30 , 2 Vol. 30 ,No. 2,pp512-517

2010 2 Foectroscopy and Sectral Analyss February , 2010
123 Nicolas Tremblay® , 13" Philippe Vigneault® , °, '
1 , 100193
, St-Jeanrsur-Richdlieu J3B 3E6,
3 , 100097

(normalized difference vegetation

index , NDVI) (optimization of soil-adjusted vegetation index , OSAV )
St-Jearr sur- Richelieu ,5 (2004 2008)
, 2005 (compact airborne spectro-
graphic imager , CASI) (rectedge triangular vegetationindex , RTVI) ,
RTVI )
, 0. 96 CASI , RTVI
(R) 0.58, Q44kg- m?,
. S127 A DOI: 10. 3964/ j. issn 1000-0593(2010) 02-0512-06
LAI NDV |
[9, 10]
NDV I , “
” [11, 12]
(.21 NDVI,

(soiladjusted vegetation indices, SAVI) ™ |
(modified soil adjusted vegetation index , M SA-

, Vi) (optimization of soiladjusted
, (LA, , vegetation index , OSAV ) 1] NDV |
[38]
LAI , )
1 2009-02-22 , 1 2009-05-26
(40701119) , (863 ) (2007AA102201) (Information Gapsin
Water Quality and Nutrients)
, 1982 , e mail :pengfeichen-001 @hot mail. com

* email : wangjh @nercita org cn



2 513
Reso) ) ( Ri i , ) TVI
(550 nm) , (670 nm) ,
1 (750 nm) 3 , 1
ABC( 1L8kg- m?
11 )
3 2 TVI ,
) 2004 , TVI
2007 4 4 , , 3(b)
30 kg N ha'?, 0 158 kg N , ,
ha * 2008 13 4 , ,
, 0 225kgN ha! ,
0 203kgN ha'! ( ) , ABC
12
, 1 C , ABC
, GPS(Pathfinder Pro XRB , Trimble , A ,
) ABC A C
? ABC 2/ 3( 670 nm
(compact airborne spectrographic , TVI )
imager , CASI) 1%, ABC ,
13 15% ,
AD (Fdd ,
Spec  HandHeld, ASD ) , ABC
325 1075nm, 1 6nm, 35
nm , 245 m , 0.6 1
1 m? 1.8 kgm™
: 10 2 y "] B0k
’ 0 2 041 4.6 kgm
% 0.3
CASI 2 & ol
m, 72 , 408 947 nm -
Haboudane(2008) [*#!
14 %00 500 600 700 800
, 15 m? 02m Wavelength/nm
) Fig 1 HEfect of canopy fresh biomass on the
reflectance between 400 to 800 nm
15 100 r
g
. NDVI™! sav i osav( E o050 |
MSAV ] (triangular vegetation index , %
TVI) 8 (green normalized § 0
difference vegetation index , GNDV I) "1 | -% 4P0 500 600 700 800
2(modified triangular vegetationindex 2, M TV 12) 1*] g -050 |
) o e
(rec-edge triangular vegetar -1.00 t Wavelength/nm

tionindex, RTVI) ,

[18]

(triangular vegetation index ,
0.5(120 (Rrso - Reso) - 200 ( Rewo -

Broge!®™
TVI) ,

Fig 2

Wavelength dependence of the correlation coefficient
derived from a linear regression analysis of canopy re-
flectance againgt canopy fresh biomass of corn

ABC )



514 30

B', 730 nm 670 nm ,
, , B' AB C
B , Matlab 7. 0 , B
B 670 B C AB C
749 nm 1 nm , AB C , , 730 nm
B AB C
B 730nm , ABC 100(R7so - Rrzo) - 10( Rso - Reso) ,
730 nm , (4991 Reoo/ Rero
2 ,
(1) 730nm (RTVI) Rro/ Rero , ,
, AB' C RTVI : (100 (Rsmo - Rro) - 10(Rmo - Reso)) *
, sgrt (Rro/ Reo)
AB' C 9/1 ( 730 nm 16
, ) (2 730 nm , 2004, 2006 2008 2005
, , B
AB' C (3) ) )
307

