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ABSTRACT 

Purpose: This paper aims to understand the specificities inherent to collaborative robotics from the perspective of production and 

operations management, as well as to identify opportunities for future research on the topic. 

Methodology/Approach: A systematic literature review was carried out through Scopus and Web of Science databases. This 

procedure covered 84 articles published between 1997 and 2018.  

Findings: The study revealed the issues most addressed in the research on Collaborative robots (Cobots), the most cited works, and 

the research approaches adopted. 

Research Limitation/implication: The sample was extracted from only two international databases excluding publications in the 

form of books and articles from other databases. 

Originality/Value of paper: The study reveals some specificities regarding the application and development of COBOTs, as well as 

their advantages and drawbacks in the scope of production management. 

KEYWORD: collaborative robotics, cobot, industry 4.0, systematic literature review. 

 

ROBÓTICA COLABORATIVA: UM PANORAMA DA LITERATURA À LUZ DA GESTÃO DA PRODUÇÃO 

RESUMO 

Objetivo: Este artigo tem como objetivo compreender as especificidades da robótica colaborativa sob a perspectiva da gestão da 

produção e operações, assim como identificar oportunidades para pesquisas futuras sobre o tema. 

Metodologia/Abordagem: Foi conduzida uma revisão sistemática de literatura nas bases de dados Scopus e Web of Science. Esse 

procedimento envolveu 84 artigos publicados entre 1997 e 2018.  

Conclusões: A análise do referencial teórico revelou os assuntos mais abordados na pesquisa dedicada aos robôs colaborativos 

(Cobots), os trabalhos mais citados e as abordagens de pesquisa adotadas.  

Limitações da pesquisa: A amostra foi extraída de apenas duas bases de dados internacionais excluindo publicações na forma de 

livros e artigos disponibilizados em outras bases de dados.  

Originalidade/Valor do artigo: O estudo apresenta algumas especificidades a respeito da aplicação e desenvolvimento dos 

COBOTs, assim como suas vantagens e restrições no âmbito da gestão da produção. 

PALAVRAS-CHAVE: robótica colaborativa, cobot, indústria 4.0, revisão sistemática de literatura. 
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1. INTRODUCTION 

The paradigm of the fourth industrial revolution, also known as “Industry 4.0” (i4.0), 

represents an important challenge for organizations that aim to convert their current manufacturing 

processes to the digital manufacturing model, to obtain competitive advantages through 

technological updating (Wang; Wang, 2016; Pimenta, 2019). In this scenario, new opportunities 

and challenges arise in manufacturing management by enabling the use and integration of 

technologies such as Industrial Internet of Things (IIoT), simulation, advanced robotics, cloud 

computing, additive manufacturing, and augmented reality (Rüßmann et al., 2015; Tamás et al., 

2016; Schwab, 2017). In this context, an industrial robot will work collaboratively with operators, 

acting as an auxiliary resource to perform a specific task. 

Although the application of robotics in manufacturing processes is an inherent characteristic 

of the third Industrial Revolution, the new productive paradigm proposes to optimize this type of 

technology through the evolution of traditional robots to intelligent robots, capable of learning and 

collaborating with human beings (Rüßmann et al., 2015). Therefore, autonomous industrial robots 

are being developed to increase safety, flexibility, versatility, and collaboration on the shop floor 

without isolating a work area (Bahrin et al., 2016). Other technologies associated with the new 

industrial paradigm, including artificial intelligence, the Internet of Things (IoT), cloud computing, 

and Big Data will change robots' application in industrial processes in the coming years (Robla-

Gómez et al., 2017). 

In addition to the aspects related to the productivity of the manufacturing processes, safety 

represents a crucial factor in implementing industrial robotics. The publication of the technical 

specification ISO / TS 15066: 2016 (ISO, 2016) aims to update international safety standards for 

adopting Collaborative Robots (COBOTs), detailing the project requirements and risk assessment 

and their major impacts on specific parts of the human body. Considering that industrial robots can 

be large, heavy, and move at high speeds, the implementation of this technology must avoid 

potential impacts between the robot and a human within an automated workstation (Hedelind and 

Jackson, 2011). In this context, it is already possible to highlight some solutions aimed at work 

safety, including mechanical reliability systems, lightweight structures, contact detection devices, 

artificial vision systems, among others (Robla-Gómez et al., 2017). 

