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Mapping of Tree Position of Larix leptolepis Woods and Estimation of Diameter at Breast Height (DBH)

and Biomass of the Trees Using Range Data Measured by a Portable Scanning Lidar
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Abstract

In natural woody conditions, measuring tree position and diameter at breast height (DBH) of each Larix leprolepis
by a portable scanning lidar is not easy because the tree is covered with not only their own thick branches but also
other plants such as small broad-leaved trees, vines, epiphytes and quite tall ferns. Therefore, new methods for
mapping tree position of Larix leptolepis woods and estimating the DBH using the range data of measurable tree parts
obtained by a portable scanning lidar with high spatial resolution were examined. Furthermore, biomass of the trees
was estimated from the DBH.

Using the range data measured by the portable scanning lidar that was set at a point in the woods, each tree
position was mapped. Within the area of the angle of 170 degrees horizontally and 10m from the lidar. the number
of measurable trees was 14 (100% of all trees in the area), within the area of 15m the number was 24 (837 ), within
the area of 20m the number was 29 (66%), and within the area of 30m the number was 44 (4572). Then the DBH
of each tree was estimated in error of RMSE=7.3mm from the trunk diameter measured at a certain height of the
tree using Eq. (1), where the coefficient k (h) had been obtained beforehand. Also, the biomass (fresh, dry and
carbon weight) of each tree was estimated from the DBH using a quadratic equation (R*—0.96) correlated between
DBH and biomass above ground. Furthermore, the biomass per square meter was estimated in error of 2.7% within
the area of 30m from the lidar. The fresh weight and the carbon weight were obtained from the dry weight multiplied
by 1.7 and 0.45 respectively.

Keywords : biomass, carbon sink, diameter at breast height (DBH), portable scanning lidar, tree position

1. FLC®»IC

FRMARER O R4 O IR IR L ORI BEE L €, FRpK
DGR NA A T RAEFEE I CHEET 2 2 BB BEE SN
B0 IS, HAERE S QRS ICIT T, FRRIIE O RERR
TEENTS &1 & 2 MO RFERINEDZ AL % IEFEICFEM4 5
1O DFEOMNBE L INEYY, Zofdh, VE-|
ey vyl ETORREFBHTEESR 7 7 v 7 REIED
F v b T — I BEERRE LEMESBRAICITODRS LS
A 16 o e e

TRV DR 0 PR BB EHEE D 72 D34 & < 223K
5 1z, fitZEE Hill&E 5 SAR (Synthetic Aperture Radar),

Landsat TM (Thematic Mapper) 75 EAF|HL /Y €— b
vy SOWELITORATWEY™?, ThbiE, EEHOD
BREEZICEEL TV 55, BEOSTHEELS - 12,
T, fnZERiEE{ @ Scanning Lidar IZ X 2D ) € — b
vy vy ITbNA LI, FTKRD 3 IRoTHEE PN
A A2 ZBE D ERITEONE &S ITIE > TE RO

—H, VE—bEVYVITF-5OEFTOLOITE, H
FRABIC L 2BNIDBMBRETH B, Hi EFEIC L D IERHES
G LA A =2 %2K» B1Tid, BIROEHEED/ A
A2 ZARBRNDONA A< ZERESTSEEBMETH S
B, TOHICBBREBEEEFTNELELEST L, DK
Y, WRZERRE LicH Ef i, S<KRon#pHT
Bl » TN A< X EfIEEEORGRERD TH &, Hig

(2002.2. 14 5Zf+, 2002.8.5 k7T
* TR RFE R R R

T113-8657 BEHECHAXTRAE 1-1-1
*2 [FEN BRI BRI S T 2 & —

T305-8506 ZKIKEED < IETH/NEFII 16-2

*1 Graduate School of Agricultural and Life Sciences, The Uni-
versity of Tokyo, 1-1-1 Yayoi, Bunkyo, Tokyo 113-8657, Japan

*2 Center for Global Environmental Research, National Institute
for Environmental Studies, 16-2 Onogawa, Tsukuba, Ibaraki
305-8506, Japan

