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Abstract

We demonstrate how modulated magnetic field technology
that is well established in high precision, stationary motion
tracking systems can be adapted to wearable activity recog-
nition. To this end we describe the design and implementa-
tion of a cheap (components cost about 20 Euro for the trans-
mitter and 15 Euro for the receiver), low power (17mA for
the transmitter and 40mA for the receiver), and easily wear-
able (the main size constraint are the coils which are about
25mm3) system for tracking the relative position and orienta-
tion of body parts. We evaluate our system on two recognition
tasks. On a set of 6 subtle nutrition related gestures it achieves
99.25% recognition rate compared to 94.1% for a XSens in-
ertial device ( operated calibrated, euler angle mode). On the
recognition of 8 Tai Chi moves it reaches 94 % compared to
86% of an accelerometer. Combining our sensor with the ac-
celerometer leads to 100% correct recognition (as compared
to 90% when combining the accelerometer with a gyro).

1 Introduction
Posture and motion of body parts is well known to be a key

component of many human activities. Thus, a significant pro-
portion of research and activity recognition is based on pos-
ture and motion information. However, technology for cap-
turing body motion and posture (often referred to as motion
tracking systems) is still far from being perfect. A much cited
overview of such technologies ( [9]) is titled ”No silver bullet
but an respectable arsenal”. From wearble application point
of view the problem is that many of the best technologies in
the ’respectable arsenal’ require stationary, often bulky infras-
tructure and are not suitable for wearable use. Today, the core
of wearable activity work still relies on accelerometers which
capture only a small part of posture and motion information
(see Related Work below).

General Idea Existing magnetic field systems (e.g. the
”flock of birds” system from ascension: www.ascension-
tech.com) require a bulky, power consuming stationary trans-
mitter and cost thousands of dollars. In our system both the
transmitter and the receiver consist of a couple of cheap com-

ponents (price of all components 20 Euro for the transmitter
and 15 Euro for the receiver) consumes a reasonable amount
of power (17mA for the transmitter and 40mA for the re-
ceiver), and are easily wearable (the main size constraint are
the coils which are around 25mm3).

Our work is based on the observation that the require-
ments the system must fulfill to be a useful tool for activ-
ity recognition are very different from the requirements for
which stationary magnetic systems have been built. Stationary
magnetic systems target sub centimeter precision, high speed
tracking over ranges of up to 3 meter. On the other hand, for
activity recognition, the system merely needs some sort of rel-
ative position related signal over short distances (50 to 80cm).
The signals do not have to be the actual position and orienta-
tion values expressed in any standard units. They just need to
be deterministic and reproducible.

Paper Organization The paper first describes the physical
principle behind the system and outlines and justifies the as-
sumptions behind it. It then provides a detailed description
of the implemented system including the discussion of differ-
ent design alternatives and problems. We finish with a three
step evaluation of the system. First we conduct an analysis
of the signals produced by our system. Second we compare
the performance on a simple gesture classification task against
the Xsens MT9 inertial tracking sensors. There our systems
gets 99.25% recognition rate compared to 94.1% for a single
MT9 and 97,28 for a system of 3 MT9 sensors. Finally we
demonstrate the benefit of combining our sensor with an ac-
celerometer on a more complex activity recognition task: the
classification of Tai Chi moves. Starting with a recognition
rate of 86% for the accelerometer, and 94% for our system
the combination of the two leads to 100% correct recognition
(accelerometer/gyro combination 90%).

Related Work The use of accelerometers for motion based
activity recognition is motivated by the availability of cheap,
low power, easy to handle sensors. The disadvantage of ac-
celerometers is that they are able to capture only a small
part of motion and posture information. On the vertical axis
they mix the gravity component (=vertical orientation) with
’true’ acceleration. On the horizontal axis they capture only
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speed changes, but no orientation information. Other common
sensors are gyroscopes and magnetic field sensors. The for-
mer capture rotational motions but give no information about
translation and orientation. The later capture the absolute ori-
entation with respect to the earth magnetic field. The most
advanced wearable motion tracking technology are so called
MARG (Magnetic Rotation Gravity e.g. [2]) system that com-
bine 3D acceleration, 3D gyroscope and 3D earth-magnetic
field with appropriate algorithms to deliver the absolute ori-
entation of the device. Different commercial MARG systems
exist (e.g. Xsens www.xsens.com) and cost in the range of
1000 Euro per unit. They work well for many application
however they are sensitive to disturbance caused by magnetic
fields (e.g. caused by 50Hz mains currents). Also they pro-
vide no direct relative position information. Instead the in-
formation must be derived from several sensors on adjoining
body parts through trigonometric calculations. Another tech-
nology that gives information about the relative orientation of
body parts are elongation or bend sensors integrated in the
user’s garment (e.g. [7]). It has also been proposed to use
capacitive sensors to measure joint angles [1]. A stationary
magnetic tracking systems has been used in a large backpack
for a wearable application by [5]. A magnetic tags based in-
terface for music has been proposed in [8].