The research on collaborative robotics can be justified due to safety reasons to reduce 

operator injuries during production and the need for faster production and economic gains (Bayram 

and İnce, 2018). Thus, considering the relevance of the theme for the improvement of industrial 

processes, the following Research Questions arise: (RQ1) “What are the specificities inherent to 

COBOTs?”; and (RQ2) “Which topics could be investigated in the future regarding collaborative 

robotics?”. Thus, this article aims to understand the specifics of collaborative robotics from a 

systematic literature review based on articles published in the Scopus and Web of Science databases 

from 1997 to 2018. 

This article is structured as follows: in section 2, the research procedures adopted in the 

study are presented; in section 3, the specifics on the theme are presented, as evidenced in the 

theoretical framework analyzed, as well as a brief descriptive analysis of the subjects covered; 

section 4 presents some opportunities for future research; and finally, in section 5 the final 

considerations are presented in detail. 

 
 

2. METHODOLOGICAL APPROACH 

In order to find answers to the research questions presented in the introduction to this article, 

the method adopted for the study was a systematic literature review, following the procedures 

presented by Silva et al. (2015). Such a research method provides a solid basis for future research 
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and contributes to developing theories, aligns knowledge about existing research and discovers 

areas where potential studies are needed (Webster and Watson, 2002). 

Figure 1 shows the procedure for Systematic Literature Review performed in this study. The 

first step was carried out in January 2019 and consisted of selecting the databases, horizontal scan 

and vertical scan, based on the study conducted by (Silva et al., 2015). We decided to select two 

databases (Scopus and Web of Science) widely recognized by the academic community, 

considering the relevance of the articles indexed in journals with an impact factor and the feasibility 

of access and stratification. The term “collaborative robot” was defined as the search string since 

most publications on these databases are available in the English language, and it encompasses the 

terms “cobots” and “collaborative robots.” Thus, 551 articles were identified in the Scopus database 

and 148 articles in the Web of Science database. 

 

 

Fig. 1 – Procedure for Systematic Literature Review 

  

After removing 129 duplicate articles, a second criterion was applied to filter the volume of 

publications (horizontal scan) by reading the elements: title, abstract and keywords. It is important 

to highlight that part of the works selected at this stage of the research highlighted only technical 

and operational aspects of COBOTs, including specifications, use of algorithms, and programming 

language, in addition to applications outside the context of manufacturing, such as civil 

engineering, teaching, medicine, among others. Thus, after removing 486 articles outside this 

study's scope, it was possible to conduct a content analysis (vertical scan) of the 84 selected articles 

published between 1997 and 2018. 

 

3. LITERATURE REVIEW 

3.1 Initial analysis 

 

The initial analysis consisted of an observation of the subjects and topics in each article's 

titles and keywords, limited to five terms for each article. As an example, in the article "Legibility 

and Predictability of Robot Motion" (Dragan et al., 2013), three central themes were identified: (i) 

analysis of movements; (ii) trajectory planning; and (iii) gesture recognition. In order not to 

overload the list of subjects covered, several terms with the same connotation, i.e., "collaborative 

robots," "COBOTs," "collaborative work," and "human-machine interaction," were excluded from 

the list of themes. Besides, the terms related to the research methods used in the studies were also 
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disregarded, as they will be discussed later. Thus, the most expressive issues observed in more than 

one article were classified in frequency observed and presented in Table 1. 

 

Table 1: Main issues addressed 

Issues Article (s) % Issues Article (s) % 

Safety 18 21.43 Ergonomics 3 3.57 

Assembly line 17 20.24 Algorithms 2 2.38 

Sensing 11 13.10 Gripper systems 2 2.38 

Motion analysis 11 13.10 Handling systems 2 2.38 

Risk analysis 8 9.52 Teamwork 2 2.38 

Architecture 7 8.33 Standardization 2 2.38 

Kinematics 6 7.14 Industry 4.0 2 2.38 

Industrial automation 6 7.14 Cyber-physical systems 2 2.38 

Baxter Robot 5 5.95 Smart Factory 2 2.38 

Mobility 5 5.95 Desktop 2 2.38 

Learning systems 4 4.76 ISO 10218 2 2.38 

Path planning 4 4.76 Multi-agent system 2 2.38 

Visual systems 4 4.76 Fuzzy System 2 2.38 

Gesture recognition 3 3.57 Robustness 2 2.38 

Social aspects of robotics 3 3.57 Object detection 2 2.38 

Framework 3 3.57 Virtual reality 2 2.38 

Manipulating robot 3 3.57 Machine design 2 2.38 

 

We noticed that the five most addressed issues, when added up, represent 77.38% of the 

publications and portray topics related to the health and safety of the work environment, 

applications in assembly lines, and technical aspects of the COBOTs, including motion analysis, 

kinematics, and sensing systems. However, considering the aspects of production and operations 

management, eight of the thirty-four issues are directly related to occupational safety and health 

(safety, risk analysis, gesture recognition, social aspects of robotics, ergonomics, work in team, 

work environment, and ISO 10218). Still, three of them are connected to the recent paradigm of the 

fourth Industrial Revolution (i4.0, Cyber-physical Systems, and Smart Factory). 

