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Figure 1: Using our system to deploy interactors on two different stencils with different interactor sizes and locations. The
lower stencil reuses two interactors from the top one (the map and the collision button). Stencils (left) are affixed to a device
(center-left) with low-tack glue (if the tackiness of the stencil material is not sufficient). The user registers each interactor to
their stencil location and size (center-right). When registration is complete, the display is ready for deployment to an in-cabin
testing environment (right).
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ABSTRACT
We present a demonstration system that combines off-the-shelf
capacitive screens with easy-to-produce stencils to facilitate the
rapid iteration of tactile in-cabin user interfaces. Designers can use
this tool to experiment with the position and layout of interactive
components; they can 3D print or manually cut stencils out of
common material and mount them to the display surface with
low-tack glue to create a tactile experience that simulates tactile
controls.
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CCS CONCEPTS
• Human-centered computing → Interactive systems and
tools.
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1 INTRODUCTION
Capacitive touch surfaces are now ubiquitous. Most people carry
at least one touch surface at all times (e.g., smartphones), and these
are now found in cars, laptops and watches, and on all manner
of personal and public tablets and public displays. While this is
largely an improvement over what came before, the elimination of
so many haptic controls is unfortunate. Humans have a fine-tuned
mechanoreceptive sense. Eliminating tactile controllers means that
most devices now command visual attention to be used, making
them less useful for a wide swath of activities where vision could
be used to support another task. However, tactile controllers take
considerably longer to prototype and fabricate, an issue that has
likely contributed to the proliferation of capacitive controllers.

Taking inspiration from past work showing that stencils can
help reduce attentional demands in driving tasks [2], we present
a software framework that takes advantage of the ubiquity of ca-
pacitive screens and combines them with easy-to-produce stencils
to facilitate the rapid iteration of haptic in-cabin user interfaces.
Our approach allows software developers to use a set of interactive
components that can be redeployed to different sizes and locations
on a display surface. Developers can 3D print or manually cut sten-
cils out of common material and mount them to the display surface
with low-tack glue to create a tactile experience that simulates
tactile controls.

2 RELATEDWORK
Although there are many systems designed to bring haptic control
to bear on capacitive touch surfaces, they require significant man-
ufacturing and preparation [5, 7–10]. Other related work focuses
on a somewhat different problem, such as adding haptic controls
to current UIs [4]. Static stencils have been used as a promising
method to add haptic control to in-cabin touch surfaces [2]. How-
ever, this work leveraged stencils only in the context of a user study;
there was no attempt to integrate them into a prototyping system
or method.

Touchplates [6] also leveraged stencils to add tactile sense to
touch displays, but the system was not designed for capacitive-
touch technologies and thus cannot be used on the ubiquitous
touch devices available today.

3 PROCESS
We propose a new approach that allows anyone with access to
fabrication processes (e.g., waterjet cutter, 3D printer, die cutter, or
even a fine cutting knife) to transform any capacitive touch surface
into a tactile controller.

The process is straightforward and has two main configurations:
one in which the main app and controller are collocated on the
same display, and one in which the app and controller are on dif-
ferent devices (this may be the case when the interactor on the app
takes up all of the displayable space on a device). The system is
implemented as a web page using standard HTML/CSS/JS. A stencil
can be created using the following steps:

• A user creates any contiguous 2D stencil shape (e.g., as a
PNG file). They then either send that shape to a 3D printer
or cutter or print it on standard paper to use as a guide to cut
the shape into a material. The material can be tacky and non-
conductive, capable of attaching temporarily to a capacitive
touch surface. It is also possible to apply a substance (e.g.,
Krylon Easy-Tack Repositionable Adhesive) to any material
that will render it tacky and repositionable.

• With the shape cut in relief, the material can be placed on
the control capacitive touch surface.

• For each interactor, the user specifies in the app the inter-
actor’s shape file as well as a software callback function to
handle events generated by the interactor. Users also supply
a text label for each interactor.

• Next, the user connects the controller and app devices. If the
app and controller are on the same device, this step is auto-
matic. If the app and controller are on different devices, this
step involves linking the devices by sharing an identifying
code between them (i.e., scanning a barcode that encodes
the identifying code or manually typing in the code).

