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1.1 RIRAIERESHBELIE
L1l BELERELALRE

2N 37 TR 2 0 i AR - D % T e B T B OF XK/ 1
[ 5 M A b 7 3 3 1 N 1R K 3 (40, 18N, 116. 44°E) iF
. LWES T A /NEWN A EZ A KW, 25 kT
(2017 44 A 12 H) . BkHEdI (2017 46 4 A 26 HD . JF 46
(2017 4F 5 F 11 HOAREHR I (2017 425 A 26 H) .

R M4k 16 A~ BARR A/ N ERER (N 1D, 438 2 4>

AP 4 ANRFEAKT. 2 AW iRk 167 M4 185 4 4>
REKREAN R ARMERZ (0, N1, 195 kg » hm *JRZE (1/2
E® . N2), 390kg « hm *JRE (EH#, N3), 585 kg « hm ™2 Ji¢

FB/21EH, NO; WA E 2 ~FHE (1—8 XM 9—
16 XD, 4358 16 M, SEE0 & T A R B 8 23 48 A~ #F
ARG 16 AN IX, PR 8 A~IX, FFIEWT 16 A~ IX, HEIE )
8 ADXD M A /N SIE S AR e, WEHERSHEWELS
P 3 o i

JERE M 2t T >R FH A5 25 ASD SpecField 3 {5 45 2 3 4
HEREAX, TRMGEF W My 25°, FIARI 1 nm S 4 P 1
350~2 500 nm Sk, FAEKM M LIENEE S E LT
10:00-—11:00, 16 A4~ X /4 Jo i 5 = U £ 4€ 0.5 h Y 58 i
W27 18] 2 RIET7 1) s 483k 5 )2 06 24 40 cm, 13324 17
em EAZ MBI, . W A2 b0 E AR 99 %60 % Gt
AR UE FIAR . TEAR Sk 128 256 W] e e 1) I 41k R PT 45 B OR [) e e
BT R IR S, AR M B e R A WL R
100 000 = 1; ¥ F 4805k GCM-0902M, JH DA & %2 1 e %
WA .

ST o T #

Fig. 1

0575 2 1 5 )2 B AR D3 S SR8 T[] 189 X ] S 43 S 1A
(bidirectional reflectance factor, BRF), BJ¥E [&) ¢ i) A St 6 IR
SHET S RIS T 0 B 4 5 )2 e 2 B S TR — B ) 99 %6 AR
MR, BT RAKG R, RWAESE 1350~
14005 1 800~1 950 nm FY M 75 & e . A5 [ 55 B 7E2 350
~2 500 nm Z [l A FRME R, K i =384 1% B 1 BRF
EBr: RH 3 Br 2Tz 35 f-F i Savitzky-Golay Ji§ %)
i AT . AR E] 1 798 By BRE,

1.1, 2 1R ¥ 338 4 22 5 45 IR 2L 5 B rh

S EF AR I 3 19 % S AT 3 g Ot 48 30 3 R AR O A 998 43 o % L

T BRF, WAf &R N

BRF = pBRF + dBRF (D
SEfr, 8RR Cpolarized BRE, pBRE) 5 X4 51 19 i
S, A R AR 43 0T 0 R Y B A S B s BT 4 % (diffused
BRF, dBRF) W& 7R 3F f 9% 75 23 B 6F B i B 4 2 B, [

Sample fields with different situations

dBRF R Ry 35 4 2 B 2 1 S 43 9 &8 43 HLAHXTF BRF, dBRF
Iof 5 4 PR A A 43 R A G .

S5 35 00 2 0 I 2807 ) ok e T DA R AR

R AL 37 70 B N AN T R e AP D IR R, TR
R Z T, XL R T s L

95 - 38 BT 7™ A= 0 B SR S S 3R BH G ELRR 1 2 0
SEGT s SR AR IR s T PR ST A B OGBS R i Sk B
RS 5 B TR OG0T PR S B e A D 4R B B AR
KA F G )2 R (FZ RO B A WSS, Ak
H R .

pBRF ff BRF 54 & (degree of polarization, DOP) #J
PR H] . Hi# 2 % DOP, W] dBRF #] F 2 fy H X715 3

dBRF = BRF « (1 — DOP) (2)