20 1

RTVI

101

6 6
5
E
B =
6 6
= &
O 1 2 3 4 5 6 0 1 2 3 4 5 6
Fresh biomass/(kg'm™%) Fresh biomass/(kg:'m™%)
D@ S 11w
.' .’ {1 3 A . .
08 :"‘" FARY
et =
= e v R-0s1 g
2 0488
0.2
00 1 2 3 4 5 6 6
Fresh biomass/(kg-m™%) Fresh biomass/(kg-m2)

Fig 3 Reationships between spectral indicesand corn fresh biomass using data of year 2004, 2006, 2007 and 2008
(@) : RTVI(thisstudy; (b) : TVI; (c) : SAVI; (d) : MTVI2; (e) : MSAVI; (f) : GNDVI; (g) : NDVI; (h) : OSAVI



2 515

, 1 ,
3 , ) 1 , RTVI
2005 CASI , 0. 49
(R, TVI (R =032
2 RTVI, 039 044
21 23 ( + )
3 , ,
, [14,17]' , ,
(R) 0. 90 RTVI , ,
(R?) 0 96, (>3 kg - )
m"?) ,
., TVI, SAVI, MTVI2, MSAVI, GNDVI, NDVI ,
OSAVI, , , ,
(>3kg - m? , , 1
, “ " ., TVI,NDVI OSAVI , ,
22 )
RTVI 730 nm
, (R >0 87) , RTVI , R
1 0 94 087 091

1 ,
(13 39kg- m?),

Table 1 Relationships between vegetation indices and canopy fresh biomass using corn date of
year s 2004, 2006, 2007, 2008 and wheat data of year 2005 R were expressed

RTVI TVI NDV I SAVI MSAV | OSAVI GNDVI MTVI2
0. 49 0. 32 0. 42 0. 39 0. 40 0. 42 0. 44 0 41
0 94 0. 87 0 90 091 091 091 0. 90 091
MR g5 = 1105 -
JE* HE ‘ I 158 - temrnw A : - . o0 HEEMR
Saturated | 58 it e i 53 = o g B e 1F8 ™ | Zero-N strip
Nstrip | 105 0 0 prs—
P = ien

—] 1K Low
Fig 4 Map o canopy fresh biomassfrom CAS| hyper pectral image of summer 2005 for corn field. Predicted fresh biomass is calcu-

lated using predictive equation of RTVI. Numbersin thefigure(0, 53, 105 and 158) represent amount of applied nitrogen
expresed in kilograms per hectare. Fresh biomass ranged from 0. 61 kg- m *>to 3 8 kg- m™?)

24 2005 CASI 044kg- m?
, RTVI RTVI, CASI
2005 CASI GPS 4 4 ,
RTVI , CASI 4 , ,
RTVI, RTVI 4
, GPS , , ,
, , 4 3
, , 0 ;
GPS
172kg- m?, 197 kg - : RTVI, CASI

m2, 0 58, , (



516 30

) (R) 09
(2 RTVI s

’

(3) TVI, SAVI, MTVI2, MSAVI, GNDVI, NDVI,
OSAVI

, ; : TVI, NDVI OSAVI
(1) ;

