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Accuracy of the Information on the External Crown Form of Individual Trees
Extracted by Airborne LiDAR in Urban Spaces

Haruki Osmio™, Takashi Asawa™!, Akira Hovano™~ and Satoshi Mrvasaka™

Abstract

We examined the acquisition accuracy of high-resolution airborne LiDAR for capturing the external forms of individual
trees in an urban district. The accuracy of the voxel-based reconstruction of the crown form was verified in anticipation of
estimating the leaf area density (LAD) distribution. We calculated the decrease in the number of airborne laser beams
incident on a crown in each height bin for 20 Japanese zelkova trees, and then, determined the target tree. Terrestrial
LiDAR data of the target tree was used for the verification. We examined the spatial accuracy of the airborne LiDAR
points on the crown surface before verifying the accuracy of the voxel-based reconstruction. The results confirmed that
airborne LiDAR captured the crown periphery with the spatial accuracy of 0.5 m and 1 m in the upper and lower parts of
the crown, respectively. Next, voxels including one or more points were extracted as the areas in which the foliage is
distributed. We then verified the distribution accuracy of the extracted voxels, and we found that 60 % of the external
voxels derived by the terrestrial LIDAR can be extracted. We also investigated the reasons for voxels not being extracted
by the airborne LiDAR, using the LAD in voxels derived from the terrestrial LIDAR data. We observed that 96 % of the
external voxels derived by the terrestrial LIDAR was comprised of voxels extracted by airborne LiDAR (the adjacent
voxels of which can be extracted) and voxels that had insufficient foliage to trigger a return pulse. Our results
quantitatively indicate that high-resolution airborne LiDAR is applicable to the voxel-based reconstruction of external
forms of individual trees in urban spaces.
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Fig. 1 Airborne LiDAR observation courses, location of
the target zelkova tree and terrestrial LIDAR ob-
servation positions, laser zenith angle on horizontal
plane at the location of the target tree.

Table 1 Airborne LiDAR observation conditions.

Date: 2010.9.6 Observation system: SAKURA

Altitude: 350 m (Heliborne system, Nakanihon Air Service)
Laser interval on the ground under the flight course:

0.25 m (scan direction), 0.2 m (flight direction)

Scanner: LMS-Q560 (RIEGL) Wave length: 1550 nm
Ranging accuracy: 20 mm Laser beam divergence: 0.5 mrad
Range resolution: 0.5 m Number of targets per pulse: unlimited
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Fig. 2 Airborne LiDAR data (Left : Hisaya-Odori street
(course 2 and course 3), Right : Z. serrate used in
the verification (course 3)).
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Fig. 3 Terrestrial LIDAR data of the Z. serrate used in the
verification.
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Table 2 Laser interval and laser zenith angle at the location
of the target tree.

Zenith Laser
angle (°) interval (m)
Course 1 263 0.31
Course 2 7.8 0.26
Course 3 4.9 0.26
Course 4 21.6 0.30
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Table 3 Terrestrial LIDAR observation conditions.

Date: 2010.9.2 Scanner:VZ-400 (RIEGL)
Scan angle range: -40-60° (vertical), 360° (horizontal)
Interval between consecutive laser shots: 0.04°

Point interval: 7 mm (vertical plane at 10 m ahead)
‘Wave length: 1550 nm Ranging accuracy: 5 mm
Laser beam divergence: 0.3 mrad
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Fig. 4 Ratio of number of the lasers incident on each bin to
number of the lasers incident on a crown (Height of
a bin : 1 m).

(1) Point cloud (2) Each bin is divided (3) Each bin is divided into
is divided into  into eight areas. segments with central angle
X m bins in Average radius R(Tr,) 6. The length of a chord
height. is calculated. with the central angle 6 is X
at a distance of R. External
points are extracted (O).

Fig. 5 Extraction of points distributed on crown surface.
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Fig. 6 Average Ax (Difference in distance from the ex-
tracted point to the crown center between airborne
and terrestrial data) in the entire crown area ac-
cording to division interval X.
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Fig. 7 Variation of 4x (Difference in distance from the
extracted point to the crown center between
airborne and terrestrial data) according to height
derived from course 3 (4 x is averaged in each bin).

BOEE%E 05m, 0% 45° & L CTHERIROBHRMEI MK
FHEINTVD, R TIIIMVET O K OZEMKEEE 2 <25
72912, X=2m, 1.5m, 1m, 0.5m, 0.25m ® 5 i h D5
MIbE TR At L7z,

4.2 IREHER

4.2.1 BREOPLEEDEROBELSzHMETIE

B2 —ILDOREE

4.1 THELEZEZ XY MIBWT, #ZH LIDAR
Ty o Lz meEohime o, &,
FAEILIDAR 7— % 22 bl Lz el i & O il x, o
#Ax(=Zh,—x|) ZEHLZ, Ax & XIVNEWIT EHiLZE
B LIDAR 2 @45 E ICEHE OAVE OB R EZ IS L T
W3 Z EIZ7% b, Fig. 6 ICHLZEHE LIDAR 7 — % % & JA%
I EN-ETOE T A Y MIBIT S Ax 2 FH LR
ZARYo Fig. 710 Ax DR SITL B L%, 320D XIZD
WTRT e EBRIZIE Fig. 7 O & 9 (IHBHE T BRI &R REAME
TLTWLA, Fig 6 132 %FH L THEEKORE &
LTRLTWA, KEBGTDEZ A Y MIBWTIE x,—x, AF
HTHo7z72®, Fig. 6, 7R HEES 720 #2248 LIDAR

—3563 —



WLZERE LIDAR & FI V72401 22 IS B 4 2 BIAR O TR oo fli R 12

o
D
%0

~ N
»:‘

-
*

(4
II’
2 04 % —&— Course 1
[ P
T - //’ —i4— Course 2
= Gourse 3
0 : : ==X-- Course 4

2 1.5 1 05 025
Division interval X [m]

Fig. 8 Average ratio of segments where no point was
extracted from the airborne data but a point was
extracted from the terrestrial data according to
division interval X.
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Fig. 10 Procedure of external voxel extraction.
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Fig. 12 Variation of estimation ratio according to height.

Table 4 Estimation ratio in the entire crown area [%].

Voxel size Coursel  Course2  Course3  Course 4
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