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Abstract. Exploiting the collaboration between human and robots is a 

fundamental target for industrial Cyber-Physical Systems. Several studies have 

already addressed the evaluation of collaborative robotic cells, especially in 

automotive industry. Feasible tasks assignment to workers and robots were 

proposed in a few use-cases. However, previous studies start from an existing 

configuration of the collaborative assembly cell. Due to the moderate diffusion 

of collaborative robotic applications in the industry, it would be better to define 

a method orienting the design of a new instances of collaborative cells, by 

taking into account the different classifications of collaboration deriving by the 

new ISO 15066 standard. The classification depends on the kind of information 

that must be made available within the cell, and the possible methods of 

acquisition and communication of such information. This knowledge base will 

be represented in the form of ontology, as an extension of the CORA (Core 

Ontologies for Robotics and Automation) ontology, by IEEE Robotics and 

Automation Society. By adopting this ontology, it will be possible to support 

the design of new collaborative cell. An industrial case-study will prove the 

efficacy of the proposed method. 

Keywords: Collaborative robots, cyber physical systems, ontology. 

1   Introduction 

The design of collaborative environments where robots can work side by side with 

human operators for the execution of complex industrial tasks is having an increasing 

interest from both academics and robot manufacturers. In a survey on innovative 

flexible approaches to automotive assembly technologies, considerable importance is 

given to cooperation among humans and robots [1]. For example, some complex 

assembly procedures require both precise handling and other assembly operations, 

such as inserting fasteners and connecting wire harnesses. Some of these tasks require 

the precision and speed of automation, while others benefit from the dexterity and 

intelligence of human operators.  

Human-Robot Collaboration (HRC) brings benefits to industrial applications in 

terms of speed, efficiency, better quality of the production and better quality of the 

workplace (ergonomic) [2]. However, as far as now, robotic automation was rarely 

applied in small batch productions, due to the variety of products and of variable 
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production schedules [3]. The workplace organization leans towards flexibility where 

manual systems are advantaged. Now, several robot manufacturers are designing 

special robot architectures, named collaborative robots, allowing the human workers 

to execute their tasks in the same workplace as the robots, e.g., KUKA LBR [4] and 

ABB YuMi [5]. However, these robots have limitations in terms of payload, velocity, 

and strength that prevent their use in several industrial contexts. Some of these limits 

are related to the necessity of respecting the Technical Specifications ISO 15066 in 

order to assure human worker safety. 

Differently from such architectures, present study focuses on the subset of HRC 

that exploits standard industrial robots and allows for a safe interaction with the robot, 

paying a reasonable fee in reduced flexibility. The field of study is the industrial 

manual and automatic assembly by welding. Small factories usually already have 

robotic welding cells next to their manual workstations. The aim of this work is to 

show that it is possible to redesign existing industrial robotic cells for executing a 

number of collaborative actions, respecting safety requirements. 

The rest of the paper is organized as follows. Section 2 revises the state of the art in 

literature. Section 3 describes the two ontologies necessary in this study, used to 

classify the kind of information that must be made available within the cell, and the 

possible methods of acquisition and communication of such information. In Section 4, 

the design and setup of a HRC working cell is described, specifically for an industrial 

use case. Finally Section 5 draws conclusions and states future works. 

2   Related Works 

The collaborative execution of manufacturing tasks between humans and robots aims 

to improve the efficiency of industrial processes, for an high adaptability and 

robustness of the cell  Several works are present in literature that address the 

evaluation of robotic cells, especially in automotive industry [6,7].  

Some efforts have been devoted to investigate the safety of human-robot 

collaboration [8,9], and also the problem of define the optimal assignment of tasks 

between workers and robots was studied in some use-cases [10,11].  Other problems 

investigated in literature address the psychological acceptation of the robot as a 

reliable team member [12,13]. 