In previous work [3] our group has already demonstrated
a simple onbody measurement using the magnetic resonant
coupling principle (measurement of elbow angle). However
this was done with a 1D system ignoring orientation. We also
did no evaluation on a recognition task. Finally, the system
was a simple first prototype with none of the hardware opti-
mizations described in the paper.
Paper Contributions As describe above the general prin-
ciple on which this work is based is not new and even has
been initially demonstrated for simple on body measurements
before. The contribution of the paper is to demonstrate that
(and how) a system based on this principle can be built that is
suitable for wearable use and useful for activity recognition.
By useful we mean that the system leads to better recogni-
tion rates then comparable wearable sensors (accelerometers
or MARG), which we demonstrate empirically. While the
system is simple in terms of the numbers of components, it
involves a number of non trivial design issues. These are dis-
cussed and the resulting solution described.

2 System Concept
2.1 Physical Principle

The principle behind our sensor is that of ’resonant mag-
netic coupling’. The sender generates a magnetic field that
oscillates with certain well defined, narrow frequency. This
can be achieved by driving an appropriate coil/capacitor com-
bination with a sinusoidal current of the desired frequency.
This field carries energy which falls with rising distance. The
receiver contains an LC oscillator circuit (in essence a coil
and capacitor) tuned to precisely the same frequency. As a

consequence the oscillating magnetic field induces a voltage
in the receiver coil. The magnitude of this voltage depends on
the relative orientation of the sender and receiver coils and the
distance between them. Thus, it can be used in principle as a
relative positioning system.
Compared with other positioning systems resonant magnetic
coupling has a number of interesting properties:

1. The attenuation of an oscillating magnetic field is rea-
sonably independent of the environment. The main loss
mechanisms are so called ’eddy currents’. These are cir-
cular currents induced in conductors exposed to chang-
ing magnetic field. The amount of energy loss depends
among others on the volume of the material so that small
volume metallic objects cause only little disturbance.
There is no need for line of sight between receiver and
the sender. Human body causes virtually no disturbance.

2. Since the receiver is resonant circuit tuned to
a narrow frequency environmental, magnetic
fields (e.g. caused by the AC current of household
installation) and stationary magnets do not disturb it.
This is in contrast to sensors utilizing the earth magnetic
field (like most MARG trackers) that are highly sensitive
to the described disturbances.

3. Unlike a radio frequency (RF) based system, a magnetic
resonant coupling system does not radiate energy. In our
system there is no antenna and thus no RF transmission 1.
The magnetic field built up by the coils is fully ’retracted’
as the energy flows back into the electric field of the ca-
pacitor during the next oscillation cycle. Apart from the
damping losses, the only energy that is extracted from
the system is the energy needed to induce the voltage in
the receiver’s coil and any energy lost due to eddy cur-
rents as described above. Thus relatively strong signals
can be generated without excessive cost in terms of en-
ergy consumption.

4. The energy in the magnetic field attenuates with distance
r as 1/r6. At first this appears to be a disadvantage, as
the range of the system is obviously limited. However,
we need to remember that for on body applications we
hardly need ranges of more than 1m (a sender placed
in the body center) and in many cases around 50cm is
enough. At the same time the strong dependence on dis-
tance means that other disturbances have less effect on
the measurement result. There are also no problems with
reflections and multi-path propagation.

In summary resonant magnetic coupling is an attractive, ro-
bust technology for on body relative positioning.

2.2 Relative Positioning Principle
The down side of resonant magnetic coupling is the com-

plex relation between signal strength and the relative position

1In reality cables and data lines act as parasitic antennas and some energy
is indeed radiated.
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Figure 1. (a) Orientation and Distance overview.
(b) Schematic Magnetic field with receiver coils.

and orientation of the sender and the receiver (another is the
limited range which, however, is not an issue for on body sys-
tems). Thus, the main design issue is the ability to deal with
such complex dependencies. To understand how this can be
achieved we first define the degrees of freedom which we con-
sider for the relative orientation and position measurement.
We then describe how the intensity of the signal at the re-
ceiver depends on these degrees of freedom. Based on this we
describe the design of a relative positioning system.

