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Fig.1 Probability density map of chlorophyll content
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Fig.2 Curves of different loss functions RMSE and R* with
regularization parameter A

FT 1 ATRKRETH RNCA EALER

Table 1 RNCA regression results under 4 loss functions

112 B #L Loss function 2 RMSE/(mg-L™) R’
MAD 0.005 14.449 0.711
MSE 0.306 13.901 0.734
e-insensitive 0.009 14.537 0.708
Custom 0.000 19.985 0.505

TEe Ay SR B BT VRS FEE A e I ok 2 IE A 250 A (B
Note: It is the corresponding regularization parameter value when the loss
function regression has the highest accuracy

HRAEXT I 2, 4 Fpd 2 BT RNCA iy > KRR
HEALE N 3. Hrf, RNCA-MSE fUEAEZ LI 16
A, EESAE 415~534nm. 680~800 nm I B .
RNCA-MAD. RNCA-¢-insensitive. RNCA-Custom IFE=F
BCEANE 9 188, 1700 191, FEAEFFE 500, 700
F1 800 nm ffiT. Bk MSE 4k, FHAth 3 R ok % 4, 8
B, X2 R E A BOAUE, H155 7 IEN4LR
TEF, BRIl A RS .

RNCA-MSE ( 4,,,=0.306) F I H 5 A rRIE IR B
fE, FRIKSEE s, RMSE. R* 73514 13.901 mg/L. 0.734,
VLIZ AR 16 ANMEIERHMER R, SRR 2R
TRAMEEYVIRR. H, fEATF, #$ULRESIEN
WEBHARIERLSE R N: 1, W MSE, 4, N 0.306; RNCA-MSE
HITHERL 16 YR BAE NRHEY D i 45 o
2.2 KIEAFERERMIELE RS

FF 2.1 Fi 045 5 RNCA-MSE #2516 MK
Famt R B mD IR B, E—20 N RNCA-ELM
MR BT REAR I . B0, B 16 ANMRRAEAR S B K H
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Fig.3 Feature weight values obtained under different loss functions
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Y (R NIRE, AR P FIURS FE i =, RMSE R 433K
14314 mg/L. 0.757; HIRZFHEECH 13 A1 16, BIALK)
RMSE. R*/3%)4 14.863 mg/L. 0.697 1 14.934 mg/L.
0.702; RFEECY 1 B R AORS B B Ak

[Al It RNCA SeARHIEESS RN 710, 716+ 508.
798. 532 F1708 nm, HUEBALELIE 5, o 710 nm 1)
R B A K, N 4.677, HA 5 NI B E
BT, 2935,

Rt — B IR AT FOG IR G B, 5 R
FESHE (Successive Projections Algorithm, SPA) i
TGS RHIE IR, 1 DA R Bk £ R IE A SN
PR G I S 2 & B SO AR Y, AR S A FE AR AR
IEHUICR . SPA I e /MU S At (11 1] AR AR Bk
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o] U1 326 H AR T4, SPA BRI B EZE S A 465,
540, 689. 712, 731 #1783 nm, ZEHUIK 6 Ais.
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Fig.6  Selection of characteristic bands of RNCA and SPA
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ARG RELI, RS ERBUERMEE RN
710 nm; RNCA FI SPA SyEMGISRFESRHU S, RAE 783
1798 nm. 710 Al 712 nm FEAES; MLk SPA Hik,
RNCA FUEREURHE R B R EE R AEAAME, S50l
AT g5 &2, R AT 70 S50k S B R A e BT
AR S SR A
2.3 PSO-ELMHEZRBERELERS

I HILL RNCA. SPA FRAEEF4E NN, I
T ELM /KRG SR & & & R ALY, X b oy i
RNCA-ELM. SPA-ELM. RNCA-PSO-ELM. SPA-PSO-
ELM 3L 4 Pitii Y g Je 45 2

W 72K 1EAC 36 R i 52 PSO-ELM B f e 5
H, DERE (R EASEORE M e ki
FHERIRECH 200, BANS R E 5 NBUERSE, PSO-ELM
EASRIG 25 RN 2.

HE 2 TUEH, REASHEEET, B R
H T Rispay, R RNCA FHIEME 7 VEAH L SPA H13& A
T PSO-ELM B, 3 7RG S, W3R 2 ke
FREGI i, ARk 3.

