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ABSTRACT
We design an implement a localization system that re-
lies on low-frequency magnetic fields. Inertial (and op-
tionally visual) sensors are included to aid the magnetic
fingerprinting, and track the locations of the users.

1. INTRODUCTION
Our system relies on magnetic fingerprints that are

derived from the 3-by-3 energy transfer matrix corre-
sponding to a pair of triaxial coils. An inertial measure-
ment unit (IMU) that includes accelerometer, magne-
tometer and gyroscope is also used during the acquisi-
tion of the magnetic fingerprints, and for user trajectory
estimation. Optionally, visual information may be used
to speed-up the fingerprinting process. The location
tracking is done by using a Kalman filter.

2. SYSTEM DESCRIPTION AND OPERA-
TION

The proposed system consists of magnetic transmit-
ters (TX) and receivers (RX) (see Figure 1). Both TX
and RX are equipped with triaxial coils, which makes
the total signal strength invariant w.r.t the relative ori-
entations of TX and RX [1]. The energy transfer ma-
trix is estimated based on a known preamble. RX is
also equipped with an IMU that provides acceleration,
angular speed, and orientation information. RX is con-
nected to a computer via the USB, where the data are
fused in order to track the users’ locations.

The system operates in two phases. In the first phase,
a “magnetic map” representing the spatial distribution
of the magnetic field is constructed. This tedious pro-
cess is substantially simplified by using the IMU (an
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Figure 1: Magnetic TX (left) and RX (right).

optionally a camera). Unlike, for example, the WiFi
signal, the magnetic signal exhibits extremely good sta-
bility, being completely unaffected by moving people,
and a smooth spatial behavior. Therefore, it is very
easy to reconstruct, making it suitable for sparse finger-
printing. In the second phase, the magnetic map is used
together with the IMU and the floor plan to estimate
the location.

3. DEPLOYMENT REQUIREMENTS
The system requires the deployment of several mag-

netic TXs, depending on the area, and a floor plan.

4. CONCLUSIONS
We propose a robust and accurate localization sys-

tem that relies on the desirable properties of the low-
frequency magnetic field and benefits from an IMU (and
optionally a camera) to reconstruct the magnetic map
that is used in the online location estimation.
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