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Abstract

By field trials, the canopy hyperspectral reflectance and percentage vegetation cover ( PVC) for
winter wheat during 2010 and 2011 growth periods were measured. The canopy spectral characteristic of
different PVC and the relationship between canopy reflectance and PVC were analyzed in different growth
periods. The winter wheat PVC estimation models based on normalized difference vegetation index
(NDVI) , ratio vegetation index ( RVI), wavelet energy coefficients were established in different growth
periods. The results showed that the spectral reflectance of winter wheat decreased in visible bands,
however, increased in near infrared bands following the PVC increased. The spectral reflectance was
negatively correlated with the PVC in visible bands, but the correlation coefficient turned to positive
correlation near the red edge. The PVC estimation models based on NDVI was performed better at the
regreening stage and elongation stage with determination of coefficient (R>) 0.835 9 and 0. 805 7,
respectively. However, the PVC estimation models based on RVI was better at the heading stage, filling
stage with R* 0.803 1 and 0.829 4, respectively. R’ of the PVC estimation models based on high
frequency energy coefficient and low frequency energy coefficient were 0. 911 2, 0.8954, 0. 8802, and
0.927 5 at the regreening stage, elongation stage, heading stage and filling stage, respectively.

Key words Winter wheat, Percentage vegetation cover, Hyperspectral remote sensing, Stationary

wavelet transform, Estimation model

MR H A 2010 - 11 -08 &8 H I : 2010 — 12 — 10
# [E G F ARBh 2R R BE B H (51179162) Al I 52 B 324331 X ¥ By il H (2011BAD29BO1)

EZ B BRSO K S Ol 5 BHOR B, E-mail: fugiyaol63@ 163. com

BIRAEE B, BB 1 2k T, 32RO Y K K B R 5 R 58, E-mail : caihj@ nwsuaf. edu. cn



174 g ol Bl ¥

20124

51

R 35 UL TN X 38R OT A AR 1 T 2 A
TP A R E R ) R EER
R FVEZ SR E G A Y T AU A
B B S N (B S P o

H O, VB 2 55 B 0 D057 A B S Bk (4
TG v HORD B R 3 R R R 4 250 H
W EA R P T G A O s g e g
S BRI X /0N T 3 S R AR g L
i U T X35 1) 0 3 T R A 4
i LR AR By, AR SK B OIS 4
PR B AR Y S R, T LR X 4 R AT O O
W2 R BT, EE Y R R R T
PR B S SR AT s B B

T G T R L BRI R A D A R R
ok T R B i At M L A e 5 R o 1 M R 4
SORUE R R 8 A 0015 B R RO A B 56
B NSRG4 B TR CUn 4l A )
FTEE , B B G 10 1 3 I A 86 006 B 5 B Ak B8
HHT AN e A TS S RO R S R
D7, /N AR e E A A T R
PN AR M7 H N TE A /NI AR B, TE A2 /0N A e L
A ICTCAR LA AR SR AL 097l L 5 2% - B A AR
Pk TEE S/ it B DR Gibbs BLG: | 5200 23 H7 4%
o PR/ 5 TE A /N o A B i
SR PRI A — B0 H i T 50 T RBELBRER Y, 4
R AN AR Ml L AR B e i 40 LA e TR
IS 555 11 5 T 126 WG B 19 46 /0N 22 7 5 T Al S R0 R
B R A 25 e B g g e e
I, AR S0 T AP T HE T O I R A B R [ A
AN 6 T A R B 22 S ) N R S R/
AR B AE A /N7 T 5 R 6 A B A R T D A
8 125 DY 3% 0 3R SRR A A% /N2 T 55 P Sh 25 W
(9 157

1 S

L1 X5t stR

U T 2010 4R 255 2011 4F AR PE AL R AR} 4L
R 0 B X AR K TR S Y R
Boul (R4 108°24" b2 34°18”, g4k 521 m) AT
LA T BRI A S HLIX b T KRR, B L2
WM KA . AP A 12, 5°C AR K R
400 ~ 600 mm, 4F 7% K & 1 500 mm, & 56 Hh 1 1
st o 1 m SRS R R Y 23% ~
25% 25 KN 8. 5% (LA B3N B & k%),

