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Figure 1: We present ActPad, a smart desk platform to enable user interaction with IoT devices. In particular, ActPad enables
interaction via touch points, attached to arbitrary objects via connectors (a). Touch points may be on stationary (e.g., Android
decoration (b)) and movable (e.g., a coffee cup (c)) objects as well as on the pad itself (d). With ActPad, various use cases can be
realized, such as turning on lights (d), switching to a next song (e) or triggering the coffee machine to heat up (f).

ABSTRACT
ActPad is a desk pad, capable of sensing capacitive touch input in
desk setups. Our prototype can sense touches on both, its electrodes
and on connected objects. ActPad’s interaction-space is customiz-
able, allowing easy integration and extension of existing desk envi-
ronments. In smart environments, users may interact with more
than one device at the same time. This generates the need for new
interaction mechanisms that bundle the control of multiple ubiqui-
tous devices. We support this need through a platform that extends
interaction with IoT devices. ActPad accounts for different ways of
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controlling IoT devices by enabling various modes of interaction –
in particular simultaneous, sequential, implicit and explicit – and,
hence, a rich input space. As a proof of concept, we illustrate several
use cases, including, but not limited to, controlling the browser on
a PC, turning lights on/off, switching songs, or preparing coffee.
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• Human-centered computing → Ubiquitous and mobile de-
vices; Interaction techniques; Interface design prototyping.
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1 INTRODUCTION
In the era of ubiquitous computing, interaction is no longer a one
user to one device relationship, but one user may be in control of
many Internet of Things (IoT) devices. This creates several chal-
lenges, which become apparent as we take a closer look at one
specific setting, that is desks. A desk setup typically allows many
(IoT) devices to be controlled, such as a computer, lights, speakers,
and potentially a telephone. Beyond the desk, further devices come
into play such as printers, projectors, or a coffee machine. Each
device comes with its own interaction modalities and metaphors.

As of now, interaction with these devices is mostly handled
separately. Smart home hubs and applications are first approaches
towards centralizing interaction within the home and controlling
IoT devices for purposes such as automation and energy savings.
However, they require extensive additional hardware and software
to provide interaction techniques and computational power –means
that are usually available at desks by default.

In this paper, we describe ActPad, a touch sensing desk pad,
which opens novel opportunities for interaction in smart environ-
ments. ActPad’s interaction space is customizable. This not only
enables configurations for particular needs, but it also enables re-
searchers/designers to prototype newmeans for smart environment
interaction. Furthermore, our platform enables interactions using
physical metaphors. For example ActPad would allow touching an
eraser to delete a document or touching the left/right speaker to
switch back and forth between songs (cf. Figure 1–e).

Our work focuses on the implementation of ActPad and the
exploration of different use cases. Our research approach is as
follows: First, we describe the overall concept and the modes of
inputs – in particular simultaneous, sequential, implicit and explicit
– it supports. Second, we present the design decisions that led to
the final implementation of ActPad. Finally, we present a number
of use cases as proof of concept, including interactions within and
beyond the desk, such as controlling applications on a PC, turning
lights on and off, switching songs, or preparing coffee.

2 BACKGROUND AND RELATEDWORK
We draw from several strands of related work. On one hand, capac-
itive sensing and toolkits provide the foundation on which we built
our prototype. On the other hand, interaction in smart spaces in
general and interactive tabletops in particular influenced our work.

2.1 Capacitive Touch Sensing
Capacitive sensors constantly measure the capacitance of connected
electrodes, which can be influenced by a close-by human body. This
is used to detect touches or hovering gestures [8]. This technology
has often been applied to research prototypes, as it is easy to inte-
grate [3, 8]. Capacitive toolkits enable prototyping touch sensitive
objects [10, 16] and allow touch recognition to be added to existing
objects [7, 14] and surfaces [2, 6].

For example, Valkyrie et al.’s toolkit Midas supports enhanc-
ing existing objects with capacitive touch sensors. They provide
software to facilitate the design of electrodes and wiring, which is
subsequently cut out of a copper foil sheet. The resulting shapes
can then be stuck to an existing object or connected to capacitive
touch sensors [15].

