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Human robot collaborative workcell implementation through lean 

thinking 

Industry 4.0 stresses the importance of considering production automation as an 

integrated and collaborative teamwork process between human workers and 

intelligent machines and tools. Collaborative robotics is a recent field of study for 

industrial automation. Although fenceless robot systems are available, the actual 

implementation of collaborative schemes for the conduction of assembly jobs 

should be supported through dedicated procedures and guidelines. These 

procedures have yet to be found and defined in detail. In this work, the authors 

claim that it may be possible to approach the problem of collaborative cell design 

with the methods devised for lean thinking. In the paper, the most common lean 

strategies are listed and analysed from the viewpoint of setting up a collaborative 

work cell. The most suitable strategies and tools are then recommended in a 

methodology that has been proposed to redesign an industrial assembly cell. The 

methodology has then been adopted in the presented industrial use case which is 

focused on the steps of HRC design process such as tasks assignment and 

scheduling. 

Keywords: work stand organization; robot-human collaboration; lean rules; lean 

tools; hierarchical task analysis 

1. Introduction 

Traditionally, the main purposes of upgrading manual production cells with robot 

automation is to guarantee the safety of workers during heavy work activities, to 

improve production quality and to ensure a better repeatability of the process. Robot 

automation requires the replacement of humans with robots in fully automated cells 

because of safety issues and robot limited sensory capacities (Charalambous et al., 

2015a). Full automation may increase productivity, but it is expensive and does not 

have the flexibility required to adapt to frequent variable productions. Therefore, in the 

past, robot automation was mainly employed in a mass production context. 



 

 

The availability of new generations of collaborative robots (named cobots) has 

opened new perspectives for automation (Villani et al., 2018). Cobots are equipped with 

high-performance sensors and are controlled by smart systems that integrate these 

sensors with the use of advanced software technologies. Cobots do not need safety 

fences, and they can interact fairly well with the environment, so as to assist humans in 

work cells (Hagele, 2002).  

Cobots need a well-organized collaborative workspace to ensure above all the 

safety of the workers, as well as the quality of results, efficiency and ergonomic work 

conditions. Safety in Human-Robot Collaboration (HRC) is by far the most relevant 

topic that has been discussed in the literature (Tan et al., 2010; Michalos et al., 2015; 

Polverini et al., 2017; Guiochet et al., 2017; Meziane et al., 2017, Maurtua et al., 2017). 

The safety requirements of collaborative industrial robot systems and the work 

environment are defined in ISO/TS 15066:2016. Guidance on collaborative industrial 

robot operations is defined in ISO 10218‑1 and ISO 10218‑2 (ISO 10218-1:2011). The 

concepts of collaborative operation and collaborative workspace are defined in the 

standard. Collaborative operation is a “state in which a purposely designed robot system 

and an operator work within a collaborative workspace”. Collaborative workspace is a 

“space within the operating space where the robot system (including the workpiece) and 

a human can perform tasks concurrently during production operation”. It is apparent 

that issues concerning collaborative workspace design and work organization, as well as 

task assignment, cannot be addressed using approaches that were set up for standard 

automation. Nevertheless, this topic has received very little attention, with the 

exceptions of the works by (Tsarouchi et al., 2016; Ore et al., 2017; Tsarouchi et al., 

2017). The re-designing of both process tasks and workspace layout is crucial when 

modifying an already existing process. The optimization of a workplace using standard 



 

 

industrial robots has been widely discussed in literature (Tay and Ngoi, 1996; Gueta et 

al., 2009; Yap et al., 2014). These authors took into consideration the station (shape, 

access/delivery point, space allowance) and the robot (number of robots, work 

envelope, base mobility, application and path of travel) (Tay and Ngoi, 1996). The 

space needed for humans in a workplace also needs to be considered in collaborative 

workspaces. An ergonomic workspace organization for human operators is very 

important (Chaffin, 2007). The organization of HRC work represents a challenge for 

process engineers. They should not only ensure the quality of work, but also 

cooperation safety and process efficiency. There are many constrains which must be 

taken into consideration in a workstation organisation. In the work of (Ding and Hon, 

2013), the authors emphasised such ergonomic constraints as the workstation layout and 

the operator’s characteristics and posture, which are important for manual assembly 

procedures. The work with robots should be organized, as suggested in their work, to 

improve the capacity, ergonomics, quality of a process, etc. It is possible, by means of 

HRC, to combine robot accuracy and endurance with human cognition and versatility in 

a joint environment (Michalos et al., 2014). The robot should support a human operator 

in performing his or her tasks (Weidner and Wulfsberg, 2014). However, the worker 

maintains the leadership role and the responsibility of the correct execution of the 

process.  