Coordinate System and Degrees of Freedom The coordi-
nate system on which discussion is based is shown in Figure
1(a). We assume the sender to be at the origin with a coil
oriented parallel to the z axis. The location of the receiver in
this coordinate system can be given spherical coordinates by a
distance r from the origin and two angles θ and φ. In addition
the receiver has its own local coordinates system. Again we
assume a coil to be oriented along the z-axis. The orientation
of the receiver with respect of the sender is the given by 3 an-
gles α, β, γ that describe the rotation of the local coordinate
system with respect to the global one.

Position and Orientation Dependence Given a specific
coil and a fixed oscillation frequency the voltage induced in
the coil is related to the number of magnetic field lines passing
through the coil. Figure 1(b) shows the field line structure of a
typical coil and illustrates the sources of signal strength vari-
ation. First, the density of the magnetic field lines decreases
with increasing distance. Thus, everything else being identi-
cal, the voltage in a further away coil will be smaller (coil b
compared to coil a). This is the 1/r6 dependence. Second,
rotating a receiver coil in relation to the field lines reduces the
effective area through which the field lines can pass and with
it the induced voltage. Thus the highest voltage is induced in
a coil parallel to the field lines while a coil perpendicular to
the field lines has zero voltage (see coil d). Note, that rota-
tions around the axis passing through the coil are not relevant.
In our coordinate systems these are rotations around the z-axis
of the local coordinate system (γ). Finally, the heterogenity of

the field means that for a given distance and fixed orientation
of the receiver with respect to the field lines the induced volt-
age depends on the location of the receiver around the sender
(see coils a and c). The field is symmetric with respect to ro-
tation around the axis parallel to the coil which is the z-axis of
the sender coordinate system in Figure 1(a). Thus the location
around the coil is determined by the angle θ in our coordinate
system.

In summary the intensity of the voltage induced at the re-
ceiver depends on r, φ, α, β. An important thing to note is that
the dependence is subject to symmetries with respect to 180
degree rotations in the x-y plane. Thus, for example, the field
strength in coil a in figure 1(b) will not change if it is moved
horizontally to the other side of the sender coil. This means
that the relative position measurement is likely to contain am-
biguities with respect to such 180 degree rotations.

Resulting Sensing System From the above it is clear that a
system with a single sender and receiver coil will not be able
to yield all six degrees of freedom tha define the spatial rela-
tionship between the sender and the receiver. The most obvi-
ous solution is to use three perpendicular sender and receiver
coils. The sender has to pulse the three coils sequentially.
Each pulse induces voltage in all three receiver coils. Thus
single measurement results in a 3x3 matrix of signal strength
values: three receiver coil values for every one of the three
sender coil pulses.

Mi =

xx yx zx

xy yy zy

xz yz zz

 (1)

In the above equation the suffixes refer to the sender axis that
was pulsed and the ’normal’ letters to the receiver axis on
which the field strength was measured. Thus xy denotes the
strengths of the voltage induced in the x coil of the receiver by
pulsing the y coil of the sender. The elements of the measure-
ment matrix can in principle be used to derive all six degrees
of freedom of the relative position.

Implementation Consideration In general there is no
closed analytical expression that describes the relation be-
tweenM and those degrees of freedom. In real systems the
field structure is also likely to significantly deviate from the
ideal shown in Figure 1(b). It is usually determined using
complex numerical simulations. The results of such simula-
tions can be used to build lookup tables or piecewise approx-
imations for the relative position computations. In addition,
the field would in general be ’shaped’ through appropriate coil
design can make the computation easier and more exact.

Beyond such fundamental considerations there are a num-
ber of practical issues that make exact reliable distance mea-
surement difficult. For one the 1/r6 attenuation means that
the system must have a huge dynamic range. While the sig-
nals for small distances are in the range of a Volt, the largest
distance will results in sub µV values. The need to amplify
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such low voltage means that the system must be very carefully
designed to avoid picking up noise from the environment. The
stronger the signals that one tries to generate the more diffi-
cult it is to keep a clean signal shape. There are also a number
of issues involved in the coils selection as the size of the coil
is related to inductance which in turn determines the capacitor
needed to achieve certain eigenfrequency. Finally the need to
pulse the sender coils can lead to crosstalk with inactive coils.
It also require fast switching times between the amplification
circuits to allow fast sampling rates.

