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Introduction

To achieve a more detailed, physically-based understanding of the relationship between
hydrodynamics and particle movement requires improvement in the resolution of particle
location in time and space. This can be achieved through the development of particle tracking
technology (Habersack, 2001, Ergenzinger et al, 1989).  To date, tracking technology has

been limited to relatively few
(< 10) particles, with limited
spatial resolution (+/- 1-2 m)
almost exclusively in fluvial
environments. However, a
limited experiment in acoustic
particle tracking has been
undertaken in estuarine
environments (Dorey et al,
1972).  On the basis of the
above, the primary objectives
of the present research project
were to develop a
multiparticle tracking
technology, for deployment in
littoral and fluvial
environments that was capable
of producing finer spatial and
temporal resolutions, and that
was not limited to small
numbers of particles.

The project has developed and
deployed a novel multi-
particle tracking system,
suitable for use in littoral and
fluvial environments. The
results provide data on the
first ever tracking of coarse
gravel/cobbles from within
swash, surf and breaker zones,

over a tidal cycle.  Unlike previous methodologies (Ergenzinger et al, 1989; Habersack, 2001;
Dorey et al, 1972), the technology is based upon the pebble receiving and storing transmitted
signals from a grid of wires buried within or suspended above the beach / river bed (Figure 1).
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Figure 3:  Logging pebble components, illustrating from R-L,
Circuitry and receiving coils, encapsulated circuitry, data
download jig.

This arrangement has the advantage of minimising the requisite on-board power supply within
the pebble (size reduction), whilst allowing considerable power to be supplied to the
transmitting coils. The methodology permits the deployment of an infinite number of
particles.

The system, as developed, is based
upon the generation of magnetic
fields, by loops of wire buried
within the beach or river bed.  If the
power supplied to a wire loop is
known, then it is possible to
calculate the electro-magnetic field
at any position and use this to
estimate the location of an object
that records field strength.  The
tracking system uses four
independent, rectangular, wire
transmitting loops (Figure 1).  These
transmit, in sequence, with a pause between sequences. The total sequencing takes 2.88s.  The
logging pebble detects the transmitted field, using 3 orthogonally-mounted receiving coils of
0.03m diameter (Figure 2).  Field strength, time, battery output and tilt-switch output (a
measure of whether the pebble is moving or not) are recorded to non-volatile EPROM
memory circuits and downloaded via a resin-covered serial port on the pebble. The logging
pebble was configured to record every 6 s; this provides a memory life of 8 hours, and a
battery lifetime of 180 hours.  The pebble could be re-programmed, to provide different
logging sequences; these could extend operational lifetime to over 1 month.  This approach is
most suitable for use in fluvial deployments, where flooding may occur on an irregular basis.

Once downloaded, the data are filtered (usable data are only recorded when the pebble is
stationary for a whole loop sequence); and processed via a custom-built MATHCAD
programme, which  converts stored data into electromagnetic field strength.  The pebbles

position is then calculated via a series
of sub-routines. The data are exported
subsequently as a single file,
containing time (s), and calculated x, y
position (m).  A full description of the
software processing protocols and
hardware are available upon request
from the P.I.’s.

Field trials were undertaken initially on
land. The prototype circuit was moved
to fixed locations, within and outside of
the transmitting loop, with the signal
strength recorded.  These trials
demonstrated the feasibility of the
system, recording positional errors of
+/-0.08m, at a transmitting loop.
Subsequent land-based tests, using 4
loops and a 3-coil detecting pebble,

Figure 4: Positional accuracy for logging pebble field test.
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Figure 5: Movement of a single pebble during a tidal cycle.

gave rms errors of 0.1m and 0.07m, in x and y directions, respectively (Figure 4).

Beach trials were undertaken on 4 separate occasions using, initially, a single loop/coil set-up.
Initial tests undertaken at Hordle Beach (Southern UK) were affected significantly by the
presence of buried metal, or cabling.  Subsequent tests using a circuit fixed, in place within a
single transmitting loop, demonstrated that at peak immersion by sea water (1.0m depth), the
field magnitude was increased by 1%, resulting in an 0.04m change in the estimated position.
The results of both theoretical and field tests were considered satisfactory in terms of
positional accuracy and proof of concept; subsequently 20 logging pebble circuits were
constructed, of which 14 were deployed in field trials; the remaining seven became non-
functional during encapsulation.  The final pebbles used two coil configurations, in order to
achieve spherical and discoid-shaped particles.  The circuit and receiving coils were coated in
waterproof resin, and wrapped in protective film. A mixture of barytes (BaSO4) powder and a
waterproof modelling material was used to encapsulate and mould the pebble shapes, before
coating with fibreglass and resin.  The pebbles had a density of 2.60-2.73kgm-3; this is similar
to that of the indigenous material at the field sites (2.65 kgm-3).

