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Lo AR K TR RY A4 Il R 6 e 5 7 TS0 Jb 100083
2. JeHCTHAE A A KB AR IE S A SR L R 100048

 OE HNETEEMEEKMEEREEAEEH T2 N AT TS ES SN2 X — M8, vheiti
P AT KITAE S E SR R XS WIS HTREMZHZAEFTHMESR., DT
W, AR AL AN E P &, RAEH 325~1 075 nm 5 [ 19 5 )2 SR 63 . D SR R AT A 1y i
SRR AL SR /N 2 ORI 22 50 B R TE B R T B 2 AT WAL B, 5E A A DG M BT, B A R AR D
KR e o, dEmide T3 oA 25 AR B &N F s R 5 %% 2 T S 80 (modified normalized area
over reflectance curve, MNAOC), DI{ZM: L (SNR) #1387 (S) TS TEN, /D ki ki3
O (Msqtwolog”, “mln”, “37, “db5”) . AT AE R RN, £ F WIRFAE L B AT R 8 Bl Dy (700 nm, 723
nm) . 74531 MNAOC $8 5006 2 R & =2 Wi o B i 55 ah B, LLO. 5 mg « L' A9 20 HE R g 5 — Jo 4k [l 15
FRPEE RN R R2=0.840 1, R?=0.823 7; ZZf ] R*=0.865 5, R2=0.817 4; #{E R =0. 833
8, R:=0.807 6, 5 ratio vegetation index(RVD % 5 Ff Bt 1 48 Bl 45 Bt b 2 B, i F 700 F1 723 nm {1551
SRS E A S T R T AT RAOEE S S EBRRE, A1 MNAOC 48 BUE B RV BE R 228 7 010 5
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NDRE (750 um. 720 e T8 ELFE V6 V7 £ F W B9 12 W7 fiE 1 (R* =
0. 4N BAK, WEE A= & WA HE . EA V1I0—VI12 12 Wike )1 15 3
BIFR=0.79), I BB R RERZ WM FEH KT,

i HE: 2018-12-03, 1EiTHH#A: 2019-04-16

MER RS IR ITRS s A H WA R o6 B 2R A s AR A 2K
DOI: 10. 3964/j. issn. 1000-0593(2019)10-3040-07

BETT . Gnyp S48 th NDVT 48 5078 K 5 4 K J5 01 dn T 48 8 19
HE BT S IR, Lr B nTa, REE AT M
e TEY P ER IR A IR . VBB S0 45 4 2 0 ik o
MR BSE) FIER B T R R R A s R AR s AR AL, BRI
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NAOC), PEHL 643~795 nm [X 8] A 1 6% 47 B as 55 4%
Mrigss REM . ZaRSEHETWHE FEYH LS R
B B hy (0 1 Ak 43 1T g

SN . %S BRGS0 R A D B i &
TH MR B, TEIE A et T TR A s TG 7 3k e A 4B 3
KAFTE = BEA S M Il 8, PRI 0 2R RE K b 34 A1 bk 48 400 i
FRIG BB A IR IEATEE 4 0 42 1B —Fh 3 1k 10 AR 3 38 S 09 18
TE B R D00 AT LA B 6 o ek 20 A e T 5 3 A 6 P )
fih b Pt 2 3R 12 W I DR S 3% B 2 5 B Tn) A 3K A A 4R
BOtE AR A 0 IR A B A ) f

T RXT /N AR ) R R R AR ) = A S R
B S RS 6T . AT /N MR 2 SO A GE , Hop
LA W H CSNR) I 33 BE (S) 2 /08 B e e 2 B0 o B4 A . LA
FEAR AN I 5 A AR 25 M A 2 i . LR, B W) 2 o
SRR WK TR AL, H A ET % K AR 38—
P T O3 2 25 W AR B IE R AR 2., 5, THIS TR T %
SR A A T B R S B8 W0 Ut 38 R0 e iR S A T
1Ttk

