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Inversion Model of Nitrogen Content of Rice Canopy Based on
UAYV Polarimetric Remote Sensing
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(1. School of Information and Elecirical Engineering, Shenyang Agriculiural University, Shenyang 110866, China
2. Liaoning Agricultural Informatization Engineering Technology Research Center, Shenyang 110866, China)

Abstract: Due to the geometry of the rice canopy, the reflectance spectral information obtained by
conventional UAV hyperspectroscopy contains specular reflection information which is not related to the
internal composition of rice, thus affecting the inversion accuracy of the nitrogen content of rice. The
inversion accuracy of rice nitrogen content was improved by removing the specular reflection component
from the reflectance spectra. Based on the multi-angle polarimetric spectral data of rice tillering stage and
the corresponding nitrogen content data obtained from UAV polarimetric remote sensing measurements,
the correlation between them was analysed by the vegetation index method, and the angle with the highest
correlation between the polarimetric spectral data of the rice canopy and its corresponding nitrogen content
was obtained. The polarisation spectrum vegetation index ( PSVI) was constructed based on a
mathematical transformation method. The inverse model of the nitrogen content of the rice canopy was
developed by using a linear regression method. The results were as follows; the best observation angle of
—15° (15° for backward observation) was obtained by analyzing the correlation between the polarisation

spectral data and the nitrogen content of the rice canopy at different observation zenith angles; the six
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characteristic bands of the polarisation spectral information at this angle were extracted by the continuous
projection method, specifically 500 nm, 566 nm, 663 nm, 691 nm, 736 nm and 763 nm; the
mathematical transformation idea was applied to the polarization spectral vegetation index ( PSVI),
consisting of 500 nm and 566 nm was constructed ; the PSVI was used as the model input, and the linear
regression method was used to establish the inversion model of nitrogen content in the rice canopy. The
inversion results were better than the inverse models of nitrogen content constructed by difference
vegetation index ( DSI), ratio vegetation index ( RVI) and other common vegetation indices. In
conclusion, based on the polarization spectral data of rice tillering stage acquired by UAV and using PSVI
vegetation index as model input, the accuracy of inversion of nitrogen content in rice canopy can be
improved.
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2023 4

regression

0 3|

RERMYWERVFNERYRZ —, Y
oA VE PR A R B S PR A K R A
LI R R KRR R TRk
WL, T A A B A A ke S o Sz 0 R
B E LA EED L H T, JE AN R I AR
B 5 AR R 3 R R TG R R S A A R I T
IKAE B KT /NS T A AE W A A
F T SR KRS R A AT U R 2
PR #EAT AR . w200 S50 = E M EM AR R
T TR A G TR, S IE E KRB E
ST E i IR R AR T 1 IO R 5O R
P )32 S A I R B R A, VR 3R 18 e
A B AR AR 5 %7 KR E S R, KRS
POt RS R S AR R B E MR, B —
Ak 25 (8 A 4 4 B (NDVIL) 4 O B )9 — b A 4 35 5L
(GNVI) | b {4 B 45 B (RVT) 25 H B 4 5045 2 il
SKAEIE A S R A e AR A e
BIMERFE 25 (MX2H) IR A XSRS
NDVI ., F Al #3680 (RVI) (25 {H M B4 B (D) %
SRR EAR 1002 (JFY1002) fynt B R E & &
5 RVILEVI, ¥ 3 3 28 ¥ #1945 % (MNLL) | DVI,
NDVI 5 iE AR, T UL, i) Ak 4 B0 47 7K R ek
JRRE AR A — AT

ERBF G, FT T AL & 5 AT 18
i, Kk 2 B0 T 3 B )7 ) 7 AT S 5 00 B 00 A P9
FUREFI ok B e 2 TR i e i (5 BT R E & &
9 538 . T 0T 43 BE 1 6 K A, TR B U7 b a T
O b oK RS BB, Bl T KRR 2 45
W52 i, 2K MR A L A B A A s L
fh 2 2o B R 20 B W, IR O T 15 B
Hh 5 B THT S S 43 B R R A L {HBE T R
EECSHY R R R R T i,
PEAT R o B RN, A 6 TE B R T R 5T 0 R

il

WORE R S LA O T R R 200 R R
gL 4R T — B OB R BE O B 9 £ BR M 4R B
(NSRVI) > 1 B A8 4 00 85 10 e 36 T30, $ e AL )
At S AR 0 A DN 0 P 92 T S A T Y A
P AR B0k 1 B B T S X a5 R, H AT, 7R
AW 0 AF 5 O T, 38 H O i I D R R X R
TS24 4 ik P 43 BEHEAT X 4o MICHIO
AR AN TR L0 K T /N A ek 2 AT T 4
I8, ¢ IR P O B B2 28 AIE 5% T80 S S 43 B ), BE 6%
NS R BTN ik il PR G P o SO
BT 7] AR A 3 19 | OK e 2 AT 1 3 5 1)
F8 e O T i R UL, e B O A O A BRSO TR Y
e e 3k 10% o [ P9 A0 25 0 i 31 3 JR%O0E T T A8
Yk b IR T — 0 I BUR B ER 4 F 5E 2
I i 41 00 Sk E AT AR RE S8 43 BT, B = O 4 DU
E 7K R B 3% J0 R S Jy T R

g5 b AR SCHE AT KA e 2 AR O 1 S, )
FHTE NI 41 328 S AR, B 55 T S 5 £ 8 DA v o 3%
TR S5 5 2 AR BE LN, A3 A A RV R TR A R
ZBRE I AR BT OGS R Sk R R AR
o B AH G T AT 2 Jo AL D HiR 0 B A SR 0 0L
D A7 BE o T S D0 UL I K T A7 i 41 ' 35 25 4 (D
FERR B T S AR R R R O B ) A S T
POt 15 B Al 0 R R R O 35 A B 4R AL
(Polarisation spectrum vegetation index, PSVI) , A ]
i gt — e 28 R HE A AR R, KR R AR
e PR ARG I 4R A W Tk