I

T FAE R 144 g/em’ s BEZ LHE(O ~25 em) )
FEANE S (b ) o HIEA P 15,28 g/kg, 2R
0.87 g/kg, &M 0. 74 g/kg, &4 17. 64 g/ kg, FAL W
80.5 mg/kg, fiff &5 A 85.32 mg/kg, LN Sy SE
i o
1.2 RAWigit

BOXVEYI o &N (UME 22 5 ) o EIEZK S
T2 b XA Rt A 7K P — B0 ( 4l 256. 5 kg/hm? | 47
6= 240 kg/hm’ , B — R 2 HIEA ) o N
F 2009 45 10 A 17 H##,2010 43 H 3 HERTF,
6 9 HEM AR, 2010 48 10 H 17 H #2011 4¢
3AH6 HIBH,6 H 7 HBBUAR, LIARRHEKE
RN R A AR e R, 25 5 8 IR X AR
FESLBRAT, o 3 AN HE K I A - 3 o BE R T
FhRE D] R A . B 3 IR K, 2R
B2 KA 3 (60 mm) 3 B K AL B (75 mm) (H
JE 5K AL B (45 mm) o BB 3 AR T R W iR
(213 Jitk/hm® ) & FLREFh 2% FE (345 Ji bk /hm®) (2%
1% (460 J7 ¥k/hm?®) o WK /NIX 6 m x 5 m, {7
25 cm, 4 MEE,
1.3 HEXRE&E
1.3.1 &/NERE ST

/N7 7 G B I &R e ERS AR AL (DSC — W170
T FAFEARAT,  HE A 0 ek A /N Fe B S5 % [R) N fR I
JUT 0 w5 5 N W0 S G B A 4 I —
BRI, BB R/ R DG A A T — B, 4N
P ARALIE B ) R, DR IE FE A Bk Bl AR 0 48 [ A
2 /N A2 5 JE SR B A Photoshop BF R b AT, LUK
/INZE T AR R B A R P N AR R LA
NBER A .
1.3.2 St

FERECF I Z 5, S BR FH 56 [ ASD A 45 5C
¥ 483 {L ( ASD FieldSpec HandHeld ) Xif & /N 2% 5i
JZ AT E I R , D6 AP Ky 325 ~ 1075 nm, O
PP HEAR 3.5 nm, OB iESR AR R 1.6 nm, AL 37 A
25°, JEPER AN B T KB # KT AR /N B T b 5t i
@] 11:00 ~ 13:00 #A75635 0 & . 2010 4, 16 & 2k
W B4 YOG A 2011 A 5 AT A
SR 3 OGS & . &AL I E FT IS 1T 25 R
T, I I A TR R Sk 2 L 1) T, 9 O )2 T R
1m0 FROGTE (8 42 R4 10 1k, 48 10 2 %8s
(8 7 AR A iR o e 26385 R %
1.4 ¥ESH
L4.1 6k 8ok iy 115

9 — 1k A8 #% 35 2t NDVI ( normalized difference
vegetation index) | F{E A8 #% 45 4t RVI( ratio vegetation



330

WEATIR S T AR /N DA i Y A /N 2 i R Dl 9 175

index) 54 4 B 1 J A7 76 RAT A O HE o [l B
S T A T ST R T T G M B TM TR 2, R
FH BT I0 55 % 1% B0 B H TM3 5 T4 3% B, RVl &
FeIEFPE (630 ~690 nm ) F1 (760 ~900 nm ) i B
Yy 5o F0p A TM3 Fl M4 B4
1.4.2 /PJRE R R B S I

