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ABSTRACT

Surface reconstruction from wireless sensor network node
locations is a desirable but computationally expensive pro-
cess, with requirements typical of any non-trivial process-
ing. We examine an algorithm for reconstructing surface
models. The implementation is used as a case study to dis-
cuss the issues associated with moving processing onto the
sensor network. The study is motivated by the authors’
view that large networks (more than 1000 nodes) should
be autonomous distributed systems capable of “in network”
processing at all levels, including the application level. The
two competing paradigms are considered: small motes with
limited capabilities using a distributed implementation and
powerful motes using localised processing. The state of the
art in hardware design and implementation for motes is con-
sidered and a case is built for the need, from the perspective
of processing capability, for powerful motes.

Categories and Subject Descriptors

C.3 [Computer Systems Organization]: Special-Purpose
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1. INTRODUCTION

This paper discusses a possible means of reconstructing
the 3D surface on which a large wireless sensor network
(WSN) has been randomly deployed. The approach is based
on position data from the sensor nodes and the application of
a surface reconstruction algorithm (self organising maps) to
merge the data into a continuous and efficient surface repre-
sentation. Implementation issues related to the application
(processing, storage and communication requirements) are
discussed.
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2. SURFACE RECONSTRUCTION

Constructing a surface approximation from sensor data is
a special case of the unorganised points problem, in which
a continuous surface is required to be reconstructed from a
cloud of points. In the domain of WSNs, the problem is to
turn a collection of surface coordinates received from sensor
nodes into a geometric model of the surface in the form of
a mesh. A mesh is simply a collection of connected vertices
(points). Self organising maps are one of the algorithms that
can be used for surface reconstruction [6]. As an approxima-
tion algorithm, this method uses a fixed number of vertices.
In its most simple form, the algorithm can be described as
the repeated application of the following steps:
1. A mesh surface is constructed
2. A point from the cloud is selected and the vertex from
the surface that is closest to the selected point is found
3. The vertex and its neighbours are moved toward the
cloud point. The movement of the neighbours is less
than the selected vertex, proportionate with distance
from the selected vertex.
4. Repeat from step 2
In our implementation described here, a neighbourhood of
4 x 4 vertices around the selected vertex are moved. The
weighting for vertex, ¢, in the neighbourhood is calculated
as w; = féstance(T9) Where f is a constant controlling fall-
off, T' is the neighbourhood centre and distance is the L2
distance between two points. The value of f was selected
as 0.55 through experimentation. Experimental data are
based on the Grand Canyon terrain model from the Georgia
Institute of Technology Large Geometric Models Archive [5].
Our area of interest spans a square region 108 kilometres to a
side, or 11664Km?. The source data is in the form of a height
map. The point cloud is populated by randomly selecting
z and z values and reading the corresponding y value from
the height map. The xz plane is assumed to be horizontal.
That is, the height at a given point, (z, z) is obtained from
the height map, H(z, z) The number of vertices and nodes
required to represent a given surface depends on a number
of factors, such as the detail required, the size of the area
to be modelled or acceptable error for the application. A
useful trait of self organising maps is that they make quite
efficient use of a fixed number of vertices.

3. IMPLEMENTATION CONSIDERATIONS

Surface reconstruction is useful for visualisation of sur-
face geometry, but an even more useful application would
be to make the surface representation available to the sen-
sor nodes themselves. There are very good arguments for
doing as much processing in-network as possible [4][2]. A



Table 1: Typical processor characteristics and performance evaluation. I; = instructions to calculate point-to-point

distance, I. = instructions to find the nearest vertex, [;,;,; = total instructions for a 4000 vertex, 3200 sensor model.
[ Atmel Mega 128 ARM 7 ARM 9 Blackfin x86 (PIII) |

