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Abstract

This paper details the procedure of planning and constructing a new mobile,
social robot, taking into account specific functional constraints. Shadow is an
innovative blend of a versatile tool and a human associate. The objective is to
provide companionship to its human owner during extensive work tasks in diverse
settings. The design mandates a cost-effective build that is not just highly agile,
but also entirely constructed via 3D printing technology. The requirement is for
the robot to possess omnidirectional kinematics, complemented by a versatile
power electronics system, capable of adapting to varying energy needs. Energy
storage hinges on the use of lithium batteries, engineered to ensure a minimum
of seven hours of autonomous functioning. An array of sensors will be integrated
into the robot to constantly scrutinize the power system’s status, monitor tilt
and acceleration, and underpin a self-diagnostic system that evaluates this data.
The adopted methodology fosters a swift generation of prototypes, which are
iteratively tested, refined, and improved, aligning with the defined objectives.
Throughout this procedure, several interesting issues have been identified and
subsequently resolved. Shadow has transitioned from TRL2 to TRL7 in less than
a year and is now been tested with different high-level functionalities.
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1 Introduction

Social robots are devices that must evolve rapidly to keep pace with new technolog-
ical advancements and to meet users, preferences and requirements. Several factors
may limit the adaptability of a given design, thereby restricting its effective lifespan.
One of the most common limitations is scalability, through the addition or replace-
ment of sensors, actuators, and computing resources. With the current influx of 3D
sensors, such as 360º cameras and 3D Lidars, and the demand for more powerful
embedded GPUs capable of processing large DNN models in real-time, a commercial
robot with closed or restricted update options will quickly become obsolete. Another
factor contributing to the obsolescence of commercial robots is human acceptability or
the increasing demand for lighter, more agile designs that are quickly associated with
biological movement. The recent availability of high-powered wheel-motor units and
custom-configured lithium batteries has paved the way for more compact, lightweight,
and efficient mobile bases. Lastly, as general-purpose social robots are still beyond
the reach of current technology, the concept of 3D printing specialized body designs
for specific purposes is becoming increasingly viable. Robots created with functional
constraints in mind can be more effective in their designated domain of activity,
more cost-effective, and more likely to evolve through successive designs into highly
optimized solutions.

Fig. 1: Shadow elements.

The construction of the Shadow robot 1, Figure 1, is a partial response to these
three types of problems. We have relayed on a quick prototyping cycle, now possible

1This work has been supported by a Proof of Concept project (PDC2022-133597-C41) funded by the
Spanish Research Agency and is the evolution of several previous prototypes developed in former projects.
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