Regarding the security of collaborative environments, we noticed that the studies address 

aspects related to the operation of COBOTs, such as working speed, proximity to operators in order 

to avoid collisions, recognition between operators and materials, and monitoring the distance 

between operators (Šurdilović et al., 2003; Matthias et al., 2011; Aaltonen et al., 2018). Among the 

issues highlighted above, only one refers to the type of commercial solution for COBOTs. The 

‘Baxter robot,’ occupying the ninth position in Table 1, is a robot developed by Rethink Robotics, 

equipped with two arms and a screen that performs the function of a face so that the operator can 

communicate with the robot and that shows when yourself is learning or performing an operation. 

Also, Baxter robots are equipped with a software platform that allows them to carry out a sequence 

of complex tasks, such as handling a component and instructing an “approved” or “approved” type 

inspection station to the stacking of materials (Briody, 2013). 

Another relevant characteristic of the state-of-the-art on collaborative robotics concerns the 

studies' methodological and scientific focus around the theme. In this sense, Table 2 shows a 

distribution of the publications observed concerning the research approach. Such distribution was 

stratified in four periods, with greater amplitude attributed to the first two periods, considering that 

the theme gained greater relevance from the concepts of advanced robotics and i4.0, both 

disseminated from 2011 and, therefore, with a highest expected frequency. 
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Table 2: Research approaches 

Period No. % 

Research Approach 

Modeling Experiment Simulation 
Theoretical 

Study 
Case study 

1997-2003 3 3.57 0 1 1 1 0 

2004-2010 10 11.90 0 5 1 4 0 

2011-2014 12 14.29 1 7 0 3 1 

2015-2018 59 70.24 2 28 4 11 14 

 Total 84 100 3 41 6 19 15 

 

Many articles that address COBOTs as the central theme used experiments as the major 

research approach. Such studies represent 48.81% of all recovered publications. Theoretical and 

empirical studies (case studies) also stand out, representing 40.48%. It is important to note that the 

articles published between 2011 and 2018 correspond to 84.53% of the sample. These papers reveal 

the contemporaneity of the theme alongside the technologies associated with i4.0. In order to 

provide a ranking of the most prolific and cited articles, we developed Table 3 informing the 

authorship, the number of citations reported in the databases, the research approach and a synthesis 

of the contributions of these works. 

 

3.2 Specificities inherent to Cobots  

 One way to understand the specifics regarding manufacturing processes' specifics is to find 

answers to four questions that can differentiate one technology from another (Slack et al., 1999). 

These questions include: (Q1) What does technology do?; (Q2) How does it develop?; (Q3) What 

advantages does this technology offer?; and (Q4) What restrictions does the technology bring to the 

production? Thus, these four questions were used to understand the specificities inherent to 

collaborative robotics to find answers to the first research question previously presented in the 

introduction section. 

Regarding the application of COBOTs, or in other words, what they are capable of, the 

literature shows that industrial robotics is recommended for environments where human beings are 

exposed to activities with significant risk and where efficiency is greater when compared with the 

tasks performed by humans (Gunasekaran, 1999; Hedelind and Jackson, 2011; Lasota and Shah, 

2015). Industrial robots are traditionally directed to activities called 3D's, that is, dirty, dangerous, 

and dull (Murphy et al., 2000; Bloem et al., 2014). Therefore, industrial robotics can be used in a 

variety of sectors, such as automotive and aerospace, medical, consumer goods, and electronics, 

among others, with the most common applications covering welding, testing, labeling, drilling, 

cutting activities, painting, molding, removal, and movement of materials (Thomopoulos, 2014). 

COBOTs, in turn, are industrial robots specifically designed to perform a variety of 

repetitive and non-ergonomic tasks and cooperate directly and safely with operators, being able to 

use force and collision detection capabilities (Romero et al., 2016). Portability is a key feature of 

this technology type since the operator must program these robots' operations in a simple way and 

safely (Djuric and Urbanic, 2018). It is important to note that an industrial robot is a 

reprogrammable automatic manipulator capable of handling objects with varying degrees of 

freedom through programmed movements to perform a variety of tasks (Slack et al., 1999). In this 

sense, the operationalization of COBOTs requires a workplace design adapted to this technology, 
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selecting a control system, and creating a control program using algorithms related to kinematic 

tasks (Sapietová et al., 2018). 

