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Abstract
Human–robot collaboration (HRC) solutions are replacing classic industrial robot due to the possibility of realizing more
flexible production systems. Collaborative robot systems, named cobot, can work side by side with humans combining their
strengths. However, obtaining an efficient HRC is not trivial; indeed, the potential advantages of the collaborative robotics
increase as complexity increases. In this context, the main challenge is to design the layout of collaborative workplaces facing
the facility layout problem and ensuring the safety of the human being. To move through the high number of safety standards
could be very tiring and unproductive. Therefore, in this work a list of key elements, linked to reference norms and production
needs, characterizing the collaborative workplace has been identified. Then, a graph-based approach has been used in order
to organize and easily manage this information. The management by means graphs has facilitated the implementation of the
acquired knowledge in a code, developed inMatlab environment. This code aims to help the designer in the layout organization
of human–robot collaborative workplaces in standards compliance. The paper presents the optimization code, named Smart
Positioner, and the operation is explained through a workflow diagram.
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1 Introduction

Nowadays, technology innovation, challenged by industry
4.0 pillars, is pulling the manufacturing improvement [13,
15, 16].

One of the most interesting challenge is the robotics
improvement and its applications; in particular, the
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human–robot collaboration (HRC) tasks. HRC is based on
two resources, human being and collaborative robot (cobot),
that work side by side [17] to perform a common task.

A cobot is a special kind of robot, environmentally aware,
which can share the workspace with other cobots or with
human operators. Sometimes it is equipped with vision sys-
tem, sensitive skin and proximity or contact sensors [3]. They
are very suitable for light and repetitive activities in limited
space where human presence is allowed. On another hand,
theymustworkwith low speed and payload and consequently
with a limited productive capability. However, the combina-
tion of human and robot strengths allows to achieve more
flexible production processes maintaining the repeatability
and accuracy of classic industrial automation [2].

The implementation of collaborative robotics is still a
challenge due to a significant increase in complexity [8].
Indeed, the human presence in the workplace involves con-
sideration of aspects that go beyond the robotics alone.

In this context, the facility layout problem of the HRC
workplaces is one of the most interesting technical challenge
[10, 12] to face in order to achieve an efficient collaboration
between humans and cobots [4]. Pini et al. [11] propose a
systematic approach to identify the resources more suitable
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to perform the different tasks, but the organization of the
layout is left to the designer perception. Other researchers
[9, 14] face the task allocation to humans and robots, but the
layout design is not deeply tackled.

Furthermore, the above-mentioned approaches do not face
the regulatory constraints and the compliance with standards
in themethods and tools they have developed. Therefore, this
work, through the analysis and the critical study of the ref-
erence frame, proposes a knowledge-based approach aimed
to help the designer to move among the complex regulatory
framework in order to develop a compliance HRC layout.

2 Standards and constraints

Ensuring safety of the human being in workplaces is the
main challenge to tackle. The International Organization
for Standardization faced the safety problem providing a
huge amount of rules and prescriptions strongly intercon-
nected [5–7]. However, it is very hard to move among the
maze of standards that sometimes are merely guideline [1].
Even though, in the international standards, all the spaces
within the workplace are defined, the operating space, that
is the space where the task sequence is carried out, is
exclusively dedicated to the robot, whereas the collaborative
space, where human presence is permitted and the interac-
tion between human and robot can occur, is only a portion
of it. On the other hand, the definition of these spaces does
not consider the human presence, indeed the collaborative
operations described in the standards are all robot oriented,
due to safety reasons.

Many other prescriptions and constrains shall be consid-
ered from standards and production needs.All these elements
can be summarized in the following list: (1) type of oper-
ation; (2) physical limits and clearance; (3) environmental
conditions; (iv) ergonomic limits; (5) human intervention and
tasks; (6) robot parameters; (7) material feature and condi-
tions; (8) workspaces division; (9) safeguarding perimeter
and accesses; and, (10) devices and resources.

To comply all these aspects is not easy, therefore the
designing is left to the experience of the designer and the
commercial software have no constrain implemented to com-
ply the standard prescriptions.

3 Tools

Several instruments and tools can be used to face the chal-
lenges about human–robot collaboration workplace design.
Through several engineering design methods, such as
axiomatic design and graph theory, it is possible to extrapo-
late the basic concepts of a collaborative workplace, to find
the requirements defined by the standards and to link each of

them to a design parameter. Then, all this information needs
to be organized and managed. The relationships among the
elements can be organized by a matrix (graph) to exploit and
manipulate this knowledge.

The easily implementation and the large number of imple-
mented codes give this graph-based tool back very powerful.
Commercial software, such as Simulink (a MATLAB-based
graphical programming environment), provide several algo-
rithms in order to obtain desired results according to the
inputs provided.

Finally, it is possible to generate a digital mock-up of the
collaborativeworkplace and explore it in virtual environment
in order to perform a design review.

4 The proposed approach and results

This work proposes the layout design and optimization of
human–robot collaborative workplaces based on the knowl-
edge of the functional requirements and constraints imposed
by the reference standards. The interdependence among the
huge amount of design parameters and functional require-
ments are managed by means a multi-level graph-based
approach. The graph-based approach allows easy implemen-
tation of the knowledge in a calculation code aiming to obtain
the layout of human–robot collaborative workplaces in a
semi-automatic way and in standards compliance.

The calculation code, named Smart Positioner, has been
developed in Matlab environment. Figure 1 depicts the flow
chart showing the functioning of the Smart Positioner. It is
characterized by four main steps: (S1) manually inputs inser-
tion—the designer inserts as inputs: (1) cell dimensions, (2)
resources characteristics (number, type and dimensions), (3)
tasks sequence. (S2) Generation of the HRC workplace lay-
out in a three-dimensional environment. The tool performs
a first check on the generated solution to assure compliance
with the regulations. The layout visualization is also avail-
able in a 2D environment in order to allow easier control
of the overall dimensions and visual obstructions. (S3) Cus-
tomizationby thedesigner: the tool allows the user to evaluate
and edit the layout. Then a check occurs to verify the stan-
dards compliance. (S4) Conversion of the file to JT (Jupiter
Tessellation) format in order to export it to simulation envi-
ronments. This tool provides a crucial support to the designer
to move through the complexity of the huge amount of con-
straints and requirements of the standards.

The resources of the workplace are organized using opti-
misation criteria due to minimize the floor space occupied,
the distance coveredby theoperator and thematerial handling
costs, under constraint of minimum distances to comply.

Definitely, the proposed Smart Positioner represents a
useful tool to reach an efficient human–robot collaboration,
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Fig. 1 Smart Positioner flow chart

facing the layout design problem of the collaborative work-
places by means a knowledge-based approach.
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