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B JBRFE AR WEAE PR 8 B nT AT M AT 9, 6T HI B B R g a4 1 3 26
FH 2 JEA AR S HL AR I 9 T 3, S ey 1) e 8% A SOk B 2 T S R
Moriondo % ! JEF I [i] £ 31 NDVI (I — LA B850 ) BIRAE 8., FIH/NETF BTG
NDVI BE LUAE M FE /R IE, TFRE/INAZ IIOIR e Ao R U 9%, (20 1675 21 SE
FE BRI I PN fe R ISOGRFR BRI T BB S AR SR B, S T) (9 IR — 8 A B S5 M AL AR
FERE LS H . FET Moriondo ZEHORFSY, AEEETREE 1 M7 Jrk ki, FIF MODIS TLA
TR G AR B /INAE A KN I TRLFE 1 NDVIE R, LA/INZ TFAERTAY NDVI E2iHE 565
NDVI RIHE R AEVE 487~ HI B3 B85k, ARG A 1 X34 /N2 IR 85k, =
HEE RS R K5 T 049, Fakrik, KRRG-S B X B8R E/EY) HI i
BARI, AHFEAEY K ZR N H g i 10 (6] B %) B ] e 2] 10 B i B, a2
TAEEE R,

T35, HTAEYGRFE B R T YRGS P IR RS FE 8 B R e L]
©SEYA R AT IRIEROCE = IE . iR R B, JFZEEZ RN
s, R, YRR R A B B AR K E Y B 2R 5 T8 iR BAT 8 2 sl s i,
e ke AN 6] AR B HAXTVEY) HI 52 ok, 416 ke it 7 —Fl agig e, (&
AR A /A7 Z2 1 01 22 B AR b TR e )23 R YT A s, TR /N DX e RUBE A E P sk
RECECIEAT IS, WS AR RA A T, BT ARA B IS E B E&r
AN WORAEEOCTEAT AR A T2 A, Sl AL AR T e AR, M ImiAe a2l
A AR S ILAC /N A ORFEEL ) = SIS A I, ARG BB AN 2 WL 2 SCHE R BPEY)
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1.1 HREXIE

SIS DXASE T S R DX AT SL DX FISE M X, 2 DX Sl i T 82 s~ Y 10 Rt 2 LA
SESERIRE 11.3°C, AR FEKIRAE 620 mm Zifq . SAREN, HIEESE, & HHF . N
JEFFAESE, TR SCIX I A DX e bl rp BEAILPR A ) 27 AR, SREREOR B 2k
K EA TN/ N M A T S50 A
1.2 ZNEBEHENE

B T 2009—2010 AF AN AR BIFRE, 3l A N R B 1, T, ARl
Wi FRAEIIFIRESR ], XA /N A TG E . DUE H A0 . 20104F 4 1 H
AH17TH,4H29H . 517 HfM6 A 2 H. Ml&ENiE{LEERH ASD Field Spec FR2500,
Sl 350~2 500 nm, SRFEMIFFN 1 nmo B AE KA MIRHIE , D0 i)t
SURTE] 10: 00~14: 00, MIAERF, HELIGZTE M N HRAR SHmZ0 1 m IS, #k
MR 25° TERARAE S 10 R, OB AT E A5 IR . R RAE A
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SERT JaSr BV TR e AR IE . AEEATAE RS O3, A HERR THLB By, AU EEH]
TR A5 1 400~1 100 nm 1E A U HTEHE
1.3 YIRIgEINE

eI ZE X 36 27 ASSEIRE K, Horp, S XL SRR X B0 B 15 S 12
Ao FEDXA B P IERE T 075 18 T 4 /NE A KRB AN DS A AR 1, ELRE X1 ALY
A/NTF 100 mx 100 mo SR S HORE L AT HORE, $E MRS, B REARES, HORE
Mo AR A AT WG, 2 R AR S RAE AN THEE SN M. BEJS HEAT ok Ab
L, OBRIBOFERL A E R IC SR MY, SRR RS SR SR SISO iR R HI B R PR 3 AR Y
FUAE . S50 A B 45 5 1T, BIOA 58 DX I P 48 /N 22 SRR B S B il o L. T (EDRF
Bl b g B A ) ) A R L 6 4 TR AR IR T R AR . TR R
M

w
M

X (1) b, HI WG E, M o/ NEreR R, M oh/NETHE,
1.4 HEEIEHEE

FIHAFTH IR, HBFEBREE LA 3 T 100 2/, IEESASEER T Z
MO T AR R I FE R AT B, ABA2 I I S ISR+ B MR B PR HGA R IR R
H RSB RN SRS R B ), T e g Hs SO R g, AT LU
BEXDEAAE A R EFI AL R, AN, B R MRS E
£

