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Precislon Agriculture

5,l lmage Scnsing and Phytobiological information
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5.1.l lntroduction

Precislon agriculture has developed、 vith the computerization of agricultural pro―

duction systems and the networking of computerized control systems[1-3].In the in_

telligent plant production system of controlled greenhouses,inttrmation on plant re―

sponses,llleasured by sensors,is used to optilllize the system.In particular,inttrmaぃ

tion on shapes,componcnts,and fLInCtions of living plants obtaincd by image instru―

lllcntation is cttctively used ttr diagnosis and control of production processese Such

an approach is kno、vn as the“spcaking plant approach(SPA)"[4]`Recent advances in

blotechnology and l■licropropagation dcmonstratc the importance of dcvcloping the

SPA to thc level of cclls and tissues.

Mean、vhile, interest in sustainable and cnvironmcntal agricultural enginccring is

incrcasing[3,5,6].New types of agricultural cnginccring,including prccislon ttrming,

recycle―type agriculture,and controlled agroforestry,lllay harmonize increases in plant

production 、vith environmcntal conservation and relllediation in order to cope 、vith

global environlllental problems. Hierarchical renlote sensing fronl satellites,aircrat,
vehicles,ctc.,is a po、verflll tool for the ne、v type of agricultural engineering because it

provides usen】l spatial infornlation on the fLlnCtloning of plants and agroecosystems.

For example,Spatial information from remote sensing used with precislon farming

results in more accurate fal‐lll、vOrk, vヽith locatized on―demand ttrtilizing and localized

control of weeds and pests[3,7].In particular,prectslon l払 l■llillg using autonomous

vchicics needs tojoin with close―up rcmote scnsing to obtain phytobiologicalinttmaぃ
don on plants and solls.It is also necessa呼偽r hierarchical rcmotc sensing to ve高け
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remotc scnsing data froHl satcllites and aircratt by exact phytobiological data from

close―up remote scnsing.

In this scction.prolllising image―sensillg techniques in image instrumentation and

thc closc…up rcmote sensing for obtaining phytoblological inttrlllation on plants and

soils arc introduced,and thcn the concept of the phytobiological information system

(PIS)偽 r using image sensing,including large― area remote sensing from satellites and

atrcrat,is described.

5.1.2 1mageLSenSing Techniques for Obtzlining PhytobiologicaI Information

Table l sho、vs typical image―sensing techniques ttor obtailling phytobiological in―

forlnation on plants and soils.Trends in image sensing techniques includc hyperspec―

tral, three―dirnenslonal, and activc scnsing. Ordina4y〃71r′r′ずr'でごrア
・θF imaging is avall―

able for obtaining phytobiological inttrmation on color,pignlents,shape,and gro、vth

of individual plants and palts; changes in 、vater status in plants and solls; and soil

propcrtics[8-13].rぅ ?cA】βgCrrαFimage sensing is capable of rcsolving scveral hundred

spcctral bands in the reglon fl・om visible light to short―、vave infrared and may make it

possiblc to provide more phytoblological information by analysis of continuous spec―
tral properties,col■pared with ordinary multispectral analysisゃT/2夕/777αん″″ク/2冴imag―

ing(a passive spectral imaging method)iS effective for carly detection of plant

stresses as 、vell as ttr measurement of sLirtaCe temperatures of plants and soils

[9,10,14].Image analysis ofthe energy balance on the leaf and canopy providcs phy―

toblological information on stOmatal response and evapotranspiratton[15-17].用 ″θ―

/2ざCで″CC image sensing methods(、 vhiCh are active methods),such as spcctral analysis

of steady―state laser"induced fluorescence(LIF),proVidC phytobiological information

on changes in cell、 valls bound by fluorophores and on bleaching of plant pigments

[18,19].Analysis of chlorophyllクfluorescencc induction is used not only ttr carly

detection of patchy changes in stomatal apertLire and photosynthetic activity caused by

biotic and abiotic stresses,but also for inforlnation about the development ofthe pho―

tosynthctic apparatus of attached lcaves[20,21].r/7/2?_加 ′″2″s,θ″α′r_7-9ざ ″享γご?