I s A1 P BE AT O 31 56 5 A 0 £ o 2 B SR 3R G DOP 1y

b AR . DA R TS S T OR O T A T Dk S i Bl ) e



1958 i 2% 5 61 43 Hr

5540 &

F CEN R AR R 1) R R D R o AR i Hotis 1(o) 11
BB A LU () Fom
I(p) = 0. 5(I+ Qcos2¢ + UsinZg) (3)
KOG H, I, Q F U Jyfili i 56 1 ik & 19 =4~ Stokes K 1,
A3 AR SR B G G L K P T 1] B 2R A I O 43 R0 4577
1] B 2R M 3R 6 40 ik . Stokes ¢ 1t I AS U A 43 & 8 A4 e 5] 1 IR
oV, HIER IR 5 AE B ARG T 2SR T B ] A
MHE IR A A BB = AEHREN G . BRI 3515 Stokes
K1, ACHI Fessenkov 77 i B4 o BUAE: B2 AR X J7 [ Y
0%, 60°, 120° =~ ff1 FE T3 15 3| Stokes & it , #1115 3 It =
J& DOP
DOP = 7\/@ (4)

A 4 52 T 3 AR BT UL Ol 2 R 0 £ A0 ik B BLA O E  AR
PR B I g T I R T o A R TR B B K AR Ak T
S 55 BT P A4 i 418 R A6 7T DS 9 Bl (29 400~ 700 nm) 7] FR 455
TR I R A TORS B2 . 700 nm Z 5 PRI S M ik, B
i i} 450~650 nm g F N pBRF ¥ {HAE N 350~2 500 nm
BB A 4R S A A
1.2 Z2NEEKRELIENE

TE 25 HE R A 1 25 FE X 0K 1 35 IR A AR R M 20 MR
INFZ L AT AR E O B R AL T AR TE 105 (C R F 30 min, R
JEAE 80 CHET 48 h D & T HHE , & /Ja X & & B #E 178K
H OB, SR AR E BT EY % & B AT A8 4 E0
5E . PNC iy DLF 25 B2

(D IFFAGEOF, 25, 3, Hpgoy, SaEm i)
MR R, e HE R = A A X R R

@ HHEHEEARITE =R AN - EZA RN E -1
AR

(3) AR & PNC=H A R &/ (Y0
+EAYE+HHEAYE.

1.3 EHEASEERGERE

3 3Tl 2 THT i 4 B 55 08 51 335 (11 1 32 01 AH 1 98 £ (vege-
tation index, VD) BAH & & A5 92 00, 63 Wl A 3%
i FF A 2 8] B A B¢ 7]y — 7€ [\ 13 (interval partial least square,
iPLSR),

1.3.1 MEakmid=Fka)a

5 e/ — € 11 5 (PLSRO AH H, iPLSR ¥ 42 % B 55 4y
Sy AT B, DAk 4 ] i o RS 5 43 501 i AT PLSR [l 5 11y
A8 B UE Y 75 MR 1% 22 (root mean square error of cross valida-
tion, RMSECV) /& 4 H ¥i&, % 1 i RMSECV /) F 4 3 Bt
PLSR () RMSECV [fj[a] b . w ik H

int_selected = find(RMSECV,, , << RMSECV 4.1) »

p=1, s
Hr, int_selected A i £t i ] R AE G, s S € 19 5 1] el
., RMSECV,,, &R p AMHEEK 52, RMSECV g0 F R
2B PLSR By 22 . i1, FFIH int_selected X hif (% 35 Bt
HEAT S S5 1) i doe /> —3F€ 1] )9

Vi =B D Btali= 10w (5)
k=1

ty = Zwk,z,j(x € int_selected, £k =1, =+, r) (6)

Koy Bz 3R n AFEAR B R TAE n=148) R ik
H om 4 HAR L 0 308 S TR R IO A I T R
N ors B FBo 3N e FIEEE R TR ENH RS IR wy N
BV F 1 X F o 48 A RO . N RS, X HLAEH
[ m AN B AR B 1 07 2 A IR BRI AL I B, TS PR A
W1 798 AP, L iPLSR R A A0 G i A X A AR Bl
TR2ZEBCRMY MRS W B ARAS B IR/ e [n] T B e Y
T A B2

