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1 Overview and Motivation
Existing sensor network deployments for wildlife track-

ing (e.g. ZebraNet [1]) have concentrated on monitoring an-
imal behaviour above-ground. However, a wide variety of
animals create underground tunnels for shelter and protec-
tion whilst the animal is asleep. The extent and internal ar-
chitecture of the underground structure varies considerably
amongst species. For example, badgers excavate wide rang-
ing underground tunnel systems which a number of animals
inhabit in a community [6]. In addition, their tunnel structure
is something which is often only determined by the destruc-
tive extreme of excavation [6]. As fossorial animals spend
a large proportion of their lifetimes underground, this means
that zoologists only have a partial view of their behaviour
and habits. There is thus a need for a system which can lo-
calize animals whilst they are underground, in a non-invasive
and automatic way.

Localization techniques based on using radio transmis-
sions (whether RSSI, time-of-flight or angle of arrival) all
suffer from severe attenuation of the electric field compo-
nent of the electromagnetic wave by the soil. This also pre-
cludes the use of technologies such as GPS. As some ani-
mals can burrow up to a depth of 3 m, even high powered
radio approaches are unsuitable. Localization through dead
reckoning [2] or inertial tracking has major issues with drift
which can result in large cumulative errors, reducing the con-
fidence in drawing significant biological conclusions from
location information. Although electric fields are strongly
affected by the presence of soil and water, magnetic fields
on the other hand are subject to negligible levels of attenua-
tion. This makes them an ideal modality for tracking animals
underground.

2 Magnetic Localization
The use of magnetic fields for localization was first pro-

posed by Raab et al.[5], but to date, the focus has been on
high-precision operation over a small volume (e.g. 3 m ra-
dius). Moreover, existing approaches have not considered
operation through soil. The devices used in these systems
are not designed for long-term low power operation and typ-
ically have lifetimes in the range of a few hours, not the
months required for an animal tracking system. Thus, cus-
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Figure 1. System overview of the animal tracking tag.

tom devices had to be designed to meet the requirements of
the application. To reduce power consumption of the animal
tracking devices, they are made to sense (rather than emit)
a magnetic field. This necessitates the use of an additional
radio communication link that is used when the animal is
above ground to transfer the measurements made whilst un-
derground, but overall this strategy results in a low power
device, capable of months of operation.

To localize a device, it is necessary to know the spatial
distribution of the generated magnetic fields. Unlike other
localization modalities such as time-of-flight ranging, where
round trip-time is proportional to distance, the relationship
between magnetic field distribution and distance is more
complex [4]. On axis, the field decay can be approximated
by an inverse cube law which limits the achievable range of
the system. However, as the field is non-propagating (quasi-
static), there are no issues with multi-path interference, un-
like conventional RF localization. To determine the location
of the device, non-linear least squares estimation is used,
along with knowledge of the coil locations and transmitter
power.

3 Prototype and Demonstration
In this section, we describe the components of the mag-

netic tracking system.
The antenna system generates the coded 130 kHz mag-

netic fields which are used to localize the animals and
can drive up to five antennas or loops. It consists of
an PIC24F48GA002 microcontroller, half bridge MOSFET
drivers and the LC antennas. The antennas are formed from
loops of wire which are tuned with capacitors to resonate
with at the centre frequency. Each antenna is driven in turn,
transmitting a unique digitally coded signal.

The animal tracking tags receive the generated magnetic



(a) (b)

Figure 2. (a) An assembled badger tracking board. (b) A
tracking collar with the tracking board encased in epoxy
resin.

fields using a triaxial low frequency analog front-end, the
AS3932. By using three orthogonally arranged receiving
transponders, the device can be made rotationally invari-
ant. This is important as the orientation of the animal is not
known. The core of the tracking tag is a Zigbit A-2 wireless
module. This compresses field readings using a combination
of the Haar lifting wavelet transform and Elias-Gamma en-
coding before storing them in external flash memory. When
possible (i.e. when the animal is above-ground), the device
opportunistically uploads the buffered data. The device has
been optimized for low power operation, with average power
consumption in the order of 100 µA. The system overview of
an animal tracking tag is shown in Fig. 1.

The basestation retrieves the stored data from the tag. It
also listens for beacons sent by the tracking tag which in-
dicate the presence of an animal within the radio radius of
the basestation. Thus, the same system can be used for both
above- and below- ground tracking. The data from the ani-
mal tracking tags is decompressed on a PC and the localiza-
tion algorithm executed.

4 Demonstration Description
In the demonstration, four small loop antennas will be ar-

ranged around a volume to be monitored. For practical rea-
sons, the tracking volume will be considerably smaller than
used in the real animal tracking deployment [3]. The ani-
mal tracking device will be moved through the volume of
interest. The basestation will be periodically switched on
and off with a push-button switch which will simulate peri-
ods when the animal is above or below ground respectively.
The received data will be decompressed and the location tra-
jectory reconstructed and displayed on a PC. The power con-
sumption of the tracking device will be monitored by another
microcontroller and displayed on the PC to demonstrate the

low power operation. Tracking devices in various states of
assembly will also be on demonstration, including devices
mounted on tracking collars, suitable for deployment on bad-
gers, as shown in Fig. 2.
5 Conclusions

Current technology does not allow fossorial animals to
be tracked when they are in their underground burrows. As
such zoologists are unable to investigate important habits and
behaviours. In this demonstration, we show how magneto-
inductive localization can be used in order to determine an-
imals’ trajectories within their tunnel system. The tracking
devices developed are extremely low power and opportunis-
tically upload compressed data to the basestation. This sys-
tem has the potential to greatly improve the understanding of
underground animal habits and interactions.
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