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47 B . Dawson 25 71 % B Ok — B 5202 (Red Edge
Position calculated by Maximum First Derivative ,

REP_MFD) $&HUZL AL B (ARG FE L T4 81 &
BOu A6 73 HE 2, i/ 03 A B SRR X O 1
Tr R FEARORE, AR H TR BT H = A ETE (Red
Edge Position calculated by Lagrange, REP_LAGR) .

Clevers S5 YR B H = 5 Py adik HOE TR PR
Jei,  HANBE AR TR 41 1 A B R R A A LI T R
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ML RS, RFE 4 ADPBONTE R L M4
5. thsh, Pu R 5 EEBLAEY R AT
=TIV E v V=8 SN ERAINAE b2 A A IS EAR UL DA
B, R S BeR 0AE 7 27 VA A R Li 25
FFR T Rk B H = S A A 2 0 A7 (Red Edge
Position calculated by Polynomial fitting, REP_POLY) [f]
FEIEXT BT FE, RBLRLRS B H = s I ORGP Gk T
BB G, HOA MR Ju R, T2 I &% i i
PR, FBEtE . Cho SRR XU EL G5 R 1)
AFE Rz, SR &AM (Red Edge Position
calculated by Line Extrapolate, REP_LE) . [ pGs&sl
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Fi 1A E % (Red Edge Position calculated by Newton
Interpolation, REP_NID) N T2l B R fgidt A2, FIH
6 S5 R R 21320 B S ' i A PN 4 R 2D, SR
K BEAL T3] i A B VA RN 1 DU 5 AV 2 R . BR P
SRR FE AR AE LU R A AL : 1D 3EH ENVI B USGS
TR PE b R FAR . L . BERFIIE A2 4 Pl
W) 4 SRIOCTEM BT, B gE D, i a2
SRR ZE FFEA G B RE M BK,  H 5 SEBRAR P AH B 2
W B Z W iE 1 2) BT a0 8ds, kst A E
R U EAR R DA RO TR S X NG PT35I S A
RrA%) AR L3040 B AR R 22 kel & BvE A 95
BRZ R 30 AR R SR AR B A S R
RIS A, ORI R S

G RGN, SR EE R AP RNS. 445
SR AL SRR PR OGS A R . RAEII A I B,
HR W ainf B EEN R, A%
(Displacement of Red Edge Position, REPD) FliE A &
SRR AP WEE AR R B T O T, AT 2D
EINETERBIREE D, IF H RN e IR B IR A
PL& 51 N # %y (Difference, DF) FlZ 7 ( Difference
Quotient, DFQ) ML, A RATHEIESEE T fAURDGIE e
S RN, SRtk B AR A AR LU, AR EVEAMY
SOAR 7RI AN RN AL ATE R T AR I RN, T
HATRA AT, BRizis M, fem 1 itsuda.

U5 T A A R R I A DL R T N 9 T AR IR 1
BE—L R, AU NZ AL R, RHABUE
PR, fE7 2] S MEER R BIRH 2 Fhludt 4l
fr B RMAEE: 44 )\ fdf{EH% (Red Edge Position
calculated by Newton Eight-Point Interpolation ,
REP_NEPD) FIZf:i-J] bt %5 KAfifE % (Red Edge Position
calculated by Newton-Chebyshev-Node Interpolation ,
REP_NCND) , FEEATPIE BILRA HLE, PLE 7 o ks B
M HETLLIAAL B & NEM SRR E B R IEEA . B
SRAT DL R e BN 2 B0 IR S G VR R B BRIk YR,
Fl TAEGURI &N S E IR, KB PAL 55
B A7 N2 FH S B O R S 4%

1 #R57%

1.1 R XER &Rt

W FE XA T A 5T B X /N7 L B SRS ROk 7R 2
i (40°11'N, 116°26'E) , A A B 23 K
Bt 2 RS M. AHFFEEEL 2002—2003 “EFT 2018—2019
FNEERKRFNANFE G ANFEEKAE T & NEE
SRR T RPN RS, 7R OCERA B SR AR W AR 2
s S5 Hh m g s . HARAE T S an

1) /NZEAFR: 2002—2003 ik 3 FRASEIARSY . FF
P )2 /N, BLFEAR R 2% AFRL A 55 A AL Y “
4117, MRASFAT FFRLIE 5 BT 2 4 1) “ At 95077 Rk
R EFPRL R R IR “ a0 87 TR, 2018—2019 4Eik
FARRAL - 502% . FPRLIH G oG fE P “ %80k 1677 FIRRALER
B FPRLE R L “IA 187