e

1.1 HERKESHERSE

B4 BT 2016 4F 4 H 13 H R, 4 H 20 H (2
HWDF 4 H 28 A gD E4 10—12 iffEde 5t B F X
/NG 1L B GRORE Al AR Ml s B AT IR Y R RAE A
INE PRI A 12 5, HIERIZA 70 A~ 2 mX 2 m BY/NIX,
1E45 /N X A SR I 25 B ASD FieldSpecHH St % 4 414X ( Ana-
lytical Secptral Devices, Inc, USA) & /NFE 2 I 5161,
HO K E 2 325~1 075 nm, JG3% 0 B 1 nm, JEREAER
LAEE I FH/NERZ 30 em 47, BRCRE BRI TE
AT S MR IE , Al & 3 YICT $ {8 1 320/ KOG 3%
HER.

DN RE Iy AR A IS 3K & by, 1 e L BRIy 32 250 BT R
TRAT. FRILO. 4 g FH 99V B A /K L E 2 + 1R AW 25 mL
R 24 h, B AR P AR 8 /N HE Bh — R, InE g Y
SR, A5 A0 BT e B UK AE 645 F1 663 nm
Ab WG REAE . R AR R (D #2430 BT E 5 2 3 a A
2R b KA. K ARKRBOCE; oo fle, 2R
BRa MR b, ZHMMERARREE =,

co = 12.72A45 — 2. 59A¢45 (D
cy, = 22. 88A65 — 4. 67 A4 (2)
1.2 REHETAE

D9 Y D PR AR R R R AE DG T AT B (45 R X R AR
JEHE AR5 BEAT FAL 2. ¢h T /) ipl A 460 3l 3o ek 24 1 7 08 59 0 M
ST Z R, e RT A FMRIEFSMEEFS.
Rt BRGS0 SR AR OG5 S AT/ I L e, TR 2 o0 HK
B 1 1E 28 1% (multiplicative scatter correction, MSC) X} 25 M Ji5
BIOG 3G HEAT AR AR AE .

AN R R R B R RLIN L S A J2 ORI I R T 2R
ESPMAR A A E N LSRR WA W, B, A0

R IEAS IR . 255 {5 M Ik (signal to noise ratio, SNR) Fll
7 BE (smoothness, S) 48 r 3L [6 T L B ECR PEA, LLB &2
AN R B A S A A . SNR FLS AN IS AR 03B A
KK OMA ) . AT LWAE LT SNRIBOK 2 1
ROR AT R B LM E S F BN SH, EESAKE
WS RTER T . STEBV/N, 55 BT ¥ . SNR 5 45 (5 X 2
ANFEIF BYAE DL WA R X3 R R R PE BB 5 S 3R
B (8 WIBF AR 52 o R 23 WS 38 43 48 75 PE BRI ABLX 3 B 25 g
WA R, BT, 256 3 A0 O /N 25 M A R 42 06 2 0 3
fr.

! N L x'i
SNR = $32;10><&&10<2; g;:i:7;3?> )
. - -1
S = %2 { E(X,m.j —x)° }/{ Z(XHJ —x }
N i=1 =t
(4)

Hp oy REFIE GG PE j AFEALE ¢ nm BB 1Y
2 AREREREIE S j AREASTE i nm i BOAR G R 5T 3R
N RGERBEARRG L RoRBAREARGHE b3 iy B,
1.3 ETXEBEERANBEREREY
30 53 X 3 F RL4r A8 5 NAOC $8 $ ik 17 48 B [ 2t 2k
PEIZ SR AR T — OB 1948 IE B4R 80 MNAOC, Jf i T
JUR R WL AE B 8 Bk AT X B 4 . (4% : NDVI, NDRE,
RVI, difference vegetation index(DVI) #l soil-adjusted vege-
tation index(SAVD A #f 18 5 23 =X
NAOC = 1= ([ RA2) /(R (b — a2 (5)
MNAOC = 1— (R, +R;)/(2R,) (6)
K, a, b HEBUE LB A TR PR, RFIR, 55
ST XTI B A da R R /N RS B (1 nm) s Ry J2 (as
0 X [] Y B $e R I 6

RVI = Ry /Rra )

