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RclllotC SCnsing is an clftSctivc tcchniqtic Sor asscssing cffccts of air pollution and global

changc ol1 6orcsts Thus.scvcral typcs of rcillotc scnsing‐such as Landsat T 4ヽ and hclicoptcr―bornc

scanning Lidar havc bccn applicd ftlr this purposc Whilc thcsc tcchniqucs、vcrc pro▼cll to bc cffcc―

tivc、grotind truth illcasurcilacnts arc also llcccSSary for dctcnllinlllg thc prccision of rclllotc scllsill=
data Rcccntly、a poltablc scanning Lidar has bccn utilizcd Sor illorc cfrlcient grOLlnd illcastlrcmcnts

ofthc diamctcr at brcast hcight(DBH)and Carbon stocks oftrccs

Accuratc 3-D ilacasurcmcnt of tcl■ain and、voody caliopy hcights llas not yct bccn llilly

cxplorcd tip to thc prcscnt Hcncc、 this study dclllonstratcd a tcchniquc ftbr cstilllating tcrrain and

、voody trcc hcights tlsing a ponablc scanlling Lidar Thc nlctllodology i1lvolvcd gcncration of a

thrcc―dilllcnsionally DTM(Digital Tcl■ain Modcl)and DCHM(Digital Ciallopy Hcight Modcl)Thc

dctailcd proccdurc、vas as follo、vst First、ground and trcc ca〕lopy、vcrc lllcasurcd ttolll ninc polllts

using a scanning Lidar Sccond, the acqutrcd data 、vcrc transfonllcd from polar coordillatc to or―

thogonal onc、arld thcn DEM (Digital Elcvation lヽ4odcl)ftar a sct of data was cstinlatcd Third、thc

DEM｀ s obtaincd at ninc points wcrc nlcrgcd into onc DEM Foti“h DTM was cstilllatcd toln thc

lllcrgcd DEM Finally、DCHM wasど cncratcd by subtracti1lg DTヽ4針olll thc illcrgcd DEM

Conscqtlcntly本DCHヽ 4and DTM、 which showcd cxact trcc canopy and tcrrain stirねccs rc―

spcctivclyA wcrc obtaillcd Thc clTor of DCHM was witl1111 0 34 m and thc RMSE、as 0 1ぷm in

COlllpariSon、vith rcsults obtaincd frolll ground tlllth data lュsing a rangc indcr
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I n t r O d u c t i o n

Rcl1lotC SCnsing is an cfScctivc tcchniquc for asscssing ciミミcts Of air pOllu―

tion and global changc on ttrcsts Thus,scvcral typcs Of rcmote sensing,stich aS

thc Landsat TM(GowARD!比 V`ILLIAMS 1997)or hclicopter―bome scanning Lidar

(NILSSON 1996,Nだ ssET 1997,MEANS&a1 1999)、 havc bccn applicd br this pur―

posc Rcccntly,spatiat rcs01ution has bccn fLirthCr improvcd by thc use of scanning
lidar、vith a small ttotprint and a high rcpctition ratc, mountcd On a slo、v―spCCd
hclicOptcr(OMASA&a1 2000‐ 2003)ヽVhile thcse tcchniques wcre provcn tO bc

el‐tectiven groulld trLith llleasurements arc also llecessary for dctcnllinillg thc accu―

racy of rcnlotc scnsing data Rcccntlyn a portablc scallning Lidar ilas bccn iltilized

for mOre eFicicnt ground mcasurements ofthe diamctcr at breast height(DBH)and

carbon stocks Of trccs(OMASA&a1 2002)InformatiOn aboui nlany trccs is ac―

tltlircd sinitiltaneotlsly tising a poltablc scanning Lidar This advalltagc can bc also

applicd to trcc hcight mcasurclllcnt This 、 vork ailllcd to cstinlatc 、voody trec

hcights f10na threc―dimcnslonal DCHM (Digital canopy Hcight Modcl)uSing a

portablc scanning lidar fOr illorc cfficicnt ground mcasurcnlcnts

14ヽ a t c r i a l  a n d  M c t h O d s

A pOrtabicどrotllldヽヽcallnirltt tidar(Q14016()i acctirac】:土S clllA RIEGLE)、、as tlCヽtl in this
sttldy Fronl thc clapscd t市1lc bct、vccn thc clllittcd arl(l ictしェrilcd lascr pulscs thc lidar can lllcastlrc
thc distancc to thc surttcc of an oblcct up t0 300 111 away Thc wavclcngth and rcpctiion ratc Ofthc

instninlcnt s` tascr―pulscs arc 0 9 μ nl and 12000 Hzに spcctivcly Thc lidar can scan oblccts、イclti
cally and horizol]tally by 1lsi13__yキpolygolnal nlill ors al〕d a rOtating n301口lt SOl〕nc trccs_hcrOヽVintt ill tl,c
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Fig lA sho、vs all example of a range llllagc acquircd tronl a certain point