2) JE/KACEE: 2002—2003 ERIRFF X IEH 48 ANE
IKAEFENX, B NX RN 32.4 mx30 m, {EGREGEIX P X
AR S (1 2 /N 22 2 T AT RE K b I A BE o 4 AN it A
AbFE: ON AbEE, IR HAZE AL @IN 4bHE, R
T RN - AB PR 2 50 kg/hm?; 8N ALFE, IR 5 AN
PATHIRB R & 200 kg/hm?; @14N ALFE, 3R 75 WAL
W %38 R 350 kg/hm?7 ™, 4 ANERRE A K AR FE: 0 K
W, EABFMAER; @1 KaH, &4EFHEK
225 m*hm?’; 2 KA, 44 FHWIHEK 450 m’/hm?; 3 7K
EFR, A E WK 675 mY/hm® . 2018—2019 T
FEXIE 32 AMEAKARBE/NX, & /NX A 10 mx15 m,
TEARI X P TE 8 BEAK, X AN ] ol ol 1 4 /N 22 1047 PR Jo
AbEE: NO AbEE, IR HAZE BRI AL N1 b, FEAE
(2018 4£ 9 H) 97.5 kg/hm® FI3kTii (2019 £ 4 A) &
fIEL 97.5 kg/hm*; N2 A4bFE, FEAE (2018 4E 9 H) 195 kg/hm®
AT (2019 4E 4 B JBAE 195 kg/hm?; N3 4bH, %
L (2018 £ 9 H) 292.5 kg/hm® MK T (2019 £ 4 )
IBJE 292.5 kg/hm?,

3) METH : AFEAE 2% b i
BRI AR S RZ S E (mg/g) « ML
TE PN R EE ) 9 A R 22 S 5

4) MEr. AFREM (3 H 25 HilE) « &
W4 A 15 HEfRE) BRI (4 A 25 HEifE)  HFiE
W (5 H 10 HellE) « #EXRHHE (5 H 20 HAT)E) « #
KIGH (5 H 30 HAET/E) fERA/NEE 6 MRl a .
W RIS X N 25 F E AR A, SREGASE X A
ZEELNERKAE . BKEMREZAERER,
S5 b 1) LA (0 e ) 5 R T R
1.1 REFMRFESENE

N JE e E R SEE ASD AR S FieldSpec
FR Y68 A0 e e, B e =« RN
10:30 — 14:00 (ALt mfE)) #E47, RFEEEN 350~
2500 nm, FRERAIFEH 1 nm. WERS, HSLAEHE )2
211 m ARTEE RN, D AT S AR HES SRR E,
FEAN L E B IE 20 K, B4 BRI B AR N A0
EE . A, 7E H bR X R A 4T FL g 3R
MARFE &, RS 7E B HEE FIRIET 95% LRl
24~48 h, {HH UV765PC 4556 BE v e i v AE ml I
It 440 649 F1 665 nm AL EEEAE, oS4k
ZoE (mg/g)

1.3 IafrERBRE %
1.3.1 #Hseaiils ERMAE

RS LLIA N BRI E R FEEAH VLT 6 Fh:

D wK—MrSH80E

TELLIA PR BE Y, M e 1 ih 26 R R — P =
G B RAB T B K i B R 2o i B, S st
(1 F18 (2) Fiows:

DR, =(R, —R,)/A, (D
Angp =2 (max(DR,)), A€660~770nm  (2)
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A BKRAII K DR, BT i M i1 AR s
BTN SR B ZZ 0 Arer WELIAALE, nm; A4
AP, nm.

2) Bl Ak

SR FH 2% ABUARE A 183 g 207 phy 28 30 B 2032 05 ] PAY PO LA
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A RO NEI R RS R IO SN RAELLD
B B N I KB Ro~ Ao 73BN ZLIA A7 B VG B WA OL
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#EZ A KL nm.
3) Ftk I H = s L
Pk W H = m A2 —Ad H TRER OISR =
RS, B R R 0k 2 A A R S
g2, sk (5 M (6) Fis:
(l — ﬁ’i )(i — ﬂ’iﬂ ) (/1 — ﬂ’[—l )(ﬁv — ﬂﬂl)
= D, +
o (ﬂ’i—l _ﬂ“[)(ﬂ’i—l _A[) & (ﬂ’i—l _ﬂ’iﬂ )(ﬂ“[ _ﬂ’[ﬂ) 5
(A=4.)(A-2)
ooy =2y Wy = 2)

T

(5)

%E_Auﬁwg+M&4+¢@+cuH+@)
" 2(4+B+C)