INBEAAE 8 2 ARL T BRI R — Y BRI K
(155 R g /N Ik (O A g A 35 o 00T B 2% AN
EERETE SN UES =) | INTIR LD N5 STk (@ ing
B I L) 18 S A B 6 DR R X S B AR B, B/
WAL 73 AT o /NI I AT AL R B2 R FIAL 7% 1Y
TR R EENPRE L

e I . (A-b
Wby = () = [ F0—=p (A2
4 j-w Ja ( a )
(1)
St s =g (4 RN,

By (At R (A—A —b) A4 (A —>A/a) 3K
o
Xt BB 5 Ak B )N D 1 RUBE R AL
SRR, LB e =2,b =1, B W EAS D
WA, QN TR IE RS /NI AR B A (= 1) R
¢,y =D(Hc,)
{dM =D(Ge))
¢;vd——55 j OB 189 3T AL 43 40 45 6 4%
T8 RUBE 53 il 1) 0 46 B BE ¢ 38 P
JE I B U 5 3 AR
H—GEIE A G—— i@ IR %
D—TF RFEHRAE

(2)
Ao

K @ Cjn
(2>,

B 1 IEZS/NR R RS
Fig.1 Decomposition of orthogonal wavelet transform at scale j
IEWeAs H.G

{hk = <4’|,0(/\) ,QDO,A»()‘)>

8 = <¢1,0()‘) ’on,k()\)>

Forb b F0 g o350 % H R GO I 0 1 pR B, X T

RS/ RS B A RS H M G RIFAE . (X))

F o (A J3 531l Ry RUBE o 50 /DN i o 5, W 2 — RUEE
220y Ji R

(3)

TE A /N7 4 AT 53 i TC TU AN A 1 L AE R
5 S 20 A 24 U IZ B . SR b T IE 28/
B A A A I — IR AT SRR AR A, R 0
JEF RS A AS | B HEA 35 5 19 T 3/ 78 e % A3
VRS JE 10 IE 2 /0 8 e B S A2 76 7 B 6 e,
A HE B 5 5 b AT, 4011355 0 R 52 B A

S/ B R A OE AN g, Bk T I
SN AN JE o H O A o AR A Oy T B, ROAE R
SN B SR E R IR T RARERIE . L, &R
JE 4 il 1) 45 SR RN I A 5 BA AR IR A B X PR IR
TP RN AR RS L ESh, 5 IE 22/
e AN ) B 2 55— IR B 0 72030 0 0 8 5
R D T SRR B A () 3K
RSN P AR B 0 5 ORI 2 B R, H
thH, G Ay A H | G ERBERAS HH, = H,
G, =G,

(." dju
B2 PR/ RS RS
Fig.2 Decomposition of stationary wavelet transform at scale j

5 IESZ /N R WAL, 33 T A/ A i R AT
J RS al LIAF 2] J + A . T A s iomian 5
| 777 Y = 7 RV S N R PN
BTN, ELAE I R BRI BRAS T + 1 Al
PE— /N 2 fe/IME, AR 3 SO d L,
dy SARBI ¢ X EEARF TR TG H TIE T AR
B AR L AR B B GE T S BORE A Akt S ke
ERcE S0k i R R I @ IKANY i 3=

(1<sj<sJ+1) (5)

F—5 ] RIER)/NRE & R &L

J—0r i RIEA %
K—2 j JZ2 70 i 19 2 2042

M)k, W B RO R RS 5 kA &
Bsj=J+ 1Lk W, BIRSE I B9 55 k> R

Ao

K3 SRR/ TR () =3)
Fig.3  J-scale decomposition of stationary

wavelet transform (J=3)

AN AT 53 AN TRV RS, 4% 7R 2K B AL 4 9 /N i 4%



176 g ok LW

it 20124

s

HAR, LRG58 /NI i3 6T BUHiE S i v B
RIMTERE , A SCHEEE T RZECH /NP, 3L 51 4,
W3 5 N J& 25 Daubechies ji& . Bior J% . Rbio ji% .
Symlets &5 Coif i, 754 152K 4k /N SCHE RN
KEAMR R £ 74 T B A RS DY, W
Daubechies #EH 4K K %E# T dbl .db2 .db3 .db5 ZE/]»
e o AR T Matlab - &5 52, Bir R A9 P52
AN TR )
Cgyr = swt(X,J, wname') (6)