 

Table 3: Top 10 articles 

Rank 
Author (s) / 

Year 

No. of 

Citations 

Research 

Approach 
Contribution 

1 Peshkin et al. 

(2001) 
178 

Theoretical 

Study 

Explanation of the kinematics and operational aspects of the 

transmission between conventionally operated COBOTs 

versus non-holonomic COBOTs used in the car assembly 

process. 

2 Dragan et al. 

(2013) 
120 Experiment 

The results showed that the predictability and readability of 

COBOTs are fundamentally different and often contradictory 

properties of movement. 

3 Roy and 

Dudek (2001) 
83 Simulation 

The article presents an algorithmic solution for 

communication between agents over long distances, allowing 

two robots to meet in order to explore an unknown 

environment collaboratively.  

4 
Andersson and 

Nygards 

(2008) 

49 Simulation 

The authors propose an algorithm to align and join maps and 

trajectories in a multi-robot system. The trajectory 

information can be reused to verify a possible path in an 

unknown region. 

5 
Merchán-Cruz 

and Morris 

(2006) 

41 Simulation 

The study provides a fuzzy genetic algorithm to address two 

manipulating robots' trajectory planning problems, sharing a 

common workspace whose trajectory or behavior is 

unknown and unpredictable. 

6 Krüger et al. 

(2006) 
39 Experiment 

It proposes a system of workspace shared between COBOTs 

and operators through direct physical contact. The path 

guidance and power amplification functions can be 

performed by this system. 

7 Šurdilović 

et al. (2003) 
36 Experiment 

The article presented a new system for COBOTs with 

continuous variable transmission. Basic structures, kinematic 

and dynamic models, as well as control algorithms were also 

briefly presented in this study. 

8 Matthias et al. 

(2011) 
32 

Theoretical 

Study 

This study discusses the safety certification process for 

industrial collaborative robotics, using procedures for risk 

assessment. They also analyzed the possible contact events 

between a robot and a human being. 

9 Rozo et al. 

(2016) 
30 Experiment 

The authors present a framework for an operator to teach 

COBOTs from demos, combining probabilistic learning, 

dynamic systems, and stiffness estimates to encode the 

robot's behavior throughout the task. 

10 Romero et al. 

(2016) 
29 

Theoretical 

Study 

The article presented the concept 'Operator 4.0', understood 

as an intelligent and skilled operator who performs 

cooperative work with robots through Cyber-physical 

systems to achieve man-machine symbiosis in work systems. 

 

The main advantage inherent in COBOTs is that this technology allows robots to collaborate 

with humans in a shared workspace to perform productive activities with greater productivity and 

efficiency (Lasota and Shah, 2015). Besides, COBOTs can also be an alternative resource to 

conventional material handling devices, such as articulated arms, elevators, winches, etc., since 

these resources presented ergonomic problems, generating operator fatigue, stress, and 

musculoskeletal disorders (Šurdilović et al., 2003; Krüger et al., 2006). 
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A critical constraint associated with COBOTs concerns the necessary safety in the work 

environment, where the operator is directly exposed to contact with robots. The safety rules 

associated with COBOTs include technical aspects of the mechanical design for the manipulator 

and control measures for the robot's safe operation. These rules aim to eliminate the risk of injury to 

the human operator, such as impact force exerted on the operator, setting of fastening elements, and 

other hazards related to human-robot interaction (Matthias et al., 2011). In addition to safety issues, 

the implementation of COBOTs in the manufacturing process has some limitations that include 

(Krüger et al., 2006; Bayram and İnce, 2018): 

• High technology acquisition and implementation costs. 

• Restrictions and needs for adaptation in variable and unstructured environments. 

• Complex programming, which may require qualified professionals. 

• Shortcomings of collaborative work in the same workspace. 

• Need to reconfigure robots to adapt to new activities. 

• Problems related to workers' morale. 

• Insufficient line availability. 

• Nature of the productive activity that may require variable production and reduction. 

 

3.3 Opportunities for future research  

As previously presented, our second research question aims to understand which topics could 

be investigated in the future regarding collaborative robotics. Therefore, we analyze the primary 

suggestions and proposals for future research contained in the concluding sections of the selected 

papers. This information was grouped by affinities resulting in six central themes described below. 