KA Drer MABOCUWE AR FEUE: Ay 2 A 5
BIARAE -1+ i A+l e E: D, « D, D,

DARBERALBLE -1, @ F i+l e R RS

D D
BiE; A= Ao

(6)

, B= i ,
(AH _lf)(ﬂ’i—l _ﬂm) (ﬁﬁ _ﬂ“i—l )(ﬂ’i _ﬂ'm)
Di,u
A=A )y =4)
4) LRVEDU IS
FABR T 20320 9 B 3 BBl P RO e I A e i i A —
SHELL, BB H 4 MRFIE S (Rgron Rooos Ryao A1 Rygy)
MR R PHEERY, X () R (8) fiR:
R +R

R, == 70 @)
2
R, -R
Angp = 700+40—"2—"2 (8)
740 — 1700
KA Ry T3S

5) ZWAMEE

% T A A 152 R e vk 2 T we kG 18 T 4030 %
B R 2k, S22 RsEiRE 9 M2l &
ORI, YRR %<0.15 Mg 2%0>0.999 93, Hit
Hin (9 MR (10D Fiow:

R =¢q, +ia[/1[ 9
=]

Auer = A (max(Dy,))), A€660~770nm  (10)

A ROAZ IR MANEAE: Dy, AUEHER— B T2
o0 NEE o A RINEE § B IR SO R BRI KA .
6) LRMEAMEL
T SBOGREEZ M (680~700 nm) FIUTLL
Ah (725~760 nm) [XIF ) 2 4 BH L&A EL L B 1Y,
= (11 Fis:

Arer = —(c, —¢,) /(m, —m,) (1

KA v my RN AR B HLNBESRE; o
my 5 R LT AN B LA e S R
1.3.2 ARSNGB KRk

TES MBS i e L b, AR 582 AU A 4
AN A WA B B Al B R i fE . FERIH
AE 2 DT IR ARE T I, 8 A A 2 T
GEARME T R . 2O EO S, 2 I UE T R A
HIRCR ek, AT HSEIFE k. BARTE 20 HLPIHE
BT d E 2 D AR A BT T S m B A
HZ AR SRR L, 2O EET X ) P b= 2 1Y
TGRS, B 25 S o R R A, X b
AL R AR A AR LR P e B 5 A 2F W R
HHOCNEIEL, N T A RO RS IR, A ST AR
WYL 2 Mgk —RIERESNEERE; =
AEEVI S R F B G PR T AN

1 AR\ s E %

DN E 1E G AR AE B AR R AT 2 A $R 15
e FELL A B VG N R E N 20 nm A 451 8 A
W SR AEE SR B, 8 NMEME A BN T 651,
671, 691, 711, 731. 751, 771 A1 790 nm 4. F|H
ZE T IR K 8 AN A AR N AR 4 1 22 0 20K B By
AR (12) From:

R,(A) = R(4) + R[4, 4 J(A—4)) +
R[Ay, 4, AL J(A =)A= A) +---+ 12
R[A/O’ﬂ‘l"”7ﬂn](l_10)(1_11)”‘(1_2?1)
K R[ A, Ay A, T NZ TR TG Ay, 4,0, A, AFEAETT
Bson NERIREL
2) A-PIET R A v
AR\ B e BV AR T AR N B ] v, S BRAG
FVERISE A, KU HEE R R R B 4 T A
W, R R AR EE YT A, AT DU A A A I
FATREE A & Y, Hi s (13) A (4
FroR:

T (x) = cos(n-arccos x) (13)

b+a b—a (2i+)n .
X, = + cos
2 2

,i=0,1,---,n (14
2(n+1)
K TR ERZ 0K o b 43 HNE SIXE T L
TR X AE SR

HEAT B3R 9 FhALEAZ O BRI B, R 1 B
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Table 1 Character description of eight Red Edge Position (REP) solving algorithms