'777ag,″g, such as stereo―pair images and laser scanners(scanning range flnders),

makes it possible to remotely estimate 3‐D structure and gro、vth ofplants and canopies

Table l.Image―sensing techniques for obttlining Phytobiological information om plants and soils.

IInagc Scnsing Techniqucs                         Phytobiolo畠 ical lnfbrlllation

・ 障fulti―or hyperspcctral illlagc scllsillg

( n C a r  U V  t O  n c a r―in t t a r c d , i n c l u d i n g  c o l o r )

・ Thermalimage sensing

・ Fluorcsccncc imagc scnsing

(LIF,Chi fluorcsccncc,ctc.)
。3-D surfacc imagc scnsing

(StereO,shapc―from―x,lascr scanncr)

・3-D light microscopic illlaging

・CT(X‐ ray CT,WIRl,optical CT・ ctc)

。(3olor,shapc.and gro、vth ofindividual plants alld

paAS,plant pigments,watcr status,soil propcrtics
・ Tcmperaturc,cvapotransptration,stomatal rcsponsc

・ Blcaching of plant pigmcnts,movcmcnt of

fluorophorcs in IIlcsophylls,photosynthctic systcm

。 3-D surfacc strtlcturc and blomass of plants and

canopy

・ 3-D structurc and functtons of cclls and tissucs

・3-D structurc and contellti transttr alld metabolism

of biochclllical componcnts o7in tissucs and pla1lts
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[22-25].Thcご θンタ,Cα′′αscr―scα″″″″g″ た,θ々ざご印クビツざF?″(a neWly computcrizcd light

illicroscope systcm with a large working distance)and Cr(cOmputed tomography)

techniques also provide infOHnation on 3-E)structure and functions of and in ceHs,

seedlings,and plants[10926-29].

5.1.3 Ntlultispectral or IIyperspectral lmage Sensing

Reflectance spectra of plants and solls in the visible to short―、vavc infrared region

(400 to 2ラ500 nrll)inciude a large amount of phytobiological inforitlation[8,12,30,31].

Typical reflectance spectra of healthy and dead(dry)CucumbCricavcs and、 vet and d呼

loamy soils are sho、vn in Figure l. Absorption Of photosynthetic pigments such as

chlorophylls,carotcnes,and xanthophylls in thc leaf dorninates the visible region from

400 to 700 nm[8,30,31].Although cach ofthe pigmcnts has absorption maxima in the

300-to 500-nnn region,only chlorophyll absorbs in the red region of 600 to 700 n■l as

、vell as the blue reglon.Leaf reflcctance drastically increases in thc region froH1 690 to

740 nln(red…edge)and keeps a high value to l,300 nnl(near―infrared),although the

changc in soll retlectance is slight.The near―infrared reglon is influenced by cellular

structure and refractive indexes 、vithin the leat Absorption of、vater donlinates the

near―infrared and Hlid―infrared reglons of 900 to 2,500 nnn in healthy leaves and wet

soll;and mttor abSOrpdon bands of water occur at l,450 nm and l,940 nm,and the

■linor absotttion bands appear ncar 960 and l,200 nmo Other biochenlical components

such as carbohydrates(Starch and ccllulose),prOtein, lignin,Nラ P, K,andヽ 4g have

absorption maxirna in short―、vave infrared rcgion of 900 to 2,500 nnl, although the

molecular fbnctional groups contributing to this are primarily lilnitcd to C―H,0-】H and

N―H[30].HoWCVCr,note that optimum rcncctance bands for cstimating cfttcts of wa―

ter stresS on plants and contents of bloche■lical components are not necessarily the

absorptton maxima[9,30,32].

0。6
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0 . 2

0

400 800      1200 1600 2000

Wavelength,nm

Figure l.Typical retlectance spectra of healthy and dead(dry)cuCumber leaves

and wet and dry loamy solls.

