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3-D Remote Sensing of Woody Canopy Heights using a Scanning Helicopter-borne
Lidar System with High Spatial Resolution

Kenji OmAsa*!, Yukihide AKIYAMA*?, Yasuhiro ISHIGAMI*! and Kenji YOSHIMI*?

Abstract

In present paper 3-D remote sensing of woody canopy heights using a new scanning helicopter-borne lidar
system with high spatial resolution was examined. This lidar system was characterized by (i) almost ground
surface was covered by scanning a laser beam of small-footprints below tens of centimeters, (ii) precise grid
data were obtained by rectangular scan using a garbomirror scanner, and (iii) there were two operational
modes, first pulse mode (FP-mode) for measuring woody canopy and last pulse mode (LP-mode) for measuring
ground level, of time interval meter measuring the elapsed time between the laser pulse emission and the return
of the reflected pulse.

FP-mode DEM (Digital Elevation Model, grid interval=33.3 cm) and LP-mode DEM were calculated from
data measured by FP-mode and LP-mode. DSM (Digital Surface Model) was computed with an error of about
15 cm from the LP-mode DEM. Mesh data (DCHM) of woody canopy heights were obtained by subtracting the
DSM from the FP-mode DEM.

The laser-derived tree heights of 14 coniferous trees and 6 broadleaf trees estimated from the DCHM were
in error by less than 47 cm (RMSE=19 ¢cm) in comparison with the ground measured tree height. The median
filter (3x3 mask) was effective for removal of spike noise in the DCHM. The result showed the accuracy of tree
height estimate was extremely improved by the mentioned method using the scanning lidar system with high
spatial resolution.

keywards : 3-D remote sensing, DEM, DSM, scanning lidar system, tree height
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Table 1. Performance characteristics of the lidar system

Model No. of the system
Laser wave length
Pulse repetition frequency
Scan frequency
Scan angle
Sampling data per one scan (one round trip)
Scan type
Beam divergence
First pulse mode
Direction of scan
Direction of flight
Last pulse mode
Direction of scan
Direction of flight
Range resolution
Range accuracy

ALTM 1025 special model
1,064 nm (Nd: YAG)
25,000 Hz
25 Hz
226  deg. (max.)
1,000 points
rectangular scan or triangular scan

1.2 mrad
1.4 mrad
0.25 mrad
04 mrad
1 cm

<15 cm (single shot)
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mode data
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Ground GPS

Computation of the
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laser point coordinates
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R
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mode data laser point coordinates

J (c)

Computation of the
highest point surface

} o |

Estimation of woody
canopy height
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Schematic diagram of 3-D remote sensing using a scanning helicopter-borne lidar system.

(a) LP-mode DEM. (b) FP-mode DEM. (c¢) DSM. (d) DCHM.
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Table 2. Flight data and characteristics of the lidar system on the ground

Flight data

Altitude : distance from a helicopter to the ground surface (or woody canopy)

First pulse mode (for measuring woody canopy)
Last pulse mode (for measuring ground level)

Swath width
First pulse mode
Last pulse mode
Speed

Characteristics on the ground
Footprint
First pulse mode
Direction of scan

Direction of flight

Last pulse mode
Direction of scan

Direction of flight

170-240 m
470-540 m

ca.80m x 3 flightlines
ca. 180 m x 1 flightline
ca. 50 km/h

20.4 cm at 170 m altitude
28.8cm at 240 m
23.8cm at 170m
33.6cm at 240 m

11.8 cm at 470 m
13.5cm at 540 m
18.8cm at 470 m
21.6 cm at 540 m

Distance between the centers of neighboring footprints

First pulse mode
Direction of scan

Direction of flight
Last pulse mode

Direction of scan

Direction of flight

11.3cm at 170 m
18.8cm at 240 m
28 cm

36.8cm at 470 m
42.3cm at 540 m
28 cm
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Plate 2. FP mode-DEM of the test site shown in Plate 1.
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Plate 1. Aerial photograph of a test site.

Elevation

Plate 3. 3-D view of FP mode-DEM shown in Plate 2.
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Plate 5. LP mode-DEM of the test site shown in Plate 1.
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Elevation

Plate 6. 3-D view of DSM computed from Plate 5.

%
&
(]
o
>
Q
°]
c
@
Q
3
o
o
S

Plate 7. 3-D view of woody canopy heights (DCHM).
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Fig. 2. FP-mode DEM, LP-mode DEM, DSM and
woody canopy heights in a-a’ section on
Plate 1.
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Table 3. Improvement of difference (error) between ground measured tree height and lidar-derived

tree height using digital filters.

Type of tree

Tree height Range of error RMSE
Range Mean NF AF MF NF AF MF
(m) (m) (m) (m) (m) (m) (m) (m)
Coniferous tree 11.20~19.65 15.05 —0.02~2.26 —0.79~0.26 —0.47~0.19 0.71 0.37 0.19
Broadleaf tree 1.95~10.40 6.58 —0.02~0.97 —0.46~0.11 —0.40~0.13  0.39 0.17 0.12

*Tree height=ground measured tree height

**Error= (ground measured tree height) - (laser-derived tree height)

***RMSE=root mean square error

**+xNF=no filter, AF=3x3 averaging filter, MF =3x3 median filter

AR Uiz, 72, LEMSEAILPT L, D,
1 FEFRlOBZ, BESERCHEITE 28R EE
Lize ZheDER & - T, FHEEEZE, BEe oM
AT, 47cm LT, RMSE T19cm M TF w3 R %
Biz, ZOBRIF, C-LBORNEMDT, #ED
Lidar 3 A 7 A2 X A5HAREEC AN TBBRICEE S
BLELEZERRLTWES,
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