• The app then instructs the user to trace the outlines of the
inner part of the first interactor with their finger on the
capacitive touch device.

• As the user draws, the app determines the bounding box
of the current trace, automatically injects the interactor im-
age, and sends an event to the registered callback function
with the interactor’s current dimensions. When the user is
finished placing one interactor they can click a button to
advance to the next one. This step is repeated for all interac-
tors.

• At this point, the initialization process ends, and the user can
begin interacting with the region. Our system sends a "live"
event to all interactors so that they can change their repre-
sentation appropriately. When the user touches an interactor,
the system automatically adjusts the relative size and po-
sition of events relative to the bounding box of the shape
and then dispatches them to the user-specified callback func-
tion. The callback function can update the interactor and
send updated events to other applications, such as driving
simulation systems.

• Furthermore, designers can add vibrations to events. This
can help communicate differences in events. Using the pre-
vious example, a designer could configure the "on()" event
to pulse 2 rapid vibrations in succession; an "off()" event can
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Figure 2: The ultimate target for the system is a real stencil and capacitive touch device (see Figure 1), but layout designs can also
be tested on the web using a virtual stencil (a). Here, gray regions represent the "holes" in the stencil in which pre-registered
interactor images are placed. During the registration process, each interactor image and its label is presented in sequence (b,
lower left). The user scribbles inside the region where they want to place the image (c). The system places the image within the
detected bounding box of the scribbled area (d). The user can update the marked area (e,f) and advance to the next image by
clicking on the current image and label (g,h). When all images are placed (i,j), the system enters "live" mode in which touch
events are detected and sent to their respective interactor. The currently active interactor can also appear in the lower left for
verification (k,l).
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trigger a single vibration. (This is accomplished with the
navigator.vibrate() API available in most modern browsers.)

• As mentioned above, the control surface can be on a different
device entirely. In this case, the two displays are linked using
websockets. The app presents a QR code that resolves to a
URL that incorporates a unique ID. When a user scans the
code with the built-in camera on their device, the controller
will navigate to the target URL and use the ID to establish
a connection to the app. Once complete, the app and con-
troller can send configuration information back-and-forth
to complete the registration process.

The actual stencil itself has only one requirement: that the border
be larger than the detectable width of touchpoints on the controlling
device. This is necessary to indicate a tactile border.

4 EXTENSIONS
We have prepared a demo of the system described above and we
are also investigating other extensions.

4.1 3D controllers using layering
We can take advantage of conductive fabrics to create 3D physical
controllers. In this embodiment, stencils can be layered on top of
a touchscreen to create depth and layer controls. For example, we
can use two stencils to create a circular interactor that has both dial
and button properties (e.g., an automotive in-cabin stereo system
controller in which the dial controls volume and the button is an
on/off switch). The lower stencil (the one affixed to the screen)
would have a small circular cutout while the larger one (affixed to
the lower stencil) would have a wider circular cutout. Conductive
fabric [1] can be placed on the annulus formed on the lower stencil.
User interactions with the fabric can be mapped to the dial (volume).
Meanwhile, a button can be displayed on the touchscreen and
mapped to the button interactor (on/off).

4.2 Reusing the registration process beyond
capacitive touch devices

We can use the registration process described in the previous section
to augment any controllable object connected to the controller or
app interface. For example, conductive fabric can be draped over
arbitrary 3D objects made from clay (or any malleable material). A
board connected to the conductive fabric can itself be connected
to the app or controller, allowing the user to assign any known 3D
interactor to the area described by the fabric.

Finally, we can take advantage of reformable materials (such as
FibeRobo [3] and thermoplastics) to improve reusability.

5 CONCLUSION
Past work has shown that using stencils to add "tactile feedback to
touchscreen interaction...reduce[s] attentional demands" in driving
scenarios [2]. Stencils have also been used to add tactile controls to
touch screens for blind users [6]. Our work extends this past work,
demonstrating a method to iterate touchscreen UIs that take advan-
tage of this kind of tactile interaction. Our method allows designers
to use off-the-shelf capacitive devices and easily manufactured
stencils. Furthermore, software interactors can be repositioned and

resized using a simple registration process. With this approach,
designers can rapidly experiment with different in-cabin UI layouts
while simulating some aspects of tactile controllers.
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