FEPRIE AR g FR Eorh, NDVI CJH—fb 22 (A HE 50 ) . DVI ( = {EAE B850 )
RVI ( HLHAEHARE) . EVI (BESRAETEEL) . OSAVI (b - Heiisemipkia ) “534)8
Tu BB AR, WE &N T A KRR AR 50, 78 NDVI B33 A =0 B ik
T T ek R, $24H T GBNDVI ( Zris ik BeH— b e 2k ) . GRNDVI ( £L4x 3 Br)H— A
B4k ) . RBNDVI (ZLH5 07 B — A HE %) . BNDVI (B0 —fbAigiadi ), X
Sl [ A RE B HR B PR A SO S A F T I S 2 B AR AR B0AT - NPCIL ()5
— AL RN LR EAHPAEEL ) . TCARI (FEA L2 Z WO 46 %0 ) . MCARI 2# ( ikt
SRR RABEL L) . GV (SRBEME AR AL ) 55, AHB & A s A5 E FH A48 80 -
NDRE ( H—fk2rii645 ) . MTCI ( MERIS i -8 2545 ) . SIPL ( S5 ABUR G RIE
) . PPR (HBE ORI ) 55 BRULZAN, SR EI AT —Le i R R Bl 5 B S et
k2%, 0 DPL ( BUEEFE%L ) . REP-1i (ZeME MLl i E46%1) . PSRI ( =Bt
fHR%) . MSR (el LLfEAEREAR S ) 55

ZRa UL, Mot a4 R R A 9 o SO S A THIE, A il BE B 620~760 nm
492~577 nm, 400~450 nm, 700~1 100 nm [ B 5 [ -2 B8 A4E 4008 (R) L &%
J6 (G) . #96 (B) FUEZIAM (NIR) JEBer RO, Fran i i3 =R | scikan
1R,

HI = (1)
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Table 1 Summary of vegetation indices studied

HIBEHR AL H TR A SR
NDVI e R R (NIR-R) / (NIR+R) [7]
RVI ERIi=R ey i NIR/R [8]
DVI RAHAEBEIEEL NIR-R [9]
wIT KRR L Rogo/Rozo [10]
EVI SR MR AL 2.5 (NIR-R) / ( NIR+6 x R-7.5 x B+1.5) [11]
TCARI BA N 2R R WSS TR £ 3 ((Rypo—Ren ) =0.2 (Rogo=Rsso) ( Rye/Rezo ) [12]
OSAVI Mtk A S A A 1.16 (Rgp—Rez ) / ( Rggo+Re70+0.16) [12]
TCARI/OSAVI AR TCARI/OSAVI [12]
MTCI MERTS Fili -4 % 15 %5 (Riso=Rai) / (Ryo=Reso ) [12]
OSAVI X Cl, oy A2 OSAVIX Cly g [12]
RENDVI LA LA RS (Rysg=Ra10) / (Ryip—Riso ) [12]
Clrg eage LI RAY Rys/Rong—1 [13]
DCNI I PUESTN=S kit (RowRo ) / (Ry=Rezg) / (Ry=Rezo#0.03) [14]
WDRVI a0 B A A e AL (0.1 x NIR-NIR ) / (0.1 x NIR+R ) [15]
MSAVI M R BB FEE. 2x NIR+1- (/2 (NIR+1) -8 (NIR-R) /2) [ 16]
PPR A EFE R (Rss~Ruso ) / (RssotRaso) [17]
SIPI ARG KRR (Rgoo—Russ ) / ( Rggo—Rego ) [18]
MTVI 2* e A AR R 2 15x (1.2x (Rgp-Rsso) =2.5x (Rgp-Rsso))  [19]
SAVI AR R 1.5x (NIR-R) / (NIR+R+0.5) [20]
NDGI A —1k 22 R TR EL (G-R) / (G+R) [21]
RI EAREEN =1 iz 34 (R-G) / (R+G) [22]
NDRE IRl L AR UL K 12 (Rogg—Rizg) / (RyggtRin) [23]
RRWVI EARUE/WI CIEE: Eizk 4 Rozo X (Ryg=Ryzg) /Rago X (Rygg#Rys) [24]
NVI WAL (Ryy=Ro) Rers [24]
NPCI H—fb R -2 R AR AL (Reso—Ruzo ) / ( RegotRazo ) [25]
PRI Seha e (Rs;=Rs70) / (Ras#+Rsz) [26]
MSR W AR B A (NIR/R-1) / (+/ NIR/R +1) [27]
GRNDVI LI B — TR B AL (R-G) / (R+G) [28]
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HIEHR AL Egs A 2% 3k
GBNDVI SR B — A B AL (NIR-G-B) / (NIR+G+B) [29]
RBNDVI LU W BOH — TR B R A (NIR-R-B) / (NIR+R+B) [29]
BNDVI W B H— AR AR A (NIR-B) / (NIR+B) [29]
GNDVI SR — LA R KL (NIR-G) / (NIR+G) [29]
RDVI T — A B 5 (NIR-R) /~/ NIR+R [30]
RGRI EARVLE @K =g 14 R/G [31]
TNDVI AR AV RIS K ( Eiﬁ;ﬁ ) 0.5 [31]
GVI 9L FiEk I Eiep i NIR/G [31]
MCARLY S L 1 15% (25x (RggRen) =13 % (Rgg—Rssp)) / o