• Theme 1: Security. As the most expressive topic around the research on COBOTs, security 

is a subject with several possibilities for future studies. Matthias et al. (2011) suggested 

conducting analyses on the risk of injury, including the Failure Mode and Effects Analysis 

(FMEA) technique in contact situations based on simulations and determination of 

borderline values injury scale. Maurice et al. (2014) proposed the analysis of indicators to 

assess the ergonomic parameters inherent to collaborative robotics. 

• Theme 2: Morale. In Table 1, we highlighted the issues “social aspects of robotics,” 

“teamwork” and “work environment.” Thus, it is possible to understand that operators’ 

morale in environments shared by COBOTs deserves full attention in operational excellence 

projects that cover this type of technology. In this direction, Aaltonen et al. (2018) pointed 

out the need to develop metrics to assess the experience of collaboration and the workers’ 

productivity when interacting with COBOTs. 

• Theme 3: Standardization. Some specific norms for the standardization of collaborative 

robotics were evidenced in the literature. Future studies could investigate several aspects of 

these patterns, such as maturity levels, critical success factors, diagnoses, among others. The 

following standards were highlighted: ISO 10218: Safety requirements for industrial robots 

— Part 1: Robots, which establishes safety requirements and guidelines for the design of 

industrial robots and ISO 10218: Safety requirements for industrial robots — Part 2: Robot 

system and integration (Šurdilović et al., 2003; Virk et al., 2008; Matthias et al., 2011); ISO 
/ TS 15066: Robots and Robotic devices, which provides guidelines for the implementation 

of a collaborative workspace; ISO / TC 184: Automation and Integration Systems, which 

provides requirements for industrial automation (Virk et al., 2008; Bogue, 2017); and ISO 

13482: Robots and Robotic Devices, which provides safety requirements for operators 

working with robots (Bogue, 2017). 
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• Theme 4: Comparative analysis of performance between different types of robots. The 

industrial robotics market encompasses several COBOT solutions provided by companies 

consolidated in the market, such as ABB (FRIDA), Rethink Robotics (Baxter), Universal 

Robots (UR10), Bosch (YuMi), among others. In this scenario, Cremer et al. (2016) 

suggested comparative studies between Baxter robots' performance with other robots 

regarding flexibility in arms control and trajectory planning. 

• Theme 5: Integration of COBOTs with i4.0 technologies. With the improvement and 

integration of information technologies and industrial automation, new opportunities for the 

optimization of COBOTs appear in the context of digital manufacturing. The new 

configurations inherent to Cyber-physical Systems will require collaborative robots to be 

more efficient and able to interact with other technologies, such as remote communication 

using the Industrial Internet of Things - IIoT, cloud computing and cybersecurity (Brizzi et 

al., 2013; Bayram and İnce, 2018). 

• Theme 6: Technologies applied to human-robot interaction. Future studies may aim to 

increase the communication efficiency inherent in the collaborative work between operators 

and robots. Barattini et al. (2012) suggested incorporating audio commands and expansion 

of gesture recognition techniques for the fingers. Lasota and Shah (2015) proposed studies 

to assess how the performance of a team using self-conscious robots can change according 

to different levels of accuracy of prediction of the robots. 

 

4. CONCLUSION  

This article sought to understand some specificities inherent to collaborative robotics in the 

context of i4.0 and to identify central themes that represent opportunities for future research on 

COBOTs. It was observed that the state-of-the-art on the topic is oriented towards improving the 

productivity and efficiency of industrial activities, as well as the quality of work since the 

interaction between man-machine reduces ergonomic tension. However, there are caveats in its 

applicability since the aspects inherent to the implementation of COBOTs require an adapted 

physical structure, and the high cost of this implementation, in addition to requiring trained 

personnel for operationalization. 

The second research question allowed identifying six opportunities for future research 

covering the themes: safety, morale, standardization, comparative analysis of performance between 

different types of robots, integration with the technologies of i4.0, and technologies applied to 

human-robot interaction. A relevant consideration in this paper concerns the five most discussed 

topics, which represent 77.38% of the publications and deal with issues related to the work 

environment's health and safety, applications in assembly lines, and technical aspects of COBOTs. 

These issues can be considered an open window for potential research on industrial robotics. Some 

limitation exists in our approach. First, this study did not cover articles from other databases and 

technical literature on COBOTs. Next, we took a generalized landscape perspective on the 

application of robotics in the manufacturing process. For guidance and prescriptions on this topic, 

further studies involving field research and case studies will be needed. Finally, the issues and 

specificities addressed in this paper may stimulate new studies and projects to implement COBOTs 

on the production management agenda. 
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