A X—H5 AOLEEE

Cowr— M /NI RBUERE, b 4% J )2

1R A A3 R 1 R AR 4y i

Jt % 4 7N 44 B

wname

2 HREHH

2.1 AEBZETZNERIGRFE

VEVITE )2 B C 1 S A1 L 3 R K o 55
ZAHET LA R, R R Z YA L (A2
MW S AWK R R EZ A
IR 52w, &4 DA [F) B2 5 B R & /N A2 e 2 it
WO FREAE, I 4 "] LUE 2 8 55 AR /N B
(11.7% ) , A /N2 635 FRAE A W] S, O 1 B89 500
TWERHIE . BAE 21 55 JE R3S I (34. 2% ) , & /N E O
FROEST If B0 A RO B R IE——4aih 2 & W)
o YR R B R (51.7% .
72.4% 87.9% ) , 4 /N2 63k FRAE il 2 2 B K[
NS R BRGE , B R 4 R  a FORAR OR HE — 2
TE Jay A I B DX 2 S 9 R o A W) A, OG5 Hh 2k B
A P A PR 2 € AR R ' T I DA ORI AR T RRAIE AR AT
WG IX 5 (400 ~ 700 nm ) F8 4 - B (1) 52 5% 01 35 55 R
AR, FEAE 2 DM w7 LA RO g™ B
450 nm FY 596,650 nm 1) £L J6 A1 550 nm Y £f %
CURMCA T R F N WG L1 Y i W A Y T
SR U] SR v O 1Y 55 R A Y, B DA AR ) i
HREELM , 7E 680 ~ 740 nm P B, & /NE OGS I
SR R B TR B 6 B B SR LD R AR . X
2 R I RPN %) 0 2 R 45 ) P AR R S 5 3R THT Y
A5, ELAN AN ) i R K IR, B AL
ZLAN R o AN Z Ab B i B O, Ol 3 il 4k S 5
FRAE AT WO BB AIG , 7R T 21 A BB, 2 A4 i
WA R R
2.2 BNERBARERNESBSZENHEXDN

2 /N FEAEAN ) 1 2 K B B LA A TR A A 2SR
ik, X R T AR AR 2 7 AR 2 R, SR AE KBy
BMEGE RS RAET ., RTEGE S NER
U ST S5 S A DG PR FE A TR AR K B B 5 fR 7E 22

0.5

0.4
031
i) -
X2 f

0.1r

0

400 500 600 700 800 900
W /nm
P4 IRl RE Wl 2 56 BE T & /D 22 SRR O6iT
Fig.4 Winter wheat canopy spectral reflectance in

different percentage vegetation covers

5,350 T 2010 AFA N A2 R T IT ST I) hRE
Y HE S LR DA O i S O R B A T PR AT R
Ph G T 9] 50 0 il BRI SR L s I R AR A
Koy 9 104,101 ,100,98 .102) , 4n &l 5 i i@
TR S AN Ik Y IR AA DI 3% S O R B A R AT G AR
BOLAC AT LA 3R 7 0 BT 0 i RE A o
JEL U6 i S S R 5 B S P AR G R B ALK AE
A ULGIE B, G B R B A R R O O R AR
ToAe s b B A0 R R W AR AL s AR 2L
A, F SR S A8 FIE A G, A L0 T R HR Ok B i K
{H o FHECHT 4 A 0], AU Ol 3 S O o 5 B i
AR S E AN 35, R AN B 3 PR AR B K P o Z B A
B R ELGR, R]REE R O Bl A&/ A2 B S 4k
RO, AR B AN RO R B E 2 A
Ao L A A R O R B A A /N 22 i
AN BE T8 AL A&/ 22 3 Bl o
2.3 EWEHELNEBBSENLEAEASN
MIELS AT, B B S I R A A /N A B T Y
FAICPEAEAN R BE AN R 2R & WA A 22 57 o A
88T B WA AR T IO T LD A B B R G S
ST 5 Z I8 25 S AR AR, A A 2R A A A R IO
55 Wb 5 B o R Rl Bk 4R 50032 1 A
B R AE R R W, B A IR A i I A
P, BRI T 2010 4F 2 /) 22 Bl o3 i i 5r 1 2R
NDVIRVI & /N2 3R 75 3 38059 309 i B30 L 9 SR A0