LA 2% 1H0 S5 Y 6T R AR R L O6IE — B S A AR T BR
Fh G R R m T k. AR D7k SO — B S
Bk i PNC AS ST 25 A DL 3. 43 5006 1 798 4~ BRF
ik . A0 1795 4~ BRF — By 5 £ 3% {E (first derivative
BRF, derBRF) £ iPLSR 8 432k 40 A~ al b . &AM B A
44 T 45 MOBIEE . Wk 1,

%1 iPLSR 40 M XL HEEE A

Table 1 The parameters for 40 intervals of iPLSR
A 2 [ Fi I B [ R ) R R i [ Fi
BIET ORWE WK WK WKE
1 1 45 350 394 45
2 46 90 395 439 45
39 1711 1754 1962 2 305 44
40 1755 1798 2 306 2 349 44

1.3.2 Hi#kdsik

M H{E 2 (simple ratio, SR) . 3 — 1k 22 43 2§ (normalized
differential, ND) I H:Ath #H 56 2% = 2 i RUAH B 18 5t 17,
43 5 UL R R HA R 8 80 (GR 2) . 1E28 PNC 1
TR, FE PR O IR B X AR FRCR . [E I, 2L
B H8 8 (modified VI, mVD mSR fl mND! % & 51 7 nf
R AT IE K 445 nm b 0 4 B R AT AR S R TR

R2 TN EHEBEEREX

Table 2 Seven vegetation indexes and their definitions

b R 3 HE X
. R
SRsso SRggo = Rsou
. 680
L AATES 0
X750
SRaos SRaos = Raos
Rso0 — Rgso
NDggo (NDVD) NDsso =%+ —
550 580 ™ Reoo + Reso
" R750 —Ryos
H— {224 % NDr0s L S
H—1fb 22502 705 0 Ri50 +Rros
RSS()iRM%()
NDggo (NRD NDros = 5—5—
680 795 Reso + Reso
. SAVI=1. 16 - Reoo ~Reso)
A » OSAVI OSAVI=1. 16 (Reos + Roso 0. 16)
HoAhAH 52 log~ ' (R log 1 (R
NDNI ~ NDNI=198 (Risi) —log (Rigso)

log ' (Ry510) tlog ' (Ry680)
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SR PEATHIBR . B, 0 H BT 9% 7 i 5 mSR Al mND Xt
PNC iy il 53R .

Ho At AR DG 48 B0 25 I8 HoAl I R HAIE W] S AR A & i
AR . A8 T St e 4, B3 010 L e vl i A
AR OSAVINT , 2 J& 31 8 W 210 /b N IR soik B i 13 — 1k
4R E NDNI
1.3.3 MBI 5 BiE

JERE A, SR 4 3T R G A 3¢ B IE i Y 3 U7 AR R
# RMSECV fE 2y iPLSR Hh i 5t I8 B (4 A 456 -5 1 A0 il 500K5 22
RIFEFR . I LAAE 56 F H(Cor) 278 UM (6 5 I 3 18 19 ¢ R 5
R B o, ) R BL D 8 R B R ) AR AR X 2 T AR 43R 22
(relative RMSE, RRMSE) ¥/ #51 Bk B .

2 HRSTHE

2.1 &FBRHEELSPNCHBEXEST

)2 BRE 1 0] W% 5 40 P 41 4 Br 5 PNC 238 3% 7
FRK R LA L 0.05 B MK, Hop e v W%
BT (0. 6<<Cor<C0. 7); TEILLLAMEEL. BRF 5 PNC £ #
A TR G . n) DT B R 4 3K R S s BT,
MEFERE NWEEFIKZ —, @2 BRF S 4R T2
PNC (7 = 0 B A 35 2140 i v 55 1E A 56 el /0 22 56 2 45
MR B, %S B R B R AR . PNC &0 i #e ik el 2
MR A MR T 2 OB RO . R B #E 1 BRE;
MAERLBE LA, R REG P O R CT 9 50 BN 2R IL
PIER™ BT T B AE ) R it ¢ 3, BRE R PNC 11
FhE Mg A AL, BB P AKX R,

IR R TH W 4R 54 J5 . 4 I Bt dBRF 5 PNC 9 ¢ #
AR A, (AR OBCRSR A T IR B, X F PNC iy
AH M B B A BT B 20, AnFE ¥R SR B . A SC R 4L Cor
Hi 0. 68 32 F+ 2 0. 725 T £E H AW B, AH S HEALAE FE RN 1Y
F.

