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Sound impacts the SATURN vibration sensor, which is formed in the shape of the elephant’s ear.
SATURN’s triboelectric components vibrate (inset), generating an electrical signal.
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ABSTRACT
We envision a new generation of computation devices,

computational materials, which are self-sustaining, cheaply
manufactured at scale and exhibit form factors that are eas-
ily incorporated into everyday environments. These materi-
als can enable ordinary objects like walls, carpet, furniture,
jewelry and cups to do computational things without looking
like today’s computational devices. SATURN (Self-powered
Audio Triboelectric Ultra-thin Rollable Nanogenerator) is
an early example of a computational material that can sense
vibration, such as sound. SATURN can be manufactured
from inexpensive components, is flexible so that it can be
integrated into many different surfaces, and powers itself
through the sound or vibration it is sensing. Using radio
backscatter, we demonstrate that SATURN’s sensed data is
passively transmitted to remote computers, alleviating the
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need for batteries or any wired power for the material itself.
The proliferation of these types of computational materials
ushers an era of Internet of Materials, further blurring the
distinction between the physical and digital worlds.

1. INTRODUCTION

The most profound technologies are those that
disappear. They weave themselves into the fabric
of everyday life until they are indistinguishable
from it. [18]

This poetic and mostly metaphorical vision from Mark
Weiser inspired nearly 30 years of ubiquitous computing re-
search. Weiser correctly predicted an era of proliferation
of many differently sized devices aimed at augmenting our
human experience with technology. Today’s realization of
ubiquitous computing devices—smartphones, tablets, elec-
tronic whiteboards, wearables—are still fairly easy to dis-
tinguish from everyday objects in the physical world. Sizes
may vary, but there are still very distinctive characteristics
of something that is computational. The Internet of Things
(IoT) has tried to hide computing into more and more ev-
eryday objects, like light bulbs, television sets and speakers,
but we are still far from a complete blurring of the physi-
cal and digital worlds. To make something computational
still requires “smarts” composed of off-the-shelf integrated



circuits housed in rigid modules that are packaged with ex-
isting objects. Computing is too separate from the materials
of everyday objects. We propose a different direction based
on Weiser’s vision, that is, starting with the materials of ev-
eryday life and creating computation from there. In doing
so, we propose an Internet of Materials (IoM), where
the very materials of objects and surfaces are augmented
or manufactured to have computational capabilities. This
recasting of ubiquitous computing as “computational mate-
rials” presents three major challenges:

• Power: Computational materials should be self-
sustaining in terms of power consumption. They should
not require a wired, constant power source or battery
replacements. Instead, they should be able to harvest
power from the environment for operation. We would
never want to plug in an everyday object, like a cup,
nor do would we ever want to worry about replacing a
battery or recharging it.

• Cost: Computational materials should be cheap to
manufacture at large scale. Despite progress in manu-
facturing increasingly complex and powerful integrated
circuits, as dictated by Moore’s Law, we cannot afford
to make computational materials the same way. It
would be too expensive and would not scale to cover
entire buildings, outdoor surfaces, or clothing.

• Form Factor: Computational materials should be
flexible or dispersible such that they can be easily inte-
grated into everyday objects and surfaces. The key to
blurring the physical and digital worlds is to make the
digital objects look and feel more like physical objects.

For several years, we have been driving our research with
these three challenges. We present here one of our first suc-
cessful examples of a computational material, SATURN
(Self-powered Audio Triboelectric Ultra-thin Rollable
Nanogenerator). SATURN is a demonstration of a thin and
flexible multilayer material for detecting mechanical vibra-
tions, which are ubiquitous in our everyday environment.
Inspired by recent results in materials science, SATURN
produces energy from mechanical vibrations using a truly
ubiquitous phenomenon which occurs between any two dif-
ferent materials rubbing against each other. We show how
this fundamental property of materials can be turned into a
self-sustaining sensor and then demonstrate how other sim-
ple materials can be used to help turn the sensor into a
wireless sensor.

We outline the paper in 6 main sections. Section 2 in-
troduces the design and working principles of SATURN.
Section 3 characterizes SATURN as a self-sustaining micro-
phone and loud sound energy harvester. It is followed by
Section 4 which demonstrates different ways of building a
self-sustaining computational system leveraging SATURN.
Next we discuss applications in section 5 some of which are
implemented and some are exploratory in nature. In Section
6 we discuss how this work impacts our thinking in develop-
ing computational materials.

