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Measurement of Woody Canopy Tree Heights Using Airborne Scanning
Lidar Systems : Effects of Difference in Measurement Conditions of
the Lidar Systems on the Accuracy of the Tree Heights Estimation
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ABSTRACT

Effects of difference in measurement conditions of airborne scanning lidar systems on the accuracy of the tree
heights estimation were investigated to improve the measurement efficiency. At the condition on the flight altitude of
300 m, footprint diameter was small (0.3 m) with low flight speed (60 km/h) and footprint interval of laser beams was
set to almost same as the footprint diameter in order to thoroughly scan target canopies. For more efficient measurement,
flight speed was raised up to 90 km/h at 500 m altitude condition. In the case, the footprint diameter was also expanded
up to 0.5 m, so that footprint interval was almost same as the diameter, as was in 300 m altitude condition. At the
condition on 900 m altitude, flight speed was much more raised to 230 km/h, so that the footprint interval became larger
than the diameter. After the measurements, tree heights were estimated from the digital canopy height models produced
from lidar data obtained at each of the conditions. The root mean square errors of the 166 tree heights estimation were
0.27, 0.30 and 2.38 m for the conditions of 300, 500 and 900 m altitude, respectively. These results showed that, when
flight speed is raised for more efficient measurement, it is important for sizes of footprint diameter and interval to be set
to almost same to obtain accurate results. It was also shown that tree height estimation with less error can be provided up
to 0.5 m footprint diameter by adopting the almost same sizes of the footprint diameter and interval.
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Table1l Measurement conditions of airborne scanning lidar systems

Platform

Aerospatiale Aerospatiale
Performance characteristics ASSSgB AS35(1))B Cessna 208
Date 11/19,2001 11/19,2001 5/24,2002
Flight altitude (m) 300 500 900
Flight speed (km/h) 60 90 230
Pulse repetition frequency (Hz) 25000 25000 25000
Scan frequency (Hz) 20 20 27
Scan angle (deg.) 20 20 18
Beam divergence (mrad) 1.0 1.0 0.2
Footprint diameter on the ground (m) 0.30 0.50 0.18

Footprint interval on the ground (m) 0.17-0.42 0.28-0.63 0.69-1.18

Footprint diameter Footprint interval
Ground surface

Fig. 1 lllustration of relationship between footprint diameter
and footprint interval on the ground surface.
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Fig. 2 Digital Elevation Models (DEMs) produced from lidar data
at the 300 m flight altitude condition. (A) FP-mode DEM, (B)
DTM (Digital Terrain Model), (C) DCHM (Digital Canopy Height
Model).
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IEMROE & %33 DCHM %% Fig. 2C @ £ ) 123RD 5 L7z,
Fig. 3 3 M E & 48 2 CHUH S L7z lidar 77— % 22 S 4%
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bDOTH b, Fig. 3 L1, HEEIE D I2ONEHE
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Fig. 3 Close up views of a part of DCHM produced from lidar
data at each measurement condition. Flight altitudes of
(A) 300 m, (B) 500 m, (C) 900 m.
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EHICTable 212X ), 74 VI B E TR 0> 72
BEDOMEREROBE 2 MEE T LIS L Th
% &, B 300, 500, 900 m DJEIZZFLZEA0.27, 0.30,
238mDRMSEMECH o720 TORERL D, XHIEE
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DRECRINTE L Z L0 h ot ), sk
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Fig. 4 & Fig. 5 3ILZER L MR 2 2 o E il
FMEDOEANTTLEMMEEI L ICHBRLERTH 5,
EH S ORBET b X HE B 300, 500 m Tld RMSE & O
#(F# (Standard Deviation : S.D.) X[FEETH DL Z LA
o tze F 7o, xFHIEEE 900 m T ld RMSE, fEHE (R 2
ED I HEE LD b L { K& H» o7, Fig 4. Fig.
5 OFHREDME (C A N T LD — 7 AEEEE) »5,
xS E 500, 900 m TSl HE 300 m & ) b /NG
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Table 2 Effects of filtering for spike noise reduction on tree
heights estimation accuracy. The values in parenthesis
show mean errors

Root mean square error (Mean error)

(m)

Tree type Flight altitude Filter type
(m)

m Non-filter ~ 3x3Mean  3x3 Median

Total 300 027 (0.10) 033 (-0.14) 030 (:0.14)
500 0.30 (-0.08) 0.60 (-0.45) 0.52 (-0.43)

900 2.38(-2.11) 4.63(-4.22) 3.73(-3.42)

Conifer 300 0.21(0.05) 0.39(-0.27) 0.31 (-0.18)
500 0.16 (-0.06)  0.65 (-0.55) 0.47 (-0.36)

900 043 (:020) 170 (-146) 1.50 (-1.26)

Broadleaf 300 027(0.10) 032 (-0.08) 029 (-0.14)
500 031 (-0.08) 0.61 (-0.44) 0.53 (:0.43)

900 2.46 (-2.25) 4.77 (-4.41) 3.83 (-3.57)
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Fig. 4 Error distribution of lidar-derived tree heights estimation
for broad-leaved tress at each measurement condition.
Flight altitudes of (A) 300 m, (B) 500 m, (C) 900 m.
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Fig. 5 Error distribution of lidar-derived tree heights estimation
for coniferous tress at each measurement condition.
Flight altitudes of (A) 300 m, (B) 500 m, (C) 900 m.
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