The benefits of the presence of humans in HRC are: greater availability and 

flexibility, the handling and joining of complex components, the reliable execution of 

processes and the simple organization of warehouses for tools and parts. The advantages 

allowed by the presence of robots in a manual work stand can be distinguished as: 

integrated process control, easy handling of heavy, dangerous components, exact 



 

 

playback of the defined path and a reliable performance of repetitive tasks (Müller et 

al., 2016). 

However, HRC still raises some challenges, such as: perception, decision 

making, signalling the undertaken decisions, planning and execution of motions, acting 

in a predictable way and revealing intentions (Montreuil et al., 2007; Klein et al., 2004). 

The assignment of tasks and the planning of a task for humans and robots have 

also been discussed in the literature (Müller et al., 2016; Ranz et al., 2017). In the paper 

of (Thomas et al., 2016), a concept for planning and designing human-robot 

collaborations is presented. The key point is that the work of a robot influences the 

conduction of an employee’s work. Therefore, collaboration between humans and 

robots should be optimized taking into account several factors concerning human 

behaviour, tiredness and possible human mistakes. It is worth stressing that manual cells 

have devices and procedures to avoid or correct human errors and to minimize the 

causes of variability. Automatic cells, once the start-up phase has been completed, have 

negligible variability and possibility of mistakes, and therefore do not need such 

procedures. The considerations on variability and error prevention in the design of 

collaborative cells are as important as they are in manual work cells. 

In short, in the literature review, the authors found evidence of a non-systematic 

and non-rigorous use of lean concepts and lean tools in the implementation of 

collaborative workspaces. Hence, the main goal of the paper has been to systematically 

review lean rules and lean tools and to consider the possibility of their transfer to the 

design of HRC work cells. However, the transformation of the workspace from a 

manual work stand to a new collaborative robotized work cell should not be limited to 

introducing some new machines and changing some tools. The complete work 

management procedure should be revised. Lean concepts could provide a reliable 



 

 

support to help find the enabling processes and to help choose which modifiers should 

be applied.  

The different ways of collaborating in an HRC are discussed in section 2 of the 

paper. HRC implementation is proposed in section 3, taking into account lean rules. 

Next, an analysis of the lean tools that can be used for collaborative workspace 

organization and for task assignment and planning is presented in section 4. In section 

5, the authors propose a methodology that indicates suitable tools for the 

implementation of HRC on a work stand on which a manual process is already 

underway. Next, a case study, concerning an assembly process, which is currently 

realized manually in a small company, is discussed and redesigned to introduce HRC, 

with the support of the selected lean tools and rules, according to the proposed 

methodology. A modified hierarchical task analysis (HTA) (Kirwan and Ainsworth, 

1992; Stanton, 2006) has also been adopted to support the assignment of tasks to a robot 

or to a human operator (Arai et al., 2008). Finally, section 6 presents the conclusions 

and future work. 

2. Categories of human-robot collaboration (HRC) 

As there are several levels of automation, depending from the degree of human 

involvement (Parasuraman et al., 2000), so there are different types of HRC, as a 

function of the kind of collaboration required to properly organise a work stand. Four 

categories of collaboration can be defined, according to ISO-TS 15066: independent 

operation, synchronized cooperation, simultaneous cooperation and assisted 

cooperation.  

They can briefly be described as (Helms et al., 2002): 



 

 

• Independent operation, where a worker and robot operate independently on 

different workpieces. 

• Synchronized cooperation (collaboration), where a worker and robot operate 

consecutively on one work piece. 

• Simultaneous cooperation (collaboration), where a worker and robot operate on 

the same work piece, but without any physical contact. 

• Assisted cooperation (collaboration), where a worker and robot operate on the 

same work piece, at the same time, and the process is done by both the robot and 

the worker together. 