●
Ｏ
Ｅ
電
や
０
●
車
●
芝
【



220

A

Chapter 5 Precision Agriculture

-0.31VlPa

令

可

】
）
〇
写

電
Ｌ

●
ｏ
宮
電
や
０
●
車
●
臣

1 . 2 0

0 . 8 0

0 . 4 0

0.00

0。00 “0。40  -0,80   -1.20

WVater potential(陣 lPa)
-0.9MPa

Figure 2.Changes in the renectance band ratio of recoverable cucumber leaves、 戸ith water

potential above-1.2障 IPa(A)and the plants(B)132卜 Symb01S in A:x=band

ratio of SSO mm/850 mm;o=680/8501+=1,200/850:△ =1,4SO/850;Eコ =1,6SO/850.

Spectral analysis of scvcral bands 、vith special reflectance ttatures tll the region

f r o m  v i s i b l e  t o  n e a r―i n t t a r e d  h a s  b c e n  w i d e l y  u s e d  t t r  i n u l t i s p e c t r a l  i i n a g e  s e n s i n g [ 9 -

11,33].Thc uSC Ofthe near― inttared regloll with high ieaf renectancc a1lows easy sepa―

ration of plants fronn the backgroしind soil` Spectral analysis of the visible region in―

cludtng color inttrmation(hue,saturation,lightness)iS effective ttr separation ofleaニ

petal,fruit,and otllcr parts of plants and their gro、vth analyses. Leaf、vater status has

beell estimated LiSing spectral renectance[32,34-36].The band ratio of l,450 nlan to

850 nnl showcd a good lincar correlation(R2=0.91)over a Wide range of water

p o t e n t i a l s  a b o v c - 7 . l  M P a , w h i c l l  w a s  t h c  w a t e r  p o t c n t i a l  o f a  d r y  l e a i  b u t  o n l y  s t i g h t
changes occurred in the band ratio of rccovcrable leaves、vith、vatcr potential above
-1.2 MPa(Figurc 2)[32],

Changcs in plant pignlent content have becn assessed by ratios of spectral rcflcc―

tance bands.For exanlple,chlorophyll`7 content、vas estimated at R2=0.90 by using a

band ratio of 550 nnl and 900 nnn[9].ThC Change in redぃedge also depends on chloro―

phyll content.Therefore,these analyses have been used to detect symptoms of nutrient

deflciency and other itturicS that cause changes in chlorophyll content[30,31].Figure
3 shows a hyperspectral camera joined to a portable scanning range inder(1ldar)and
typical spcctral reflectance and balld ratio images of、vheat plants cultured under dif―

危rent amOunts of nitrogen fertilizer.The spectral retlectance images、vere rneasured at

l―nm intervals by the hyperspcctral canlera.As sho、vn in Figure l,thc spcctral rcflcc―

tance in the visiblc rcgion from 400 to 700 nnl、vas smaH because of absorption by

photosynthctic pigments in thc leai ln paHicular,the reflectance sho、ved the nlinilnum

at the absotttion maximum(680 nm)of Ch10rophyllク .In Figurc 3,thc band ratio of

550 nlln to 900 nm had a good linear correlation with chlorophyll α content in the

、vhcat fleld,and chlorophyll α content dcpcnds on the amount ofnitrogen fertilizer,so

this band ratio is cttectively uscd to flnd the optirnal alnount offcrtilizcr.

-0.6巾IPa
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Figure 3.Hyperspectral camera(left)30ined to a portable scanning range rlnder(lidar)

and typical spectral rerlectance and band ratio images(right)Ofa neld Of wheat

plants cultured under different amount of nitrogen fertilizer(L=low,N=normal,H=high).