2. SATURN: WORKING PRINCIPLES
Recent advances in materials science demonstrate the pos-

sibility of self-powered, easy-to-manufacture sensors that take
advantage of the triboelectric nanogenerator (TENG) effect

which converts mechanical vibrations into electrical energy
[14, 16, 17]. When made in the right form factor, these me-
chanical energy generators could be manufactured as self-
sustaining sound and vibration sensors. We use these prin-
ciples for the design, fabrication and evaluation of SATURN
[3], a flexible, self-powered sound sensor and sound energy
harvester that is constructed with thin and inexpensive ma-
terials. The novelty of the work lies in creating a device
that considers power, cost and form factor as central design
parameters without sacrificing signal quality.

2.1 Triboelectric Nanogenerator (TENG)
When two different materials come into contact and sepa-

rate, or rub alongside each other, they tend to either gain or
lose electrons, based on their position relative to each other
in the triboelectric series [21]. This common phenomenon of
exchange of electrons is called triboelectrification. The re-
distribution of charge creates an electric potential between
the layers. If there is a conductive path between the two
layers, the charge difference will balance due to electrostatic
induction. Repeated contact and separation, therefore, pro-
duces an alternating current [15]. This multi-layer structure,
consisting of different materials that are both conductive on
one side, is called a Triboelectric Nanogenerator (TENG).

2.2 Device design and fabrication

Figure 1: Structural design of a SATURN microphone con-
sisting of copper-coated paper and PTFE

Figure 2: Fabrication process: (1) Preparation of micro-hole
paper (2) Deposition of copper layer (3) Attaching copper
tape as electrodes (4) Stacking paper and PTFE (5) Gluing
paper and PTFE. All dimensions are in mm.

SATURN is an example of a TENG and consists of two
layers (Figure 1). The first is the copper that acts as a tri-
boelectrically positive material and is coated onto paper for
mechanical support. Paper is used because of its low cost,
while its flexibility, light weight and ease of perforation all



support its vibration in the presence of sound. The sec-
ond layer is a dielectric plastic, PTFE (polytetrafluoroethy-
lene), that acts as a triboelectrically negative material and
is coated on one side with copper using physical vapor depo-
sition. The first and second layers are placed on top of each
other, with the copper side of the paper touching the non
copper-coated side of the PTFE. The layers are anchored to
each other using glue with a specific dot pattern. A potential
difference is caused by vibration and is measured between
the two copper-coated surfaces (see Figure 2).

SATURN’s structural design is tuned to increase its elec-
trical response across a wide frequency range. Structural de-
sign parameters (Figure 3) such as hole size and spacing, the
geometry of the patch, and the glue points attaching the two
layers are varied to understand the effects on signal quality
using a combination of evaluation techniques. These param-
eters are optimized empirically based on measured voltage
generated by the microphone at a standardised decibel level
and by using a mechanical model simulation that compares
the separation distance between the two layers of SATURN
when vibrating.

Figure 3: SATURN’s structural design parameters

2.3 Operation

Figure 4: Cycle of electricity generation process under ex-
ternal acoustic excitation

Change in air pressure due to sound vibrations causes con-
stant contact and separation in the multilayer structure of
SATURN. When the two layers are in contact with each
other, charges are induced in the copper and the PTFE
due to triboelectrification (Figure 4a). PTFE, which has
a greater electron affinity, is able to gain electrons from the
copper and becomes negatively charged, whereas the copper
layer on the paper becomes positively charged. Subsequent
separation of the paper and the PTFE (Figure 4b) induces a
potential difference across the two copper electrodes, caus-

ing current to flow from the paper towards the PTFE when
the device is connected to an external load. This flow of cur-
rent reverses the polarity (Figure 4c) of charges on the two
copper electrodes (i.e., now the copper on PTFE has more
positive charge than the copper layer on the paper). The
next compression results in the paper moving towards the
PTFE again, resulting in a reversed direction of current flow
(Figure 4d), completing the cycle of electricity generation.