Tl・cel in Fig iA is the large tree located ill ccntral placc in thc study area Tlle
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DEM ilnages、 vcrc produccd aronl rangc imagcs acqutrcd from dil‐fcrcnt positions

Bccause of onc point incastlrcmcnt,cach DEM imagc includcd blind rcglons duc to

canopy obstructlon by trccs ln addition‐thc spatial rcsolution has changcd cvcn in

thc samc image because the intenrals of laser footprints incrcascd in propoltion to

thc distancc bctwccn a lidar and oblccts 9 DEM imagcs wcrc thcn mcrgcd into onc

DEヽ4 1lllagc tO compcnsatc blind rcglons and to dccrcasc thc difScrcncc ofthc spa―

tial rcsolution This image inciuded fe、vcr blind rcglons bccausc 9 DEM imagcs

、vcrc acquircd iom points surounding trces Morcovcr,thc footprint intcttal M′as

from 5 to 50 mm in this imagc whcrcas it was iom 5 to l10 mm in the case of

Fig lA Since the mergcd DEM imagc was composed of several DEM inagcs,

cach DEM imagc didn‐ t nccd to covcr long distancc ThcrcSorcn diefcrcncc of foot―

print intcrvals in a mcrgcd DEM bccamc smaller than thc onc of DEM obtained
竹om onc point mcasuremcnt

Thc hcight of a mcrgcd DEM inlagc is still affcctcd by undulation of thc

ground To cstimate net tree llcights、DTM was produccd using TIN intc中 olating

lllcthod as sho、vn in Fig lB Although ground surfacc、 vas obstRICtCd by trccs、a

DTM could bc produccd Fig iC and D show DCHM imagcs gcncratcd by sub―

tracting DTM iom thc lalcrgcd DEM Thc nct trcc hcights could bc cstinlatcd

withoutinflucncc Ofthc ground frolll a DCHM image

ThC CFOrOf DCHM was within 0 34 m and the RMSE was 0 18 m com―

paring、vith the ground tltlth Wc obtaincd the grotind tmth and DEM data allllost

siinultancously to avoid inllucncc of trcc gro、vth Thcntt M/c nlcasurcd trcc hcights 6

tiincs per one trec top and thcsc valucs、vcrc averaged to rcdilcc dispcrsion in each

mcasurclllcnt Thcrcforc.thc crror may bc causcd by accuracy of a portablc scan―

ning lidar and thc crror ofthc mcrging process

To conflrm that prccisc cstimation could be accomplishcd usillg thc lncth―

o d o l o g y  S c v c r a l  t r c c s  i n  u r b a n  a r c a  w c r e  m c a s u r c d  t o  v c r i t t  t h C  r c s u l t s  O n  t h c s c

arcas,thc mcthod llas icss advantagc than thc dircct llleasurclllcnt using a trigono―

mctric survcy、 bccausc mcasuring points can bc ttund morc casily and flccly

Thcrc H′crc also fc、vcr trccs that facilitatcd casicr and morc dircct cstimatlon Thc

mcthodology has much advantagc in forcst rcglon 、vith dense trees Measuring

points arc rcstrictcd in a forest and thc numbcr of trccs is vc4y largc,thcrcforc it is
alinost imposstble to obtain all trcc hcights by thc direct illethod On thc othcr hand,

trcc hcights arc obtaincd in our illethod if scvcral mcastlring points can be foLind

thcrc Thcn.infomation about many trccs can bc acquircd as DEM imagcs sirnul―

tancously、tree heights arc cstimatcd cfttctcntly in spite of ntimbers oftrccs

DCHM and DTM acquircd iom our method may includc lllorc infonlla―

tion bcsidcs trcc hcights bccausc thcsc illlagcs havc fc、/cr blind rcglons tllan a

DEM image mcasurcd fl・om onc mcasurcment point As thc ncxt stcp.thc mcthod―

ology、viH bc applicd to a、vidcr rcgion in a fOrcst to takc morc infomatlon such as

forcst ccO―systcm ヽヽ′c bcllcvc that this tcchniquc has a big potcntial and hopcfully‐

can contribute more in thc bcttcr undcrstanding of forcst cco―systcm
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