2.2 Interaction in Smart Spaces
Interaction in smart spaces has gathered considerable attention
in HCI research. In such scenarios, the user is facing myriads of
devices in a ubiquitous computing environment. Novel interaction
modes for smart spaces have been suggested. Examples include, but
are not limited to, Beigl’s point & click approach [1] andWilson and
Shafer’s XWand [20], both using additional hardware in the form of
a remote control to point at and control devices. Related work also
compared different user interfaces, suggesting that a PC could act
as central control unit, while a mobile device was more preferred
for instant control anywhere within an apartment [11]. Kühnel et
al. suggested using a mobile phone as interaction device as well as
a three-dimensional gesture space. Metaphoric gestures are most
intuitive and memorable (e.g., for increasing volume, turning on
or off devices) [12]. Another approach for interacting with smart
devices is the use of simple trigger-action programming [17].

Tabletop Interaction. As a more specific example within smart
spaces, interactive tabletops (interactive surfaces that combine the
physical world (i.e., a table) with the digital world) and respective
mechanisms have been suggested in prior work. This opens op-
portunities for novel input modalities, such as the use of gestures
and/or tangible objects [9]. An early example for this is Wellner’s
‘digital desk’, using physical metaphors to interact with digital ob-
jects such as documents [19]. Also gestures and methods to define
gesture sets have been suggested for tabletop interaction [21].

As an example for tabletop interaction that is portable, Villar et
al. suggested Zanzibar, a flexible mat that allows for interaction
using tangible objects equipped with NFC tags. The mat can track
tagged objects and sense touch or hover gestures, while preserving
a portable form factor to be used on arbitrary surfaces [18].

2.3 Summary
To summarize, interaction in smart spaces is still challenging and
recent approaches either require additional hardware (e.g., a special
form of remote control [20]) or switching to another device that
might be out of reach (e.g., the smartphone as a proxy). This creates
a need for novel, scalable interaction mechanisms that are easy to
implement and customizable. We envision ActPad as an interaction
device for desk setups, that is easy to customize and integrate
into existing setups. Furthermore, we see ActPad as a potential
prototyping tool for touch interaction in desk setups, contrary
to other toolkits that focus on general enhancement of objects
[7, 10, 15]. Thus, ActPad can bundle smart desk approaches and
rapid prototyping of stationary and movable touch sensitive objects.

3 THE ACTPAD PLATFORM
We aim at centralizing interaction with ubiquitous devices in a desk
pad. Hence, we built ActPad, a platform enabling capacitive touch
input on arbitrary objects to control local and remote IoT devices.

3.1 Requirements
The presented prior literature and conceptual considerations led to
a set of conceptual and technical requirements, which we briefly
summarize in the following:
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Support Di�erent Interaction Commands ActPadshould
enable interaction with a large number of IoT devices and
their respective control options. The required interaction
commands should be customizable and adapt to di�erent
setups, user behaviors, and preferences.

Enable Natural Integration into the Desk Environment It
should be easy to integrateActPadin a desk environment,
speci�cally without requiring much space or in�uencing the
regular desk setup. Touch interactions with existing objects
(e.g., lamp or speakers) should be detectable.

Customizable Object-to-Action Mapping Due to very dif-
ferent habits of users, another requirement is �exibility with
regards to which objects should be mapped to which actions.
Hence, we envision using technology that not only allows
objects to be easily connected but also the setup to be freely
changed at any time.

3.2 Modes of Input
To support a wide range of user commands,ActPadenables un-
limited input lengths, sequences that include repeated inputs and
both, simultaneous and sequential touch entries. This results in a
theoretically unlimited input space.

3.2.1 Sequential vs Simultaneous Input.Each input can include
one or multiple touches that may be performed sequentially or si-
multaneously. Generating multiple touch entriessimultaneouslyis
recognized as a single input. This is similar to shortcuts known from
keyboards such as, e.g.

�
�

�
�ctrl +

�
�

�
�C for copy on Windows PCs. Such

inputs could be used for simple commands (e.g. turning on lights or
switching songs) with a reduced risk of being performed uninten-
tionally. In addition, the length ofsequentialinput sequences can
be used to re�ect di�erent user considerations like frequency of use
(frequently used actions could be triggered through`easier'/shorter
combinations) or security requirements (e.g. access to sensitive data
could require more complex combinations.).