AR BN (3 e RIE

ARULIAE B3 (RS I o . SR
Red Edge Position (REP) solving algorithms Characterizations of liaelgoliiﬁfnls)osulon (REP) solving References
KB 3:40% REP_MFD
Red Edge Position calculated by Maximum First JERE i RE E ST SCHR9]
Derivative
{55 WA &72: REP_IG e A s A o
Red Edge Position calculated by Inverted Gaussian PRI AT 2 AR O AL 125 SCIHA(3)
L = b A A NN - \ .
Fr#BIF = n ik REP_LAGR RURAER 8 S B0 230 B P SCi[10]
Red Edge Position calculated by Lagrange
25 U 55 P 4 i2: REP_LFPI 1 A Sl B B e - .
Red Edge Position calculated by Linear Four-Point Insert TR 4 UL LA (5 SCR[1T]
% B & REP_POLY o bk T .
Red Edge Position calculated by Polynomial fitting HESRIA ARG LL AL SCIR[12]
Yo SMHE: REP_LE NN A .
_ =l XY I
Red Edge Position calculated by Line Extrapolate WD LLIDAL BRI R SCIR[14]
AR {2 REP_NI g T o s .
Red Edge Position calculated by Newton Interpolation AR A AL AL B o S SCIR[4)
A=l )\ s {H 1% REP_NEPI v i e o N o
= SR MEENNE, ARcE WM. X .
Red Edge Position calculated by Newton Eight-Point BT fﬁj ;;&% ﬁf;ﬂ;ﬂﬁl JEHEEE S EN e
Interpolation ok IR
AP LGS KA (3% REP_NCNI A B ] L S S A e b R
Red Edge Position calculated by Newton-Chebyshev-Node BT ERF R BRI, BER A AR ENTI IS

Interpolation

S i

1.4 HERERZREEREFHEZSHEETMIER

W 78R FH L0304 B 23 A0 R A B R IR G 1 &0 A [R]85
EATRE 8T, Xt E A RME. FE. X
*#% (Relative Error, RE) 4. JFiEH &/ T mIHEH
F# (Least Square Regression, LSR) #3735 T AN Sk 4T
PUR DA IR A LRSSy A Rt P Ry RILE R ]
M 5 2 2 & B SR ME AT 20 S, e &MY
HIREEE, REFEEVEM e B A TR 2 . #EE. *®
SE BB (coefficient of determination, R*) . HJJ7HiR#
(Root Mean Squared Error, RMSE) FAr#EL HIR1%ZE
(Normalized Root Mean Squared Error, NRMSE) . %45
PRI (15~ (18) Fin:

|i[—/1|
n _ 2
R=1-3 W) g (16)
o =y
RMSE(ye.y) = [~ 3 (ve, =i =0.Ln (17
m oy
NRMSE(ye, y) = "MSE(Ge. ) (18)

o AL RO B IR RZE s A NS REERTR 4
WA E, nm; 2 NERSEARERILANME, nm; AL,
Vs i SRR R SR Ee S IIME M BUH AN TR pen
ye: 43 MIRTER G A A E B ML R y
B 1S ST 2 SIAE (1)~ 34 . — A, 24 NRMSE<O0.1
i, YONBR LA AR L 24 0.1<NRMSE<O0.2 i,
WA I G E BT 2 0.2<NRMSE<0.3 i, AN
R IS0 2%, 24 NRMSE>0.3 I, A g (140
B R P,

POREIA . TRAEIA . BESR T R AN A K A A R
BRI S VRS 3 MBI, AR AR | 3 NMEF

W RS SR B EAT T L, Herh, 2002—2003 SFEHIFE
A (FEAEON 136) FI T AFRSERRE 2 524/
M SRR A B SOER R ST, 2018—2019 fERIFEASL
i FEAKCH 64) BEATRAL ARLSR .

2 HZRES

2.1 REEEWFES

S 8 PRIl EORAREE, RN AR AT
ARER, P3RS VR LD IR B R o A R A VR (R
2) o [FIEF, ST EW SN R S LA A RS S R
WK, Ll aibi B SR SRR E @ D .
B EVR A DA E I e /IMETE 694~717 nm, EEEHRTE
694 ~706 nm, £k VU N3G VR B B 3 R
(717 nm) ; ZLIANL B W B RAELE 729~736 nm, FELE
HAE 735~736 nm, 5] 5 BT AV IR B DR AR AF N g )N
(729 nm) ; ZLIA07 E I FMELE 719.5~7272 nm, F 2
LEHRAE 725.4~727.2 nm, {35 A AL VA RN 2R M A HEE 1)
B RAE B 2R/, 435104 715.9 F1721.9 nm. 2030467 B 1)
AR 2 PP 2130 SR AR e S ' il R A 5 (1) B 4
brpz—, fE—ERE L, il B AR, Y%
SRR B 1 ih R AR BN S AFAE AL B
FIERELS . L ERVRLLIA A B AR LE 14~41 nm, F
BEHTE 30~41 nm, 281D 55 N 47 6 AR g 0 5 A /)
(14 nm) . FHERHAK M FHIE ™A 8T U0 B
SE SRR, BT A B4 RAE A S AR T H A E
H A S RE 7 0~0.882%, FEETAE 0~0.179%.
Hor, R BIH = SN RE e/, o] ZESANT, 5]
e AR AL R RN LR I A HEVE B RE 2K, 4318 0.882% 411
0.551%.

