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Highlights: The hemispherical photography technique has been widely used to assess the three-dimensional
reconstruction quality of virtual plant canopy architectures (Casella & Sinoquet 2003). High-resolution
terrestrial Light Detection And Ranging (tLiDAR) has recently been applied for measuring the 3-D
characteristics of forest vegetation (Omasa et al. 2006.) and specifically the extraction of canopy directional
gap fraction (Danson et al. 2007). In contrast with the digital hemispherical photography method, sky
conditions appear to have little influence on the quality of the data collected by the tLiDAR technique. This
study considers the resolution used during both point cloud data acquisition and the computation of
equiangular hemispherical images, which may influence the resolving power of this technique in estimating
gaps in a forest environment.
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INTRODUCTION
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Terrestrial laser scanners (TLS) have the potential to provide
detailed information about forest canopy architecture by collecting
3-D point clouds of several million data points (Tab. 1) that can be . S
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in Figure 1.
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Fig. 1. Modelled mean number of laser
return hits per pixel in each 5° zenith band
from hemispherical images generated by

METHODS

The TLS used was the pulsed time-of-flight HDS 6100 (Leica Geosystems Ltd.) which has a rotating
mirror system that covers a 360° (horizontal) x 310° (vertical) field of view with a range of about 79 m at
90% albedo (Tab. 1). The laser beam wavelength is 670 nm with a 3 mm spot size at its source and a (.22
mrad beam divergence. Hemispherical photographs were taken using a Nikon Coolpix 995 camera (2.25 M
pixel) with the Nikon FC-E8 hemispherical lens.

Spatially and temporally coincident point-cloud data and digital hemispherical photographs were
collected in a six-year-old stand of Eucalyptus spp. in southeast England. The stem density was 700 trees ha’
' with an average tree height of 11+3 m. For each position (n=8) and for scan zenith angles of 0-90°, one
point-cloud was recorded at each of the four predefined resolution levels of the TLS (Tab. 1).
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Tab. 1. Characteristics of the Leica HDS-6100 TLS used in this study for point cloud acquisitions.

Pre-set scanner resolution levels Low Medium High Ultra-high
(D) ™) (H) (8)
Angular sampling resolution (°) 0.072 0.036 0.018 0.009
Point spacing at 50 m (m) 0.063 0.032 0.016 0.008
Maximum point cloud size (M points) 6.255 25.01 100.02 400.04
Acquisition time (minute) 3.6 6.8 134 25.2

An equiangular projection procedure (Fig. 2) was used to transform each point cloud into 2.25, 9, 36 or
144 M pixel hemispherical images. Hemispherical photographs and images were processed with the
HemiView program. Lens correction factors were applied after classifying the photographs using the
CANEYE software. For each image, sky-maps were constructed by dividing the sky into an array of 18
annuli of equal zenith angle.
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Fig. 2. Illustration of the Cartesian-spherical ~ Fig. 3. Examples of computer-generated hemispherical images at 2.25 M
(top) and spherical-planar ~ (bottom)  pixel from the X, Y, Z coordinate TLS data (position #1) for the Low (L),
equiangular transform projection procedures ~ Medium (M), High (H) and Ultra-high (U) TLS resolution levels. Colours
used to generate hemispherical images from  represent the distance from the laser source to a plant component hit.

the X, y, z coordinate TLS data. O is the TLS

location and d is the distances from the laser

beam source to a plant component hit. ¢ is the

elevation angle and r = 2r,(90-p)/=.

RESULTS AND DISCUSSION

Neither the range of the TLS, nor the sky conditions have any influence on the quality of the data
collected (results not shown), but the quality of the reconstructed hemispherical images was gradually
improved with: 1) increasing levels in TLS resolution (Figs. 3 & 4); ii) increasing the resolution of the
hemispherical image (Fig. 4). Alterations in the shape of the gap fraction distributions were explained
by gradual increases in levels of non-return signal from the vegetation with increases in zenith angle
values (Fig. 5). This loss of return signal was mainly explained by the effect of laser beam scattering
around the edges of plant components (results not shown).

Therefore, the reconstruction method of the hemispherical images has been modified by taking into
account this limitation in the resolving power of the technique as presented in Fig. 1. As a result,
composite hemispherical images have been recomputed from the Ultra-high X, y, z coordinate data,
showing gradual decreases in their resolution i.e., from 144 M pixel at the zenith to 2.25 M pixel at
the horizon (Fig. 6).
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Fig. 4. Estimated gap fraction values in each 5° zenith  Fig. 5. Mean relative numbers Fig. 6. Example of a
band from hemispherical images (2.25, 9, 36 or 144 M of missing pixels per image composite hemispherical
pixel) generated by the equiangular transform projection  and missing laser return hits image computer-generated
procedures of the X, Yy, z coordinate TLS data for per pixel in each 5° zenith from the X, Yy, Z coordinate
position #1. Same symbols as in Fig. 1. band. TLS data for position #1.

Computed at the entire sky-map level, estimated gap fraction and plant area index (PAI) values from
the hemispherical photographs were close to those estimated from the images (Fig. 7), especially
when using the composite method (Fig. 6).
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CONCLUSION

The tLiDAR technique will be central to developments in acquiring canopy geometric
characteristics in the future, especially for computations of solar radiation indices. Avoiding the
problem of loss of return signal, the technique explained here shows promise in overcoming the
discrepancies in cross-validation between direct and indirect methods for assessing canopy LAI
(Bréda 2003). No effects of laser beam divergence on gap detection have been detected in this study,
but further experimentation will be required to assess the influence of wind on the quality of the data
collected as high scanning resolutions take longer.
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