Overall it can be said that building a sender/receiver pair
that leads to some sort of relative position related voltage be-
ing induced in the receiver over short distances is easy. Turn-
ing such a pair into an exact distance and orientation mea-
surement system working over larger distances is an entirely
different type of problem, which explains the size, price and
complexity of existing, stationary systems.

2.3 System Concept
The basic idea behind this work is that for a sensor to be

a useful activity recognition tool it does not have to be much
more then a ”sender/receiver pair that leads to some sort of
relative position related voltage being induced in the receiver
over short distances”. The main considerations that lead to
this assumption can be summarized as follows:

Range Many activities are determined by hand actions per-
formed somewhere in front of the body. With an average
male arm span of about 170cm (arms spread from fingertip
to fingertip) for most such activities we can assume a distance
between chest and the wrist (where the sender and receiver
would likely be placed) to be in the range of 50 to 80cm. In
many applications (e.g. nutrition monitoring) the hand comes
into the immediate proximity of certain body parts, so that
even smaller ranges (20 to 30 cm) would be sufficient. For leg
related applications we may fix the sender on the belt and the
receivers somewhere below the knee so that 50 to 80 cm range
would also be enough.

System Output The fact that an activity is determined by
the relative position and orientation of two body parts does
not mean that the recognition system must know the actual
distance and angle values in any standard units. In fact, in
many systems the distances would be combined with other
signals to define a lower dimensional, abstract feature space.
What is needed is a signal that is (1) different for different rel-
ative positions and orientations and (2) reproducibly the same
for the same positions and orientations. Thus in principle the
elements of the measurement matrixM could be used as in-
put to the recognition system. However it is well known that
training a classifier on such ’raw data’ that has a complex re-
lation to the factors that actually separate the classes requires
a large amount of training data and often produces poor re-
sults. As a consequence we define a set of values that are a
clear indication of the magnitude of the 6 degrees of freedom,

without actually providing a measurement in any standard unit
(see section 3.3).

Accuracy The most common sensor location in wearable
activity recognition applications are wrist, torso, arms and up-
per and lower legs. For routine activities none of the above
is moved with sub centimeter accuracies. In fact, for many
activities, trajectories will vary by up to a few centimeters be-
tween individual executions. As an example consider bring-
ing a bottle to your mouth for drinking and a wrist mounted
sensors. Clearly, there will be applications (e.g. in high per-
formance sports) where accuracy within a few centimeters is
not enough. Our system does not target such applications.

3 System Implementation
The system consists of a single three coil sender and an

arbitrary number of receivers (each also containing three per-
pendicular coils). As described in the previous section the
sender sequentially pulses each coil and the receivers register
the signal intensity on each of its coils.

3.1 Sender
The sender holds three orthogonally oriented coils and a

signal generator circuit. To avoid interferences and magnetic
coupling the coils are split up and spatially separated. The
sender amplification board uses a square shaped input signal
and transforms it into the 10 mA sine shaped output current
applied to the coils. The sender sequentially puts the out-
put signal on the emitter coils for 2.5 ms. As described in
the previous section sequential pulses on the 3 sender axes
are needed to deal with orientation dependence of the signal
strengths.

In an initial version of the sender we used a quartz con-
trolled signal generator to generate a 32 kHz sine shaped out-
put current. Experimental evaluation has shown that high in-
ductivity of the emitter coils lead to small range at this fre-
quency. The maximum range was between 30 and 45 cm de-
pending on the used transmitter coils.

To overcome this problem we have move to the 20 kHz fre-
quency. A microcontroller sequentially puts the square shaped
signal on the input channel of the x,y,z axis of the sender for
2.5ms. To synchronize the receivers, the sender broadcasts a
synch packet over an RF channel. Initially we tried to syn-
chronise the receivers by using a synchronisation break after
the x, y, z sequence. Unfortunately if the distance between
the sender and the receiver is too high the signal-to-noise ra-
tio made this type of synchronisation unreliable.

3.2 Receiver
Each receiver measures the magnetic field strength using

three orthogonally orientated coils (Picture 2). Depending
on the orientation of the receiver and also depending on the
sender side axis which is currently generating a magnetic
field three different voltage levels are induced at the three
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Figure 2. The sender schematics, sender and receiver,receiver schematics

receiver coils. After signal regeneration (hardware filtering,
amplification, signal rectification) the signal is presented to a
12 bit ADC of a Microchip DSPIC.

