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Abstract—This paper addresses the material handling problem
(MHS) in warehouse automation by proposing a system that uses
an automated guided vehicle (AGV) in industrial environments.
The aim is to optimize the picking task with respect to manual
operation in a paint factory. The work describes the whole system
to perform all the automatic tasks. The process is controlled by
the Manufacturing Process Management System (MPMS) and
an autonomous co-worker robot execute the mission in partially
known environments. The navigation system implemented is safe
and robust. It considers the people detection and unknown
static obstacles. Also, an ultra-wide-band localization system is
implemented by offering new capabilities for situation awareness
in factories. Experiments with a real holonomic platform called
ARCO are performed to validate the approach.

Index Terms—AGV, warehouse automation

I. INTRODUCTION

In the last years, the industrial robotics in the smart factories
of the future is being fostered. Advances of smart sen-
sors, electric and electronic technologies, and manufacturing
technology are conducting to the intelligent manufacturing
technology. Currently, Europe, United States and China are
paying more attention to this area [1] [2] [3]. The International
Federation of Robotics (IFR) estimates that by 2019 more than
1.4 million new industrial robots are being installed in factories
around the world [4].

The smart factory, also known as Industry 4.0 [5], represents
a leap forward from more traditional automation to a fully
connected and flexible system. Concretely, Industry 4.0 refers
to a phase in the industrial production evolution that focuses
heavily on inter-connectivity, automation, machine learning,
and real-time data processing.

Therefore, the current context requires more and more intel-
ligent robotics solutions for the collaboration between humans
and robots. Particularly, mobile robots play an important role
to successfully enable key improvements in the manufacturing
technology.

Automated guided vehicles (AGVs) are an example of
efficient warehouse systems by replacing human with mobile
robots or collaborating with them. The popular Kiva robot [6]
from Amazon is a good example, although other system can
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be also found in the market. These systems are used in large-
sized factories.

Different approaches have been presented in the literature
for AGV on intelligent warehouses, many of them based on
forklifts. Simulated forklift AGV systems with focus on the
path planning problem is presented in [7]. It allowed that
robotic forklifts executed transportation tasks in an intelli-
gent warehouse-like environment. All was done in simulation
and authors did not consider unknown obstacles like people
walking or other vehicles moving in the warehouse. A large
number of studies has been done in [8] including AGV design,
flowpath layout design, collision and deadlock avoidance,
route selection and scheduling problem. The work presented
in [9] considered several robots and compare two collection
strategies in simulation. In [10], a navigation system of a
flexible AGV intended for operation in partially structured
warehouses is presented. However, person detection and track-
ing is not considered by the approach.

Generally, the factory space is split between human and
robot areas. This is counterproductive to perform coordinated
joint human-robot tasks. Moreover, the autonomous navigation
areas or paths of the AGVs are constrained to spaces with
reduced presence of people, reducing the efficient of the
factory.

This paper addresses the material handling problem (MHS).
AGVs are widely chosen by companies to implement robust,
safe and truly MHS. The work presents a human-robot co-
working systems for Small and Medium-sized enterprises
(SMEs) enterprises in partially known and unstructured envi-
ronments. The system will be validated in the non-automated
production line of a factory which produces water-based
paints. The main objective of this system is to optimize the
picking task with respect to manual operation. Nowadays, this
operation is carried out by an operator with a cart going to
the different warehouse sections to pick-up the material in the
right quantities for later insertion in the mixing tanks. One of
the advantages of the system proposed will be to improve the
carry of the materials with the AGV and avoid risky situations
of the worker by reducing the worker exposure during the
operation.

The main contribution of this paper is the development of a
system able to perform all the automatic tasks without requir-
ing major changes in manufacturing process. The warehouse
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