1.0
——BRF

0.8 1 —— dBRF
0.6- derBRF

ol M

0.2 \

0.0
-0.24
0.4 )
0.6 PN
-0.84
-1.0

AR FREL(Cor)

VA

0 500 1000 1500 2000 2500
Wavelength/nm

B 2 PNC 5 BRF, dBRF, derBRF i it X R
Fig. 2 Correlation coefficients between
PNC, BRF, dBRF and derBRF

—Br § 63 derBRF &5 PNC 9 # 56 1 76 % A~ 3% BE R B
S M OE Uk BBt BRE A i, A e T

D, ' R RT 1B £ A 0 43 DX, L 4 AH G I B ) A G 1 ]
3 F BRF(ZEA P 2040 1 750 nm 4b Cor A3k 0. 9)
2.2 HXiEEEE
2.2.1 FB4p¥k T iPLSR ¥ A 1& 548 A 69 42 I

X F BRF FI dBRF Jt3% . iPLSR §ifi i th i 8] b AH ], 7]
MagmS 2, 3,4, 6,27, 29 F130, XK K 395~529,
575~619, 1 571~1 615 1 1 661~1 750 nm, 3t 308 /> ik Bt
(EDR(6) A1 m=308), F= %4 v T 0] UL O LA e 20 b3 B
X5 RAFAE N 3 23 i 2 R RO AR B A I O Bew 5 . DA
LB AR IR RO G i dBRE S35 R 41 (&L 3. AR 251 F 14K
FARE A % 1A B ot 47 PLSR i) A A W e IR 1), H4e i
B PLSR %25 RMSECV g 24 0. 40 % (B H 2R, i 6 4 1
7 A~[E B B RMSECV,,, @13 3, U6 B F H i 26 8] B& i 17
PNC [ 4l 4 A RG22

0.6 — 4K
0.51 — - N

04+H- - le= LA L - - A - = LR

031K TN
0.2
0.14 \

dBRF & RMSECV/%

- _H ~

] 4[s[3]4]1]3]2[3 4]s[4)1{2]1]6]3] 4 |3]7]3[3]2[5]3|3 4 313]2]3]4/3]2/3
T T T

0 A=l : : :
350 550 750 950 1150135015501 75019502 1502 349
Wavelength/nm

B 3 dBRF 3if 40 4~ 5 FE A RMSECV 5315 5 fif i£
Fig. 3 RMSECYV distribution and selection
of 40 intervals using dBRF

FIH] BRF 5 dBRF fr i 3t 0 B, 43 5 #E 4T 48 AN
X PNC i fe /N —3fe e85, JF#EAT Al S0 RORS B2 P-4, 75 3 1Y
PNC Hiil 45 %4018 4 M (b) . ol IF . £ BRmIRRIE .
TN & {59 Cor Hi 0.93 F+ZE 0.96, RMSECV U]
0.30 %[ 2 0. 23% . R2EW/NIEEE R 23% , WEM T K BRR IR
ST J7 EE 0 4 /N2 PNC A S RE J) A S THE T . et
S# 3 A ] iPLSR, RMSECV e il RMSECV yr 4t F RM-
SECV o A 18 35 FEAR 09 W 05, XFF 7 A 5 28 8] B& A9 RM-
SECV,,. , WA M4k, XIEW T iPLSR HF PNC [8] 9 #94 &%
.
2.2.2 kit #0k PNC & 5