Some vegetation indexes obtained fronl thc red and the ncar― infrarcd spcctral re―

ごlons lllade it possible to estimate net prilnary production(NPP)and lCaf arca index

l LAへ1)aS Well as to extract vegetation in景)rmation ttom the background,such as soil

.ヽ31.37].Hyperspectral analysis may be able to provide more phytoblological infor―

:1lation on productivity and stresses of plants,blochelllical and llllineral components in

i!、ing plants and soils,and classtication of species,pa■s of plants,and soil typcs.

S.1.4 Fluorescence lmage Sensing

Tluorescence image sensing is an activc scnsing technique.Phytoblological infor―

:1lntion is obtained by mcasuring thc tluorcsccncc cHlitted from fluorophorcs in living

「lants undcr irradiation with actinic light[18-21].

Figure 4 sho、vs an excitation and elnisslon matrix of stcady―statc fluorescence of a

iicalt1ly cucumber leat When the leafis irradiatcd with visible light(about 380 to 600

ii lll).fluorescence with very strong intcnsity in the spectral range of about 660 to 770

:illl iS erlitted ttom chiorophyll α.Blue and green nuorescence is enlitted from cell

ll tュ11-bound phenolics,compounds in vacuoles and other fluorophores excited by ultra―

,1(、let rays and reabsorbed by photosynthetic pigments such as chlorophylls,carotenes,

lrnd xanthophylls[19,38].There丘 )re,spectral analysis of steadyぃstate fluorescence in

ihc uitravlolet to red region(300 to 800 nm)has been used for eady detection of

ごhangcs in plant pigments,cell structure,and membranes[18,19,38,39].Laser― induced

iluorescence(LIF)may bC CffCctive for remote monitoring of the above― mcntioncd

、1lange[17,39].Use Of extrinsic nuorescent probes rllakes it possible to obscrve struc―

■rcs and movcmcnts of components in cells and tissues[26].HowCVCr,we should pay

iitcntion to the ambiguity of fluorescence and its dependcnce on the cnvironment.

Chlorophyllク fluorcsccncc also has been used for investigation of the photosyn―

11ごtic systcnl, and is a po、verfLll t001 for noninvasivc analysis of photosynthesis

二|).41].Image sensing of chlorophyll fluorescence quenching in leaves gives non―

iniおrm photosynthetic responses in attaCent tissues and can allow identiRcation of
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300
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Figure 4.Excitation and emission matrix ofsteady―state nuorescence of a healthy cucuttnber ieat

sites of inhibition、vithin the photosynthetic apparatus.Originally developed by Omasa

ct al.[42]and Daley et al.[43],the techniques are used for early detectiOn of changes

in patchy stomatal response and photosynthetic activity caused by abiotic stresscs such

as air pollLltants, lo、v concentration C)2)V`ater dencit,u /ヽ1ight,chilling,agricultural

chemicals and biotic stresses[42-49].

Figurc 5 shows a photograph and imagcs of nonphOtOchemical qucnching(NPQ)

and quantum yteld(Φ Psll)Of PSII electron transport of an attachcd cucumber leaf 2

days after application of 1/1000 dilutcd solution of an herbicidc(Nekosogi―ace)in s011.

T h e  r e s u l t  i n d i c a t c s  d e c r e a s c d  e l e c t r o n  t r a n s p o r t  f r o l n  P S I I  c a u s e d  b y  D C M U ( 3ぃ(3, 4 -
dichlorophenyl)-191-dirnethylurca)in the hcrbicide at sitcs near veins、vith no visible

ittu呼2 days aRer the trcatmcnt and consequently inhibidon ofrrα″s―thylakold proton

0.0  0PsH    l.0
1      ‖ 1 軽

Figure So Photograph and images of NPQ and OPsllof an attached cucumber

ieaf at 2 days atter application of an herbicide(Nekosogiぃace)in sOil i49ト
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Figure 6.LIF imaging system(A)and images(B)of Ch10rophyll nuorescence transients 1451.

gradient ibrmation and decrease in C02 aSSirnilation.The techniques can also be used
to analyze and diagnose the development of the photosynthctic apparatus of attached

leaves and cultured tissues[50-52].Recently,ield… portable imaging systems[48,53]
偽r NPQ analysis and an LIF imaging system(see Figure 6)的 r remOtely measuttng

chlorophyll nuorescence transients have been developed.