This classification is widely adopted but is mainly concerned with safety issues 

and not with the organization of work, that is the objective of lean thinking. In the work 

of (Bdiwi et al., 2017), the authors propose different categories focused on the level of 

interaction instead of on the level of safety. They divided the human-robot interaction 

into the following levels: 

1. Shared workspace and separated tasks (C1) – the workspace can be virtually 

divided into a human zone and a robot zone, and if a human enters the robot 

zone, the robot will stop operating immediately. This means that, in such a 

situation, the robot’s work will be interrupted for a few seconds or longer. The 

human zone is static: its boundaries are defined once and for all. The robot zone 

can be static or dynamic, and in the latter case, the boundaries are reshaped 

according to the trajectory and speed of the robot. 

2. Shared workspace and task but without physical interaction (C2) – a human has 

no direct contact with a robot. The robot can hold a component while the human 



 

 

is performing an assembly task. In this case, the process time is just the time 

taken by the human to perform the task. 

3. Shared workspace and passing task (C3) – a task passes between a human and a 

robot: a robot takes a component/a tool from a human hand, or a human takes a 

component/a tool directly from a robot. A special handing-over zone, where a 

robot reacts to the motion of the human hand and follows it in the free space, can 

be indicated for this case. 

4. Shared workspace and task with physical interaction (C4) – robot can be guided 

by manual guidance to perform the task, or can just assist human to lift heavy 

loads (smart hoist). 

The first two categories represent good practices that have already some 

diffusions in many factories. The last two categories are being recently introduced and 

require more consistent reorganization of the work stand. Lean tools that should be 

employed differs with the category, as will be discussed in the section 4. 

According to (Bauer et al. 2008), collaboration means working with someone 

(human being or robot) to reach a common goal. It requires shared instructions, shared 

information between collaborating partners and common knowledge about the 

intentions of each member of the team and what they are going to do. Therefore, a 

partner needs to have this knowledge to plan his/her own actions to reach a common 

goal. Hence, all the partners need, to some degree, the abilities of perceiving and 

understanding the environment, planning, learning, reflection and decisions making, i.e. 

cognitive abilities. 

Since robotization is growing by about 50% per year (Bélanger-Barrette, 2015) 

and because collaborative robots are intended for physical interaction with humans in a 

shared workspace (Peshkin and Edward, 1999), it has appeared vital to analyse how 



 

 

already existing devices can be used to support the organization of work stands where 

humans and robots collaborate. The interaction between operators and robots can, for 

instance, be supported by augmented reality (Makris et al., 2016). 

While considering all the HRC categories, the focus of the paper is on assisted 

collaboration where the workpiece is processed by operator and robot together, without 

any physical separation. The robot and human are two operators that work together with 

an improved working efficiency, because the human can focus on the operations that 

require more skills and flexibility (Kato et al., 2010). However, like any collaboration, it 

involves risks, and mistakes can lead to accidents (Beauchamps and Stobbe, 1995). In 

order to prevent these mistakes and accidents, it is important to support the operator 

with fail-safe systems, either hardware devices or warning messages. Additionally, not 

properly organized workstation as well as collaboration can lead to creation of wastes 

such as defects, overproduction, waiting, transporting, overprocessing, movement and 

inventory (Ohno, 1988). More deeply the wastes existing in HRC are presented in other 

part of the paper. 

According to the authors, it is possible to use lean tools in any situation to 

improve a HRC work stand organization and lean rules for HRC implementation. This 

will be discussed in the following parts of the paper. 

3. Introduction of lean rules in the HRC implementation process 

Plenty of information is available in the literature about how to implement lean concepts 

in a company. There are opinions that lean thinking can be implemented for processes 

where products are manufacturing in large series. It can be because the lean concepts 

come from car industry where car parts and cars are manufactured and then assembled 

in long manufacturing lines where the process is fixed and realized for a long time 

without big changes. However, there are many examples of lean concept 



 

 

implementation in other industries and even for single part production. Because, lean is 

about wastes eliminations and they can appear in any kind of work if it is organized 

inadequately. Of course, not all lean tools can be applied in every situation. The tools 

should be chosen carefully and it should be assessed if the game is worth the candle. If a 

lean tool implementation will be more time and cost consuming than savings and 

advantaged achievable by its implementation, the tool shouldn’t be used. This will be 

discussed in more detail in other parts of the paper. 