— 550



HAY €= &y ¥ #2358 Vol. 22 No. 5 (2002)

TBENEBES LS ERD 5N 4 < R A2 HEET 5 FEL

FICHOVLLNTERY, LbL, HERIZZL DERNE
L4 2 HAOKEOHRM TR, WEEROREEITIICH
ERISFNEMEEL, T, FHEICLD, HRKEES
59 &V RTEND - fo,

I0kS5RTEHNS, KL, HIEFABCS, AHED
Scanning Lidar (Range Finder) ZMH V), HAD 3 Kook
2T 2 T EDfTOND L DTS > TE DO 3K
59, TOEEEMKEYSEL, Fi, BIARD TR
HEfTbans, FHTREL O E G coEE RO
AR L7z Lx L, COFEE, WKRMEY P TR
HoTHALDODE O XL ERDIREED BRI (358
TXhpote, Tk, HHLICEEDHEENEDN -
FTHIEEZE DS RMSE=45mm & K & <, {EED S CRiED
ot SHIT, MARMEBEOZ v EY 7PN 1 4 <20
ERITONTWIED - e,

Z T, AR TE, FRIOKRD/INERLIER, H3 0
EHRE S ETESNTRBELOS X Y T LHRD
REORBMENR E LT, L0EEOS VAR ® Scan-
ning Lidar ZH W THRMARZE 3 KocEtlll L, MSER %z
KD BFHRICOVTHRI Lo LT, lx ORIARMLED
Ty EvTENAAv R (HER, EYER KRKES)
DHEEZETT > 126

2. RMEETE

2.1 xigithig L BIFERRAET -4

M & LT, dbimE S/ NMRTTIC b B ER BRI SE T
D EESHERIR (51 5 < (Larix leptolepis) NTHK) DH
FEZHAIX (Jb#E 42°447207  HEf% 141°31730.07, 100100
m®) 2, A% Scanning Lidar (DR “A[##Y SL” &
BS54 ICk BEME, HEHKEEY O£ < %5 Mk D
2001 4F 10 AWIANCFERE L 72,

J7, FAEXANOREAZ, 200049 H FalicitbhifE
KEE (lEEEh 50mm LI EOBIRAENR & Lok, #
F=2Y &, £T50mmPlEchsi)ick s clsMhieE
nTtuws, To@AHEETCR, AEXNIC 0l ADH 5 <

[EEETH 60%) Oftl, 16 AoV <y ({HIKKTH
2% ) 2407 KO RHEDOILEMMNFEL, At 1,024 Aot
KAEBLTOLA LR sz, £72, MEKREDIE >~
TESELL, ity ESEEL TV, Bk, #AARKX
N} RIEETH - 7o,

FLoBAHE TR, BEMIESMKADOS 5= 104K
L, AREAOEER (G 1.2m) SRS,
MEFEo M A= 2 (FER ZYER) MAESLTL

22 FAEESIUFTAIAE
M, FEXICAWRISL 2REBE L TIT- 7o ZOH

# T SL (RIEGL LPM-25HA) DH:REWE, SHiRlEEFAS 2
m~60m, THAIOEEEED) 8mm, KE, EEHARDH

FE S RREDS £0.009 FEETH - 120 F 72, BIREHNIORIE % &
F 5oz, BADL -3 —DREENE ST X b
NIVRE— FCTetlllL7ze TDEBEOL—F—D7 5 k7Y
¥ b 20m BN - S TR 20mm Th - 72,
AN, MEEREEROESICB Y 2 MEE S DR
FEFAXB DI, FEREERNICBVT, REEEss
60mm~290mm D # 5 < 11 KZEFEL, #E EfHr oS
Rt N % TAGHAIRTRE /2 A7 I AT SL 2 3% L ¢,
=& 0.5m Ll Lo A 0.1m EIcEHll L 7c,

xic, FHEXHNO—HOBAREGRE LT, AR SL
ERWIETIZT - oo Z DS, BHEL SL DEENE
TX 5K IE L OBARIGEGR T & 2 %80, HEE
ZhulE LT, KEBLCEELROMERHEEZ R+ ¢~
L, HEBEERT— 4 257, Lo, FRIORD/NMELHK
Rt & TSN T, FHAPR & LR Z < s
B8 DFBISEE L2 - 720 188, ORI, FHRXHA
TR — L EEE L, HimoEROIREEHRL 1o