5。1.5 Thermallmage Sensing

Water evaporatcs from mesophyH cell、valls in the substomatal cavity and difbses

into the atinosphere through the stonaata and boundary layers of leaves and canopies.

Carbon d10xide(C02)偽 r phOtOSynthesis,as well as air pollutants,enters the leaf in

the opposite direction[54,55],When the tllermal environment(atr tempcrature,

humidity,radiation,air current,ctc.)iS maintained relativcly constant,leaftemperature

provides phytobiological information such as stomatal response, transpiration, and
a b s o r p t i o n  o f  C 0 2 ( p h o t O S y n t h e s i s ) a n d  a i r  p o l l u t a n t s [ 9 , 1 0 , 1 4 - 1 7 ] .

ThermOgraphy systems often have been used to remotely measure changes in tem―

perature of plants and canopies(inCluding soil)as a SurrOgate for stomatal conduc―
tance(‐ 1/stOmatal resistance)and gas exchange[9,14,17,56-58].In the latter half of

the 1970s,a thermography system joined with a computer was developcd ttr imagc

analysis of leaf temperature[14ぅ56].ConSequently,Omasa ct al.[15,59,60]quantita_

tively evaluated spatial distributions of stomatal resistance, transpiration rates and

absorption rates of air p01lutants all over the attached leaf fronn leaf temperature. Re―

cently,such a quantitative study has been noticed as a research ield oftherillal image

sensing although it is difRcult to analyze quantitatively the energy balance on ali

leaves of plants[16].

It is also very difttcult to spatially evaluate stomatal conductance and transpiration

rates of plants and canopies under gro、ving conditions in the tteld.Ho、vever,a therrllal

image can provide information for early detection of plant stresses(see Figure 7),be―

cause stomatal closure occurs before the appearance of visible tttury,and for screen―

ing of plants with high growth undcr steady― state thermal environments[9,17].Heli―

copter―bome remote sensing using a thermal camera、vas ettective ttr early detection

of environmental stress of canopies[17].MicrOSCOpic thermal images provided inttr―

mation on responses of stomata at sites between veins of rice plants[61].
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27.5 42.5(°C)

Figure 7.Effects of stomatal closure oH leaftemperature of sweet potato plants in a plowed neld.ハ【,

photograph;B,thermalimage;a,closed stomatai b,open stomata.ALir temperature 300C.

5,1.6 Three―E)imensional lmage Sensing

Thc three―dimens10nal(3-D)image― Sensing technology fOr measurement of surttce

architecttire can be broadly divided illto t、vo categories:〃αざざか? /?c/7ア?'?2′β卜,, VヽhiCh

reconstruct a 3-D shape image(1.e,,range image or depth image)frOm stereo― paired
inlages or ttronl monocular images by shapeぃfrom―x methods,and rycrル2r?ごみ″,?ヶ′βs,

which obtain a 3-D shape image by irradiance of ottectS With clectromagnetic waves
such as iaser light[22-25,27].Active technology provides exact 3-D images ofottccts
without clear tcxture,compared to passive tcchnology,and may give more uscful phy―

toblological information,althOugh it is usually IInorc cxpensivc.

FigLirC 8 shows a passivc 3-D color(「(】D calllera devcloped by us and a 3-D texture

mapping illlagc of a flo、vering plant calctllatcd froHl a series of nine color inlages ob―

tained by changing ttcus planes of the camera using a modifled shape―frolll―的CuS

Figure 8,Passive 3-D color CCD camera(A)and 3-D texture mapping image(B)OFflowering

(pOt marigold)plant calculated by a modined shape_from― focus(MSF)algorithm.
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300m

Figure 9,Rangeimage(A)of street trees and 3-D view(B)

of a potted plant ineasured by scanning range rlnders.

