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To c、a11linc diFFcrcnt mlcthodologics in tllc cstilllation of carboll stocks lll tOrcst、 illany

studics、vcrC C01lductcd in thc past using rclllotcly scllscd imagcrr Onc Of、vhichA icportcd csti11la―

tion付oln a digital canopy hcight inodcl([)CH4`)irllaどC Obtaincd llolll a llcllcoptcl―bolllc scannillg

lidar systclllモiSing a corictation bct、vccn trcc hcight and carbon stock

lf trcc apcxcs arc autolnatically dctcctcd tonl thc DCHヽ4 1lllagc,thc trcc hcights can bc

dircctly obtaincd at thc 10cations of dctcctcd apcxcs ln this study、hcncc、tllc LM Sitcrinど、vas cx―

amincd to dctcct trcc apcxcs autolllatically Aicr a 3x3 pixcl lllcdian flitcr and sonic conlllloll

smoothing iltcr、vcrc lised to remove spike noises and coillplicated unevenncss on a sLlifaCc ofthc

DCHM illlagc,thc LM llltcring was donc to gctthc trcc apcxcs

To gct a rcstJit、ith iowcr crror pOssibly、c▼c,ParalllCtCr was ttincd tclltati▼ビlメbcn〕rc

calctェia市1lg scmivarinilcc、コlucs or siope brcaks llolll thc DCHヽ4 1magc Finally thc LM伺iicring

corrcctl)てlctcctcd 69「lt of t1lc tOtal apGXCS in thc sttJdy tl「ct1 3nd rCsillrcd in con、1、lission criOr(偽isc

positivc apc、cs)。FSl,ち and olllission error(111lSSCd apcxcs)Of 30ツ6 Thcsc crrors、
‐crc catiscd by

C0111plicatcd carlopy surfacc and nonconfonllity lll、virldow sizc of L4ヽ flitcr First、L lヽ Rltcr could

、vork to dctcct solllC trCC apcxcs but cvcn dctcctcd sillall uncvcnncss,、vhich、vcrc tlo(trcc aPcx,On

thc canopy surtacc Sccond, calctュlatiOn Of sctllivaritincc valuc and slopc brctlks faticd tO colllptitC

appropriatcly and could not allocatc mask sizc suitablc to cach canopy lla conscqticilcCi thC LM

lllcthod at this stagc is not adcqllatc to high spatial rcsolution DCHヽ4 imagcs
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I n t r o d u c t i o n

Analyses of ttrest ccltainly givc us nlany bcncflts but accuratc cstilllation

of forcst stttcturc is vcりdifflCult for both the ground mcasurcmcnt and thc rcmote

sensing The difttcultics of thc invcstigations are causcd by complcxity of forest

stltlcturc and its hugc arca Lidar systcnl that dircctly mcasurcs 3-dilllcnsional

(3-D)distribution of plants has bccn dcvelopcd in forcst survcy(LEFSKY & al
2002)Rcccnt progrcsscs Of lldar tcchnology sho、 v that it is possiblc to covcr thc

cntire ground surfacc、vith high scanning fl・cquency and small footprint and that

high―rcsolution lidar imagcs can bc acqtlircd With thesc high―resolution ilnages、

、vc mcasurcd trcc hcight of Japancsc ccdar(C′】r,rο′77β′ザごαブqひο,7'C`7)aS aCCuratcly

as ground mcasurcd data(OMASA&a12000,2003)At thc samc tinlc,thcy indi―

catcd that thc trcc hcight corclatcs 、vith thc amount of carbon stock Ho、vcvcr、

complicatcd up surface of trcc canopy can increase thc difttcuity to dctcct trcc

apcxcs ln the conventional incthod,thc locations of treetops in lidar imagcs、vcrc

dcterlllined by human's cyc and thcn the calculatcd hcight at thc location in thc 3-D

lidar iinagcs、vas assigncd as cowesponding trcc hcight it is highly rcqutrcd to dc―

vciop a morc rcalistic llacthod to dctcct trce locations,numbcrs and hcights in largc

forcsts Onc ofthc potcntial mcthods to dctccttrcc location is local maximum(LM)

nitcring( VヽULDER & a1 2000) ヽ Vith that techniquc. thcy asscsscd thc abllity to

locatc trccs with l-ln spatial rcsoluHon alrbomc multispcctral imagcry Thc ottcct
of this study is to dctcct trcc apcxcs with high―rcsolutlo■3-D lidar imagcs by LM

method and cstilllatc thc incthod's accuracy of dctcction

M a t c r i a l  a n d  M c t h o d s

Thc study arca is a Japancsc ccdar fOrcst、which locatcs ncar Tanzawa Lakc,Akita prc―