LIPS

M5 BAEFTFHLSNEZERESER S
T I B 2% 20 #r 25

Fig.5 Correlation between canopy reflectance spectrum

and percentage vegetation cover at different growth stages



330

WEATIR S T AR /N DA i Y A /N 2 i R Dl 9 177

(07 o A SRR (3R 1) W] IR 2011 4E 4 /N2
IR T PRI S At A A R 0 ) e ko A AR
BRI HEAT TR S (R 2) o W& 1 AT, I —fb il 1
FRECNDVI 54 /N2 3 75 0 41 30 Rl R O0 L 3
W W B ARG AR O —Ju vk A R,
— JGER M B 09 )5 R T i R B RT 45k 0.835 9
0.8057.0.7367.0.727 5, [A] )4 J5 FE vk 58 BB G 5 A=
BIARER , A2/ EH IEESEE RVE S
A /NAE IR T BT B T R 0 B ARG R 4 )
X EL e RE TR, 7 RO E R BT R 0.699 3
0.750 1, RVI 5 i1 28 109 | 3 2% 300 8 55 F2 0% e (B L&
Ty RN — e gk Il U5 5 B, J5 B T & B 0k
0.803 1.0.829 4, [n] 5 FE ok & REPEE £ T K

W, AAERMGEE, X5 AR 4L —
U R M, ERE M SR, T
NDVT [a] 715 750 95 000 2 5% 4, 4 750 1 00 1 55 52 00
Z T LR T R P BB R4 Bk 0.784 8
0.767 6, T {E 5 52 I {1 119 &3 45 J7 MR % 2 ( RMSE)
SR04 0.057 7.0.059 95 7 il A5 10 5 8 IR 4, T
RVI [ U5 455 70 iz 36 250 S 0, oo BB R 29 3 ok
0.7532.0.786 2, RMSE 43 %1 & 0.061 2.0.057 2,
Z5 LTIk 35 F NDVI RV AE B Hi e 8 4/ 2
i I AN [) 9 A 7 30 0 A () i 4 k. 7
IR TR T, 4 NDVIAE B i 550 T8 AR
Uf  TEFRE I SR 0, 40 T RV AE B 45 %50 1 4L
RAf

F1 ETHEHBEBNDVLRVIZNEREHEEFHESENGEEER
Tab.1 Estimated models of winter wheat percentage vegetation cover at different growth stages based on

vegetation index NDVI and RVI

A iR €A T A 1] 09 5 U E R R HAR n
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Tab.2 Predictability of the estimated models of winter wheat percentage vegetation cover at different growth stages

based on vegetation index NDVI and RVI
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FL i 80
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Tab.3 Estimated models of winter wheat percentage vegetation cover at different growth stages based on

wavelet energy coefficients

B AN A PR S e R T A5 A P R R FEAK n
Bior3. 9, 5 I y =128.490 0x — 0. 182 7 0.843 3
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Rbio3. 9, % 4 y =37.8920x +0.3510 0.848 0

RS Rbio3. 9., {45 y=1.1459x +0.317 6 0.795 1 98
Rbio3. 9, & 45 FIE 4 y =93.778 3x, — 1. 498 3x, +0. 348 3 0.9275
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Tab.4 Predictability of estimated models of winter wheat percentage vegetation cover at different growth stages

based on wavelet energy coefficients

AH M N R RE AR I A 5 5 I A T 0 AR JeE R R ¥ o7 iR 22 FEAZ n
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IR Bior3. 9, {ik 4 y=1.430 1x - 0. 053 2 0. 669 4 0.0752 81
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