3.2.2 Explicit vs Implicit Input.As illustrated in the previous sec-
tion, ActPadsupports explicit input, i.e. users deliberately hit their
custom sequence to trigger a desired action. At the same time,Act-
Padcan also support implicit input. For example, a user could be
logged into the system in the morning based on their routines (e.g.,
the order in which they touch di�erent objects on their desk). Also
more sophisticated features, such as the duration for which users
touch an object or the time between touching two objects could
serve as input (cf. behavioral biometrics systems). While we do not
explore this further in this work, possible applications are security
as well as adaptive user interfaces.

3.3 Design Decisions and Implementation
With ActPad, we aim at providing customizable and tangible inter-
action. Our platform should be easy to integrate in existing desk
setups and allow for custom interaction commands to be de�ned. In
this section, we explain our design decisions and implementation.

3.3.1 Capacitive Desk Pad.To enable touch interactivity ofActPad,
we used a one-layered self-capacitive sensing approach [8, 16].
By using a desk pad, we avoid modifying existing furniture and
achieve mobility of our system. We further designedActPadthin

and with a smooth surface in order not to interfere with regular
user interaction. The resulting desk pad is 90 cm wide, 60 cm deep
and 5 mm high and consists of two layers of �exible polyvinyl
chloride (pvc). It has 40 electrodes on its top surface, all of which
are individually wired to a central circuit board (cf. Figure 2a).

3.3.2 Connectors for Object-To-Sensor Mapping.To facilitate �exi-
ble user-created object-to-sensor mappings, we designed reusable
connectors that can provide a wired connection between any elec-
trode and desired object. They consist of a 3D-printed, �exible
casing, reusable double-sided tape and a copper foil electrode con-
nected to a wire (Figure 2b). The connectors can be attached to
conductive surfaces and can be rearranged at any time.

3.3.3 Controlling Unit: Sensing and Computation.We used a Rasp-
berry Pi 41, as it is a standalone computer which can easily produce
a graphical user interface. It also provides GPIO (general-purpose
input/output) pins that enable the parallel connection of multiple
capacitive sensors (MPR1212). We added a 3D-printed case and a
fan to protect the setup and provide the necessary ventilation. In
summary, our controlling unit bundles all required sensing and
computation capabilities. It can easily be integrated with existing
setups and is mobile due to its reduced size and the provided casing.

3.3.4 Desk Setup.We deployedActPadin a desk setting, connect-
ing several objects usually found on desks (cf. Figure 1, center).
Possible items include stationary (e.g., PC, monitor) and movable
objects (e.g., cup). Instead of using a connector we added a conduc-
tive surface to the cup's bottom and sides so that it can be used
to transfer touches to the desk pad. It thus provides an additional
modality of sequential input, as the object can be grabbed and
moved from one electrode to another. Note that this is only an
example setup demonstrating thatActPadcan be easily used on
most regular desks.

3.4 Customization of Interaction Commands
To explore user interaction capabilities withActPad, we imple-
mented a Python-based graphical user interface using the tkinter
gui-toolkit3. Thisexploration interfaceincludes a visual representa-
tion of each touch point and its current state (touched or not). It also
visualizes touch interaction with the objects connected toActPad
using a previously de�ned object-to-sensor mapping. Furthermore,
the current user input, sequential or simultaneous, can be recorded
(Figure 3). The GUI allows to subsequently select an action, which
should be executed when the recorded input has been detected and
save these settings.

4 PROOF OF CONCEPT
We implemented the following examples to showcase application
opportunities ofActPad. They demonstrate the wide range of pos-
sible interactions with IoT devices our platform supports, due to
the use of di�erent interaction types (cf. Section 3.2) and the large
number of possible interaction sequences.

1https://www.raspberrypi.org/products/raspberry-pi-4-model-b, last accessed Decem-
ber 18, 2020
2https://learn.adafruit.com/adafruit-mpr121-12-key-capacitive-touch-sensor-
breakout-tutorial, last accessed December 18, 2020
3https://docs.python.org/3/library/tkinter.html, last accessed December 18, 2020
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