DVI = Ry, — Ry €))

NDVI = (Ryi, — Rgea) /(Ryir + Rged) (€©))
NDRE = (Ryi, — Rgae)/ (Ryie + Riae) (10

SAVI = (Ryi;y — Rrea) (1 + L) /(Rnie + Riea + L) (11)
s Riea s Rige 1 Ruie AT WG Bt 650 nm., £L31 Bt 730
nm FIE 2L B 800 nm Ab RS0 3E S0 385 Ly A8 4 %% BE 1k
SR WEHUE 0.5,

Hor, NAOC #8230 (5) . H L7 2 - WA 1
Fim, NAOC {8 1 56 T8 X 38 Cabed) N A B 5% K38 BF o5 180 X 10
Fo ) e S e 1 ARGy X T) P Ol 35 1) W S T R A 4 4 R ALE
W T L BT M4 aT LA AL 1R 2tk A2 fh B & kG BE 1k R
SR 10 I S5F ' B A 408 R e B Y ZE 400 Uk BB PN A A R R A Ok
PO B AR A T G 3R 18 T R I K O 3 T A
ZHZHWEER SHBERgE. R, TR m
MNAOC $8 £+ = (6) , HILFIE L JHEABIE abee
TR AR B 3 it s M6 TR T AR, 1 T 45 380 B 32 DX 8 B o
T AR LA o B AR A ) A= 7 0 4 /N 22 5 )2 5 0 D16 3% R AR
WRAIT B E o F O W07 E . B0 A0 358 5
MatlabR2014a 1 Excel iz B 5L H .
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Fig. 1
2 LERHIE

2.1 #HEKZRIT

HOG. X3 ANEFWRENS 70 MEEAMT SPXY &
RN 2+ 1L LA TR 0, R BEAE 47 DA, BIE4E 23
MREA . BADEAREM G R IR 1 PR, &£ F R
SRR GG E YA TRIEEN IR R S E . K
EAEE TR A2 . 2R BRI A4 78 300 9 i 4
REEWMES B A 27.08, 35.28 fM145.75 mg« L', MitEFH
SO0 B I S 0 s TR % A 0T 5 R i (L IXC ] A A o 22
41 2 A0 A A T O

F1 ELEEFHMHEZISEHESEIS%IT/ (mg- L)

Table 1 Dataset partitioning statistics/ (mg + L™"')
ARE BURE HARE BRKRE BRME O TPHE bRMEZ
MREA 70 39.40 18.68  27.08  3.60
WA ERAE 47 39.40 18.68 27.04  3.71
I E 4R 23 35.92  20.56  27.17  3.45
MEEA 70 39.59  23.50 35.28  3.34
ZpRE AR 47 39.59  23.50 35.08  3.54
IF 4 23 39.54  26.28  35.38 2.97
MREA 70 49.48  38.08 45.75  2.06
W ERE 47 49.48  38.08 45.70  2.17
ST 23 49.28  41.51  45.87  1.85

2.2 ZNZLEBHREESTLE

H5G, TERZ /NI R, P Daubechies /N B A
TEAC R PR B SRRV . XI55 R e T 1 4 348 BB ) %5 8k 1
S WS db3~db6 /NI R R B b A B /N I S R . AR
S5 s BB LIk 0 1 0 ik 2 AR IX IR . B AL HRORE A4 iR 1~ 8
EAT o, FMRAERANE 2 BN,

MEEF AN, N1 Z R3] 6 250, B4 2 B0 n ot
T2 T, Hoh 1R 2 2 50 i R S T il 26 5 9 400 nm
ZHIA 1000 nm Z J5 oG i AEE W Bk sh, mi3~5 2
SRR R R R T —E W 6 2 e, Jhigilh £