3. PERFORMANCE CHARACTERISATION

3.1 self-sustaining microphone

Figure 5: Sensitivity across acoustic bands (20 Hz - 20 kHz)

Even though SATURN is self-sustaining, flexible and thin,
its quality as a sensor is comparable to an active microphone
that consumes power. After structural optimizing SATURN,
the best acoustic sensitivity of -25.63 dB (relative mV/Pa)
is achieved at 1000 Hz. The resulting SATURN patch has
a circular shape with a 16 cm2 area, a grid pattern of holes
0.4 mm in diameter with 0.2 mm spacing, and glue attach-
ments of the two layers at the center and at eight equally
distant points around the edges of the PTFE (Figure 5). In
this configuration, the SATURN microphone compares fa-
vorably to an active microphone (MEMS ADMP-401 and
iPhone INMP441) for frequencies as high as 5000 Hz (Fig-
ure 6). Since approximately 90% of the acoustic information
for human speech lies within this range [4], SATURN can be
used a good quality microphone for a variety of applications.

Figure 6: Acoustic sensitivity of SATURN sensor compared
to an active microphone

Bending of SATURN reduces the acoustic sensitivity as
the bend angle increases due to the increase in the stiffness of
the structure, which results in lesser vibration of the layers.
At a bending angle of 45 degrees, SATURN is still a usable
microphone and is comparable to an active microphone up
to 3000 kHz, allowing capture of more than 60% of the sound
information of speech [4]. See Figure 7.



Figure 7: Experimental results for the effect of flexibility:
Change in acoustic sensitivity (1000 Hz at 94 dB obtained
for different radii of curvature)

3.2 Loud sound energy harvester
Next we look at SATURN as an energy harvester for loud

acoustic events. We performed an experiment to determine
the peak voltage and peak power of the SATURN micro-
phone at its resonant frequency as functions of an external
load resistance. We analyzed the 4x4 cm2 SATURN mi-
crophone patch as a power harvester when exposed to loud
sounds (100 dB). The voltage is approximately 0.5 Vpp at
150 Hz and rises to a maximum at 2.5 Vpp at 250 Hz and
then falls below 1.0 Vpp at 350 Hz. The same behavior is
shown in the power curve, with a maximum power of 6499
nW (Figure 8).

Figure 8: Voltage and power generated at different working
frequencies

Size of patch 4x4 cm2

Resonant Frequency 255 Hz
Load Impedance 0.9 MΩ

Max. Vpp 2.5 V
Max. Power 6944 nW

Table 1: Power generated by SATURN at 100 dB
and 250 Hz sound frequency

4. SELF-SUSTAINING COMPUTATIONAL
SYSTEM DESIGN

To use SATURN in a practical application, it needs to be
embedded in a self-sustaining computational system. In this
section we look at three different ways of building such sys-
tem using SATURN. The first system leverages SATURN
as a self-sustaining microphone to transfer a wide-spectrum
audio sounds (e.g., speech or taps). The second and the
third system demonstrate how we can leverage SATURN as
a sound energy harvester to build a self-sustaining event de-
tection systems for loud sounds. These self-sustaining wire-
less sensing and communication systems maintain the form
factor of the computational material while being still being
potentially cheap to manufacture.

4.1 Analog backscatter based communication
for sound and vibration

Figure 9: RF analog backscatter can be explained using an
analogy to the modulation of intensity and angle of reflection
of light from a rough surface

We combine the self-sustaining mechanical vibration sens-
ing property of SATURN with a self-sustaining communi-
cation technique called analog backscatter to build a thin
flexible material tag which can self-sustainably both sense
and communicate audio. The word backscatter in analog
backscatter means reflection. We can explain analog backscat-
ter by using a simple analogy of reflection of light rays (Fig-
ure 9). When light hits a mirror, it bounces off the surface
at an angle equal to the angle of the incoming light wave.
However, when light hits an irregular surface it gets diffused,
resulting in modulation in both the intensity and angle of
reflection of the light waves. Analysis of the received dif-
fused light can help deconstruct the shape of the irregular
surface from which it is reflected. Similar to the light waves,
when radio frequency (RF) waves are incident on a spe-
cially designed tag, they get modulated in amplitude and
phase. This reflected RF from the tag can be processed at
the receiver to extract information of the phenomenon which
caused the modulation. In our tag design, the modulation is
due to voltage generated in SATURN resulting from sound
or mechanical vibration (Figure 10).

5.png

Figure 10: Self-sustaining sound sensing and communication
architecture using SATURN and analog backscatter tech-
nique

Our prototype tag consists of SATURN, a junction gate
field-effect transistor (JFET) which acts as a voltage-controlled
impedance device, and a printed antenna (Figure 11) [1].
Sounds and vibrations in the environment result in gen-
eration of voltage in SATURN which in turn changes the
impedance in the circuit via the JFET. This change in impedance
changes the radar cross-section of the antenna resulting in
amplitude modulation of the incoming RF waves. Our tag
is an example of a computational material for audio and
vibration sensing and communication. The simple circuit
design of our tag maintains the thin, flexible form factor of
SATURN and can easily be embedded in everyday objects
and surfaces.