Some studies are related to the reduction of programming time of robots by 

exploiting Programming by Demonstration or Learning by Demonstration techniques 

[14, 15,16]. Even if several human capabilities cannot be fully replaced by robots, it is 

possible to achieve a solution by combining the capabilities of both. Moving the 

collaborative robot from laboratory demonstrations to current production cells arises 

new orders of issues that have not been adequately considered in the past. 

What's missing is a solid methodology to configure a HRC cell, based on the 

manufacturing process under consideration and the kind of collaboration to 

implement.  
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3   HRC Ontologies 

Ontologies plays a fundamental role in knowledge management because they 

formally specifies the key concepts, properties, relationships, and axioms of a given 

domain [17].Two ontologies are necessary in this study. The first one, named 

CCORA, is an extension of a standard ontology for robotics and automation (CORA) 

by adding concepts related to collaborative cells. The second one, named MPRO, is a 

manufacturing process ontology, which contains concepts related to manufacturing 

processes and related machines, tools and parameters.  

 

Fig. 1. Relationships between the two defined ontologies (CCORA and MPRO) with respect to 

previous ontologies SUMO, CORA and CORAX. 

The relationships between CCORA and MPRO with the other existing ontologies 

in the domain is represented in Fig.1. The Ontologies for Robotics and Automation 

Working Group (ORA WG) defined a core ontology for robotics and automation 

(CORA), which specifies the general concepts in this context [18]. CORA extends 

SUMO, the Suggested Upper Merged Ontology, which is an open source upper 

ontology, widely used in several domains [19]. Between CORA and SUMO, there is 

the CORAX ontology, which represents concepts and relations commonly found in 

subdomains but that are too general to be included in CORA [20]. We further 

extended the CORA ontology in the Collaborative CORA (CCORA) by inserting the 

concepts related to human-robot collaboration. CCORA inherits from both CORA and 

SUMO, because some CCORA entities are specifications of more general SUMO 

concepts. The MPRO ontology cover the knowledge related to manufacturing 

operations, thus is inherits directly from the SUMO concepts. 

3.1   Collaborative CORA (CCORA) Ontology 

The most general SUMO category is Entity, given as a disjoint partition of Physical 

and Abstract entities. The first one represents entities with spatio-temporal extension, 

while the second one is for entities that do not need have spatio-temporal extension. 
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Both entities are further specialized: Physical into Object and Process, while Abstract 

into Quantity, Attribute, SetOrClass, Relation and Proposition. SUMO has a total of 

more than 500 entities, covering a broad spectrum of concepts. 

The CORAX ontology defines concepts that are too general to be in CORA, which 

cover aspects of reality that are necessary for modelling, but are not explicitly or 

completely covered by SUMO. Examples of CORAX entities are physical 

environment, interaction, artificial system, processing device, robot motion, human 

robot communication, robot robot communication.  

 

 

Fig. 2. Relationships among concepts of SUMO, CORAX and CORA. 

CORA focuses on defining a robot, along with the specification of other related 

entities. The entities defined in the CORA ontology are Robot part, Robot interface, 

Robot group, Robotic system (further divided into Single Robotic System and 

Collective Robotic System) and Robotic environment. The relationships among 

concepts of SUMO, CORAX and CORA are represented in Fig.2.  

We further extended the CORA ontology in the Collaborative CORA (CCORA) by 

inserting the concepts related to human-robot collaboration, as shown in Fig. 3. We 

defined a collaborative robotic system an entity formed by robots, human workers, 

and a series of devices. Particularly, four kinds of devices are need: observing 

devices, pointing devices, gripping devices and holding devices. A collaborative 

robotic environment, i.e., a collaborative cell, is an environment equipped with a 

collaborative robotic system.  

Three types of collaborative environments exist, the spatial collaboration 

environment, the temporal collaboration environment, and the spatiotemporal 

coloration environment. Depending on the kind of collaborative environment, 

different devices are needed. For example, in the case of a spatial collaboration, 

where humans and robots work in the same space but in different times, observing 

devices are mandatory (e.g., laser scanner) to reveal the human presence, to grant that 

the human worker is not in the cell while the robot is working. 