[1] Lukina EV, Freeman KW, Wynn KJ, et a. Journal of Plant Nutrition, 2001, 24(6) : 885.
[2] Wood GA, WelshJ P, Godwin RJ, et al. Biosystems Engineering, 2003, 84(4) : 513.
[3] MoranM S, Clarke T R, Inoue Y, et a. Remote Sensing of Environment , 1994, 49(3) : 246.
[4] Rondeaux G, Seven M, Baret F. Remote Sensing of Environment , 1996, 55(2) : 95.
[5] Haboudane D, Miller J R, Pattey E, et al. Remote Sensing of Environment , 2004, 90(3) : 337.
[6] ThomasV, Treitz P, Mccaughey J H, et a. International Journal of Remote Sensing, 2008, 29(4) : 1029.
[7]1 ZHU Lé, XU Junfeng, HUANGJingfeng, et a ( , , , ). Spectroscopy and Spectral Analysis(
) , 2008, 28(8) : 1827.
[ 8] Leprieur C, Kerr Y H, Mastorchio S, et a. International Journal of Remote Sensing, 2000, 21(2) : 281.
[ 9] Madugundu R, Nizalapur V , Shekhar Jha C. International Journal of Applied Earth Observation and Geoinformation, 2008, 10(2) : 211.
[10] Huete A R. Remote Sensing of Environment , 1988, 25(3) : 295.
[11] Gteson A A. Journa of Plant Physology, 2004, 161: 65.
[12] Qi J, Chehbouni A, Huete A R, et a. Remote Sensing of Environment , 1994, 48(2) : 119.
[13] RouseJ W, HaasR H, Schell J A, et a. Monitoring the Verna Advancements and Retrogradation of Natural Vegetation. NASA/ GSFC,
Type , Fina Report, Greenbelt, MD, USA , 1974. 1.
[14] Haboudane D, Tremblay N, Miller J R, et a. IEEE Transactions on Geoscience and Remote Sensing, 2008, 46(2) : 423.
[15] Broge N H, Leblanc E. Remote Sensing of Environment, 2001, 76(2) : 156.
[16] Gteson A, Kaufman Y, MerzZlyak M. Remote Sensng of Environment , 1996 , 58(3) : 289.
[17] Lamb D W, Steynrross M, Schaare P, et a. International Journal of Remote Sensing, 2002, 23(18) : 3619.
[18] Daughtry CS T, Walthal CL, KimM S, et a. Remote Sensng of Environment , 2000, 74(2) : 229.
[19] Jacquemoud S, Bacour C, Poilvé H, et a. Remote Sensng of Environment , 2000, 74(3) : 471.

New Index for Crop Canopy Fresh Biomass Estimation

CHEN Pengfe® 2® Nicolas Tremblay? , WAN GJi-hua*'®" , Philippe Vigneault> , HUAN G Werrjiang® , L | Bao-guo*

1. College of Resources and Environment Science, China Agricultural University, Beijing 100193, China

2. Agriculture and Agri- Food Canada, Horticultural Research and Development Center , S-Jearr Sur- Richdlieu, QC, Canada J3B
3E6

3. Nationa Engineering Research Center for Information Technology in Agriculture, Beijing 100097, China

Abgtract The objective of the present study is to propose a new vegetation index for corn canopy fresh biomass estimation,
which improves the ability to accurately estimate high biomass level s by remote sensing technology. For thispurpose, hyperspec-
tral reflectance data of corn canopies were collected using a ground-based spectroradiometer during different field campaignsin a
region of Quebec (Canada) , from 2004 to 2008. Corresponding fresh biomass values were obtained by destructive measure-
ments, and a hyperspectral image was al S0 acquired using the Compact Airborne Sectrographic Imager (CASI) in 2005. A new
biomass index named red-edge triangular vegetation index (RTV ) was designed and compared to existing indices used for fresh
biomass estimation. The results showed that RTV | was the best vegetation index for predicting canopy fresh biomass, with sus
tained sengtivity at high fresh biomasslevels. The best regresson model between RTV | and canopy fresh biomass was the power
fit , with determination coefficient (R?) of 0. 96. With the validation by CA Sl imagery in 2005, good results were obtained. The
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relationship between CA S| predicted biomass and actual biomass was 0. 58 (R?) , with the RMSE of 0. 44 kg- m™ 2.
Keywords Vegetationindex; RTVI; Fresh biomass; Corn; Wheat
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