(MSF)algorithm[29].ThiS algorithm was wel卜suited for processing images of ob―

jccts with clcar tcxturc butit was ill―suited for thOse with a glossy texture.This limita―
tion was mitigated by lllumination ofotteCtS With a chccked pattern.
Figure 9 sho、vs a range image of streettrees and a 3-E)vic、v of a pottcd plant llleas―

Lired by scanning range flnders(see Figure 3)using laser light of near―illfrared range

、vith large reflectance of icaves.The range images、verc obtained by measuring tilne―

o干llight of laser light ttr the street trees and by a principle of triangLllation for the

potted plant.Omasa et al.[24]also eStimatcs 3中D canopy structurc and groulld surttce

using a ne、vly developed helicoptcrttbornc scanning iidar systelll capable of scanning

t h e  e n t i r e  c a n o p y  w i t h  a  l a s e r  b c a m  o f s m a l l  t t o t p r i n t s ( b e 1 0 W  t e n s  o f  c e n t i m e t e r s ) .

Meanwhile,the cθ /々bごα′′θざg/―ざごα″ガ″g′タガc′々οざご?βg rCLS肋 ヮhas been generally

used to obtain inttrmation on the 3-E)architecture of cells and tissues at high magnifl…

cation[26,27].In thiS Systenl,the 3-D llnage is typically constructed by stacking nu―

merous two― dimenslonal(2-D)imageS,Which are obtained at constructivc conttcal

planes. The CLSM has fluorescence tinaging capability, especially usillg extrinsic
flL】OreScent probes,and it can provide inttrmation on 3-D architecturc and innovements

of blochenlical colllpOnents in ceHs and tissues as monochrolllatic or pscudo―color

illlages.Ho、vever,using thc CLSM for力?ざ′r2ィObservation of celis and tissues over a

、vide magnincation range under natural gro、ving conditions is difttctllt.This problem

results because,in this situation,the laser is operated at a narro、v、vorkillg distancc and

must be attuSted,thereby affecting thc physlological reactions of the targct cclis.We

have therettre developed a ne、v colnputerizcd CCD video llght inicroscope system

、vith a、vide、vorking distance ttr obtaining 3-D natural color rneasurelllents of shape

and gro、vth of intact plants/celis under various gro、ving conditions and over a、vide

magnincation range[29].ThiS SyStem was applicd to 3-D measurcmcnt ofintact petu―

nta seedlings ater prOviding a、vater stipply to the seed.

M a g n e t i c  r e s o n a n c e  i m a g i n g ( M R I ) a n d  Xヽr a y  C T  s y s t c m s  p r o v i d e  i n t t r m a t i o n  o n

3-E)structure and functions oう/in cells,seedlings, plants,and harvests. For exalanple,

root systems, didercnce in 、vater contents in the soil, and 、vater movements in the

p l a n t s  w e r e  t h r e e…d i m e n s l o n a l l y  m c a s u r c d  b y  M R I  a n d  x―r a y  C T [ 1 0 , 2 8 , 6 1 ] . T h e S C

systems are also used for structural and ttnctional rcsearch of harvests such as l併uits

and vegetables(Figure 10).
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Figure 10。Section phOtOgraphs(A)and障 TRIimages(B)Of Onion and potato.

5。1.7 Phytobiological IT

Figurc ll shO、vs a conceptual f10、v Of phytobi010gical lT ttr plant production and

sustainable agriculturc.A phytob1010gical infomatiOn system(PIS)iS a managcment

systen■that ftlnctiOns in database and model analysis,This systenn is connected、vith

PhyOengineering   Grccnhouse    Precislon Farming    AgrofOrcstry

Pr2″r PFθダ″Crlip″″′″ダざ″sr21iz″うルИgrlit・″″″rt7

Figure ll.A conceptuai nOw Of phytObiological IT for plant production and sustainable agriculture.
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()tllcr geographic information systems(GIS)and CXpcrt― knowledge systems via net―