U L G VAT 30 A e of W 453 2 i R AR Y ) 2 ST
FAEEAFN . MBS E Al B S g R SR
S ARRE T, EeR— M S EE. RSB H = SR
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{8 v T A A U 22 DU SR AR AT L0 A EOR AR EVERVRCR . A, 2R PR DU sl AR I 203 7 B 1]
B R XUEI R, B f B BE O KETT R (AR, ik, BAEETE 720~
7398 698 F1 730 nm HIGEH X . HZAHEL, HAt 4 #0057 730 nm) ; BIE TR ARLE. EAMETEARAE LLIA A B 1)
AEAFIREE B 7 X R AR, HA WG EEOTmAE CGERD .
*2 ARLONEKBEEFFED R
Table 2 Characteristic analysis of different Red Edge Position (REP) solving algorithms
e , EARULVACE ¥ (3 AP NI i iy
AR AR LS o ; i
Distribution characlej\ri-stlics of Rled ]fidge Position (REP) Characteristic analysis of Red Fdge Position

ST B SRR (REPZ s‘olving algorithm
Red Edge Position (REP) solving algorithms 2 /ME N X AR FXHEZ RE o on . ARILNE 2 R 25k 87
o . FEIHE ; - Hik B Displacement of .
Minimum  Maximum Amplitudes/n  Relative Bimodal
values/nm  values/nm Mean/nm m Error/% Spectral band R'e'd Edge effect
Position (REP)
K —#r 5402 REP_MFD
Red Edge Position calculated by Maximum 694 735 7259 41 0.000 EA)22 [ B
First Derivative
hiks B H = s 9487 REP_LAGR . " .
Red Edge Position calculated by Lagrange 694 735 7259 4l 0.000 ERL e P
21 /% REP_LE
Red Edge Position calculated by Line 694 733 721.9 39 0.551 ZWHE W L
Extrapolate
2R MDY £ A 4VE REP_LFPL
Red Edge Position calculated by Linear 717 731 725.4 14 0.069 4 B 2% e
Four-Point Insert
{8 {7 &7% REP_IG
Red Edge Position calculated by Inverted 695 729 719.5 34 0.882 ZWE W L
Gaussian
Z Wiz &% REP_POLY
Red Edge Position calculated by Polynomial 699 735 727.2 36 0.179 E222' W &
fitting
A )\ SUHF{EY2: REP_NEPI
Red Edge Position calculated by Newton 705 736 726.5 31 0.083 8 Wk HEH R

Eight-Point Interpolation
AP L E A% REP_NCNI
Red Edge Position calculated by 706 736 727.1 30 0.163 LI T B I
Newton-Chebyshev-Node Interpolation
e BEATARI L0 AL B SR SRE AR S B B B B RS T 2002 —2003 FERHRIGEHE (FEAHCN 136)
Note: Data used to analyze the characteristics of different Red Edge Positions (REP) solving algorithms comes from the experimental data from 2002 to 2003 (The
number of samples are 136).

—.x 401 . —.Eg 4.0r . —.x 401 . —.g 401 . ..
2 351 { 235 % 235} 4 £33} ERTA
= 30 b . == 3.0F ot s ws 3.0F s ws 3.0F [23¢ ]
3@5 . 2y ]gfu‘% .o g ?fﬁ ] 5 TN I
SE 25+ P s UE 250 au8 s SE 250 3 £ 25 i3 3183
2§ 3 25 E 25 3 5 SHHL
s 2.0F . s - 20t . s - 20+ . 20F 138’ .
#&3 .3 &3 . | #& -9 .3 2 s ®
W 150 HER W 1.5 e gél.s- - 15¢ ot e
= L e == L Y/ =z S = = b4
IR I . S R 210 % S £ 10 it
5 05F . & ¢ 5 05F o3 ¢ 505+, & ¢ 5 05 33
% : . \ ] . ) L:3 0 .. . * . ) % : P . el . ) % oL e .: . \ . )
290 700 710 720 730 740 690 700 710 720 730 890 700 710 720 730 740 715 719 723 727 731 735
213014 B Red edge position/nm 2110147 & Red edge position/nm 2130113 B Red edge position/nm 2134147 B Red edge position/nm
a. K — M S E0k b. {815 WitVAREP_IG c. A B H = AN HiIEREP_LAGR d. 281 DY 55 A #RVAREP_LFPI
a. REP calculated by Maximum b. Red Edge Position calculated c. Red Edge Position calculated d. REP calculated by Linear
First Derivative REP_MFD by Lagrange REP_LAGR by Lagrange REP_LAGR Four-Point Insert REP_LFPI
T 40p T 40, T 40; T 40p
* A
£ 33f N g 35t :5' g 35t R £ 35} o .
iHE 30 R 3 HE 30 A EE 30 v, =z 30t ety
& &I 2 b - b 2 .
SE‘g 250 .’:j‘w <_§g 25¢ R @g 254 el ZE 25t .:‘é:u“"'
=S a0t "f 2 20l ek =2 0] g S5, .
wg 2T L. e g 2 o sy 2 . Mg & .o
w LSt e g %= 15f "o %= 15f * .. 2 15¢ ..
ey . =2 . * =2 L0 T2 . ¢
a 1.0f ¢ K 2 1.0F o M = 1.0F oo * =3 10p e *
2 O 2 % M 2 e’ 2 ‘et
5 os} o 505t & 5 05F o 5 05F +tu
= A = ‘Y = M = 4
[SI) Le * L L ) O 0 o L L L ' O 0 PR L L ' S P L L )
690 700 710 720 730 740 690 700 710 720 730 740 700 710 720 730 740 700 710 720 730 740
211113 E Red edge position/nm 211113 E Red edge position/nm 21114 E Red edge position/nm 21114 E Red edge position/nm
e. LitEAMIEE f. JLB 2 WU 5 VAREP_POLY g /P \ E A {HIAREP_NEPI h PP H T R 1:REP_NCNI
e. Red Edge Position calculated f. REP calculated by g. REP calculated by h. REP by Newton-Chebyshev-Node
by Line Extrapolate REP_LE Polynomial fitting REP POLY Newto Eight-Point Interpolation REP_NEPI Interpolation REP_NCNI