More and less complex frameworks have been developed to implement lean concepts 

(Anand and Kodali, 2010; Mostafa et al., 2013; Belhadi et al., 2016). Moreover, several 

rules that help in the lean implementation process also exist. This analysis identifies the 

rules that can assist its implementation in HRC context. 

When talking about the implementation of a lean concept, one should think 

about the whole company, even though the implementation usually starts from a pilot 

area, through the application of the 5S rule and of the Deming cycle. In the case of 

HRC, the application target coincides with an individual work cell, which usually 

constitute the pilot area. Figure 1 describes the hierarchical levels of lean 

implementation. 

 



 

 

Implementation level Tasks to do

Defining the scope of implementation 

and providing financial resources

Determining the needs and 

possibilities of HRC implementation

Identification of collaborative 

workspaces

Workspace organization and task 

assignments

  Level 1 – Company level

  Level 3 – Manufacturing line level

  Level 2 – Production department level

  Level 4 – Collaborative workspace level

 

Figure 1. HRC implementation levels and corresponding tasks to undertake 

 

HRC is one of the pillars of the Industry 4.0 strategy, in synergy with the 

integration and the monitoring of factory machines and tools (Moeuf et al., 2017), if a 

company decides to implement HRC, it should define its scope and provide financial 

resources for it. The decision is made at the company level (Level 1) (see Fig. 1). 

However, the needs and possibilities of HRC implementation should first be determined 

at the production department level (Level 2) as a function of the manufacturing 

processes. Collaborative workspaces should then be identified at the manufacturing line 

level (Level 3), their layouts should be organized at the lowest level and the tasks 

should be allocated to humans or to robots.  

This general description of HRC implementation can be enriched with 

knowledge and experience obtained from lean concept implementation in companies as 

well as with lean rules and tools. 

The most well-known rules of the lean concept were presented by Womack and 

Jones (2003), who called them the five principles: (1) define the value for the 

customers, (2) map the value stream, (3) create the value flow, (4) establish a pull 



 

 

system and (5) pursue perfection. The value that is created in a collaborative workspace 

as a result of HRC should be discussed in HRC. The value should be analysed from a 

customer point of view. It can be analysed on the macro and micro levels. On macro 

level the value for a customer is a product which is assembled in HRC work cell and for 

which a customer is willing to pay. On micro level the value is an activity which leads 

to a finished product. The value stream can be defined as a set of activities that are 

performed by humans and robots sequentially or parallelly. The value flow relates to the 

elimination of waste. In HRC, the waste refers to those types that are produced within 

the collaborative workspace. A pull system can be established, e.g., by using a human 

operator as a pacemaker. Perfection can be pursued by optimising the task allocation 

between a robot and a human operator (Ranz et al., 2017). Optimization can be 

introduced each time the process is changed. 

When talking about lean rules at higher levels, their application should not differ 

from the standard application adopted in companies involved in manual or automatic 

production. However, collaborative robot implementation can increase the productivity 

of manual work stations (Perez-Vidal et al., 2018), and should be adopted for the 

bottleneck process, whenever possible. 

The main goal of the lean concept is waste elimination. Taiichi Ohno identified 

seven different kinds of waste in organizations: defects, overproduction, waiting, 

transporting, overprocessing, movement and inventory (Ohno, 1988). In HRC, these 

kinds of waste can be explained as follows. Defects can be generated by both human 

operators and robots, or by their joint work. Overproduction can appear if the work 

stand works faster than necessary. This can happen if the work stand is not connected to 

other work stands on the manufacturing line through a pull system. Waiting occurs 

when a robot or a human wait too long to perform a task, i.e. whenever the task 



 

 

sequence has not been designed properly. Unnecessary transporting appears whenever 

the collaborative workspace has not been organized properly. This can cause a time 

waste. Overprocessing results in undertaking unnecessary activities during a work 

process. The possibility of avoiding overprocessing depends on the people who develop 

the standard operating procedures (SOPs), which are indispensable in HRC. 

Unnecessary movements depend on the work organization and should also be avoided 

during the SOP development stage. An inventory of the collaborative workspace is 

needed to ensure work continuity, although an excessive inventory should be avoided. 