Ry RESHj A | MEUERER R ZHF, L
RNCA (1] IEAZFEFIIR LS NG : Ry, J2 S 4L POP 1)
HE—ANBUBREE 40 XL R* Z A Ry, 258 B HIW
(15— ANEUE RS 0.2 XERIfF) R? Z A1, AW T

2 2 2 2 2
R(RNCA,I) + R(RNCA,Z) + R(RNCA,3) + R(RNCA,4) + R(RNCA,S)

R, =
_ p2 2 2 2 2
R, = R(RNCA,I) + R(RNCA,6) + R(RNCA,II) + R(RNCA,16) + R(RNCA,ZI)
(18)
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Table 2 Orthogonal test results of Particle Swarm-Extreme
Learning Machine

%15 No.  POP I\ Cl  C2 MC Riea Ripn,
1 40 0.2 1.1 1.1 002 0779 0.733
2 40 0.8 13 13 006 0803 0.737
3 40 15 1.65 165 02 0.832 0.696
4 40  08~02 26 26 06 0.819 0.773
5 40  02~15 35 35 1 0.817 0.731
6 50 0.2 13 165 06 0.846 0.714
7 50 0.8 165 26 1 0.792 0.747
8 50 15 26 35 002 0858 0.709
9 50  08~02 35 11 006 0816 0.782
10 50  02~15 11 13 02 0.828 0.716
11 60 0.2 165 35 006 0812 0.715
12 60 0.8 26 1.1 02 0.767 0.776
13 60 15 35 13 06 0.833 0.728
14 60 08~02 1.1 1.65 1 0.786 0.743
15 60 02~15 13 26 002 0827 0.634
16 70 0.2 26 13 1 0.829 0.738
17 70 0.8 35 165 002 0777 0.760
18 70 15 1.1 26 006 0815 0.751
19 70 08~02 13 35 02 0.805 0.745
20 70 02~15 165 1.1 0.6 0.837 0.720
21 80 0.2 35 26 02 0.830 0.750
22 80 0.8 1.1 35 06 0.823 0.726
23 80 15 13 11 1 0.834 0.761
24 80  0.8~02 165 13 002 0822 0.692
25 80  02~15 26 165 006 0823 0.749

W RZ(RNCA)\ RZ(SPA)ﬁJ\%Mﬁﬁ RNCA F1 SPA FTBEE/E Ak N AR 2 b
Note: RZ(RNCA)\ R2<Sp,\) represent the model determination coefficients of the
selected features of RNCA and SPA as input, respectively.

X R ancam BRI TN n l Rigneat (£2) , B
R,1=4.050, R,=4.096, X} 3 3 #1 RNCA [J POP. IW

(58— AN BUE B R 2 A0 R BRI A R, (., 45
BIF#R 3. B8 R(G=1,2,...5) 2 M £ RN T
AN TRV K /N 6] S A BRI RS0, Ry >Ry R W IE
LR B POP=50 X[ R* Fe k. [AHL, XM IW.
Cl. C2 Ml MC ] R*J} BIAE Rypv Ryse Rsq Bl Rsy HO B
K. i, &ESECNPOP=50, IW=1.5, Cl1=13,
C2=3.5, MC = 0.6, FIHZH 2% PSO-ELM /K
FEM RS EREB . [FHE3RTS SPA-PSO-ELM #i{
R 2808 POP =70, IW=0.8, Cl=26, C2=
1.1, MC=0.06.

%3 PSO-ELM EXFEFIMIRER
Table 3 Test results of the PSO-ELM orthogonal array

Fi%;grleisﬁejztfn Vjﬁiﬁfem POP IW ClI  C2 MC
methods

1 4050 4096 4032 4.034 4.063

2 4139 3962 4115 4.113 4.069

RNCA 3 4025 4171 4093 4.064 4.061

4 4063 4.048 4096 4.083 4.158

5 4133 4132 4073 4114 4.059

1 3670 3649 3.669 3.772 3.527

2 3.668 3747 3591 3611 3.734

SPA 3 3.595 3.645 3.569 3.662 3.683

4 3714 3735 3745 3.655 3.662

5 3677 3550 3751 3.625 3.719

RNCA-ELM . SPA-ELM . RNCA-PSO-ELM .

SPA-PSO- ELM BLAY [y -2 25 e i 45 R &l 7.

K 7 &8, RNCA-PSO-ELM A5 K B2 5 a1
R, RMSE. R* 43514 9.549 mg/L. 0.891; &
K f& SPA-PSO-ELM #% %Y , RMSE . R® 4% %l N
11.206 mg/L . 0.821, RNCA-ELM #HI SPA-ELM [
RMSE. R*4} %14 14.314 mg/L. 0.757 A1 16.016 mg/L.
0.693. ATLLE i, ELM # R &S PSO Ak J5 # B 15 2
B4R TE, A7V IR T 440 ELM BL8Y i Tl
BL77 A5 B R0 B 5 2 B8 L 1 53 B 1 42 A0 B 0 22 RO
K P AR P 1)

51200 ge— 0.891 51200 o 0757 - 1200 o087 ~T120p R2=0.648 .
2o - e -7 e ’ " PR o 0 PR RMSE =19.383 mg-L"! P
2100t RMSE =9.549 mg L . 2100} RMSE=14314mg L' _, 21000 RMSE=12.537 mg'L! 2100 nel” L
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Fig.7 Inversion results of chlorophyll content in rice canopy from different models