VE: TR BSOS P BB SRR T 2002—2003 4E HIRIG B (REARECH 136) .

Note: Data used to draw the scatter plot comes from the experimental data from 2002 to 2003 (The number of samples are 136).

B1 t%E4T5FRLAEERMBIEARGLAILE R EE
Fig.1 Scatter plot of chlorophyll content and red edge position calculated by different Red Edge Position (REP) solving algorithms
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18] B R 1 45 A T 695~729 nm 22 [a], “F-HIME
/AN (719.5 nm) , BEAREF DT M) (EF) . H RE
K (0.882%) 5 3) ZRMEIU S AHEIEMEE RAT 717~
731 nm 2 [A], BEARE P TT i, “FEME )Y 725.4 nm,
LA B AR RN (14 nm) , XGRS BB IARUK,
4) LRMEAMETE RIS FARIEET (371 nm) , {H- P
i (7219 nm) , Bk E T M%) (B , HRE
BK (0.551%) 5 5) JLBr 2 0 A 1L 1 45 R B R
U, A XUED N RE: 6) )\ S EE A

x3 ETARMLANEKRBEENZNENZREE

-] bb 55 I A AE 5 1 45 S e/ IME K (705 1 706 nmD
SPEIE . ASIEA RE BONERAR, 34 200 I T SUEBL %
GIEARUR A
2.2 EFMBNENZNEMHZRESERE
.21 ATadfEBEAL DL TRELSERRER
#3

FIFH 2002 —2003 -4 /NF [ 4% 3 a( Chlorophyll-a,
Chla) . M%tZ b (Chlorophyll-b, Chlb) AIH-4EEK a+b
(Chlorophyll-ab, Chlab) & &Sl £ 45 5 2030 7 & 1 5
SERAT RN, BRI T AREIER &N
R B ERA (£ 3), WFRRE 8 AT E A
A BRI SR 2 o s S8 AR U R AH e