Two field trials were undertaken, using 6 and 7 pebbles, respectively.  During the first test
undertaken at Shoreham-by-Sea, no useful data were logged; this was related to the signal
power being set too low by the operators. However, the tests demonstrated: (a) that the
transmitting grid could be installed between tides and operate for at least two full tidal cycles;
(b) the pebbles logged the transmitted signals and that these data could, after a full tide, be
downloaded to a PC; and (c) that the pebbles could be deployed and recovered successfully.

The second
deployment, used
7 pebbles.  Data
were recorded by
all of the
pebbles, but two
only operated

intermittently
due to minor
circuit faults.
The remaining 5
pebbles had full
data logs.

The diameter of
the pebbles
deployed in this
experiment are
similar to that of

radio-tagged
pebbles

deployed in
fluvial environments (72mm B-axis). The top 1.5% of the indigenous beach material was
represented. Scope for improvements using the existing circuitry and batteries, could reduce
tracer size to 50mm diameter (top 8% of indigenous material), and with AMIC circuit design,
a reduction down to 20mm (top 35%) is possible. However, costs of the latter would probably
be prohibitive.  Note the representativeness would be improved at coarser sites.



0.00

0.50

1.00

1.50

2.00

2.50

3.00

12:00:00 13:12:00 14:24:00 15:36:00 16:48:00 18:00:00

Time (BST)

S
te

p
 L

en
g

th
 (

m
) 

/ P
T

 O
u

tp
u

t 
(m

V
)

Figure 6: Particle step lengths in relation to the tidal cycle

During the second Shoreham experiment, hydrodynamic conditions changed between the
incoming and outgoing tides.  This is reflected in the behaviour of the logging pebbles (Figure
5).  During the flood tide, the movement of all Logging Pebbles (LP’s) was onshore and to the
East as would be expected from the angle of wave approach to the shore.  Typical flood tide
net transport distances average 2m longshore, but were much more varied cross-shore,
depending on pebble position on the beach.  During the ebb tide, net transport is again east
but changes to offshore and the transport distances increase.  This is consistent with a change
in longshore component of wave power recorded during this period.

Net transport distances, as would be measured by standard tracer experiments, were consistent
with those observed using foil and electronic tracers at the same deployment. Those pebbles
that were positioned or moved higher up the beach during the flood tide, experienced much
longer step lengths and transport distances.  This is consistent with the Electronic
(transmitting) pebble experiments undertaken at the same time. None of the LP’s were buried
during the tidal cycle.  Data on particle velocity, rest periods and step lengths are available at
a 6s resolution for all five particles. These indicate that particle motion is limited to relatively

short periods when the
pebbles are in the Swash,
Surf or Breaker zone, with
no transport outside of these
zones (Figure 6).

In fluvial research, particle
step length is typically
modelled using exponential
or 2-parameter Gamma
function distributions
(Einstein, 1942,
Ergenzinger et al, 1987,
Habersack, 2001).  These
assumptions form the basis
of stochastic sediment
transport models such

Einsteins (1942).  The logging pebble technology provides, for the first time, the ability to test
this assumption applied to coarse particle movements on shingle beaches.

Conclusions

A new particle tracking system has been developed that enables high spatial and temporal
resolution to be acquired for any number of particles.  Although the system has been deployed
in littoral environments, it is equally suited to fluvial systems.  Instead of burial of the
transmitting cables, these could be suspended above the channel.  The technology used in
these prototypes currently restricts particle diameters to > 50mm, but there is potential to
reduce these still further.

Field trials of the logging pebble have provided the first ever data on individual particle
movements from within the dynamic swash, surf and breaker zones.  Predicted particle
movements accord with coincident passive tracer experiments.  The total time in transport is
much shorter than those assumed by current models of sediment transport.
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