FIH] derBRF #£47 iPLSR Ay fe i, G 6t A9 2 45
2,3, 27, 29 F0 30 My [al b, XA R 395~484, 1 571~
1 615f1 1 661~1 750 nm, 4t 220 kB, H1 T derBRF X F
PNC 1y A1 56 i Be 8 2 (I 20, i 1t 19 9 Be i %8 BRE 5
dBRF /b, (HARSCH B /3 4i 5 BRF 5 dBRF — %, b
T U B 5 20 AM B B s FRRIE R T X ek B T PNC
B BN 3E AP . R derBRF 347 PNC Ak 20 iy 1 -
Al Cor 24 0. 95, RMSE J7 0. 25% [ 4(c)], B A5 X F
BRF %3 (RMSE=0. 30%) , derBRF 3k 2| T #J ] 5 5t b 75
T ST A BOR . AR A W AR T, (HAGHE
AR AR AN 40 A B 3 T 4R S 9 B9 dBRF S % (RMSE =
0.23%),



1960 Stk 5 4B %40 B
407 2.3 HEEEHE
- . 2.3.1 £A&KM VIEHERR
- 9 go BRIF R R, |l 4 DERKRBW 48 MG
: o PR e > N 4 ~ — die
g ) o R ° Wt AR 74 VI, G—#E4T PNC-VI i — o4&t #y
54 »
z 00090 ° . AREIH 7 4 PNC-VI BRI d1 {7 NDyg, (NRD 5 NDNI f
g 299 55 RE T 0.5, 7B i BOR AT e b s A 6 4 VIR 4 4
£ 15 oo Ao m VT A 7 ] pe p g 25 (0. 07 << R’ <C0.49, 3 4), fH I
s3] s TN N S, s
L0 s ND,.;_BRF ) PNC-VI il £ 981 [ 28 FE B ol 532 5 K1Y
or=0. ) RETIN \
0.5 ° RMSECV=0.30% 0,36, I SN . JTE SR I H B & ERE
o0 PG, X028 43 E AT 4k TR] U A R AT He R B & 0. 51
00 05 10 1.5 20 25 30 35 40 0. 76 (& 5, R TAESE S AL Z [ G AR Ef
Measured PNC/% ). KNG T IR B il BT R 9 T AR
407 ) B g T AL RS 0T B A BR824 g 2 2
3.51 o b (B 5, A, B VISET A& /N PNC A S, ASE0KE B
3.0 5 FHAKMR VI G372, % REERE s,
S @ 6
E 2.5 R 0%
= 0 9% o T4 FTEEKHEEEPNC-VIREBE
é . ® % Table 4 Accuracy of PNC-VI models in all of growth periods
£ 154
& o 2B° Kal WWIEH  R*BRF R'-dBRF  mVI  R?
1.0 SRsso 0.48* 0.49*  mSR680  0.07
[e] Cor=0.96 o *

0.5 RMSECV=0.23% R SR705 0.41* 0.41* mSR705  0.36*
00 : : : : : : : , NDeso (NDVD ~ 0.36°  0.37*  mND680 0.34°
Measured PNC/% _ _

NDsgso (NRD 0.53* 0.55*%
4.0
o OSAVI 0.36% 0.36"
4 c) HAb AR
351 ¢ o f HHBARR NDNI 0.64%  0.65"
< ¢ * FRBUB K 1E 0.01 K F 84 (F D
2 2.5 Oo o % Significant at 0. 01 level (the same below)
=% o (0]
) 20_
é 00 Oo
2 1.57 ¥ 354 o g
@ ° % 8 . ﬁ%éﬁ ¥16541.95
1.0 309 o+ Fam K0!
@ Cor=0.95 G O o
* JEII
0.54 RMSECV=0.25% < 2.5 e =
0-0 T T T T T T T 1 % 20_ """"""""
00 05 10 15 20 25 30 35 40 A2

4 SEiEEVFEHFIT PNC EE M TRN-NEER E @ IF 547

Fig. 4 PNC estimation-measurement plots

Measured PNC/%

(a): BRF; (b): dBRF; (¢): derBRF

and their regression analysis
(a): BRF; (b): dBRF; (¢): derBRF

R 3 GFiEH A E R R E R A RMSECVY

Table 3 Selected intervals and corresponding RMSECV

Il dBRF_RMSECV,, ,
2 0.33
3 0. 28
1 0.39
6 0. 39
27 0. 36
29 0. 34
30 0.27

ND705_BRF
Bl5 FTELEKE,; K. kiEH; FE. EXHBH PNC
ND,ys_BRF £ =8
Fig. 5 PNC-ND;ys _BRF linear models for the growth stages of

jointing, flagging, flowering and grain-filling

2.3.2 Kkt odn VIR AE F 4L h g =T

FIH BRE 5 dBRF 43 5 %5 4% 75 . $RHEFI AL . 5% 400
gt PNC-VI & i s, Z5R L% 5 5% 6, )\ BRF k&,
FEAE . FESRIN VI e e M0, RP %58 & F 0. 65, 3
1 NDgso (NDVID), NDyos F1 OSAVI [ £ % R* 4y 31| i 3
0.78, 0.76 F10.77, H RRMSE 7£ 11% LA N, i& & 1E N PNC
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e 5 AT 1961