IR

Table 3 Inversion models of winter wheat chlorophyll content based on different Red Edge Position (REP) solving algorithms
wegm  PUE BB weqn RERK weoegn DUEREL
EARGLIVAL N 3= AT H—ﬁl% a BT Coefficient of] wﬁ% b [ fe Coefficient of ﬂi’iﬁ%%‘?ﬁb [T Coefficient of
Red Edge Position (REP) solving algorithms Inversion models of determination fnversion models of determination fnversion models of determination
Chlorophyll-a R Chlorophyll-b R Chlorophyll-ab R
AR\ A E 2 REP_NEPI
Red Edge Position calculated by Newton »=0.078 2x-55.148 0.758 y=0.024 0x-16.854 0.694 y=0.102 2x-72.003 0.751
Eight-Point Interpolation
A-JI S JAfi{E % REP_NCNI
Red Edge Position calculated by »=0.078 7x-55.563 0.732 y=0.024 3x-17.137 0.682 y=0.103 1x-72.699 0.728
Newton-Chebyshev-Node Interpolation
{7 il &% REP_IG
Red Edge Position calculated by Inverted »=0.067 3x-44.136 0.718 y=0.019 0x-13.128 0.624 y=0.082 7x-57.264 0.703
Gaussian
25 U 55 P 4 i2: REP_LFPI
Red Edge Position calculated by Linear y=0.157 0x-112.170 0.688 y=0.015 6x-10.718 0.707 y=0.207 9x-148.57 0.700
Four-Point Insert
Z i\l A% REP_POLY
Red Edge Position calculated by Polynomial »=0.050 4x-34.953 0.706 y=0.014 9x-10.301 0.604 y=0.065 3x-45.255 0.688
fitting
Rejﬁi‘%g Eﬂph(') Sjmi T:Eigi}ﬁ;l:nge 7=0.050 1x-34.647  0.645 3=0.014 7x-10.120 0.542 1=0.064 8x-44.766 0.626
KB 3:40% REP_MFD
Red Edge Position calculated by Maximum First ~ »=0.050 0x-34.612 0.644 y=0.014 7x-10.111 0.542 y=0.064 7x-44.722 0.625
Derivative
ALy v
Red Edge Posiﬂfi;fﬁfgﬁie Extrapolate 0053 6537039 051 1=0.015 6x-10.718 0.455 1=0.069 2x-47.457 0.533

T AR LA B SR SE R &N FE M G2 R AR T A B R UR T 2002—2003 AERGBIREUIE (FEAEON 136) -

Note: Data used to build the inversion models of winter wheat chlorophyll content based on different Red Edge Position (REP) solving algorithms are the experimental

data from 2002 to 2003 (The number of samples are 136).
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Table 4 Accuracy test of inversion models of winter wheat chlorophyll content based on different Red Edge Position (REP) solving
algorithms

M2 E a S TT TR
Accuracy test of
Chlorophyll-a models

MR E b UG TTRRRE L
Accuracy test of
Chlorophyll-b models

M43 atb A TTTENEE
Accuracy test of
Chlorophyll-ab models

e T— ey =
RIS oy R wogy  OUTR wews R
Red Edge Position (REP) solving ME T Coe f?iic; e\:nt of NI?MSE WAL Coefficient N?MSE WA TR Coefﬁc/ie\nt o NEEMSE
algorithms Fitting 4 mination Normalized Fitting of Normalized ~ T1HNE oo mination Normalized
equations 2 orma’ize equations determination - OrMANZEA o 0ations > ormalize
R Root Mean R Root Mean R Root Mean
Squared Error Squared Error Squared Error
A=)\ s A{H % REP_NEPI _ _ _
REP calculated by Newton ﬁgg% ;’“ 0.656 0137 7 +g'gég 3" 0.619 0.148 ng;g ;’“ 0.627 0.135
Eight-Point Interpolation ’ ’ '
AR-J) L KA {2 REP_NCNI
" — =0.628 2x =0.498 3 =0.589 9
REP by Newton-Chebyshev-Node ~ ~ 0689 1 0.648 0132 7 0377 l" 0.622 0151 7 1193 6x 0.630 0.125
Interpolation ’ ’ '
2R MDY £ A HVE REP_LFPL
) — . y=1.114 9%x y=0.283 6x y=1.052 Ox
REP calculatedll;};;near Four-Point 0.441 3 0.653 0.152 410458 7 0.622 0.186 20.1009 0.628 0.160
Fit% I H = i 4EYE REP_LAGR - _ _ _
Red Edge Position calculated by igggé ;" 0.617 0175 7 +g§‘9‘? gx 0.563 0.194 C?;‘ég gx 0.575 0.177
Lagrange ’ ’ '
R R—Wr 3%0% REP_MFD
— =0.470 7 =0.346 9 =0.427 6
REP calculated by Maximum First 0,890 3" 0.617 0257 7 0200 9" 0.563 0.188 7 134l 7" 0.575 0.183
Derivative : : ’
Z A Ai% REP_POLY y=0.422 5x =0.328 1x y=0.406 2x
REP calculated by Polynomial fitting  +0.958 1 0-581 0189 o385 033! 0213 13779 0332 0.192
2Rtk 4 REP_LE
— =0.399 1 =0.348 6 =1.190 8
Red Edge Position calculated by~ ~ 200 " 0396 0264 YTt 0518 0243 TV 0443 0.405
Line Extrapolate ’ ’ '
{52 i 6% REP_IG
.. - y=0.456 9x y=0.461 9x y=0.475 5x
Red Edge Position calculated by 431175 0.129 0.822 40182 8 0.240 0.357 +0.670 6 0.175 0.374