AR ) RNCA-PSO-ELM /KRG 4 24 & )
TGS AR T AR AT IR 2 [ PSO-ELM™P s ik s
A, Ik ER ST AR 88 R TSR [23], A T AR SO
RIGHAT 7 A0 BEA S R R A0 2R, b T
FEG BRI ] ARALERET. BFEBE. REEC. i JELEFATY,

A AR50 - 2 25 E O B e ) B S OO
HHEEAS/INX K143 K /AMHEERT 6x3 4 ROI, LA ROI P
(1) BT A 6 S A AE v H e A, R A S R R Y
RNCA-PSO-ELM AT 7K FE M- 21 25 7 & S Ji i ), & i 1]
mE 8 Fim. MK GRS EKDEN



184 Ll T2 (http://www.tcsae.org)

2022 4

3.807 mg/L, KN 96499 mg/L, E%H (CK) . Fpifkit
A (ND  RE (N3« @& (N3) 4 N e
GRS ETHMED N 34365, 47.805. 45.249 .
51.528 mg/L, W LLFEH, AR R K KRG e A [F) A4
KB TSRS EAA —EMNERER, HEHEK
PHEE A ER m TGN, 5 9hri EUK A — 5
SEPEIRAIE T ZAS AL A Rt . AR 1) P AT S B K T A
KRG G 2 & BAT I, XHEPIRS B AR . 5 7% 1S I
BAEBEZEZE L.

— =
— —

v
— AN X
One ROI 3
B8 Kk RetgE4EHas B

Fig.8 Prediction and mapping of chlorophyll content in
experimental plots
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Analysis and inversion of rice chlorophyll spectral characteristics using
RNCA-PSO-ELLM

Jiang Kailun®, An Jiging', Zhao Yuwei', Luo Junying’, Cao Yingli
(1. College of Information and Electrical Engineering, Shenyang Agricultural University, Shenyang 110866, China; 2. Liaoning Engineering
Research Center for Information Technology in Agriculture, Shenyang 110866, China)

1,25%

Abstract: This study aims to explore the effective spectral feature selection and inversion modeling of rice chlorophyll content.
Taking the Japonica rice as the research object, the Unmanned Aerial Vehicle (UAV) sensing was used to monitor the
chlorophyll content at Shenyang Agricultural University Karima Rice Experiment Station in Northeast China in 2018-2020.
The rice canopy hyperspectral data was also collected for the ground sample. A spectral feature selection was designed using
the Regular Neighbor Component Analysis (RNCA), which was newly developed by the nearest NCA. A regularization term
was then added to the loss function to reduce the risk of over-fitting. Different types of loss functions and regularization
parameters were then tested to improve the feature extraction of RNCA. As such, the feature information was obtained from
the hyperspectral to better predict the chlorophyll content of the rice plant. Subsequently, a chlorophyll inversion model was
established using the input features. Extreme learning was also applied to build the model, due to its high accuracy and speed.
Among them, the Extreme Learning Machine (ELM) was a feed-forward neural network with single or multiple hidden layers.
Unlike the traditional back-propagation neural network, there was no need for reverse repetition, particularly after the
parameters of the nodes were randomly set in the hidden layer of the ELM. Therefore, the amount of calculation was greatly
reduced to learn and train the model faster than before. Furthermore, Particle Swarm Optimization (PSO) was selected to
optimize the weights of the input layer and hidden layer deviations of ELM. The number of hidden layer nodes was
automatically learned from the training data, instead of the randomness of the hidden layer node parameters of the ELM model.
The generalization of the model was improved to reduce the number of hidden layer nodes for the target accuracy in practical
applications. The results show that the RNCA presented the better feature selection. The best feature selection was achieved to
initially select the 16 non-zero weight feature bands, particularly with the Mean Square Error (MSE) loss function and the
regularization parameter of 0.306. According to the inversion accuracy of the chlorophyll ELM, the six characteristic bands
with the highest weight were also selected: 710, 716, 508, 798, 532, and 708 nm, which were closely related to the chlorophyll
content of rice. After that, the PSO was used to optimize the input weight and threshold deviation of the ELM model. An
optimal combination was achieved, where the population size for the PSO orthogonal test, inertia weight, learning factors Cl1,
C2, and velocity-position correlation coefficient were 50, 1.5, 1.3, 3.5, and 0.6, respectively. The RMSE and R’ of the
chlorophyll inversion were 9.549 mg/L and 0.891 using RNCA-PSO-ELM, respectively. The findings can provide theoretical
support to design the chlorophyll content sensor for the field-scale airborne rice

Keywords: UAV; hyperspectrum; rice; chlorophyll content; canonical neighbor component analysis
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