Hence, an adequate lean tool should be implemented. 

In (Netland, 2016), the author indicated the following rules that he considered 

indispensable for the successful implementation of lean concepts: managerial 

commitment, people training and education, having a plan and following it up, 

provision of resources and sharing the gains, lean tools and method implementation. On 

the other hand, in the work by (Anvari et al., 2010), the authors presented the following 

important issues: goals and objectives, organizational cultures, management and 

leadership, education and plan, skills, problem solving, continuous improvement, 

change, performance measure and financial capabilities. 

On the basis of the presented rules, it is important to ensure that financial 

resources are provided in HRC, the goals and objectives are set, the people are trained 

and their skills are improved, people are empowered, any changes are planned and 

adequate tools are implemented to ensure safe and efficient collaboration. 

On the basis of the risks concerning lean implementation presented by Marodin 

and Aurin (2015), the following risks can be identified in HRC implementation: a lack 

of human resources, a lack of financial resources, the operators are afraid of layoffs due 

to improvements, a lack of support on the shop floor, the operators are unsure about 



 

 

carrying out new activities, and about having difficulties in keeping up the pace of the 

ongoing activities. 

The implementation of robots in order to collaborate with human operators 

requires several changes in a company as far as the work organization and the mental 

approach of the employees are concerned. Similarly, several changes can be expected 

for the implementation of lean concepts.  

In the works by (Charalambous et al., 2015b), the authors presented the 

organisational human factors they considered of key importance that had to be 

introduced into industry to implement human-robot collaboration. Some of them are 

emphasized hereafter. The first one is communication of the change, which is necessary 

to promote change and inform the employees why, how and when their workplace will 

change and how their work will change after the implementation. The employees have 

to understand that, with the introduction of the new organisation, they will be able to 

perform better their work, which should create supportive behaviour among the 

employees. Another issue concerns operator participation in implementation. The 

participation of the operators should help in the transition from manual to automated 

work. Their experience and knowledge of working methods should help to share the 

work elements between human and robot operators. Moreover, the training of 

employees from the first stages should support the implementation process. The 

existence of a process champion was recognized as one of the major enablers. The 

champion should have knowledge about the manual process and one of his/her main 

tasks is the dissemination of important information to all the interested parties involved 

in the implementation change process. System implementation is also important in HRC 

to empower employees with additional control in order to foster acceptance of the 

system. 



 

 

4. Lean tool implementation in companies with HRC 

Different lean tools and methods are presented in the literature, together with examples 

of their application in companies and the advantages of their implementation 

(Eswaramoorthi et al., 2011; Arunagiri and Gnanavelbabu, 2014; Bhasin, 2012; AL-

Tahat and Jalham, 2015; Stadnicka, 2015; Antosz and Stadnicka, 2017). Lean tools can 

be implemented at different levels in a company. The levels at which lean tools can be 

implemented are indicated in Table 1. The implementation of these tools and methods 

in HRC is discussed hereafter. 

Table 1. Lean tools and methods implementation on different levels of organization; 

A – applied; C1, C2, C3, C4 – category of HRC the tool has to be applied; importance 

of a tool application on Level 4: (+) – the less important, (++) – important, (+++) – the 

most important. 

Lean tool  Level 1 

Company 

level 

Level 2 

Production 

department 

level 

Level 3 

Manufacturing 

line level 

Level 4 

Collaborative 

workspace level 

C1 C2 C3 C4 

5S A A A +++ ++ ++ ++ 

Andon  A A ++ + ++ ++ 

Bottleneck Analysis A A A     

Takt Time   A +++ +++ +++ +++ 

Continuous Flow A A A + ++ +++ + 

Gemba & Kaizen  A A ++ + + ++ 

Heijunka   A + + + + 

Hoshin Kanri A A A ++ + + + 



 

 

Lean tool  Level 1 

Company 

level 

Level 2 

Production 

department 

level 

Level 3 

Manufacturing 

line level 

Level 4 

Collaborative 

workspace level 

C1 C2 C3 C4 

Just-In-Time A A A + +++ +++ + 

FMEA   A +++ +++ ++ +++ 

Poka Yoke  A A +++ +++ +++ +++ 

SMED   A + + + ++ 

Standardization A A A +++ +++ +++ ++ 

TPM A A A +++ +++ +++ +++ 

Visualization A A A ++ ++ + ++ 

Time study    ++ +++ +++ +++ 

HRC categories: C1. Shared workspace and separated tasks; C2. Shared workspace 

and task but without physical interaction; C3. Shared workspace and passing task; 