Amplitude modulation based analog backscatter does not
allow for unique IDs for different SATURN patches, but
other methods like Frequency Shift Keying (FSK) [11] can
allow for this capability by the addition of a sub-hundred
microwatt power energy harvesting method based on easily
available sources like wireless energy or light sources in the
room.

Figure 11: Tag consisting of simple circuitry – SATURN
sensor connected to printed antenna using a JFET and an
impedance matching circuit

4.2 Flip-bit data storage and RF interrogation
system

The 6.9 µW of power generated by SATURN due to a
loud sound can be used to flip a bit in non-volatile memory
to record the occurence. Considering the maximum power
transfer theorem (Jacobi’s law), the usable power we can
obtain is approximately 50%. Thus, we might harvest up
to 3.4 µJ/sec. The energy required to program a “1” into
NAND flash memory is 2 µJ [8]. Given that the sounds we
wish to monitor will probably last for several seconds, there
is more than enough power to record the acoustic event.
Going further, SRAM bits can be flipped at approximately
10-100 pW of power [5, 10], suggesting that rudimentary
computation might be performed to determine if the flash
memory bit should be written. Recorded bits might be read
later using a passive RFID interrogation system, which can
both read the recorded state and reset it.

4.3 Ultra-low power radio communication
system

SATURN could power longer range radio transmitters al-
lowing real-time alerts to sounds that exceed a loudness
threshold. Talla et al. [13] have recently demonstrated a 915
MHz analog LoRa backscatter communications device that
can communicate at greater than 11 bits/sec while hundreds
of meters away from its RF source and receiving antenna.
While their system currently uses a battery, their theoreti-
cal IC design consumes only 9.25 µW of power. With sound
events lasting on the order of seconds, one can imagine a
SATURN-based system storing power until it has enough to
enable a 915 MHz backscatter transmission to the receiving
antenna, announcing the event. As long as the event contin-
ues to occur, the SATURN system can transmit alerts every
few seconds to a remote monitoring station. In this man-
ner, acoustic environmental monitoring can be performed
without the cost and environmental difficulties of batteries.

5. APPLICATION SCENARIOS

In this section we explore how self-sustaining computa-
tional systems based on SATURN can be used in everyday
scenarios.

5.1 Ubiquitous microphone for
interaction and control

Figure 12: SATURN is flexible and can be made in differ-
ent shapes and sizes, allowing instrumentation of everyday
objects such as a soda bottle, shirt, and paper crafts.

The thin and flexible form factor of SATURN allows it to
be placed on many different surfaces (Figure 12). SATURN
patches might be placed on walls or lamp shades in the home
to act as a baby monitor or extend the range of audio input
for home assistants (e.g., Amazon Echo or Google Home).
In addition to audio sensing, SATURN can be used as a
vibration sensor to detect simple input tap touch to control
objects. For example, imagine a SATURN patch in the form
factor of a post-it note which could be placed on walls or
tables as a wireless light switch.

5.2 Audio sensing post-it notes for infrastruc-
ture mapping and authentication

Figure 13: Examples of sounds sensed by SATURN



Imagine placing a SATURN post-it note at a conference
room door entrance which only authorised users can open
using a password consisting of unique combinations of blow,
whistle or tap (Figure 13). In a public restroom scenario
SATURN post-it notes can be placed on restroom doors;
a special sequence of tapping can start a maintenance re-
quest. Multiple SATURN patches with pre-mapped IDs can
be placed at multiple places in a nursing home and could be
used for easy access to an emergency help button by tap-
ping or speaking to the patch. The main advantage of such
audible post-it notes is that they are cheap and disposable,
reducing concerns of them being lost or stolen.

5.3 Context sensing and localisation
Using multiple SATURN patches can allow beam-forming

such that individual voices may be better isolated acous-
tically. For example, placing several SATURN patches on
a conference table can help localize a speaker to improve
speech quality (Figure 14). Outdoor arrays of SATURN
patches patches might sense loud sounds like a gunshot and
transmit the sound to indoor transceivers for real-time tri-
angulation (Figure 15).

