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Abstract— In order to conduct many desirable functions,
service robots will need to actuate buttons and switches that
are designed for humans. This paper presents the design of
a robot named SwitchIt that is small, relatively inexpensive,
easily mounted on a mobile robot, and actuates buttons reliably.
Its operating characteristics were developed after conducting a
systematic study of buttons and switches in human environments. From this study, we develop a categorization of buttons
based on a set of physical properties relevant for robots to
operate them. After a human calibrates and annotates buttons
in the robot’s environment using a hand-held tablet, the system
automatically recognizes, pushes, and detects the state of a
variety of buttons. Empirical tests demonstrate that the system
succeeds in operating 95.7% of 234 total buttons/switches in an
office building and a household environment.

I. INTRODUCTION
Recent years have seen a growing interest in service robots
that assist humans in their daily lives, such as in households,
offices, factories, and hospitals. Interacting with physical
switches and buttons is a pervasive part of human life, used
to operate lighting, appliances, computers, elevators, and
machinery, and will therefore be an important capability for
these robots. As a result, these control devices have been
designed for simple, intuitive, and reliable operation by humans, both in terms of their ergonomic mechanical properties
and distinctive physical appearance. There are many types
of control devices in human environments, including push
buttons, toggles, slides, and knobs, and in this paper these devices will hereafter be considered synonymous to a button or
a switch. Manipulating a button/switch to perform a desired
effect may also be variously referred to hereafter as button
pressing, switch operation, or switching. Operating switches
with a robot with human-level ease and reliability remains a
challenging task, due to the fundamentally different sensing
and actuation modalities on robots vs. humans.
This paper presents the system development and design
of a compact autonomous button operating robot called
SwitchIt. It is a 3DOF device based on relatively inexpensive
sensing and actuator hardware (Fig. 1). A short manual
calibration setup is performed once for a given environment
using a handheld tablet and fiducial markers to identify the
identity and purpose of each button. After calibration, the
system recognizes and operates a wide variety of buttons
automatically. It can also use sensor feedback to detect
the state of many buttons and whether they have been
successfully operated.
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Fig. 1: SwitchIt is a spherical robot equipped with an RGB-D
camera. Button panels are annotated using a QR code sticker affixed
during a manual setup phase. Shown here mounted on a tripod, the
robot is preparing to press buttons on an electronic passcode panel.

The system integrates three primary contributions:
1) We perform a systematic categorization of over 600
buttons and switches found in offices and homes into 6
classes based on their physical properties required for
robotic actuation. We propose a taxonomy of buttons
from a robot’s operational point of view, and characterize several relevant physical properties of these buttons,
including travel, size, shape, and operating force.
2) We develop an annotation, calibration, and perception
subsystem that achieves high-reliability button recognition, localization, and state detection. The calibration
process also handles reflective and dark surfaces.
3) We design a compliant, scalloped end effector tip that
can actuate pull buttons and turn knobs, and is robust
to positioning error.
In controlled testing, our perception system localizes buttons
with < 2 mm error and detects the state of toggle switches
with 100% accuracy. For typical localization errors, the
scalloped tip design achieves 99% repeatability compared
with 89% for a cylindrical tip. We also test the system in an
uncontrolled office and home environment, with 234 switches
attempted in total. The platform succeeds at operating 224
(95.7%) total switches. In particular it was highly reliable at
operating push buttons, sliders, rockers, and switches.
II. RELATED WORK
Computer vision techniques have long been employed
for service robot to navigate and interact with objects in