BTN T AHATT O, . PRI VIR R ORAK,
i 7E 0.4 ~0.55 Z[A], {FAK SR AT LA 30— 5 1 o
RRMSE 78 14 % DL P, HH SRy 5 NDNI i 45 1 gt 52 &
B4y 0.51 F1 0. 54, H RRMSE /NF 13% . & & 2k ik
5. PR RS PNC F0m H

S o 2 i P BR S 5 U . R R® ORI RRMSE £ B A
INIEAR AL . FEAE . BEH W H NDgs, (NDVD . NDyes Fl OSAVI
BB R? 4% 4% FF 4 0.79, 0.77 1 0.78, RRMSE i1

0. 20 2 A HIREAR s 815 . BRIEIAY SRyos 5 NDNIT f 6 & R*
Sy HIHEFEZ 0. 52 1 0. 55, RRMSE A B AR . mVI 975
DA R B R S - LY AR 22 BRAEARTT . BRMEI Y SRyos AN
NDyos KB AL F dBRF St xf iz i VI LA . Al 50 34 R
W5 # . M. ABRE-VITE BT A = AR b i B0 e €
PEMRZ LT BRE-VI G, B4 dBRF ik K2 £ BR A
IR AL (A E R B B I R E

RS KV, AEBELEPNC-VIEREE
Table 5 PNC-VI model accuracy for jointing and flagging stages

A T #E 8 5L A T8 b BRF dBRF mVI SRIER 7N BRF
) R? 0. 43" 0. 45" mSR680 R 0.12
\ " RRMSE/ % 13. 60 13. 46 RRMSE/ % 18. 37
i) B EL A 2 _
- R 0.51* 0.52* mSR705 R? 0.52*
o RRMSE/ % 12. 84 12.77 RRMSE/ % 12. 70
R? 0.48" 0.49* mND680 R? 0.49"
NDggo (NDVID)
RRMSE/ % 13.85 13.76 RRMSE/ % 13.86
g . R 0.51 0.52° mND705 R 0.52
i e RRMSE/ % 13.22 13.15 RRMSE/ % 13.13
R? 0. 44 0.47
NDsgo (NRD)
RRMSE/ % 13. 69 13.42
R? 0. 44" 0. 45"
OSAVI
o RRMSE/ % 13.97 13.92
Al A G 2 ;
R 0.54 0.55*
NDNI
RRMSE/ % 12. 58 12.47
xo FE. ERHZEPNC-VIEBEE
Table 6 PNC-VI model accuracy for flowing and grain-filling stages
Eyii) T #E R 5L M T8 bR BRF dBRF mVI PEA 6 bR BRF
) R? 0.63" 0.63" mSR680 R? 0.48"
i o RRMSE/ % 13. 49 13.45 RRMSE/ % 16. 72
R RS _
- R 0.65* 0.65* mSR705 R? 0.63"
s RRMSE/ % 13. 02 12. 97 RRMSE/ % 13.59
R? 0.78* 0.79* mND680 R? 0.77"
NDsgso (NDVID)
RRMSE/ % 10. 62 10. 44 RRMSE/ % 11. 11
g . R 0.76" 0.77" mND705 R 0.76
i e RRMSE/ % 10. 40 10. 28 RRMSE/ % 10. 45
R? 0. 66 0. 66"
NDsgo (NRD)
RRMSE/ % 13.35 13.19
R? 0.77" 0.78"
OSAVI
o RRMSE/ % 10. 67 10. 56
Al A G 2 ; .
R? 0.72* 0.73"
NDNI
RRMSE/ % 12. 33 12.19
2.4 itig 3) o A 4R S E AT WG RE BE (350 ~ 700 nm) 1 R I Y