BEWE, UM A RFELEERSFEOCEFE LK. &
B, WA B o iR SRR 3~6 )R .
8

/i
/

2 1~-8ENMERBHXITMLE
Fig. 2

1st~8th layer wavelet decomposition

curves of the spectral data

BJE s #HXF db3~db6 /N HE R B, 3~6 2R JEEL. 4
AN 3 {8 1% 48 M) (rigrsure, heursure, sqtwolog il minimaxi)
DL K 3 b ) {14 % 5 %8 Cone, sln Al mIn) S 3H1E 28 B DA
WA RSB A G REWAORE, U0 R HRUK . RE
W ZMHE =K (mlD i FTEE , WAL 4 R 4 K, &
JE HERIESSF Lis (4'), 13 B/ 25 M IF 28 3 30 1) 25
nak 2 s

F2 MNEEREZRBHER

Table 2 Wavelet denoising orthogonal test results

AT P ] 4%
s hae oo PILEFE IS oGk s
12 db5 6 heursure one 241. 49 0.310 7
14 db6 4 sqtwolog one 292.48 0.358 9
7 db4 5 minimaxi one 306. 66 0.363 1
1 db3 3 rigrsure one 289.76 0.370 4
9 db5 3 sqtwolog mln 313.43 0.847 1
15 db6 5 heursure mln 275.32 0.848 2
3 db3 5 sqtwolog mln 283. 05 0.853 2
5 db4 3 heursure mln 307.08 0.8615
4 db3 6 minimaxi mln 259. 66 0.869 0
10 db5 4 minimaxi mln 291. 61 0.895 2
8 db4 6 sqtwolog sln 297.03 0.899 1
2 db3 4 heursure sln 308. 25 0.934 7
13 db6 3 minimaxi sln 328.42 0.938 2
16 db6 6 rigrsure mln 293.78 0.941 8
6 db4 4 rigrsure mln 324.15 0.959 0
11 db5 5 rigrsure sln 370.5 0.980 4

o DU e R T R = 9 R g AN o NP
2 IEACRIG AT . SR ER SHEKBEHHTE 3 MK
M) s DX [a] — (0.310 7, 0.370 4) By {H K 0.350 8, X [a] —
(0.847 1, 0.899 1) Wy {4y 0.867 6, [X [A] = (0.934 7,
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0. 980 ) ¥I{E N 0. 950 85 X Jij X i) P SNR SF- B 43 51y
282. 60, 289. 60 # 325.02, L& W40, X [A] =) SNR I S
BIMEARE R s P REAFAE LR 58 & A 0 5 X [A] — S 4 {E AN
SNR B {H & s/ » AT RRAFTE 1 43 25 Wik I A5 5 & 4= Wi A% A 1
Oy XA = S Al SNR BJ{H 4b F (a8 . &5 6 37 0 il B X
[ =X RSB BB LR ). B, XA
HHk B SNR $5 K {8 BT X 18 (19 1E 38 S50 & BV B 58 /1
W 2 1 S50 (“sqtwolog”, “mln”, “37, “db5™) ., &K
W EOLIS & /N LM, 2T Z u B RGE. TG
547 TR
2.3 ETHXESTHNENZETY R IENTFMERKIG
%

A G 28 B0 43 R [R) A2 390 9 Mg ) o % a5
EGRMMEE, 455 E 3. 1E 325~700 nm 75 FHl A % 4=
BFEWE RGN R SR SRR 78 700~750
nm i B 7776 WA i 2R 04 B 42 LA o6 AR B4 X (B Y kB iR oK
PO AR AL 43 B 3E F) —0. 46 (723 nm), —0.52
(700 nm), —0.51(703 nm) . Ya B T 2030 X 38k Py 4R 1E 3 B 5
R R A A DGR A BE A K I RRAE I B R B B
BiEH; 750~1 000 nm JEHE A, W PRI FGHGEERS
R, PR R GG R SRS EMEX, S8
T A SR R A B e R B A RHEAE 0 BT . L5 =AM
H N RAE 2% 2 AR AR I RRAE I BEFE 700~723 nm X [A]
ML

