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patches to the microcontroller. The tolerances of our stitching machinery and loose fibers
from the conductive thread make it difficult to go beneath 3mm distance in our current proto-
type, without risking involuntary connections. These traces will be isolated against the rest of
the conductive materials using a stitched cover of non-conductive thread.

3.1 Electrical Connection

The electrical connection between conductive thread
and a PCB holding the electronics containing the intel-
ligence of the smart textile is of great interest to the
community. The simplest way is to knot the conduc-
tive thread to the PCB, as for example with the
LilyPad Arduino, but such connections are subject to
wear and tear through the relative movement between
yarn and PCB, and are not suitable for industrial pro-
duction. Flexible PCBs can be glued or stitched in
with conductive thread, resulting in a more durable
connection (Linz et al., 2005). This strong integration
requires the electronic components to be washable,

which results in additional effort. In our prototype, we

decided to use a clipping mechanism, as depicted in

Figure 2. Above and blow the conductive lines are

two horizontal holes to get the clip through the sup- /@ .

porting fabric. The conductive thread is firmly pressed C/ 1P

against conductive plates on the bottom side of the  Figure 2: The connection between fabric

PCB by a plastic clip (Figure 2). This has the ad-  (Plue) and electronics is achieved by a clip-
1 . h ping mechanism (red) that presses the ends of

vantage that no Shan edges Sl.O\.’V y cut into the yarn the conductive thread against conductive

and thereby reduce its conductivity, and that the PCB  plates on the bottom side of the PCB (green).

can be removed before washing and clipped to anoth-

er piece of fabric.

3.2 Stitching Pattern

One important aspect that we want to investigate is the arrangement of the contacts used to
sense the interconnections. Having them arranged as in Figure 1 is simple, but may result in
unsteady sensor readings while moving, because the connections “come and go”, which
would need to be filtered or interpolated in software. Using a checkerboard pattern would
create more persistent connections, but it is more difficult to realize because the patches
block the conductive traces to the microcontroller.

Leaving spaces between the patches to let the lines pass would result in a wide spacing be-
cause of the tolerances of our stitching machinery. Therefore we designed a hexagonal pat-
tern that is very well suited to support moving the fold in all directions, and it does not block
the connection to the microcontroller. The space between the parallel traces on the border of
the patch can be higher because they do not interfere with the spacing in the interaction area.



266 F. Heller, H. Lee, P. Brauner, T. Gries, M. Ziefle, J. Borchers

4  Conclusion & Future Work

As part of this project, we want to investigate several production parameters to create a
smooth interaction. The stitching pattern used for the conductive pads for example, needs to
be such that movement in both horizontal and vertical direction is possible. So far, we only
used a single direction, which results in a clunky movement orthogonal to the stitches. To
solve this problem, and to reduce wear and tear, we want to try circular patterns.

Washing tests are also one of the next steps we will take. The used conductive material is
known for its declining electrical conductivity after a number of washing cycles. The decline
usually depends on the mechanical stress the material experiences in the washing machine. If
durability of the interface has to be improved, one approach could be to use moss embroi-
dery, a technique that enlarges the surface area. This may be sufficient to keep the conductiv-
ity on a level high enough to ensure the required signal stability.
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