V(2R 1) = (6Ry-5VRen) ~0.5

REP-1i L MENIRIL LI B 700+40 (( Rgyg+Rage ) /2-Rigp) / ( Rysg—Rogo ) [33]
(Ress) 7 (Ress X Reoy ) HIESSIREeS e (Ress) 7 (Ress X Regy ) [33]
PSRI =B AR (Rgrs=Rs0) /Riso [33]
DPI XUUAEAE 8 5 (ResstRoip) / (Regy) [33]
FRI690/600 Fluorescence Ratio Index 690/600 Reso/Reoo [33]
FRI740/800 Fluorescence Ratio Index 740/800 Ryuo/Rsoo [33]
mND705 WGHIH— AR B E R 705 (Roso=Rags ) / ( Rysg#Rogs—2Ryss ) [33]

15 Sritoth

g th /N2 5 AN EF IR EZ6EEE, AR 1 AKX T, %R
ARIAFH, HEBIH 27 ASBURE 6 R Y 44 A#E@H BAE, JPRREANEF IR 44 Rl
FERS 2 /N2 SIS RAR I HY 22 (B A, *H?@fiﬁ%ﬁ HERRICEMERE (R?) Ry
JriRiR2E (RMSE) 1ER481R, ﬂ%ﬁﬁﬁﬁﬂﬁm JEATHERR, Pk R BRI RMSE & &
BN 5 AR EUE Ry i i 45 R
1.6 {RE/NFRER

i e /N — 3% (Partial Least-Square, PLS) J&—FhZ 0801t rdrik, HAGTTHHE
B ARG R L RREPE SR SR . PLS S H H TR T 2 A AR 2 A H AR
I P [ AR A ) R, > A A2 A e R e A Bl i e s N R AP e 2 L
ZEPERT, PLS fiEiz MR B T v, AR AE 5 DR AR B AR G Y WS R O e
MRS B RN R s i, SRR AR i, K I PLS 258 )5, RN ETR
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HAR BTN 7 T o 5 HA R PR R —FE, PLS M4 Bt & — i, Hor s
A
Y=A X +A,X+ - +A,X,+B (n=1, 2, =+, N) (2)

X (2) w, YREMAR, RISSMSRIEEG X ~X, 2 TR B E R A,~4,
JER AR R R B RIRZESH ] PLS #43] A~A, A1 B HYMH, RIVAJ 753 5 A
AT
1.7 AETWME