0.4 4

0.2 4

R FRHL

-0.2 A

204

-0.6 T T T T T T .
325 425 525 625 725 825 925 1025

Wavelength/nm
B3 ZhEEERFESHERSEMRXELSNT

Fig. 3 Correlation analysis between the reflectance

and chlorophyll content

2.4 ETF MNAOCHEHMEZNELETHHRESE L

FF (700 nm, 723 nm) X [8], F] A 700 F1 723 nm P K
Wb S FAR A (6) 3 MNAOC #5%0., MNAOC #8 % 5 nf
GERERIMEEE RE R, HERTTH . ZH A
WA AL R B B kR 0.62, 0.66 F10.65, XF L 3
FIE IR 45 25 T 300 AH 96 2R 5 b (O e R M 45 R 3 B v
T L 2 ) K 34. 789, 26.92% il 27. 45%

T A HEE T AU K 1 MNAOC $8 %5 fL 4y 38 2 11
NAOC $5%, BF 584 % NAOC B4 X 8] 2 (700 nm, 723
nm), F5 NAOC 54 5 & A5 R4, kI, 228l

WA LW 43 39k 0.65, 0.69 F1 0. 71, R4 MNAOC 5 %%
AT WS MR AP IRT NAOC, (B2 —J5 ks
FEREARME EEA K, 53— J7 1 MNAOC 2y 2 DA AL I 21
HEBE, BN ERBNRrERES S8 D, {3us
BE H A

HFEA IR it geih & 1 A, Bk g R &
Jymg e L7, H/MNCRGORE 2 60/, B EiROGiE e 40 S
MR S R SCHE I IR & T 0. 000 104k, Z5 4 SX bR A
WG RE ISR, B FH ] 6 1% 5008 S B B2 2 i D X % SRR R 4
GRS XM R HARM PR AR, BFRAL L MRS
1 ERE, 288 0.1, 0.3, 0.5 F10.7 mg« L' ] g,
of V) o DX ) P AR AR SR 1M DA S B AR B SR 28, b A kT
MNAOC f -4 R & 2 W — o &tk AR, W8 7E R IE
MR RS R SR B ETR: T . MNAOC XA A & 1
12 W i 3% A

=T MNAOC A [6) 26 ] ff F 4 2 3 &2 Wi s il
GERWGE 3, ARG BEAKE . MNAOC 54t £ & &
M EERAE JE RE A UEAS I RS, DA B RIS 7 =R F
ZIK 2. SRS, REMBRIMAEAR R, £EF
WIRIRDRE B R R = . X TE R B TR IR W R R
IR R? 4351 0.384 4, 0.435 6 F1 0.422 55 R? 43 %K
0.360 4, 0.405 6 1 0.401 5, L 0.1 %] 0.5 mg « L™}, &£/
BRI B (e REORE BE, 0.5 mg - L "I R AKIR
9 0.840 1. 0.865 5 Fi 0.833 8. & iE 4 % & 63.03%,
45. 24 %0 55. 94 % 5 R AR K3 T 0.823 7, 0.817 4 F
0.807 6, H1E 4> 5| K 65.24% , 54.55% F1 51.35%, ifij 0.7
mg+ L '80.5 mg e L FRBEUEE BT B, =44
B R 43520 0.875 1, 0.892 6 A1 0. 874 3, Kk T
4.13%, 3. 13% 1 4.86% ; R* 43 %k 0.851 4, 0.873 7 Fl
0.834 4, REARKIEINT 3.36% . 6.89% 1 3.32% ., H &7
0.7 mg « L "[A]B% SR FEAS o 5k /0, W] g £ P AR 2 1) 4
Pk, [l % 22 37 4 MINAOC $5 5076 R 7] A 5 30 =2 ) i A5 £
TR R B R: SR BME T R M R MR 2ZEHB/NT
0. 1, BEHIZSHTEA [F 1 26 & B3804 46 1 Al B AR 0% IR 45 AH
MiE, BAEEN. & Erk, #E7E 0.5 mg - L' E 2
G XS 2 R S IS W 4 B, OB R T T ) it 4R
SRS, THEAR SO AR TR0 46 01 AR K U 0 A
7B ) RMSE &k 1. 520 7, 0. 981 0 F1 1. 300,

2.5 BETWHEKEZENZNMNZEFTHEHZRRISHSHILR

£%F 0.5 mg « L7 A ¥E%, A MNAOC 5 RVI, DVI,
NDVI, NDRE F1 SAVI 4§ 5 Fir & W30 K 2 Bl B 5 Hoxd
KNEW R ERIZWINEE ), — ok BB 25 R 3%
4 FTR .