The induced voltage is filtered to remove the induced parts
which do not lie in the intervall of [19500Hz; 20500Hz]. A
voltage rectifier transforms the ac voltage to a dc voltage. De-
pending on this input voltage level, the amplification circuit
boosts the rectivied input voltage. A hardware peakdetector
and hold mechanism stores the maximum voltage level. The
Microchip DSPic digitalises the attached voltage and deletes
the hold buffer. The microcontroller sequentially samples for
each sender axis all 3 receiver axes and transmits the data with
a connected bluetooth module to the data recorder. Therefore
a complete measurement consits of 9 adc values. (Eq.1)

Initial Architecture Initially the receiver was based on a
simple magnetic coil. After rectifying the signal, a logarith-
mic amplifier module rises the input signal for the receiver.
This architecture was fine when we were working with just
one coil. However for a 3 sender 3 transmitter system it was
too slow due to the high saturation and falloff times of the re-
ceiver circuit which only led to a sampling rate of 50 Hz and
low range performance of 45 to 50 cm at 20 kHz.

Second Receiver Version The second receiver version uses
a different coil architecture: each axis consits of a pair of coils
with a center tap. This allows to use an operational amplifier
with voltage dependend back coupling. The induced voltage
is presented to a signal regeneration circuit which filters, rec-
tifies and amplifies the input signal. The two step amplifier
circuit automatically adjusts the amplification multipliers us-
ing diodes with different threshold voltages. If the input volt-
age is high (as it is in near distance measurements), the diodes
reduce the amplification at the first and second amplifier to
limit the voltage level. If the sender and receiver are far apart,
the diodes are non-conductive and the amplifiers both rise the
voltage.

After regeneration a hardware peak detector with hold
mechanism stores the maximum voltage level. A transistor
allows to clean the hold mechanism after reading the voltage
level. We estimate the saturation and falloff times of this cir-
cuit which lead to a sampling rate of 106 Hz and a maximum
range of 65 cm.

3.3 System Output
As described in section 2.3 as system output we do not use

the raw measurement matrix but values that are more intu-
itively connected to the individual degrees of freedom:

1. The sum of all 9 elements of the matrix as indication of
the distance.

2. The ratios of signals on pairs of receiver coils from a
single sender coil (e.g. xx

yx
) as indication of the angles

α, β, γ by which the receiver is turned.
3. The ratios of signals received by a single receiver coil

when transmitting with different sender coils (e.g. xx

yy
)

as indication of the angles θ, φ

The paramters are based on the observation that when a de-
crease of the signal in one of the elements of M is caused
not by increase in distance but by a rotation, then it is always
accompanied an increase of a signal on another axis. If the
x coil of the receiver is parallel to the field lines and receives
maximum signal then the y coil will be perpendicular and re-
ceives none. As we rotate the receiver around the z axis the
x becomes gradually ’less parallel’ while the y coil becomes
’more parallel’.

4 Experimental Evaluation
We evaluate our system in three steps. First we look at the

distance and angle data to verify that the features defined in
3.3 display the desired qualitative correlation with distance
and the angles. We also investigate the influence of envi-
romental factors on signal quality. Second we compare the
performance on a simple gesture classification task against
the Xsens MARG sensors (euler angles on three body parts
derived from 3D acceleration, 3D gyroscope and 3D earth-
magnetic). Finally we demonstrate the benefit of combining
our sensor with an accelerometer on a more complex activity
recognition task: the classification of Tai Chi moves.

4.1 Signal Level Evaluation
Relation between Distance and Signal We place the re-
ceiver at a fixed position (and orientation) and increase the
distance between the sender and the receiver in 2.5 cm steps
from 10cm to a maximum of 80 cm along one reception axis.
The orientations of both sensors are fixed.
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Figure 3. (a) Low pass filtered sum adc value against distance, (b) Ratio xx
yy

at different distances, (c) Ratio xx
yx

at different distances.

After adding all 9 ADC values, we smooth the complete mea-
surement set using a low pass filter and calculate the mean
sum for each reference point.