Fio, FHRAISL ic X AETARREEREET A /cdic, T
DAL T, B2 HOT, FHABSSREPH (RlH#gf SL %
il L7cwle OKEASRD OFPH, FHEEC 10m, 15m,
20m, 30m OFP) DLTDOH 5 <Y DffiEERANE
L, TOREEHZ 12,

2.3 BiAE

AR SL T & - TRl S ucipit = — o 2 5, FHA
RELIBARDEN< » £V 7 Lfi@BEEKR T A 4 < X
ZHEE T B 1D J1E% Fig. 11TRd, LLNICBfRREF
IEic> W4 %,

(1) HEEHoBEREFLOHEE

A SL T & - CEHMlE iRl — 4 (Fig. 1 (1))
%, @DV 7 b9 =7 (LPMSCAN) 2 £ 0, 3 KonZER
tox, y, 2 BEECER LI, 2 LT BlETEIESEE
% xy Ef ol T — 2 2L L, Mz L 7~
(Fig. 2)o T O, BIEASEALL, fli L 22 Halss i
Wb DR AEE L, RIH 2 MHUELOZHO RS
13, AT SL 22 6 D L — H — DR IT b 72 - TG &
NIAETH S, TN6DEETHIES NIz HINC NS
5 IEMAER L, BEoERE fubERD 72 (Fig. 1 (2)),
(2) MIEERE A 4 < 2 DHEE
HAjomEAHE T, e OBRDREERE S EH o
WA F < ZOBARSRDSNT VWD, TDk, MESEE
HEShNE, FHxOBKD A 4+ < ZABHEETX 5,
FHIOKRD/INERILEE, 5 5 O ISMRIEYI7S & Tl S
NTHEBELODF D EDLVHROKEORMENR & L
T, MEERERD 51, FHAREN & & TORMERR
ZHWT, WEEREHEET 34682 5, @S h(m) I
B A2HBERED (W) (mm) %MW, ysEER DBH
(mm) BRXTHZ SN 5,

DBH=k(h) (h—1.2) +D(h) (1)

— Bl



[#:7%! Scanning Lidar 7 — ¥ 2\ /o 1 5 = Y ROEIM = » £ v 7 ESEEKR O NA 4 < 2 DHEE

Measurement by portable scanning lidar
ey

Data transforming into x,y,z axes

Extraction of the detectable trunk arc
of each objective tree and the height

Drawing the circumference at the height

*(2)-1

Diameter coefficient, k

Measurement of actual DBH

@

\/ \/

Estimation of the diameter and the center —® Estimation of DBH —® Estimation of RMSE

vV ©-2

Mapping of the tree position

¥ O

Estimation of fresh, dry and carbon weights

 J6)

¢ ©)
‘b @)

Fig. 1 Flowchart of digital image processing for mapping tree position and estimating diameter at breast height
(DBH) and biomass of the trees using range data measured by a portable scanning lidar.
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Fig. 2 Conceptual diagram for estimating the diame-

ter and center of tree trunk. Black dots show
positions of tree trunk measured by the porta-
ble scanning lidar. The diameter and center
are obtained by drawing an inscribed circle of
dots.
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Fig. 3 Range image measured by the portable scanning lidar (see Fig. 1 (1)).
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Fig. 4 Tree position map of Larix leptolepis woods
estimated from range image shown in Fig. 3
(see Fig. 1 (3)).
O : tree position where DBH was measured
X : approximate tree position where DBH was
not measured

% : the origin where the portable scanning
lidar was set.
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Fig. 5 Relationship between coefficient (k) and tree
height (see Fig. 1 (4)).
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Fig. 9 Total biomass (carbon weight) of each tree
shown in Fig. 4 (see Fig. 1 (7)).
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