MR E B 2 BB RO . SRS, &
L4 AR BRI R e s BB & T 0.6, FEBHIEWAR T
0.4, i B8 UL A B A B0 3501 W2 W Bk ) & T4 4k
Wy, ARG . (DREAET B, 2 F RVI, DVI, NDRE
H SAVI 1912 Wi B RS BT [ . o NDRE 742 15 #112
Wiy RE FIORY M K43 50 0.747 3 R 0.713 8, AR T
MNAOC fy # #5156 3IF K5 £ 0. 840 11 0. 823 7; (2) NDVI
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Table 3 Results of chlorophyll concentration diagnostic models by MNAOC under different intervals clustering
S LRI P Ay WA 7 Fli 1 WA TS
REAS B 65 63 65
o1 Lo B Bl y=2396x—357. 67 y=840. 7Tx—777. 52 y=2340. 42— 287. 74
Lomen R? 0.515 3 0.595 9 0.534 7 0. 080 6
R2 0.498 5 0.528 9 0.533 6 0.035 1
FEASL 54 49 16
0.3 L1 2R y=452. 450 —412. 59 y=928. 312—862. 09 y=2370.38x—317. 11
omer R2 0.647 2 0.606 5 0.697 1 0.090 6
R? 0.593 5 0.592 9 0.672 1 0.079 2
=N 45 36 32
o5 Lo LR MR y=495. 472x—455. 93 y=1928.972—862. 99 y=413. 8x—359. 65
m
> e R? 0.840 1 0.865 5 0.833 8 0.0317
R? 0.823 7 0.817 4 0.807 6 0.016 1
FEA KL 33 28 27
0.7 L1 2R MR y=512.292x—470. 81 y=1170. 62—1 095. 9 y=424.69x—370. 32
hmer R2 0.875 1 0.892 6 0.874 3 0.018 3
R? 0.851 4 0.873 7 0.834 4 0.039 3

R4 ETWEKEZEERBHHZNE
EBEHMERRSHLE

Table 4 Comparison among double-wavelength based vegeta-
tion indices in chlorophyll diagnosing for winter
wheat during growth

T #% T2 .
5 . WATH P E 1Y e 72
HE R iR i

RVI R? 0.634 9 0.568 3 0.236 2 0.398 7
R? 0.6193  0.4996  0.1793  0.4400
DVI R? 0.724 7 0.616 1 0.227 8 0.496 9
R? 0.627 5 0.539 3 0.114 6 0.512 9
R? 0.690 4 0.808 5 0.385 2 0.423 3

NDVI ‘
R 0.637 7 0.769 4 0.287 5 0.481 9
RZ 0.747 3 0.516 3 0.403 8 0.3435

NDRE ‘
R? 0.713 8 0.463 7 0.3550 0.358 8
R? 0.620 4 0.496 0 0.103 4 0.517 0

SAVI ‘
RZ 0.606 2 0.2527 0.102 4 0.503 8

Rifi 2 A S WA RO B R TR R R, Hoh A
HEHI2 W BB R RN RS fH 3k B & K, 434 24 0.808 5 FI
0.769 4, Ik T MNAOC fJ 0. 865 5 F1 0. 817 4; (34Xt 4k
B, 5 Fpa Lg% 5 F NDRE ()2 Wi 1% R? f1 R? i K,
43502 0.403 8 F1 0.355 0, 38Rk T MNAOC 112 Wi i BE
(R?=0.833 8 fl R2=0.807 6),