The results are shown in figure 3(a). Between
[10cm; 40cm] the system shows a high resolution which flat-
tens with increased distance. The gradient especially in
[10cm, 40cm] is adjustable by changing the hardware ampli-
fication multipliers. The signal to noise ratio in [65cm; 80cm]
is near one and therefore the maximum distance is about 65
cm.
The deviations between the 9 value sum approximation and
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Figure 4. Influence of angle on distance approximation

true distance illustrated in figure 4. The y-axis shows a piec-
wise linear approximation based computation of the distance
trained on the sum of the 9 values. To generate the figure we
have placed the receiver at 15,25,35,45,and 55 cm and rotated
it by 720◦ and compared the predictions of the piecwise linear
approximation to the true distance.

Relation between Receiver Angle and the Signal We use
a fixed sender position and orientation. The receiver is moved
along a circle always pointing towards the sender. We record
the adc values at discrete 10◦ steps around the receiver from
0◦ to 180◦ compute the signal ratios on the two relevant axes.
The result is shown in Figure 3(b)

Relation between Sender Angle and the Signal In this ex-
periment the receiver is centrally positioned, the sender is
placed at the circle and moved along the circle around the re-
ceiver. As before, we record the adc values in 10◦ steps from

0◦ to 180◦ and compute the signal ratios on the two relevant
axes (see 2). Figure 3(c) presents the results.
Sensibility to Disturbances Having attached the sender to
the wrist and the receiver to the shoulder, we place different
objects between the magnetic measurement system. The dis-
tance between the receiver and the sender is 23 cm. We label
the measurements while the object is ”disturbing” the system.
Reference value is the mean value of the undisturbed measure-
ments. Table 1 presents the objects which have been tested
how they influence the measurements.

Object ∆s
Arm 1.3%
Alu. angle bracket 3.9%
Screwdriver −0.3%
Notebook 5.0%
metal plate 9.5%

Table 1. These objects have been tested how they influence
the measurements.

Conclusion The analysis shows the expected performance:
our values clearly depend on the respective degrees of free-
dom although they do not give an exact measures with for ex-
ample the ratios that we use for angle estimation varying with
distance. Most important, the curves indicate that different
positions and orientations will in most cases produce different
values, as required for activity recognition.

4.2 Comparison to XSENS Systems
We compare the usefulness of our sensor for a simple ges-

ture classification task to the Xsens MARG system. The
Xsens system is among the most advanced wearable motion
and posture tracking systems (cost around 1000 Euro per sen-
sor) and is widely used in activity recognition research.

The selected set of gestures is motivated by our previous
work on nutrition monitoring. It contains taking a piece of
food to the mouth (Fig. 5(a)), drinking from a cup (b) and
four gestures that are similar, yet nutrition unrelated: touch-
ing the chin (e), raking the nose (c), touching the earlap (d)
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and touching the forehead (f). All gestures involve a similar
hand posture and differ in the wrist placement by less than
10cm. Thus the recognition problem is non trivial and tests
assumption that although our system does not explicitly com-
pute relative positions, it is able to separate subtle, spatial po-
sition related actions.

(a) (b) (c)

(d) (e) (f)

Figure 5. Gestures to be classified.

Experimental Setup The magnetic receiver is placed at the
chest of the test person, the magnetic emitter at the forearm.
The Xsens sensors are attached to the forearm, the upper arm
and the torso. The use of three Xsens sensors is motivated by
the fact, that the gestures are determined not by the wrist ori-
entation alone, but by the relative position and orientation of
the wrist to the body. Such a relative position and orientation
is the information that our sensor captures. The three Xsens
together capture the posture of the shoulder and the elbow
which determine the relative position of the wrist with respect
to the torso. During the recordings the test person keeps the
arm at the same level. Each gesture is repeated 30 times. We
only record data while the hand is at the current wished posi-
tion and we do not record the way to the position and back to
the start position of the hand.
Recognition Approach We train the Weka J48 Decision
tree algorithm on the following features:

• Magnetic sensors: sum of all 9 adc values as rough dis-
tance estimation and xx

xy
,yy

yz
, zz

zx
as relative angle values, ij

is the adc value measured at receiver coil i while sender
coil j is emitting the magnetic field. All these magnetic
sensor values have been low passed filtered.

• XSens: Euler angles (roll,pitch and yaw) computed by
the sensor from the 3D accelerometer, gyroscope, and
magnetic field signals. The proprietary algorithm in-
cludes complex filtering to stabilize the signal.