6ccttェrc Japan and lidar illlagcs for thc 、vholc arca 、vcrc takcll and ground invcstigatio11 、vas

achicvcd fOr thc cxpcrilllcntal arca Mcasurclllcnt 、vas llladc in thc cnd Of 4ヽay 1998 by モISing a

scanning lidar systcill(ALTM 1025 spccial lllodclt Optcch Co and Acro Asalli Co、 Kawagoci Ja―

pan)fronl a hclicoptcr Thc scanning lidar systci13 has irst ptilsc nlodc、、vhich acquircs ca13opy clc―

、atlon data, a1ld thc iast puisc ll10dCゃヽvhich acqutrcs tcrrain clcvation data By stibtracting tcllain

clcvatioll rl olll canOpy cicvation on thc sa11lc pOsitioll.a digital canopy llcight lllodcl([)CHl｀4)、vas

o b t a i n c d ( O M A S A & a 1  2 0 0 0  2 0 0 3 ) F i g  i  s h o w s  t h i s  D C H M  i n l a g c  o f t h c  s t u d y  a r c a  T h c  m c s h

s i z c  o f t l l c  D C H M  i s  1 0  c m  b y  1 0  c m  O n  t h c  g r o t l r l d , w c  n l c a s u r c d  t h c  l o c a t i o l l  a n d  n u n 3 b C r  O f  a l l

trccs、vithill thc study arca

3-D lidar imagcs wcrc proccssed by somc basic prograllls written by us and analyscd with

program writtcn upon thc study with LM mcthod(WuLDER&a12000)Thc original DCHヽ 4 1lllagc

tiStlally 11lcludcs spikc noiscs. 、vhich ca1l scriously attcct thc acctiracy of flnal rcsuits To dcictc

thcsc noiscs.thc 3-D llllagc、vas prc―trcatcd by lllcdian flitcring Our carly study sho、vcd that colll―

parcd、vith llon―llitcring trcatmcllt and trcatilacnts、vith didttrcnt sizcd iltcrs、a flitcr、vith a sizc of

3X3pixcls is suitabic for trcc hcight csti11latiOn(C)MASA&a1 2000)In thiS Study、vc alsO usc thc

i n c d i a n  S i t c r  o f 3 X 3  p i x c l s  t o  p r c―t r c a t t h c  D C Hヽ4  1 1 1 l a g c

if thc location of a trcc is kno、vn‐trcc hcight can bc dctcrlllincd、vith thc DCHM llllagc

LM llitcring dctccts trcc apcxcs automatically and dircctly llonl thc 3‐D llllagc Thc L4ヽ nitcring iS

a sinlplc lllcthod to pick up iocal lllaxllllllm p011lts LM llitcr tiscs a lllask that is passcd ovcr aH thc

pixcls in thc lllask and dctcrllllllcs if a givcn pixcl has highcr valtic than othcr ptxcis 、vithin thc

lllask Thc pixcis idcntincd as thc hiどhcst valuc、vithin thc llaask arc notcd as trcc locatiolls Bccausc
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thc pcak of coniScr trcc is thc highcst valuc、vithin thc trcc cro、vn,only trcc apcx、vill bc dctcctcd

Ho、vcvcr,plants in Sorcsts arc hctcrogcncously distributcd and thcir sizcs arc also difScrcnt Hcnccn

to allocatc illask sizc to cvcly 10catiOn bascd on iocal spatial structurc、cithcr scilliVariancc or siopc

brcaks、vcrc calctilatcd bcforchand Scmivariogralll is oftcn applicd italagc proccssing tcchniquc in

rcmotc scnsing(CURRAN&ATKINSON 1998)and l lS ncccssatt tO SCt SOmc parametcrs whcn

SCllliVariancc is calculatcd Siopc brcak is a simplc mcan mcasuring numbcr of pixcis from ccntral

pixcl to thc flrst inflcction point in thc gradicnt of pixci valuc around thc trcc This 1luilabcr is calctェ
ー

latcd in aH cigilt cardinal dircctions and thc illcan valuc ofthcill is uscd as a custorn lllask sizc Thc

valucs illadc by thcsc t、vo calculatiolis indicatc pixcl scl←silllllarity ovcr stlrrounding pixcls Thcnl

bascd on thc valucs that rcprcscnt this stRlctural col■clation‐ LNrl flitcrillど、vaS CaHicd out ovcr thc

prc―trcatcd DCHM llllagc Thc dctail dcscriptions of cvcry proccdurc are tollo、vcd thc original study