B AR T IS Wi RS B 2 [ A 25, S5 BIR 5 PR
DL AR BOE = A A2 T 0 =2 (8] A R TRORS BE AR 2248 K F 0. 1,
Tt BH 5 8 B0C0E A [A) A2 6 300 22 1 A 3558 BRI F MINAOC, R
BN, 5 HAE UWAE S B0 e, NDRE 784 & ik 17t
BE ISR 22 B/ BB RN UE ARG AR 22 4 A Ry
0.343 5 #10. 358 8, il i F NDRE "4 2 27 11 X 3 /4 (730
nm) [ G RHAE . (#45 E b RVI, DVI, NDVI Al SAVI 4

REB5 B 47 I X A= DRI sl S A . T MNAOC 722
AN T 2 () A SRR PR B AR 225 /N T 0. 1, WIERE T
BT T L0 30 58 B PN 89 R IE 30 0K ok T 58 0 DX A Ot i T
ML EREAE T h TAFYSREOIE ST HBEL. M
T AT DA i B AE 220 A 300 =2 T O 1

i BT 5 LA I I8 SR AR B L AR SR
A MNAOC 45 #0018 & 76 458 B0 JEE B3R = A5 2 4 A & 3
LT E I AR T L B RAF it . MNAOC f5 %4
T L0 NG ARV RE TR DX ST AR LG T 4 M L R T A T Y T
PR i 522 AR 9 T IR B A ik — 20 e e 3 18 1E . DU e &
T A R FH FR A5 A A A D I R R SR S TR AR S

.
345

R TP R TR A A R AL B B A B TS B0 3 [
FE AR B R BUE B M ie BOR RS T 2 A F W&t
REFBW N E, 7EE17 H a4 /N2 5 J2 o i 2 Mk i Ak 1
BOSERE b, SRR M TR . ZRR i A AE ) 3 A ek
BFEHEZRS G SRR SRS M CR, BT —
FRE % 58 IR G 3% AT B 19 i T 7 28 6 3 2 35 1 B 09 18 IE 48 8K
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A Modified Vegetationindex for Spectral Migration During Crop Growth
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Abstract The vegetation indices based on fixed characteristic wavelengths cannot be applied to the diagnosis of chlorophyll
content across multiple growth stages. To solve this issue, this study proposed a diagnostic parameter based on spectral coverage
area, which can be applied in multiple growth stages. The canopy reflectance spectra of 325~1 075 nm and leaf samples were
collected at jointing stage, booting stage and flowering stage. The spectral were pretreated by wavelet denoising and multiple
scattering correction (MSC) method and the chlorophyll content was measured by spectrophotometry. The migration range of
characteristic wavelengths across different growth stages was determined by correlation analysis and a spectral parameter, named
Modified Normalized Area Over reflectance Curve (MNAOC), was proposed based on the migration range coverage area. First-
ly, the orthogonal experiment of wavelet parameters was designed for selecting the optimal parameters combination of wavelet
basis function, decomposition layer number, threshold selection rule and threshold adjustment scheme. By the comprehensive
evaluation of the SNR and S, the best parameter set was (“sqtwolog”, “mlIn”, “3”, “db5”). Then, correlation analysis showed
that the migration range was (700 nm, 723 nm) within the characteristic wavelengths across different growth stages. After the
resolution analysis, linear regression models were established for chlorophyll content diagnosis by the MNAOC with the concen-
tration of 0. 5 mg *« L™'. Among them, R? of the models were 0. 840 1, 0. 865 5 and 0. 833 8 for each stage respectively, and R’
of the models were 0. 823 7, 0. 817 4 and 0. 807 6 for each stage respectively. Finally, compared with the dual-wavelength based
vegetation indices, the applicability advantage of MNAOC across multiple growth stages was verified. The comparison showed
that MNAOC calculated by 700 and 723 nm, which contained the spectral dynamic migration characteristics, was superior to

other dual-wavelength based vegetation indices, such as Ratio Vegetation Index (RVI) and Normalized Difference Vegetation In-



3046 AL E PN %39 %

dex (NDVD), in terms of model accuracy and universality in multiple growth periods. The results provided support for diagno-

sing chlorophyll content during the growth of winter wheat in field environment.

Keywords Chlorophyll diagnosing; Spectral migration; Different growth stagesresponse; Spectral coverage area; Vegetation

index
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