Figure 14: Multiple SATURN patches placed on a table can
localize speakers

Figure 15: Outdoor SATURN patches can sense and com-
municate gunshot sounds to indoor transceivers for real-time
triangulation

5.4 Industrial and home monitoring
In more industrial environments, SATURN can be used

for acoustic failure monitoring and diagnostics in places where
it is difficult or dangerous for humans to access. For ex-
ample, SATURN patches might be placed on turbines in a
nuclear power plant to monitor them for vibrations that in-
dicate damage. Arranging SATURN patches in an array [2]
increases the range of audio sensing to almost 10 meters al-
lowing monitoring of large rooms. Thus, a SATURN array
can be used as a remote glass-break detector for security
systems in office buildings.

5.5 Ambient monitoring of noise pollution
Imagine an airport located in the center of a city, like San

Jose International in California, that would like to monitor

its acoustic environment so as to not exceed safe noise levels
for its employees and to keep overly loud aircraft noise foot-
prints within airport boundaries (Figure 16). A SATURN-
based system can be tiled on various buildings and at various
distances on the runway. As planes take off, they generate
loud sounds due to engines, fans and air turbulence. The
peak in the sound spectrum generated by aircraft is near
the 200-300 Hz band (Figure 45 in Khorrami et al. [6]) with
decibel levels reaching 105 dBSPL at 5 m. These values
are consistent with the resonant frequency of the SATURN
patch and would result in generation of power > 6.9 µW ac-
cumulated over different frequency bands. This power could
be used to communicate the event by either of the two self-
sustaining systems described above in Section 4.2 and 4.3.

Other work zones that might monitor for sound thresh-
olds exceeding human hearing tolerance include construction
zones, mines, music venues, power stations, airports, space-
ports, and military environments. Similarly, SATURN-based
sensors might be used for monitoring catastrophic events
such as landslides, avalanches, polar ice calving, mine cave-
ins and mine gas explosions.

Figure 16: Recording a loud acoustic event using power gen-
erated from a SATURN microphone

5.6 Localisation of tanks in war zones

Figure 17: Dropping remotely interrogable SATURN sensors
to monitor tanks and ordinance in a war zone

In a more futuristic application, the United Nations might
drop SATURN-based sensors from an airplane into a conflict
zone. The sensors would monitor the acoustic and ground
vibration environment for the movement of tanks, heavy
chemical transports, mortars or exploding ordinance. As
tanks go by, the sound flips a bit in the sensor. Later, an
official with a reading device might sweep the field to inter-
rogate the sensors. In a more extreme scenario, a low flying
drone aircraft might sweep a strong RF signal over the re-
gion and record which sensors report hearing an event. The
pattern of reporting sensors can reveal the direction of travel
of a vehicle and point to possible hiding areas for that equip-
ment, providing proof for treaty violations.

6. EMERGING RESEARCH THEMES
Work on SATURN suggests several research directions for

computational materials in the future. We describe some of



those themes here.

6.1 Self-sustaining sensing opportunities
There are many other opportunities for designing self-

sustaining sensors based on different energy harvesting phe-
nomena and for placing them in the context of self-sustaining
computational systems. SATURN is just one example; we
can design many other TENG-based self-powered sensors in
different form factors for varied applications. A photodiode
or solar cell can be re-cast as a self-sustaining motion sen-
sor whose rate of wireless transmission is directly coupled to
the amount of light to which the sensor is exposed. Another
example is to re-think batteries, which generate power due
to an electrochemical reaction, as sensors. Design changes
to the cathode, anode and electrolyte can make the cell rel-
atively inert until exposed to a catalyst such as air, water
or other chemicals, thus making the cell a self-powered sen-
sor for detecting (and communicating) the presence of the
chemical catalyst. A third opportunity regards thermoelec-
tric harvesters, which generate energy due to heat flow and
temperature gradients. Imagine a steam pipe constructed
out of the dissimilar metals typically used for thermoelec-
tric generators. When steam flows through the pipe, the
temperature difference would cause energy to be generated
which would power the wireless transmission of packets. The
higher the temperature difference, the more power and the
higher the rate of packet transmissions.

6.2 Transitioning from devices to materials
While such self-sustaining sensors can be made as individ-

ual macro units, current technology trends support a lower
level integration of the sensing into the material itself. Ad-
vancements in printed and flexible electronics are enabling
the production of self-sustaining sensors in thin and flexi-
ble form factors that can be conveniently added to current
materials. New research in flexible antennas, transistors and
integrated circuits [9] demonstrates how simple computation
and communication can be added while maintaining flexibil-
ity and low cost. Finally, with radio backscatter technology
and applications improving rapidly [11, 20], a surprisingly
low amount of energy needs to be generated locally for com-
munication to the external infrastructure.