C4. Shared workspace and task with physical interaction 

 

The presented lean tools are discussed in relation to the collaborative workspace 

level (Level 4), since, in most cases, lean tool implementation can follow standard 

procedures for the other levels. Additionally, since HRC can be realized in four 

different categories, for each category it was assessed how important the specific lean 

tools are. The pairwise comparison method (Thurstone, 1927) was applied in the 

assessment process. The results of the analysis are presented in Table 1, where the tools 

are marked as the less important (+), important (++) or the most important (+++). 



 

 

5S is particularly important for the collaborative workspace level (Level 4, C1), 

because a robot performs a programmed sequence of movements, and the tools and/or 

assembly parts need to be located in specific places where a robot can access them. 5S 

is also important for the human worker, because he or she has a pre-defined time to 

perform the tasks before a robot takes over. Therefore, wasting time searching for the 

necessary items prompts further delays in the operations. Implementing 5S ensures that 

just what is needed to carry out a pre-defined work task is on the work stand, everything 

has a specific place, the work area is clean and inspected, and that the standards (SOP) 

pertaining to robot and human work are developed and introduced.  

Andon in a work stand with HRC can offer visual feedback  that indicates the 

work status, can create alerts when necessary, and empower operators to stop the 

manufacturing process (robot movements) when necessary, i.e. in the case of 

nonconformity or safety threats. The Andon system, being a real-time communication 

tool, immediately draws the attention of the operators if a problem arises and operator 

action is needed. Therefore, it can prevent waste from being created. 

Bottleneck Analysis is not applicable at the collaborative workspace level. Such 

an analysis can only be undertaken at higher levels. This analysis can help to identify 

the processes that limit the overall throughput, and to assess whether the HRC work cell 

implementation can be helpful. 

Takt Time is related to the production pace that aligns production with customer 

demand. As robots and humans usually have different cycle times for the conduction of 

their respective tasks, and robots have to adopt a reduced velocity in proximity of 

humans for safety reasons, the respect of the takt time in a collaborative cell is a 

nontrivial matter. Unlike full automation, employee tiredness should be considered in 

HRC because of the effects on the cycle time and necessary breaks should be planned to 



 

 

prevent mistakes being made by the human operators. Takt time is very important in an 

all HRC categories. 

Continuous Flow can be implemented in HRC (especially in C3) in such a way 

that a robot works as an element of a flow and as an effective element that performs a 

larger number of activities than human operators in the flow over the same takt time. By 

implementing a robot, it should be possible to eliminate a number of different types of 

waste, such as on-line inventories or waiting times. 

Gemba (The Real Place) is a philosophy that can be used in the allocation of 

tasks to robots and humans. For example, before tasks are allocated, an observation of 

the manual process should be executed. It should then be repeated again after the tasks 

have been allocated to ensure that the tasks have been allocated properly to both the 

human operators and the robots, and that unexpected problems will not occur after 

approval of the task allocation. It is important to observe real processes on the plant 

floor in order to avoid mistakes in the allocation of tasks, which could cause such 

problems as employee overloading. Such a problem may increase when more and more 

RHC work stands have to be implemented, and less attention can be given to the 

planning of their work. Gemba can currently be preceded by computer simulations or 

virtual reality to predict future problems before implementing SOP in real life situations 

(Trebuna et al., 2014, Sütő et al., 2017; Yap et al., 2014).  

In the case of HRC, Kaizen (Continuous Improvement) should be implemented, 

together with Gemba, in the work stand design and task allocation stages. This means 

that employees should be engaged in collaborative workspace organization during the 

validation stage. Incremental improvements could be expensive and time consuming 

later on, because they imply the necessity of robot re-programming. 