、v()rk systems such as the lnternet.In the systcnl,phytobiological information on cells

tく)agro―ccosystems obtained by imaging sensing techniques(inCtudillg、vide―area re―

11lote sensing described in Section 5。2)should be used, along with rcsults of l■odel

tinalysis and phytobiological and environmental infbrillation obtaincd by other illetho

()dsn to achieve both increasillg plant production and optiinlizillg use of、vater,fe止1lizぃ

crs,and chenlicals for sustainable agriculture.This infbrillation may also be used ttr

illlprOvements in ttrlll lllanagement,in training of farllners and researchers,and in ca―

1〕abllity of machinery and control systems for phytocngineering, greenhouses, and

prccislon farnling.Results ofillodel analysis using relllote sensing data lllay providc a

guide for agroforestry planning.Joinillg genetic informatics to this inforination may
illake it useful in the flelds of genetic scrcening and eco―blomonitoring.

1 .
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5。2 Rclnotc Sensing froin Satellitcs and Aircrat

【.θr22αざα,K.θた,,α″ブ「Sク77r7777θ

刀うSrF2ごム T/71i5V、TでごrFθ″メ″r′・θれ′てでェデ″ざマ/2″′【Fご′?`ドοア1甲力 /′セ″θr?亡野?′7人ギ′7gル θ722本寧クr?〃,rcざ

α″冴αli7・ご′̀̀ "4丁夕、ギ″g ttp?埋 だて
'r′々αん力球χア1,r'ご7r′てノ,αcrルで,α″冴J―D(力 sg/ッθr′θ″ざ.レタをαなθ

,″rrθ冴″ごで ,セ貿77r αdやα/7ごgざ ′77 ■こr'ご冴′″ α′′で′,70rビざg″ざル?gル?で′″冴′″g qββ力∽ r′ο″s ,77

s″ざrβデ″θあ′g αgガcι′アr夕/ビざ″ご力αS β/gごな′θ″、静r′″′r2g,βgr?乃 ュでsrア7,θ 77ブ′坊″ブcο″ざg/ソθ
―

r,θ/2.

拓の,ゅθrtts.〃ルフα rsp?crrβ′ざビ′7ざ0/,と ,″冴ごθ′7`軍?ア
・ル'αr′θ″,とク″が ,rざゼ,L′冴α/,P/26)な ′0′7

カ/797'′クg,Rで777θrg s御ざ′″g`

5.2.l lntroduction

Remotc sensing fronn satellites and aircrat has bcen、videly used ttr applications in

agriculture[1-3].In particular,passive optical sensors IIlounted on atrcrat,Landsat,

and SPOT(tlle French Systelllc Probatoirc d'Observation de la Terra)have a110wed

applications such as prediction of crop production and land use change. Recent ad―

vances in agricultural remote sensing are applications in sustainable agriculture,such

as precislon ttrllning,agrottrestry,and land conservation.Thcse closely relatc to ap―

plications in forest,ecosystem,hydrologyぅ and environmental management[3-5].

Mean、vhile,technical trcnds in relllote sensillg ttolln satellites and aircraft are hy―

perspectral,hyperspatial,active,and 3-D obscrvations[5-11].AlthoLigh Ordinary satel―
lite optical sensors,such as the Landsat Thenlatic Mapper(TM)and sPOT High Reso―

lution Visible(HRV),haVe been limited to less than ten spectral channeis,the Hypc―

rion on Earth Observing-1(EO-1)launched by NASAin November 2000 provides a

high resolutiOn hyperspectral imager capable ofresolving 220 spectral bands(frOll1 0.4

to 2.5 μm)with a 30-m spatial resolution.A hypcrspatial QuiCkBird satellite laullchcd

i n  O c t o b e r  2 0 0 1  p r o v i d e s  p a n c h r o m a t i c ( P A N ) 1 1 1 l a g c s  w i t h  a  s p a t i a l  r e s o l u t i o n  o f