A IR S 55 09 06 1 AN A8 P {15 pBRF 72 AR 56 S 3 3% B e
i FE /N TR AR A B o Ee R (I 6D o AR B A I
B T AT LG R L0 A0 DX e AT R R
g AR R R T W 5, RT3 P9 B A S A O S 5 G S ) T
WHY IR AR EOE G AR, SBOX A KB RS
PNC A 838 5 A P (&1 2) . F T A3 PNC I 22 50/ (]

52 ~18% (e @l 3k 4524) , FEMBLLLAMY 1 400~1 700 nm
P 3%, 7E 1 900~2 300 nm V-3 it 706 e i ik
2500+ PRI 0% WA e B 4 i 41 280 L A AT 220 . L 2 T B AE W]
DL S S5 v S T T 4 3 B S B i i 2 . S B
bR A0 Al R 2 TR A AR O T Y R A A R A
A RS DI Y W A o B 3o R 30 TR A A 4 o B )
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Improvement of Hyperspectral Estimation of Nitrogen Content in Winter
Wheat by Leaf Surface Polarized Reflection Measurement

LIN Yi', LIU Si-yuan', YAN Lei', FENG Hai-kuan®’, ZHAO Shuai-yang' , ZHAO Hong-ying"’
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ty, Beijing 100871, China

2. Beijing Research Center for Information Technology in Agriculture, Beijing 100097, China

Abstract Hyperspectral remote sensing provides an effective way for real-time prediction of plant nitrogen content (PNC) in
winter wheat plants. In hyperspectral detection, energy received by the sensor is divided into unpolarized light, which comes
from multiple scattering inside the plant, and partially polarized light, which is from the foliar surface, while the latter does not
contain nitrogen content information. This paper aims to evaluate the influence of this part of the surface polarization reflection
on the PNC estimation. The canopy bidirectional reflectance factor (BRF) in nadir direction of 48 plots in periods of jointing,
flagging, flowering and grouting of winter wheat were obtained, and the polarization component was assembled in front of the
spectrometer fiber. The polarized reflectance (pBRF) is obtained, and the diffused reflectance factor (dBRF), which partially
removes the surface reflection, is obtained by removing the pBRF from the BRF. Using spectral regression and vegetation index
(VD) methods, the results of BRF, dBRF, and the existing methods considering removing surface reflection, were compared, to
prove the effectiveness and stability of the polarization method. Evaluate the correlation between PNC and BRF &. dBRF spec-
trum; in the spectral regression method, interval partial least squares regression (iPLSR) was used for PNC estimation. The
method considering first-order derivative BRF (derBRF) was also compared. For the VI method, the PNC-VI models were es-
tablished by using 7 VIs. The existed modified VI (mVI) models were also compared for analysis of the advantages and stability
of the polarization-dBRF method. Finally, the non-negligibility of polarization reflection, the accurate estimation of surface re-
flection and the main error sources of the experiment were discussed and analyzed. After the removal of the polarized reflection,
the correlation between the reflectance spectrum and PNC is significant in the visible band. The correlation coefficient increased
from 0. 68 to 0. 72 in the blue band and slightly increased in the other spectral regions. In the spectral regression method, the
root means square error RMSE of the predicted-measured PNC and dBRF spectrum reduced from 0. 30% to 0.23% . indicating
23%’s error reduction; the estimation result is better than derBRF. The method demonstrates the effectiveness of the polariza-

tion method. In the vegetation index method, the accuracy of the PNC estimation model of the 7 Vs after polarization removal is
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slightly improved, and the result is better than the mVI method, which proves the stability of the polarization method. The
NDsgo (NDVD) , ND;p;and OSAVT indices yielded better PNC estimation in flowering and grouting periods, with the modeling rel-
ative RMSE (RRMSE) within 11% ; SR;,; and NDNI performed the best in jointing and flagging periods, with the modeling
RRMSE within 13%. This study provides a reference for improving the accuracy of remote sensing retrieval of vegetation com-

ponents.

Keywords Nitrogen content; Polarization remote sensing; Hyperspectral remote sensing; Winter wheat; Leaf surface reflec-

tion; Vegetation index
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