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3-D Measurement of Terrain and Woody Canopy Height
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ABSTRACT

A method for estimating three-dimensionally DTM (Digital Terrain Model) and DCHM (Digital Canopy
Height Model) from range data measured by a portable scanning Lidar was examined. This method is expressed by
(1) measurement of ground and tree canopy from nine points using a portable scanning Lidar, (2) transformation
from polar coordinate to orthogonal coordinate and estimation of DEM (Digital Elevation Model) for each set of
range data, (3) estimation of a composite DEM from DEM’s obtained at nine points, (4) estimation of DTM from
the composite DEM, and (5) calculation of DCHM by subtracting DTM from the composite DEM. As a result, the
DCHM and DTM showed exact tree canopy and terrain surfaces. The error of DCHM was within 0.34 m (0.18 m in
RMSE) in comparison with results measured by a rangefinder.
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Fig. 1 A measurement point and scanning range.
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Fig. 2 Distance image of a test site from point A.
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Range images measured by portable scanning lidar
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Fig. 3 Flowchart for 3-D measurement of woody
canopy height.
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Fig. 4 Transformation of coordinate.

Eco-Engineering

SHEST MDA F X YA BIREETINOZ X v 2 HETH
bo F72. x,yld, FNFN Lidar O E M ZH N E L7z
L ZOEATHEETOMNE (x,y). zI3HSTH 5,
SHIEHREOMEE B, 2z 2R L ) FEEFGP L O S
hiIZHIIEL, SOz zOUb D ICHWAE Z &L LTz,

h=z+H (4)

CCTCHEEFBEIMERTEID SmEVES L, HIZEES
POEDEShZROLIZODHIEEITH %o HlER %= H
K25 5 mIEWEICT A LIk > T, HFERIZMY
WHoTHbheE LTEIHWICIEOMETUET L2 EHNTES
£ % b,

FREOMIE % Lidar D&M (A to 1) THHI S 7z fg
I LTI, 9D Xy v 27 —% 57V (DEM .
Digital Elevation Model) #1572, 735, AiLEEE L C HifEm
BIZEINTVDL AN, ZIRO ) A X BET L2012,
SXSHEHEDATAT VT 4 )IVF =47 572,

4.3 Ay aF—2DEK

R Scanning Lidar (2 & V) #5365 L7z BB i {5 O DEM
. Av a7 OBEIEIEEEIE ML B b, T
#3205 OFHICIE, SR E OB O T — 4 2145
ZENTEL Y, 2O, EPREREBIUHEE W) R
e BALE D B 15 5 N2 D DEM % —2 @ DEM 124K
TLLEND 5,

42 THRONZ9 BTN LDDEM X, ZNENEL L0
VLEEE S o TWwh, £2T, 24D DEM % 5[] —
G E 3D R L, 77 1 s F O R A
T 5. FAEOHET, TOAS 72 DEM 21 DEM
TERTHE VS EIZ LY EEISE— SNz 1o
A% DEM 2 EI%§ 5. OB, W—o (x,y) HELEIC
Rlp D 2 JEREDS S DA S, 2RO R D KE WT—
et L7z,

4.4 HWREASLIVEESOHETE

PERDPEOEARTIE, ZDGE. BRIZEI) L —F
—HNERT S, MEREZFHT 2 EARETH L, £
T, 7 — ¥ OIFT & 72 H Lo 2 & FHIE P O Hh 2
WA HEET HLEND 5,

FEEMEROMLIZIZ, EHDEMOE A 7 F 4% H
Wi, HEESHET LY 5 mEWEEICH L0, LA
NI AETIEh=5 m{TEOS5fiashkmERL, Ih
b, MET e L, S50, S THRLNERE
M 2> 5, TIN NifiE: (Dakowicz et al., 2003) 12 & DK
AEH AT & HEE L 72 TIN IS 3 1 & P IHASHERL S
NBLFBIZHEONTE ), EHEO3 N TEM LR L.,

(13) 205



MR T — & DI SR 217 ) FETH D, T
ORI XY | ERN K EMET (DTM | Digital
Terrain Model) % 4T &, BIEMREE N OHRH A5 1L
v &) REDIRIRTE %,

BEmD Xy va7—%F7) (DCHM . Digital
Canopy Height Model) 1. 4.3 TS5 7248 DEM % 5 #
KHDA Y 27— DIMEG| ZEIZL - THEE L7,

5. MREIVEE

5.1 TA[#E Scanning Lidar 7 — % Q&R

Fig. 51X, Fig. 1 DR E T A 25 O (%% . 4.2 Tik
N7 HEEAWTER L7 DEM Th 4, ZOMHIETIL,
h=000m#”»53664mEFTESL—Ar—)LCEL, B
WIS DI, AL R ABIIONTEEDNEL L L)
ICRENTWE, ZOERTORIEEIX, B2 ik
% S MR ORMK S RIEL T b,

Fig. 6 (&, 4 T® DEM % & L 72 DEM % Wif# T/R L 72
bOTHbH, TOMBETIE, h=000m» 54492 m T
BT LV—AT—NVTERLEZLDTHSL, TOWHIZEDH T
—FEPHEIML . GERER S CEHIEPRS 2 o T B T k
WHERRT & 5,

COMFZ XY | AR Scanning Lidar 12 & ) 155 4172
PREEEI{£ D DEM 25, A v ¥ 27 — & OFEH REEIT &
MCRD, 1#si2 5 OFHITIE, FHINE OB DT
— BB ENTERNE WD BEIIRRTX 7,

Fig. 71&, ADEM OB S %2 LA M7 T 2L L7z DT
Hbo TOLANTFTLIIBWT, h=5mEDESEH
FHE L, BEZ 440m 205 505m &g L, FEilEL )L
POOEEMERET /20 SO, T THOLNEEH
Fifi 6, TIN WIREEC L )RR ER T % HE52 L 72, Fig. 8
. HELAHEROA Y V27— DIMTH b, 2D
WUERZ &Y | B AR 2 AR A 2 E ST & 7,

Fig. 913, 4 DEM #*5 DTM % O Z & 12 & » THEE
L7 DCHM CT& %, MR ORI, FHIHAK

Fig. 5 DEM : Digital Elevation Model
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Fig. 6 A combined DEM.
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Fig. 7 Histogram of a combined DEM.
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Fig. 8 DTM : Digital Terrain Model
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Fig. 9 DCHM : Digital Canopy Height Model
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