphorus contents in rice
leaves (mg'g’)
g FEARYE oRHKN BME oA CFE beik
FEAEE o .
Sample  Element Minimum Maximum Mean %
Sample set X
size type value value value  SD
NS 224 AE 0.995 6.801 3.331 1.202
Training set B 0.188 0427 0325 0.045
IOiF4E 03 £ 1.145 5.583 3.365 1.116
Validation set BE 0.214 0443 0329 0.053
1.4 HIRQES5EERZE
L4.1 Ftke X

e Y iR s o 2 Y Ak 36 5 R R v TP A
IR TG I A R R SR 1 = e v ih £ 2
2N 0.461 nm, A AT FHAEAE B 5 0t s el i 26k
ITERAE, EXMAENEEEMZLS P58 1 nom. BT
A5 AN SR B 1 i i i 28 2 DAL 5B B 7= AR — e Y L 1Y
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LRAT R M IE E S AL B . 20 TRAL T S 16 v Ol i i 2
ELTRAL BRI 1) e v il 28 B, Bk T B S il
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Fig.2 Comparison of hyperspectral curves before and after
pretreatment
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¥t 5wtz /N 3 (Partial Least Squares, PLS) A#[A] )
RE R Bk 5078, BOTE /R SO i “OE
AL BRI, CARS Bk, AR B S RN
KF¥t (Adapative Reweighted Sampling, ARS) &8 PLS
TR o B ) R EAHE A BRI S E NI T4, &
FAUEB/N R, REET RS PLS B, &
2 E, R PLS BRI HIGUEA iR % (Root
Mean Square Error of Cross Validation, RMSECV) /N
TEAF AN AR K.
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2) 7 N-1

3) FERFUCKFERS, #MN b — RIS 128 s 4R
FHH &N INBUCRFE (Adapative Reweighted Sampling,
ARS) IEFHEN R, xn MPKARR, BT PLS @,
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SRS 2021 AEHR I, B F T SR B R R Aok
eI, BEAIFmee inE. WECEEIEER . [,
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Algorithm, WCA) P, fi ff1 fJt. 44,512 (Whale Optimization
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AW 5T TR [F SO KRG A R R S &, Kt
126 FH AT LLSECHR 22 ol )3 5 R 22 I AR, )il /2 BP
PR 25, MR >JHl (Extreme Learning Machine,
ELM) . Jets—PERESIERARBR 2 2Bl (RUNge Kutta
optimizer-Extreme Learning Machine, RUN-ELM) 3 Ff /5
AR, Gl gE R R ULLHITIRIEZ (Root Mean
Square Error, RMSE) RIS RG AE FE AT FEME, B
AR KRG & 70 R SRR .
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HIFREER AN, BEALAE B L AN B IR A6 0 B .
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Fig.3 Flow chart of Extreme Learning Machine (ELM)
optimization based on RUNge Kutta
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TERFER K E RS RS, (H Matlab B4 &, KA
G B 3 N 0 BCR ALV 23 0 0 G 3R A ER B BURRAE
Bt BT REMEIERIE 400~450 nm AEMEFEECR, #
F T T Bl T2 N 451~1 000 nm. K= 58 E 0 T
50 X CARS BRI FFE. [ IEKAERBIF L s
UCKFE) RMSECV 18, HZE K FH/NI RMSECV 18T
AEHRRATETEP, mE 4. B5HH, BEEREX
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Note: RMSECYV is the root mean square error of cross validation. Same below.
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Fig.4 Process of screening characteristic wavelengths of nitrogen
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B 4, B 5 Jr 3k B A ARG AL BT R e i F
RMSECV {H f5e/)N, X 87 (1) A% s E B A 5 i J B A 0 K 20
)5, fFH CARS XA IR T 25 MFER K, Xz

BT 22 MFAEBCK . SRR U 6 Pros. Kefgih
HUESS R ES stk SN iip e B I WS Cil W ES S % 3 S il
& 451, 488, 780. 781. 813 nm. FEFMHANMKAE



152

L TFE2A3 Chttp://www.tcsae.org)

2022 4
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Fig.6 Screening results of characteristic wavelength
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B, R KA AR R B BP ALK
ELM. RUN-ELM S Ji Y, B R S50 5 5 AR 7
Je, AL RAE 7 fron. B 7 W%, RUN-ELM 8
AT 25 BT BP #4140 X 28 S AR 2 DL ELM Sy A Y
REGE. BAFEUE 2B R 298 0.690. 0.596,
RMSE 73514 0.669. 0.774 mg/g; BERIIGE. WiF4E
HE 2 RN 0.620. 0422, RMSE 73514 0.027.
0.041 mg/g. HH, ELM RIEMMLE R EZE, NHESK
IFEZ MM ERZ, RERINGE. RIFERERT R* )
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RINGE. BIFEPE RS R* N 0.606. 0327, RMSE
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Fig7 Test results of three inversion models for nitrogen and phosphorus contents in rice leaves
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YIE KRR, RS RGN, (R & 1E Y
SR, O RECAIZL G RS o, 2005 I I 2B
/NS, A SR AR K 451 nm A7 T 160
P, 780 nm {7 TLLGVE . DRk, ASHFFE Pk H A4S HE
WRFERFEMEL.