LA TNE R P PR s PR LA AS R R B0 D73, R [R)— X R BEAT 70, %F 4%
R B TR 2 S AR B SR L A 5 1, M7 R RE R R4S O 7 vk A
MG R, AR SR RS B0 T PR — A PR — B R A ABADORT B, AT I8 3 2 1o 13
INSCSAE 0K RE B H B8 o WS8R T & T 0 A 2 1 A 1 B0 T S WO BB 5T
BREREE, BITHARC A o X AR . B A SRR 2, 1SR e e A
%, PP AR A A T R 25 (L Ao A3 -

f=Xtkf, (=1, 2, =+, N;i=1, 2, ==+, N) (3)
A (3) Hr, fARERES § PRI 7 A ¢ BEZI A TOINAE, MA@ ATy ik AR B,
Hipg e
k=0, Y'k=1

MR/ N3, k2P Ir Mk BN, EREREEA R R tE,
We, ¢ 2SN AR 22, 03T S A R B Ty R N -
by thyte s thy=1
ek ey iyt +eyky—m,+n,=0
k=0 (i=1, 2, -+, n) (4)
m =0, n,=0 (=1, 2, =, n)

minS= Y, (m4n,)

X (4) i, heymky S ORI 2R AL, AQER A 0 T 75 R A 2 5 T v
B e, PSS A Rs A2 77 R Tt B s B e A T e

2 WEFEER

21 tHXESH

¥ 5 A IO BOAEL B BORD SR B FR BGIEA TR S E AT, TR R I RMSE,
FEREATHERE, EEUREAS B RO AT HE RO RMSE RATRE/NG 5 e wli Fe 4, 4%
RANFE 2 FiR. H—TEP A S WORE S R #RIEw AR, HBca i 0.3, K1 W
JIT A R AR EC S SESOR PR B AR DG JLF- #4387 0, H RMSE i 38 1 k% R {E.
AIDVE L, AR F IR A B AR A0S SISO B AH JCPE R AR, PRI %8 5 >
TS T CIR R R
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Table 2 Optimal vegetation indices in different stages

EER=pit L=k Eiep i R’ RMSE
B3 FRI 690/600 0.222 0.669
wI T 0.203 0.587

PRI 0.196 0.340

PSRI 0.194 0.322

DPI 0.194 0.185

PRI TVI 0.003 1085.356

REP-li 0.001 724.655

MTVI 2* 0.004 74.210

DVI 0.001 26.231

(Rggs) */ (Rgss X Rgy ) 0.115 22.560

ZE T TCARI/OSAVI 0.142 14.300
TCARI 0.140 8.749

DCNI I 0.136 0.178

MTVI 2* 0.080 82.098

DVI 0.057 28.569

TFAE DCNI I 0.198 0.130
MTCI 0.179 4.262
TCARI 0.161 6.211

TCARI/OSAVI 0.155 10.230

REP-1i 0.124 727516

HE MTCI 0.223 1.964
RVI 0.171 2.103

OSAVI X Cl.y e 0.168 0.266

RRWVI 0.168 0.545

DCNI I 0.168 0.220

22 BAEFHEURREHE PLS #&

FIH S A F P R PIEECS PLS 454, HE 7 A/ NI B A B AR
AT AR 2o R, B T A TR R AR rh A 3] Y T - SN USSR
PEATASCNE AT, R IR AT U HES, S5 RANEE 3 Fro . AR TSN s S
a7, PLEE M Z PR BUU S ISR ST A T U e, REW R AE A
A TIN5 RS TR AL R RN (S, FAHERII A SR R L T 0.4,
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RA TR, HERMIEEE, B RIGER. IR PLS @2 5, A
AT IS IR B R UORAS, (HIERT A R LA SCRe 0N 5 B i, o 2t — 20 4R
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®3 HEWHIEHE PLS £ MNBIRIEHME R

Table 3 Performance of the combination of vegetation indices and PLS for predicting harvest index

HEHH R’ RMSE
i 0.213 0.069
PATIN 0.381 0.062
ZE Rl 0.359 0.063
izl 0.329 0.064
TN 0.423 0.059

