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1. Introduction
Visualisations of Remotely Sensed data has a significant role in
forestry. Foresters have a great knowledge about forests (for example they can identify tree diseases) and they can derive a wealth of
information directly from visualisations, saving the travelling time
and cost of getting into the forests.
In this paper, we use the state-of-art LiDAR data. LiDAR refers
to the acquisition of information from laser scanners and they are
extremely beneficial in forestry due to the ability of penetrating
tree canopies. There are two types of LiDAR data: the discrete and
the full-waveform (FW). The discrete LiDAR systems record a few
peak laser returns, while the FW LiDAR systems record the entire
backscattered signal (Figure 1). Typically FW LiDAR datasets are
5-10 times larger than discrete data, with data sizes in the range of
50-250GB for a single flight. FW LiDAR data suggests new possibilities but also many new problems from the point of view of data
processing and visualisation.

The primary output of this research is the open source software DASOS (=forest in Greek), which aims to enhance visualisation and classifications of FW LiDAR data. In this extended abstract, we sum up our previous visualisation research applied using
DASOS [MGB∗ 14] [MWGB15], and present a new algorithm for
faster surface reconstruction of real volumetric data.

2. Previous work
Previous work in visualising FW LiDAR used transparent voxels
[PSTA05], point clouds [BACL13] [Ise12], or spheres [CBD∗ 09].
Voxelising the waveforms and visualising them using different
transparencies across the voxels was proposed by [PSTA05]. Voxelisation is an integral part of this research and while previous work
is based on small regions (i.e 15mx15m), this research is expanded
and supports visualisations of larger areas.

3. Introducing Computer Graphics Approaches to Remote
Sensing
The output of our paper [MGB∗ 14] is a polygon representation of
the scanned area showing well defined structures that can be directly rendered using commodity 3D-accelerated hardware. At first,
a 3D density volume is generated by inserting all the waveforms
into a voxelised space. Then a function is defined to represent this
space. The function takes as input a point and returns the corresponding intensity of the voxel that that point lies inside. Nevertheless, visualising algebraic objects is not straight forward, since
they contain no discrete values. This problem can either be address
by ray-tracing or polygonisation. At [MGB∗ 14], the polygonisation
direction was taken using the Marching cubes algorithm.

4. Optimising Surface Reconstruction

Figure 1: The discrete LiDAR systems record a few peak laser intensity returns (blue dots), while the FW LiDAR systems digitise
and record the entire backscattered signal into equally spaced time
intervals (red waveform).

c 2016 The Author(s)
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In this extended abstract, we propose a new algorithm for speeding
up the polygonisation process. The computational complexity of
the Marching Cubes is linear to the number of voxels and it is therefore expensive considering that an average of 96% of the voxels
are empty, due to outliners. In addition, the object is neither close
or manifold; trees may be detached from the ground because of
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missing information. Previous work on optimising surface reconstruction talks about surface tracking [RdAPJ05] [Har98], which
can only be applied on manifold objects, SIMD machines [HH92]
that benefits from longer instructions and octrees [KKDH07].
The new algorithm is fundamentally different from octrees and
its novelty stands to the ability to calculate the sum of any cuboid in
constant time using the Integral Volumes, which is an extension of
Integral Images [Cro84]. The algorithm repeatedly divides the volume and quickly identifies empty spaces, which are ignored during
surface reconstruction. A simplified version is given at Algorithm
1.
Algorithm 1 Integral Volumes Optimisation Algorithm
1: Push the entire Volume as a cuboid inside a Stack
2: while stack is not empty do
3:
Cuboid-A ← next cuboid from the Stack
4:
if Cuboid-A and neighbours are empty then
5:
discard Cuboid-A
6:
else if Cuboid-A consists of only one cube then
7:
polygonise Cuboid-A
8:
else
9:
divide Cuboid-A
10:
push the two new Cuboids into stack
11:
end if
12: end while

space for storing the empty voxel’s values but on the other hand,
the voxelised space does not have to be a cube and many memory jumps are avoided by keeping memory allocation consistent.
Therefore the performance of this new algorithm is expected to be
better.
5. Alignement with Remotely Sensed Imagery
Simultaneous interpretation of FW LiDAR data and images confers better results due to the increased amount of information
[MWGB15]. Regarding visualisations, in order to preserve the
highest possible quality of the images, non-geocorrected images
(their pixels are not equally spaced and each pixel is associated
with a geolocation) are used to avoid rastering images twice. DASOS projects them by adjusting the texture coordinates of each
vertex according to the geolocation of the nearest pixel. To speed
up the process, we first import the pixels into a 2D grid, similar
to [WTGS14] to find the nearest pixel to a vertex in constant time.
The results are coloured polygons exported into .obj files with increased visual details (Figure 3).

Because this is work in progress the proposed algorithm is compared with the Marching Cubes algorithm and the results are shown
on Figure 2. The voxel length is the size of the voxel in meters and
smaller it is the finer the quality of voxelised FW LiDAR is. As
shown, a speed up of 23.5% was achieved using our novel algorithm.

Figure 3: This is a scanned area from New Forest, UK. The first
top image shows a polygon representation generated using the approach discussed in Section 3. The bottom one is the same area
after the Remotely Sensed images are projected into the mesh (Section 5).

6. Results and Conclusions
To sum up, at this extended abstract we present the state-of-art work
of visualising FW LiDAR data. This includes:
Figure 2: This image shows the speed up at run time achieved with
the new Algorithm proposed at Section 4. While the voxel length
decreases, the number of the voxels increases and the performance
of our algorithm improves.

In the future the Integral Volumes algorithm will also be tested
against octrees. On the one hand, integral volumes requires more

1. Generating 3D polygon from FW LiDAR data using functional
representation of objects, which is new in Remote sensing
2. Optimising surface reconstruction of real volumetric data using
Integral Volumes; an up to 23.52% speed up was achieved
3. Alignment of Remotely Sensed Images which confers increased
visual quality and the ability of interpreting both datasets simultaneously.
c 2016 The Author(s)
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