Results We present the data on a frame by frame (framesize
1 - one measurement) to the decision tree. It has been trained
with 50 percent of the collected data, the rest has been used
for testing (test set 6500 Instances, overall recorded set:
13000 instances). The classification results for our sensor
tracking the forearm, a single Xsens placed on the wrist, a

single Xsens on the upper arm, a combination of an Xsens on
the upper arm and the forearm, and all three Xsens is shown
in the table below.

Sensor Recognition rate
Magnetic sensor 99.29%
Xsens (all 3 sensors) 97.28%
Xsens (Forearm only) 94.1%
Xsens (Upper arm only) 93.7 %
Xsens (upper and lower arm) 96.9%

It can be seen that our sensors tracking the forearm outper-
forms a forearm mounted XSens by over 5% (99.29 % recog-
nition rate to 94.1%). As expected all three XSens together
perform best of all the XSens based configuration. However
they are still 2% behind our sensor (97.28%).

4.3 Comparison to and Combination with
Accelerometers

Our next experiment focuses on a comparison with an ac-
celerometer and more important on the evaluation of the use-
fulness of combining our sensor with an accelerometer. The
investigation is motivated by the fact that in terms of sensor
system complexity and price our sensor is more comparable
with an accelerometer then with a 1000 Euro MARG unit.
In addition, accelerometers are the most widely used activity
recognition on body sensors and are increasing integrated

As case study we take the recognition Tai Chi gestures.
The choice is motivated by previous work ( [6]) that has
shown that Tai Chi and in general Kung Fu recognition us-
ing wearable motion sensors is feasible. At the same time we
have seen that recognition is non trivial and far from perfect.
Unlike the experiments in the previous section, the Tai Chi
case study targets not static gestures but motions.

Experimental Setup The magnetic field sender is mounted
on the wrist, the receiver mounted in the middle of the torso.
One accelerometer sensor is mounted behind the sender on the
forearm. The accelerometer was sampled with 50 Hz.

Our test subject is a relative novice to Tai Chi having
around 5 years background in other kinds of Kung Fu. As we
do not really want to access quality and are focusing on Tai
Chi beginner form movements, this presents no problem. We
recorded gestures from the beginner form of the Yang Tai Chi
style. The Yang style focuses on health benefits. The effec-
tiveness has been proven in several medical studies (see [4]).

The gestures recorded are: opening form, parting wild
horse mane, single wip, grasping sparrow’s tail, waving arms
like clouds, high pat on horse back, brush knee, appear to
close crossed hands. Each gesture was recorded 10 times.

Recognition Method For the analysis we calculate the fea-
tures using a 1 sec. sliding window approach over the data.
The features calculated are median, variance, 75% percentile,
zero-crossing rate, number of peaks, mean peak hight, FFT
center of mass and the root mean square. From the magnetic
field sensor we use the ratios between the axis and the sum, as
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(a) (b)

(c) (d)

Figure 6. Four recorded Tai Chi movements: Parting Wild
Horse Mane (a), Single Wip (b), the Opening (c) and Moving
Hands Like Clouds (d)

described earlier. Concerning acceleration we use simply the
three axes. For the magnetic field we use all features except
the median and the zerocrossing rate. For the acceleration we
use all features except median peak height and fft center of
mass. This leaves us with 6 features per modality. On top of
the features calculated with sliding window, we train a KNN
classifier with k=3 using a 33% to 66% percentage split for
training and test data. The classification results are smoothed
using a 10 sec. majority decision sliding window.
Results The results are summarized in the table below:

Sensor Recognition rate
Gyro 64%
Acceleration 86%
Acceleration and Gyro 90%
Magnetic 94%
Magnetic and Acceleration 100%

As expected from previous experiments, classification just
on the accelerometer data brings 86 % correctly classified.
The magnetic field sensor is slightly better at 94 %. Com-
bining the two modalities using the method described above,
we reach a classification rate of 100 %.

5 Conclusion

The main conclusion of this work is that magnetic reso-
nant coupling relative positioning is a useful activity recogni-
tion modality and can significantly improve recognition rates.
It can do so in an implementation that is well suited for the
wearable environment and in fact not more complex then cur-
rent inertial sensor based system.

While we obviously do not claim that our system will be
beneficial for all problem classes, we believe that there is a
broad range of activity recognition task where relative posi-
tion and orientation of body parts is an important information.

The next steps in our research are to increase system range
through higher driving voltages and improve shielding of the
circuit against RF noise. We will also apply the system to
further recognition tasks.
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