YE:r (0.05, 27) =0.381; r (0.01, 27) =0.487

23 HEETNEE
FAH G T, THE TR AUEAR B, # R AR R 0 & B ny oy #28 «
y=0.043f 155 +0.164f s +0.038 550 +0.53f 5 4o +0.225f (5)
X (5) PR F BTN 77 B AT R B, AR B I e A 5 R B STk
B, ENFEA G Iy b, AR F 0N R AE R AL, XS RBURYE AT SO (4)
R B e a e AT
W25 B IR TN 25 SR AL A T R, AR R AR TG SR ST S b
AN WRFE BT S AL TS AR DR N -
y=1.555 4x-0.225 4 ( R’=0.553 ) (6)
X (6) H, x AAEHIRRISE, v B RIS E, RS R 1 Y
R HERATLIE Y, AT A4 F A HUNESE R, RMSE B8R, TSl
TS AR g 5/ IME HBRAIR T 0.003, {HUR RP A T R F 4R TE, FEpAS HUMIAS Y (14 fe K (i 42
THT 0.13, MRAEATSCHER, 45 B B A SEBCRAS TR oA 205 B TheE, A
MR A 25 B2, AR A DTRR R, AR 416 T v e It 3> (9 A B gl
O, ez BN, iz (5) FTRUE Y, A8 0 R0 SR 40 1% B T D0 A5 A 7 4H 5 P A
HARR, X G/NEARIE MR RE AW & ol T 3 M E R R, YRR
BTN EREA G WA E TR B E R, MBCRs R s e 566 1EN 210
AWy B UIAHOG, T LIS (] 1) B 4 9 R A SRR 85 T 0l A 7 00 T ISR 8 B0 52 )
R, PIAH DG E e, AR RR . BRtk, 8 HALS BN A aa s, AT DLRC i 1 ER
FIOASE Y e (A 25 R, R e D A 2L S ASE TR PR L A A T8 T 0 (1 s 2
THIA G, SR ZH G TN %) J7 2 RE A Sy 1) T JRBHE A5 B A SR 5 B E A A% O i

Wit
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Fig.1 Relationship between combination predicted value and winter wheat harvest index

3 45

B WA AR B SISO B DG RGBSR F A AR DG
BRI S MEBTEEUG S PLS g8, MDA It s EARARARAE, (Eim i R Sk A
IR 0.42, XFN;E RMSE R4 A4 & I BN E i AIKh 0.06, ViR PLS A#f HAT GESE T
OMRE LR RE Sy, ATRIEIZAFIE S, PLS 5 oA —f B A A HE 1A B BEAR AY TR 1
FERI A A A oy B LS, BOE 5SS E AR DA TR Pt m . pFRas R aR
B, FEZFPASIRI A kA T e st , i FH AL T v] LU S B2 BCE R B e,
AT T A 5 % A /N2 SORFR ES A FORG BE o FI A 245 TOU 0 ke 15 380 o o) 245 S 55 S 2%
H R AEIRE] 0.55, XFRfY RMSE 4 0.06.
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Estimation of winter harvest index based on PLS and
combined prediction method

Chen Guo " **, Xu Xingang” **, Du Xiaochu', Yang Guijun® *, Zhao Xiaoqing” °,
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Abstract: [ Purpose ] Harvest index can effectively reflect the ability of crop population
photohyalates to be transformed into grain accumulation. Also it is a key index to evaluate the
yield level of crop varieties. Harvest index can be measured in practice. Remote sensing inversion
can save time and manpower, but the accuracy needs to be improved. [ Method ] The canopy
spectral data of winter wheat in several key growth stages were used to analyze the correlation
between the selected 44 common vegetation indexes and the measured harvest indexes. Five
optimal typical vegetation indexes are selected in each growth stage. Then, the partial least
squares ( PLS ) modeling was applied to obtain the HI remote sensing estimation models based on
the spectral information of single growth period. Finally, the combination prediction theory was
used to apply the combination prediction method to assign the optimal weight to each HI spectral
model for each single growth periods, and finally a HI spectral combination prediction model
based on the data of multiple growth periods was constructed. [ Result ] (1) After using the
PLS, the modeling results of single growth period have improved, compared with that of single
vegetation index. However it still needs to be improved. (2 ) The HI combination prediction model
based on the combination prediction principle significantly improved the estimation accuracy of
HI, with R2 up to 0.55, which was 13% higher than the modeling prediction of single growth
period. [ Conclusion ] Based on the combination prediction method of information of multiple
growth stages, the optimal weight was given to the HI prediction model of each single growth stage
to optimize the combination. In essence, the contribution of each growth stage to the HI formation
of crops was indirectly utilized to significantly improve the estimation accuracy of winter wheat
harvest index. It is a novel remote sensing estimation method of crop HI.

Key words: harvest index; PLS; winter wheat; combined forecasting model; remote sensing

spectrum; growth durations