4 451, 488, 780. 813 nm HFFEI K S bF K AF M
AN AZESEIAR A BES EAE N, 25K BP
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MIIE R KT, BP 14 X 4% Iz Je R 78 75 ] A e v 79 ol
EIRICERN, BOUR RS — M, B0 R R R B
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W B RS BT, BIRIEAE 524 2 I M 2 5
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PRV BRI RP R ZR S e 25 R KT 0.6, 3 H.
WA SI0IFSE e /AU ZEZ/ N T ELM s BRI
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4 % it
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IR AR B A 2 E KR e, i AL A se 36
R R R BEREE, RSP B IE R E PR
% (Competitive Adapative Reweighted Sampling, CARS)
PRI RAERAC, (G 3 Fh 7 ik ka2
BT RSB OEB A R R, EEERWT:

D) B G, AR SE A B IS N I BUR A
VT RIS A3 ) 451, 488, 780+ 813 nm, AT
[ I B o SR AN R

2) 43R BP #1Z: 4% (Back Propagation Neural
Network , BPNN) | #lFR % >J#l (Extreme Learning
Machine, ELM) \ Jekg— B HIE AR BR 2% 2L (RUNge
Kutta optimizer-Extreme Learning Machine, RUN-ELM)
F KRB Fr &0, BT R & R AR . 45 RER ],
RUN-ELM HERF AR T BP MZpi2% LK ELM
B, HERGESWAEE R 4039 0.690. 0.596, )

TR ZHIA 0,669, 0.774 mglg: BEEIZE S WAE
£ R 39 0.620. 0.422, HJTHRIRZES BN 0.027.
0.041 mg/g. ASTEESLHIKFEM & BT RS s
RUR] DAR] I 6 7K ARG Fr R 77 0 R AT A5, RO
i TRBUKFEM g R n R S =&, JF R Rk
il 0 25 SR ARG B AR (AR e 1, N HERRSREUK RE &
BEC RS ERAL T MR
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Abstract: Chemical fertilizers can be the zero and negative growth for the high requirement from the environmental and green
development in recent years. Precise fertilization on demand can depend mainly on the rapid and accurate detection of crop
nutrition and health status in fields. Among them, a synergistic inversion of nitrogen and phosphorus content can be expected to
more comprehensively express the nutritional conditions of rice, compared with the single element inversion. It is also of great
significance to the rice field management and accurate fertilization at the greening and tillering stage. In this study, a series of
field plot experiments were conducted to realize the different treatments of nitrogen fertilizer. A chemical experiment was
selected to obtain the nitrogen and phosphorus content in rice leaves, while a marine optical fiber spectrometer was used for the
hyperspectral data of rice leaves. The data sets of nitrogen content were then sorted after measurement. A Kolmogorov-Smirnov
test was also utilized to randomly divide the data sets into the 224 training and 93 verification sets, according to the ratio of 7:3.
Competitive Adaptive Reweighted Sampling (CARS) was then used to screen the common characteristic wavelengths of
nitrogen and phosphorus from the data sets. As such, the reflectivity of characteristic wavelengths was set as the input, whereas,
the measured contents of nitrogen and phosphorus in the rice leaves were used as the output. A Back Propagation (BP) neural
network, Extreme Learning Machine (ELM), and Runge-Kutta optimizer-Extreme Learning Machine (RUN-ELM) were used to
construct the inversion models of nitrogen and phosphorus contents in the rice leaves. The results show that the CARS effectively
removed a large number of redundant information in the hyperspectra data, where five common characteristic wavelengths of
nitrogen and phosphorus were obtained to remove the collinearity characteristic wavelengths. After that, the characteristic
wavelengths were selected as 451, 488, 780, and 813 nm. The best performance of the RUN-ELM model was achieved to retrieve
the nitrogen and phosphorus contents in the rice leaves using the selected reflectance of characteristic wavelength. The
determination coefficient and Root Mean Square Error (RMSE) of the nitrogen training set were 0.690 and 0.669 mg/g,
respectively, while the determination coefficient and RMSE of the phosphorus training set were 0.620 and 0.027 mg/g,
respectively. By contrast, the RUN-ELM model was superior to the BP neural network and ELM model in the prediction and
simulation. Furthermore, the higher accuracy and stability of the ELM model were realized to improve the better weight and
threshold, where the local optimal solution was avoided for the higher convergence speed than before. The reason was that the
promising region was searched in the space using the calculated slope as the search logic and the Enhanced Solution Quality
(ESQ) mechanism, according to the calculating gradient during Runge-Kutta (RK) optimization. To sum up, the
CARS-RUN-ELM inversion model can rapidly and accurately extract the nitrogen and phosphorus content in the rice leaves. The
high accuracy and stability of the model can greatly contribute to effectively gaining the nutrient element contents of rice leaves.
The finding can provide a strong reference to detect the nitrogen and phosphorus content for the precise fertilization of rice on
demand.

Keywords: nitrogen; phosphorus; remote sensing; cooperative inversion; feature extraction; hyperspectral; machine learning;
rice
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