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Abstract—We introduce Pointlt, a toolkit for the Robot Oper-
ating System (ROS2) to build human-robot interfaces based on
pointing gestures sensed by a wrist-worn Inertial Measurement
Unit, such as a smartwatch. We release the software as open-
source with MIT license; docker images and exhaustive instruc-
tions simplify its usage in simulated and real-world deployments.

Index Terms—pointing gesture, human robot interaction, am-
bient intelligence, ROS

I. INTRODUCTION

Pointing gestures (i.e., using an extended arm to indicate
something in the environment) are widely used by humans
when interacting with other humans sharing the same space;
they represent an intuitive and efficient way to communicate
an approximate nearby position (“wait there, please”) or to
select an entity that is visible to both parties (“pick this
package and bring it to that person”) [I]. In most cases,
except when extreme accuracy is required, alternative ways
to express the same concepts are much less efficient in terms
of communication speed and cognitive load, for both parties.

Pointing gestures are therefore an attractive communication
mechanism for humans interacting with robots located in the
same environment. For example, they can be used to intuitively
select [2] and control [3]], [4]] mobile robots, e.g. to indicate
objects on which the robot should act [5] or positions that it
should reach; similar applications are also possible in domotic
and ambient intelligence scenarios, e.g. indicating a light or
an appliance to turn it on, or a landmark to query information
about it.

Gestures can be sensed by sensors placed on the robot [6],
in the environment [7]], or worn by the user [8]-[10]. In this
work, we focus on the third case and assume that the operator
wears a wristband or smartwatch, equipped with an Inertial
Measurement Unit (IMU) whose readings are streamed in real-
time to the system. This sensing setup does not enforce any
requirement on the robot’s sensing suite and processing power,
and makes the system inherently robust to visibility, lighting,
or occlusion issues.

In this context, our main contribution is Pointlt, a novel
open-source, modular, ROS2-compliant software toolkit that
can be used to implement Pointing-based User Interfaces
(PUIs). It is composed of two main parts.
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The first part comprises task-agnostic code with three main
functionalities.

(i) Using IMU readings to reconstruct the 3D pointing ray
along which lies the object or location being pointed at.
The pointing ray is expressed in a human-centered frame
of reference.

(i) Applying a relative localization [11]] algorithm that, given
a set of pointing rays and the corresponding known
locations in a fixed world frame, returns an estimate of
the relative pose of the operator in the environment. This
functionality is only needed when the operator’s location
is not otherwise known.

(iii) Intersecting pointing rays (expressed in the world frame)
with a map of the environment to compute the pointed
location or object.

The toolkit makes it easy to implement systems such as the one
proposed by Gromov et al. [[12]], [13]], in which a user indicates
a point on the ground while a small quadrotor continuously
maneuvers in order to hover 20 cm above the pointed location
(Figure [1] left); by relying on real-time feedback provided by
the robot’s own position, the user can achieve high control ac-
curacy, even when the reconstructed pointing rays are affected
by significant systematic errors.

The second part, which relies on the functionality imple-
mented in the first, includes code tailored to applications in
which: pointing gestures are used to select discrete objects
placed at known locations in space; fixed LED strips are used
to provide real-time feedback to the user during the process
(e.g. by displaying a cursor updated in real-time, indicating
the position currently being pointed at). One such application
consists in selecting packages on a moving conveyor belt by
pointing at them (Figure || right).

In Section [[I] we describe the foundations of the pointing-
based user interface. Then, in Section we describe the
ROS2-compliant implementation of the toolkit, and in Sec-
tion we discuss how the toolkit is used to build user-
interfaces in concrete scenarios. Finally, in Section E we
describe the actual software release with installation and usage
instructions.

II. POINTING-BASED INTERACTION

In this section, we briefly summarize the main building
blocks used to develop the contributed pointing-based user
interface toolkit as illustrated in Figure
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