Clock speed (S) 16Mhz 20MHz 120MHz 600MHz 3000Mhz

Word width 8b 32b 32b 32b 32b

RAM 4KB 64KB 128KB 52KB ...1Mb+ 1GB

14 143 33 33 42 26

1. 473 153 153 249 291

Liotal 9159568000 2114448000 2114448000 2691984000 1668656000

T(Ltagal ) 572s 106s 18s 4s 0.6s

terrain model is extremely useful in allowing motes to fur-
ther analyse and condense data before passing it on. The self
organising map method of surface reconstruction is simple
to understand and relatively easy to implement on desktop
hardware. Yet implementing the algorithm within the wire-
less sensor network is not straightforward. At the outset, we
have two options: distribute processing across the network
or collate data at a single node for processing. The appar-
ent benefits of maximally distributed processing are tempt-
ing.However, parallelisation tends to require more commu-
nication between processors and, since communication can
easily outstrip processing in terms of power usage [4], it
might not be a good solution. As Estrin et al. state, “the
seemingly optimal way of solving a problem often results in
algorithms whose communication energy costs exceed their
benefits” [1]. The “big mote” [4] or “active sensor” [2] camp,
on the other hand, advocate more processing power per
mote, giving them the ability to manage more complex tasks
single-handedly. The arguments are compelling: a richer in-
struction set can improve efficiency by requiring fewer op-
erations; a 32 bit channel to primary storage makes more
memory available, simplifying algorithms; 32 bit registers
reduce the complexity of performing operations on larger
numbers; and so on. It is not unreasonable to assume a re-
quirement of 3200 sensor nodes distributed over an area of
11000Km? to create a mesh of 4000 vertices. Assuming ver-
tices and nodes are represented as triplets of 32-bit floats,
the data alone requires 103KB of memory. With only 64KB
of working memory, motes such as the Mica2 using the At-
mel Mega 128 processor are unable to process terrain mod-
els of this scale. 128KB variations of the ARM processor
do have sufficient primary storage for the data. However,
since the quoted requirements are a bare minimum, over-
heads and other memory allocations for the application are
likely to leave very little free storage for other tasks. ARM
flavours with greater on-chip memory, or the Blackfin pro-
cessors would make a more sensible choice for memory inten-
sive algorithms such as surface reconstruction. To assess the
benefits of larger motes with faster and more instruction-rich
processors, we have implemented core parts of the algorithm
in C. These functions were compiled for each of the proces-
sors in the study (Atmel 128 Mega, ARM7/9, Blackfin) and
the number of instructions counted. If I; is the number
of instructions required to find a single distance and I. the
number required to find the closest vertex to a node, the
total number of instructions for a given set of nodes and
vertices is liotar = (|[M|14 + I.)|N| Further, knowing the
clock speed of the processors allows us to make a simple es-
timate of execution time. The instruction set of the Atmel
processor requires the greatest number of operations to exe-
cute the algorithm. Combined with the slowest clock speed,
execution time is estimated at 572 seconds, or 9.5 minutes.

The ARMTY takes 106s. The Blackfin processor requires more
operations than the ARM processors, but its much higher
clock rate gives it the best performance out of the embedded
processors, taking just 4s to compute a result. Of course,
what is defined as an acceptable execution time is depen-
dant on the application. Generally, however, we can assume
that over 9 minutes delay in a field sensing network could
be problematic.

4. CONCLUSION

Processing power, communication and storage issues have
been examined and found to favour more powerful motes.
Although surface reconstruction is not a general requirement
of wireless sensor networks, it does represent quite well other
problems requiring computationally expensive solutions. Fi-
nally, we must consider cost. Even with many benefits, a
higher cost might be prohibitive. However, it is very diffi-
cult to make a confident assertion that an 8 or 16 bit pro-
cessor is lower in cost than a 32 bit one. For instance, the
current price of the MSP430 used in the Telos style motes
is currently $5.60 in thousand-off quantities. An ARM pro-
cessor to a similar specification can be purchased in similar
quantities for less than four dollars simply because they are
produced in massive quantities - the ARM architecture ac-
counts for the majority of the 32 bit computers in the world
today, and the parts are made for high volume applications
such as mobile phones, PDAs and network switches. It is
likely that the ‘piece part’ cost of a ‘big mote’ is of the same
order as that of a ‘little mote’.
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