1 #R5FZE

1.1 HEXHHER

AW R 5 XA T AL T 48 Ik T IR B A B A
Ml KA K AR i 25 B B L (40°58745.39"N,
122°43'47.006 4"E ) , % FH 7K & 5 Fh ok “ pE 4k 98167
TEK ARG X (B 1) i 5 SRS AR BE, B NO
(0 kg/hm*) N1(75 kg/hm*) N2 (150 kg/hm*) N3



510 M

VR 55 T JC A AL 4R 28 8% 1 /K R e )2 R0 R 1 R T A A 173

(225 kg/hm® ) Fl N4 (300 kg/hm®) , ZAEIEIE H o 5
3:2, ZANRI /N X 2 6] SR O AT R4,
BOEERE 3 AR AKX, L% 3 x5 =15 AKX, &
ANXTEAR N S m x8 m =40 m*, [ R0 B B 41, 45
/N DX V) A5 8 — 0, Tl SR D 214 M o o 3 4 T
A NS A ot P Bt A 144 kg/hm® , A0S Ao o4 it FH
192 kg/hm® | JE368 He ok 101, H A HT i) 4% B[] 4 B0 555
A B T ) SRR o 3 TE U 2 R, SR R ]
W6 7 d, % R RE7E 45 1 0 /N X e UL A R R 1 3
FOKFE AT KRG R & 5 5 1 b T4 5 i 1 3R
B S RBCE A i DK KR AR S5
TR,

L BFFE XML

Fig. 1 Overview of study area
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Fig.2  Multi-angle observation diagram of rice

canopy polarization spectrum
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Tab.1 Nitrogen content statistics of japonica rice leaves

in training and validation sets

A RKME/ ®AME/  BE/ WlEZE/ TRER
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B 12 4.994 1. 665 3.145 1.120 35.6
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Fig.3 Results of correlation enhancement between each

vegetation index and nitrogen content at different observed

zenith angles after removal of polarization information

ik — A A % foe A0 WL R T, T A5 WL Ok
T 000 A5 80 £ B 1R D' 35 R 2R AT A9 6 i Bl 4%
HOKFEE R R & AR R 2 iR (R p N
JCl RO A BT RN IE R R ) o & 2 ]
BRI IR AE S A TR 2R T A T B4 AR 4 AL
SRR R R R & B A S A 25 S o WL
RT3 19 728 A 2 i 91 D' 15 S 5 3 T ) ot 4 L 4
KSR JE BRSSO 7= A R o e /K A
Tk J2= 22 0 TR A 1R D' 1 S5 D00 KAl o 2 UL I A
#+8 % NDVI,RVI DSI, WDRVI RDVI,TVI 5 /K
R E AR AT, HA S R BE R 0. 677;
LI IR T A A ORI B UL I 0 R e 00



510 M

VR 55 T JC A AL 4R 28 8% 1 /K R e )2 R0 R 1 R T A A

175

1SR T WL 159 B, 46 40 Bt 4 40 15 R0 2 2 I 1
SMEARA BT T U5 10 WL 15 I 9 6 e i ) e
7, LA G R BRI g 0. 802 5 24 1L K T91 £ 4k 5 1
e, B MRS 16 15° 56 5 161 30° B, 45 4o 95 4

N0 EsF R R S 5 2 UL I K T A iy 2 R B i) 60°
IR, 2% R B 8 05 R B SR B Bl A R (EL T S
30°mf A BT e Tt £8 b, - 15O N A LI K T A
PR, AR I 5 3 5 UL 2R T 1 Ry — 15 ° B ) i 9 O't 1%

SRR GRS X TR B 5 TEEW SRR SR o g

R2 ETHERELEHEFADBUMNRNA THERELSAEEERZSENAXRY
Tab.2 Correlation coefficients between vegetation index and nitrogen content of rice canopy at different

observed zenith angles based on polarization spectral data

NDVI(pss6 \po31 ) RVI(p363 \po31 ) RDVI(pss6 \po31 )

SR T5 AR/ (°) DSI(p156 vpo31)  WDRVI(pss6 oo ) TVI(prs6 \po31 )

-60 0.733 0.712 0.723 0.714 0. 643 0.736
—-45 0.721 0.742 0.713 0.744 0.704 0.724
-30 0.710 0.717 0.701 0.719 0.709 0.712
-15 0. 804 0. 837 0. 826 0. 838 0. 802 0. 804
0 0.677 0.676 0. 630 0.676 0. 648 0.677
15 0. 764 0.744 0.722 0.745 0.732 0.765
30 0.729 0.739 0.701 0.740 0. 687 0.731
45 0.763 0.737 0.736 0.738 0. 744 0.763
60 0.766 0.760 0.725 0.760 0.730 0.767
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Fig.4 Successive projections algorithm (SPA) screening

results of hyperspectral characteristic bands of rice canopy
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