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minimum, the use of salt-marsh plants as a
nature-based solution can save policymakers
large amounts of money. In an example given
by the authors, building on the work of others,
even asmall wavereduction can decrease the
height that an engineered levee needs to be
to provide protection from even the most
extreme storms. Moreover, a height difference
of only a few dozen centimetres is worth at
least US$1 million in both avoided construc-
tion costs and storm damages. Unlike engi-
neered structures, such as seawalls, vegetated
ecosystems also provide habitats for both
globally threatened species and ones that
are specific to that area. Overall, the benefits
of salt marshes and other nature-based solu-
tions will only prove more valuable as Earth
warms, the searises and stormsbecome more
extreme.
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Fabric user interfacecan
be wornonyoursleeve

Shanshan Yao

Touch-sensitive, light-emitting yarn can turn everyday
clothing into washable, bendable user interfaces with dynamic
graphics and versatile computing functions. See p.1167

On page 1167, Fu et al.' report a fabric sleeve
that displays graphics, senses touch and envi-
ronmental conditions, and conducts simple
computational tasks, all while stretching and
breathing like ordinary cloth. By seamlessly
assembling electronic devices directly into
fibres, the authors have turned everyday

clothing into a graphical user interface (GUI)
—avisual display, similar to a smartphone
screen, that allows people to interact with
electronic devices.

Conventional GUIs rely on flat, rigid 2D
screens, whereas fabrics are constructed
by intertwining flexible 1D threads.

Previous attempts to build textile displays
generally involved attaching 2D display pan-
elsorsparsely distributed light modules onto
fabrics?*. However, these approaches often
either compromise the fabric’s softness and
stretchability or offer limited pixel density.
Specialized light-emitting threads have also
been used as the basis of textile displays,
but these are often dim, slow to react to user
prompts, require high operating voltages or
do not support individually coloured pixels
that can be easily controlled*®. Fu et al. have
solved the mismatch between 2D circuitry and
1D fibres by building the entire fabric-based
GUIdirectly from flexible, touch-sensitive and
light-emitting yarn.

The researchers developed a scalable
process to make their millimetre-thick fibres.
First, they used lasers to strip the protective
insulation from specific spots on hair-thin
copper wires that were aligned in parallel.
Tiny light-emitting chips were then attached
to the exposed sections using a solder that
bonds exclusively to the stripped copper,
creating electrical connections to the chips.
This approach enabled thousands of chips to
be connected along the wires with extreme
precision. The resulting constructs were then
incorporatedinto atransparent plastic tube —
aprecursor structure, which was 20 by 18 by
200 millimetres, that would eventually be
turned into thefinal fibres. To achieve this, the
wireswere fed into achannel running along the
long axis of the tube.

Next, Fu et al. added a pressure-sensitive
structure made from two strips of a
compressible, conductive polymerintoasec-
ond longitudinal channelin the tube. To make
the fibres, the whole assembly was passed
through anapparatus that heatsandstretches
the structure, maintaining the arrangement of
itscomponentsbut greatly reducingthe area
ofits cross-section. A custom funnel was used
toprevent the chips on the wires from twisting
out of alignment during this process.

The authors’ method can produce fibres
up to 10 metres long that are thin and flexible

Figure 1| A textile thatacts as a graphical user interface. Fuetal.'reportagraphical user interface made from light-emitting, pressure-sensitive fibres. The device
has the flexibility and breathability of conventional fabric and was integrated into the sleeve of a garment. It responds to touch and executes various functions,
including acting as a calculator.
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enough to be integrated into fabrics. When
one of these fibres is pressed, the physical
force squeezes the pressure-sensitive
layer, changing its electrical properties and
instantly signalling the exact location of the
touch. The fibre responds by illuminating the
light-emitting chips nearest to the pressed
location.

Fu and colleagues integrated 54 fibres into
aknitted textile to make a fabric display. Each
fibre contained 96 individual light-emitting
chips and acted as one row of the display.
Because every row was controlled inde-
pendently, the device could refresh quickly
enough to play videos and register several
touches simultaneously.

The authors went on to use their fabrica-
tion method to make multimodal fibres that
contained other functional components,
such as a microphone, a speaker, a temper-
ature sensor and a light sensor. By integrat-
ing one of these ‘peripheral’ fibres alongside
the light-emitting fibres, the researchers
constructed an interactive sleeve-mounted
interface capable of audio-video playback,
wireless data exchange and computing, as
well as producing dynamic graphics (Fig. 1).
The sleeve remained breathable, stretched
naturally with movement, survived 50 gentle
machine washes and withstood 1,000 bending
cycles without losing its functionality.

The main advance of this work is achieving
seamless textile integration using abottom-up
approach — building functionality directly
into fibres that were then assembled into a
fabric — withoutsacrificing the fabric’s natural
properties. If the fibres prove to be compati-
ble with standard industrial weaving, knitting
andembroidery processes, the findings would
pave the way to producing multifunctional
electronictextilesinalmost any shape or size.

“The mainadvance of this
workis achieving seamless
textileintegrationusinga
bottom-up approach.”

The work is also a big step towards replacing
rigid displays with fully integrated wearable
interfaces, moving everyday computing away
from flat screens to fabrics that comfortably
conform to the human body.

The interactive features of the GUI
that have been demonstrated so far are
relatively simple, comparable to those of
early-generation smartphones and tablets.
Moreover, although the textile display is
soft and flexible, the current prototype still
relies on separate microcontroller circuits
connected to the fibres through cables, and

external battery packs to supply power.
Future research should focus on integrat-
ing the control electronics more seamlessly
to improve wearability, and on integrating
flexible, energy-harvesting threads that can
generate power from body heat or move-
ment®’. Nevertheless, Fu et al. have taken
animportant step towards clothing that can
function as an interactive interface, rather
than just as a surface for attaching one.
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