(WULDER&a12000)
Evcn ancr mcdian nitcring,lllany tincvcn arcas rcillaincd in thc DCHM l133agc This un―

cvcnncss on thc canopy surfacc、vas thought to affcct proccsscs in calculatillどscnliVariallcc or siopc

brcaks and dctccting trcc apcxcs by Lヽ4品ltcring As additional prc―trcatmc1lt、collam01l sllloOthing

iltcr.or a、vcightcd avcraging nitcr、vas tricd to rcillovC thC Colllplicatcd structurc on canopy stェr―

facc and thcn Lヽ4 nitcring Was collduCtCd agalll vlith thc silloOthCd DCHlヽ4 1lllagc

R c s u l t s  a n d  D i s c u s s i o n

To apportion adcquatc mask sizc to cvcry piXCl in thc llllagcn it is neccssary

to compute the structural corelatlo■ 、vith selllivariance or slopc brcaks Thc pa―

ralalctcrs to calculatc valucs of thcsc valucs、vcrc tuncd to scck thC bcst condition

おr trcc dctcction by LM nitcring Thc rcsults of LⅣ I Inethod、vcrc sho、vn in Tablcl

bcio、v The total cllors in Tablcl arc the results ofthc lo、vcst crlorn in othcr、vords,

thc most accuratc rcsults in cach proccss LM mcthod of cvcり prOCCdurc rcsultcd
in morc than 6101j in total cror High valucs of onlission and conllllisslon crlors

、vcrc thought to bc duc to a samc factor High spatial rcsolution irnagc 、 vas ap―

proxirnatc to thc complicatcd rcal canopy surfacc Thc complicatcd stltlcturc madc
the calculatlon for semivariance or siope breaks difflcult and those valucs‐  M′hich

represent ptxel self―silllilaritics ovcr surlounding pixcls,could not colrectly retlcct

thc stttcturcs of DCHM surttcc Mask sizc on cvcry pixcl 、 vas dccidcd by the

valuc of scnlivariancc or slopc brcaks Thcrcttrc, appropriatc sizcs could not be

assigncd to masks on cvcn pixclin LM flltcr proccssing Conscqucntly,LM nitcr_

ing lllisscd large number oftrccs and detectcd many最 ュlsc points Additionally,it is

thought that a singlc proccssing that dctcctcd trcc apcxcs dircctly舟 om a DCHM

causcd this nitcring a lot oF crror Ccncrallyぅit is difflcult to cxtract spccinc infor_

mation,H/hich is trcc apcx in this study,舟onl enol■llous amount of data

High spatial rcsolution ttrcst data、vlll givc us valuablc infomation Ho、 v―

cvcr‐trcc dctcctton by Lヽ 4 111cthod co11ld not、vorkヽvith high acctlracy lf highcr

spatial rcsolutlon forcst image is used for its analysis, it、vill be more difflcult to

gain uscftll inttHllation wc cxpcct Thc rcsult of this study indicatcd that LM
mcthod does not have enough technical flexibility to heterogeneousness of rcal

forcsts Hcncc,ncw stmcture analysis techniques should bc dcveloped as an altcr―

nativc to calculatlon 3or se■1lvariance or slope breaks At the same tilale,an cntircly

ncw lllcthod may bc composed ヽ Ve bclieve that nc、v challcnges 、vill overcolllc

thcsc problcms
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Fig i Thc DCHM imagc ofstudy arca(thC Sttidy arca ts surroundcd by lillc)

Tablc l  Rcsuits of Llヽ 4 11itcring  Thc rcstllts arc catcgOrizcd by proccsscs Of

prc―trcatmcnt Eror is thc ratio to all trccs in thc study arca(レ6)｀
｀
MiSSCd｀
｀
rcprcscnts ollliSS10n crror

and t f`alsc p()sitivc"rcprcscnts colllnllSSion crror いTotar  `ls thc sunl of olllission and colllllliSSiOn

Error('6)

Snloothill望 Misscd Falsc Total

rm〕

Scilll、iariancc

Slopc brcak

41

43

44

31

25

34

28

3t)

66

77

72
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