CCORA also extends the SUMO Process with the transport processes, which are 

not covered by the MPRO ontology. 
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Fig. 3. Relationships among concepts of CCORA, SUMO and CORA. 

3.2   Manufacturing Process (MPRO) Ontology 

The MPRO ontology cover the knowledge related to manufacturing operations. The 

main classes of the MPRO ontology are Manufacturing process, Machine, Tool and 

Parameter [21]. A portion of the MPRO ontology related to the SUMO ontology is 

shown in Fig.4. 

Assembly operations are further divided in Permanent joining processes and 

Mechanical fastening. Permanent joining processes are Welding, Brazing and 

soldering, and Adhesive bonding. Welding processes are further divided between 

Fusion welding and Solid state welding. To Fusion welding belong Arc Welding, 

Resistance Welding, Oxyfuel gas welding, and others.  

Tools are the elements that are used during processes or directly perform the work 

on the workpiece. For example, Welding tools are used in different welding processes 

and include Welding molds, Solid state tools, and Fusion welding tools. Fusion 

welding tools are mostly related with Electrodes, which can be Consumables, if they 

are consumed during the process or Non-consumables. Consumables electrodes are 

Coated electrodes, Electrogas welding electrode, Flux cored electrodes, Wire 

electrodes, and GMAW guns. The Parameter class represents the parameters of the 

manufacturing processes that have to be stored, such as the speed of the drill, the 

temperature, the water pressure, etc.  
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Fig. 4. Relationships between MPRO and SUMO concepts. 

4   Ontology-based HRC Cell Design 

The considered industrial process is the assembly of a two-stage cutter (shown in 

Fig.5 left), which is used to shred snow and send it to the rear turbine, which throws it 

out from the roadway. This process was originally executed manually by two 

operators, but the company wanted to evaluate the introduction of a robot to perform a 

subset of tasks. By mapping the industrial process on the MPRO ontology, we were 

able to define the processes and the corresponding tools that are needed in the cell, 

i.e., a welding torch for the arc welding and a grinder for the grinding process. These 

elements were inserted as instances of the corresponding entities in the ontology. 

Assuming a task assignment was done (the assignment method is out of the scope 

of this work), by analysing the tasks assigned to the robot, and knowing that the kind 

of collaboration of interest in this case is a spatial collaboration, it was possible to 

exploit the CCORA ontology to select among the vast amount of possible kinds of 

robots, devices, etc., the set of elements needed in the cell. The following entities 

were considered: Industrial Robot, Observing device, Gripping device, and Holding 

device. Among the available industrial robots, the selection was for a KUKA robot 

KR 300 R2500 ultra C, due to the load and distance capacity. The holding devices are 

a tool plan to allow the robot executing the operations, a rotating platform so that the 

robot can easily reach all the positions required for the operations, and a component 

storage, where the final components are arranged according to a precise order in such 

a way that the robot can identify and pick them. The gripping device is a blocking 

gripper, so that the robot can move disks and spiders. The Observing devices are two 

laser scanners, one for verifying the correct positioning of tools and items, and 

another one to identify the human worker position. The resulting ontology 

corresponding to the HRC of such process is shown in Fig.5 (right). 
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Fig. 5. Image of the cutter considered as use case (left) and the developed ontology 

with instances (right) shown in the Protégé (http://protege.stanford.edu) 

5   Conclusion 

The paper proposed a method to support the design of a human- robotic cell based on 

the industrial process of interest and the kind of HRC needed. Both the knowledge 

related to the machines and tools needed for the manufacturing process and the 

relationships between each kind of collaborative environment and the devices needed 

in the corresponding cell are stored in the ontology. From this knowledge base it is 

possible to select the elements needed for the full configuration of the cell. 
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