Inverted Gaussian

T RIS FORS FERT S0 B R IE T 2018 —2019 4E AV IAERHUE (FEAKCH 64)

Note: The accuracy test data of the inversion model comes from the test data from 2018 to 2019 (The number of samples are 64).
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Inversion of winter wheat chlorophyll contents based on improved
algorithms for red edge position

Qian Binxiang"??, Huang Wenjiang®*, Ye Huichun®?, Kong Weiping*, Ren Yu'?, Xing Naichen'?, Jiao Quanjun®?
(1. University of Chinese Academy of Sciences, Beijing 100049, China; 2. Key Laboratory for Earth Observation of Hainan Province,
Sanya 572029, China; 3. Key laboratory of Digital Earth Science, Aerospace Information Research Institute, Chinese Academy of Sciences,
Beijing 100094, China; 4. Key laboratory of quantitative remote sensing information technology, Aerospace Information Research Institute,
Chinese Academy of Sciences, Beijing 100094, China)

Abstract: Red Edge Position (REP) of vegetation spectral reflectance is highly sensitive to chlorophyll content. The inversion
model of crop chlorophyll content based on REP enables timely growth monitoring of the crops on a large scale. The
displacement of REP and bimodal phenomenon are ubiquitous in 6 traditional algorithms of REP. To reduce the adverse
effects effectively, the Newton interpolation method was applied to calculate REP in this study. And two improved REP
solving algorithms, Newton-Chebyshev-Node Interpolation (REP_NCNI) and Newton Eight-Point Interpolation (REP_NEPI)
were proposed. The strengths and weaknesses of the old and improved algorithms were analyzed, according to the distribution
characteristics of REP from different algorithms, and the comprehensive attribute information of the different algorithms was
compared. It was found that: 1) Maximum First Derivative (REP_MFD) method and Lagrange Three-Point Interpolation
(REP_LAGR) method had the largest variation of REP (41 nm), which was sensitive to chlorophyll content, however, there
was an obvious bimodal phenomenon. 2) The REP calculated by an Inverted Gaussian (REP_IG) model method ranged from
695 nm to 729 nm with the lowest mean value (719.5 nm). The whole model moved towards the short-wave direction (blue
shift) with the highest Relative Error (RE) (0.882%). 3) The REP calculated by the Linear Four-Point Interpolation method
(REP_LFPI) were between 717 and 731 nm, with an average value of 725.4 nm. The whole result was clustered in the
direction of a long wave, and the REP had the smallest variation (14 nm), which was not sensitive to the change of chlorophyll
content. 4) The variation of the Linear Extrapolation (REP_LE) method was better (37.1 nm), but the average value was lower
(721.9 nm). The whole value moved towards the short-wave direction (blue shift), and the RE was larger (0.551%). 5) The
results of polynomial fitting of the ninth order (REP_POLY) were generally good, but the bimodal phenomenon was the most
serious. 6) The REP_NCNI and REP_NEPI overcame the bimodal phenomenon and displacement of REP effectively with
ideal mean value, amplitude, and RE. And the least square regression was adopted to establish the inversion model of
chlorophyll content of winter wheat based on REP. The study revealed that compared with traditional algorithms, the improved
algorithms exhibited the most accurate and robust performance, where the coefficient of determination of the chlorophyll
content inversion model established by improved algorithms was higher than that of traditional algorithms with the coefficient
of determination of 0.728 and 0.751, respectively. Moreover, in the improved algorithms, the coefficient of determination
between the predicted value and the measured value was greater than 0.619, which was 10.480% higher than that of the
REP_MFD method, and the standard root mean square error was less than 0.151, indicating that the goodness of the model was
better. At the same time, the coefficient of determination of the inverse equation (0.455-0.758) was higher than that of the
fitting equation (0.396-0.656). And the inversion model was ranked chlorophyll-a model, chlorophyll-ab model, and
chlorophyll-b model, according to the coefficient of determination from large to small. Besides, the research showed that in the
two improved algorithms, the REP_NEPI demonstrated the best and satisfactory performance than REP_NCNI. Considering
that only 8 bands were needed to calculate REP by REP NEPI, it provided a theoretical basis for making a simple sensor to
determine the chlorophyll content of crops. The results showed that REP_NEPI was the optimal selection for the calculation of
REP and the inversion of chlorophyll content of winter wheat. And this study should provide theoretical and technical support
for the inversion of biophysical and biochemical parameters of vegetation and the application in agricultural production.
Keywords: algorithm; remote sensing; models; winter wheat; inversion of chlorophyll content; Newton-Chebyshev-node
interpolation; Newton eight-point interpolation; red edge position