6.3 Rethinking traditional semiconductor
manufacturing techniques

In an ideal situation we would like these paper micro-
phones to be cheap and disposable so we would not worry
if they are lost or stolen. Currently, the bill of materials for
a single post-it note sized SATURN microphone is less than
a cent, but its manufacturing cost is still high due to the
way we are depositing copper on paper and PTFE. When
SATURN is placed in a self-sustaining computational sce-
nario, the cost is driven higher, depending on the active
transistor component being used. This expense suggests re-
examining the manufacturing process such that it can be
more efficiently scaled. How should the traditional semicon-
ductor industry best support large-scale ubiquitous sensing?
How can we change traditional manufacturing techniques to
be able to support applications where objects and surfaces
have computation embedded in it.

6.4 Designing the user experience
Computational materials promise to further blur the di-

vide between the physical and digital worlds, opening a very
interesting set of research challenges for HCI and design
practitioners. How do we design user experiences around
this new technology? What tools and design frameworks
can be adapted for an Internet of Materials? When the form
factor of computing is more like the objects we use in craft-
ing, how does that change the way we think about designing
user experiences. Indeed, as the playful art object in Fig-
ure 12 suggests, computation that looks more like paper or
other material inspires more creative uses by those familiar
with those materials. And computation that looks and feels
more like everyday objects will change the way we as hu-
mans experience, understand, and build relationships with
that technology. It also creates opportunities and challenges
for infusing computation with values, such as sustainability,
through the deliberate choice of materials used to create a
computational effect.

6.5 In-material privacy frameworks
One of the biggest challenges and opportunities with ubiq-

uitous computing systems is designing for privacy [7, 19].
Privacy-aware designs often focus on both technological and
social approaches [7, 12]. What new approaches will the In-
ternet of Materials era inspire? What privacy models will
need changing? One opportunity comes in the form of the
privacy principles of choice and consent and proximity and
locality [7]. Computational materials focus on local sens-
ing, which may provide users a natural mental model of
their range of operation. For example, SATURN micro-
phone patches could be constructed at a physical level to
require tapping with a finger to prime the backscatter cir-
cuit before audio could be transmitted (e.g., when a speaker
taps a microphone to ask “is this mic on?”). Furthermore,
the patch can be constructed to have a limited sensing range
for human voice.

Another way to design SATURN for privacy is to tune the
resonant frequencies of the patch to focus on only certain
types of sound or vibration. A SATURN patch for monitor-
ing an industrial machine might only listen to certain low-
pitched hums, outside normal speech ranges, that indicate
upcoming failures. Similarly, a glass-break detector might
be tuned for high pitches outside of human hearing ranges.
It is our hope that by focusing on embedding “privacy in the
material structure” as a first-class research priority, we will
also find ways of improving the function of the device along
the often-related dimensions of power usage, networking and
user interface.

6.6 Building a community of multi-disciplinary
researchers

Building SATURN involves solving technical, system level
and design challenges which span many fields. Materials
science is required to design SATURN patches; mechanical
engineering helps characterize the effect of vibration on a
patch; wireless, low-power electronics is necessary for build-
ing self-sustaining communication; flexible electronics are
required for manufacturing the prototype; and design and
HCI knowledge help us explore applications in everyday set-
tings. Creating devices for an Internet of Materials needs
researchers who can adopt an aggressively multi-disciplinary
mindset to collaborate and learn the language of many dif-
ferent fields.



7. CONCLUSION
SATURN is an initial example of a computational mate-

rial. It senses vibration and can convey that information
wirelessly without batteries or wired power sources. Its sim-
ple multilayer construction resembles an everyday material;
it looks and feels like paper, yet it behaves like a wireless
microphone. The multidisciplinary, out-of-the-box think-
ing that resulted in SATURN’s creation and application is
meant to inspire a new direction for computing. Using power
(requiring no external power source), cost (large-scale man-
ufacturing with simple materials), and form factor (looking
more like an everyday object) as driving factors leads to a
rethinking of ubiquitous computing that can drive the com-
munity forward for the coming decades in the same way that
Weiser’s vision propelled us for the past few decades.
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