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ETH Zürich
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Abstract
We here demonstrate the combination of tilt switches
with RFID for building fully passive orientation-sensitive
devices. We show the functionality of this approach with
a simple die that can be read out with an NFC-enabled
smartphone. As the proposed orientation system does not
require battery powering, it is of interest to various
wearable-computing and smart-home applications that
benefit from long system runtime.
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Introduction
Many ubiquitous computing applications deploy
orientation sensors to recognize the state of objects, or
the activities of a user that wears the device. For example,
a body-worn orientation sensor can indicate that a person
fell [1], or detect postures in rehabilitation exercises [6]. A
common approach in orientation estimation is to fuse
inertial measurements (acceleration, rotation velocity,
magnetic field) in a filtering algorithm [5]. While this
solution provides accurate 3D orientation (typical root
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mean square error of < 2◦ [5]), it is computationally
demanding and requires battery supply, which limits the
continuous runtime of such systems.
For some applications, the accuracy in orientation
estimation is less critical and only few states must be
distinguished. For example, discriminating two orientation
ranges is sufficient for detecting whether an object is lying
or standing upright. This task simplification allows us to
apply passive sensor technologies such as tilt switches [4],
which may dramatically increase the runtime of
orientation-sensitive devices.
Here, we propose to combine passive sensors (tilt
switches) with passive communication technology (RFID),
thus enabling fully battery-free orientation-sensitive
devices. The orientation of such a device can be read out
with an NFC-enabled smartphone. We demonstrate the
approach by integrating a 6-state version of the setup in a
die for detecting the possible outcomes of tossing. We
evaluate the resulting system in terms of read-out
distance with different NFC readers, and the robustness in
state detection.

General principle
In this work, the basic principle of a Radio-Frequency
IDentification (RFID) tag is combined with tilt switches.
We use passive RFID tags, i.e., tags without an own
power supply. The electromagnetic field created by the
RFID reader induces an electric current in the antenna,
powering up the tag and enabling information transfer.
Many commercially available smartphones include an
RFID reader to read out passive tags, e.g. in public
transport [2]. This technology, called Near Field
Communication (NFC), is based on an operating
frequency of 13.56 MHz.
Any RFID tag that is resonant at the operating frequency
will respond to requests by a close-by reader. To make a

tag only respond in certain orientations, a tilt switch is
added to the circuit. Such a switch either connects or
breaks the electrical connection, depending on its
orientation with respect to gravity. Figure 1 shows a
smartphone acting as RFID reader and a single RFID tag
with tilt switch in its field.

Figure 1: Inductively coupled RFID reader and tag.

A single tag with switch is responsive in a given
orientation, and quiet in others. To distinguish two
orientation states, a second tag with its own, anti-parallel
switch must be added to the design. Figure 2 shows a
two-state device that can for example distinguish the head
or tail outcome of a coin toss. To differentiate further
orientations, additional tags must be added and connected
to tilt switches such that in each orientation, the circuit of
only one tag is fully connected. Alternative approaches in
which multiple tags are active at once, and certain
combinations of active tags indicate to current
orientation, are not applicable due to limitations of the
Android NFC support.

Die design
To demonstrate this approach, we designed a die that
allows for a battery-free and wireless read-out of its six
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orientation states. The proposed die consists of six
antenna coils, one on each side of the die, together with
an RFID chip each. Eight tilt switches aligned in the
corners of the die make sure that only a single RFID tag is
connected to the antenna at every possible state. Figure 3
depicts the corresponding circuit design.

Figure 2: Two-state RFID tag
with tilt switches.

Figure 3: Electrical circuit of RFID die with tilt switches,
RFID chips and antenna coils.

We distinguish two types of tilt switch functionalities in
the design: The two type-1 switches indicate which corner
of the die is facing upwards. The remaining type-2

switches then describe the associated die side that faces
upwards. Self-designed mounts align the tilt switches in a
35◦ angle to each side of the die, which corresponds to
the bisecting line. Figure 4 shows the mounting of a single
tilt switch on the PCB as well as the final composed
device. In the prototype, we use the mercury-based tilt
switch Comus 1800-1 (6,3 mm x 4,6 mm).

Figure 4: Mounting of the tilt switch on a PCB (left) and
final RFID die (edge length of 3 cm).

The switches break or connect antenna coil circuits, which
are designed to have a resonance frequency of 13.56 MHz
while providing maximal read-out distance. This distance
is approximately proportional to the size of the coil [3]. In
the final design, we use rectangular coils with outer
dimensions of 22 mm x 22 mm, and 14 turns, seven on
each side of the Printed Circuit Board (PCB). Together
with the internal capacitance of the RFID chip, this design
provides the target resoncance frequency, without the
need for additional capacitors. Measurements confirmed
that the insertion of the tilt switch has no significant
influence on the resonance frequency of the whole circuit.
Finally, we implemented an Android application for
NFC-enabled smartphones that reads out and displays die
tossing results. The application uses the NFC Data
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Exchange Format (NDEF), and it was tested on the
following NFC-enabled phones: LG Nexus 4, Samsung
Galaxy S4 and Sony Xperia S. It could easily be adapted
for use in online dice tossing games, or to provide audio
and tactile support for the visually impaired. Figure 5
shows a Samsung Galaxy S4 reading out the state of the
die.

Figure 5: Samsung Galaxy S4
smartphone readout of the RFID
die state.

Evaluation
We evaluated the functionality of the proposed RFID die
by measuring the maximum possible distance between the
smartphone and the die. For all six sides of the die and all
used smartphones, this distance was 30± 2 mm. With a
commercially available RFID reader (Texas Instruments -
TRF7960AEVM) that uses a higher power, the readout
distance was up to 80 mm.
In addition, we investigated the orientation recognition
rate and die tossing fairness. For this purpose, the die was
thrown 1000 times and the result of the smartphone
read-out was compared to the actual state of the die.
Within this evaluation, the die achieved a perfect
recognition rate of 100%. We at the same time checked
that the changes in inertia due to the moving liquid in the
tilt switches does not affect the overall die tossing
fairness. The frequency distribution in Figure 6 does not
show any significant deviation from a fair die, as we
confirmed by means of a chi-square test.

Figure 6: Frequence of each
outcome for 1000 die tosses.

Conclusion
In this work, we presented a battery-free die whose state
can be read out wirelessly via RFID with an Android
application. The die is fair and achieves a perfect
recognition rate. This device could be used to develop
new gaming applications or offer blind people a chance to
easily participate in games with dice.
The concept of wirelessly reading out the orientation of a

device with respect to gravity could be transferred to other
applications in activity recognition, such as body posture
detection. In future, we will investigate multi-state tilt
sensors for achieving finer-grained orientation resolution,
as an alternative to combining many tilt switches.
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