 

 

Heijunka (Level Scheduling) can be implemented e.g. on the assembly line on 

which one human operator and a few robots (Figure 2a), one robot and one human 

operator (Figure 2b) or one robot and a few human operators (Figure 2c) are working 

on the same set of products. The robot(s) can be used to execute simple but hard work 

concerning a product and the work can then be transferred to a human operator, who 

can flexibly perform tasks on a product using his/her skills. The human can perform the 

tasks which requires higher dexterity. The robot(s) can work in a sequence in which 

products are mixed within the same assembly process. This can be organized by 

applying Level Scheduling, that is orders sequencing in a repetitive pattern. This way, 

small batches or even a one-piece flow, which can reduce the inventory and decrease 

the lead time, can be implemented. 

 

ROBOT

Product A

ROBOT

Product B

ROBOT

Product C

collaborative 

workspace 

HUMAN

Product A

Product  B

Product C

collaborative 

workspace 

HUMAN

Product A

Product  B

Product C

HUMAN

Product A

HUMAN

Product B

HUMAN

Product C

collaborative 

workspace 

ROBOT

Product A

Product  B

Product C

ROBOT

Product A

Product  B

Product C

 

    a)                                               b)                                                 c) 

Figure 2. Heijunka implementation on a work stand with HRC. 

 

Hoshin Kanri (Policy Deployment) can be implemented at the collaborative 

workplace design stage, whenever decisions are taken concerning where and why robots 

should be introduced. Hoshin Kanri concerns deploying a company strategy to achieve 



 

 

the goals of the company. The strategy involves deploying from the highest level of the 

company (top management) to the lower levels i.e. middle management (tactics level) 

and to the plant floor (operation level). Hoshin Kanri is implemented to ensure 

employee engagement, because they need to understand why actions are undertaken and 

that they can influence what has been planned to be done (implemented). Hoshin Kanri 

ensures top-down and down-top communication, while minimalizing the risk of threats 

as a result of the introduction of robots onto the plant floor.  

Just-In-Time (JIT) can be implemented in an HRC work stand (especially in C2 

and C3) to ensure that a robot will deliver a product to a human operator in time to 

ensure continuous work. However, implementing JIT on a work stand with HRC 

requires the implementation of other lean tools, such as Takt Time, Standardized Work, 

Flow and Heijunka. This tool reduces the inventory level and required space on the 

collaborative workplaces. JIT, together with Kanban cards, can also help support 

deliveries to the work stand. 

PFMEA (Process Failure Mode and Effect Analysis) can be used, in relation to 

the work realized by HRC, to identify which steps of the process are critical (for safety 

and product quality reasons, etc.). PFMEA can be used as an additional method in a risk 

analysis (Tan et al., 2010).  

Poka Yoke (Error Proofing) solutions are implemented on collaborative 

workplaces to avoid mistakes. A robot can make mistakes, and this is why all the 

implemented sensors play a role in the Poka Yoke solutions by detecting human 

movement and stopping a robot in order to avoid collisions. The reasons why a robot 

makes mistakes are related to robot programming and sensor precision. Simulations can 

be introduced to play the role of Poka Yoke solutions in order to anticipate any possible 

robot mistakes (Sütő et al., 2017).  



 

 

A human can also make mistakes. Several Poka Yoke solutions can be 

implemented on a work stand with HRC. Technical solutions, related to work safety, 

may be introduced into the design of robots and collaborative workplaces. Poka Yoke 

can be considered as a light curtain that protects human operators from the movement of 

robots. It also can be considered as a SOP that presents steps on the LCD screen that 

should be performed by a human operator in sequence to prevent mistakes which could 

lead to accidents as well as to nonconformities. 

SMED (Single Minute Exchange of Die) can be used in an analysis of the 

process in which a work stand, a human and/or a robot are prepared / trained / 

programmed to begin a new task. Here, the activities that take up a great deal of time in 

the setup process should be identified, and certain tools should be proposed to decrease 

any non-productive time. The SMED method is not used in HRC, but it can be used 

before the work process begins.   

Standardization is used to create standards for the tasks that have to be 

performed, for the cooperation with robots (SOP), for tools, for the arrangement of 

collaborative workplaces, etc. Standardized work ensures that the best practices, 

including the time to complete each task without any unnecessary risk, are 

implemented. 

Total Productive Maintenance (TPM) is essential to ensure a robot is 

continuously ready for work. TPM is equally important in all categories of HRC.  This 

holistic approach to maintenance focuses on proactive and preventive maintenance in 

order to avoid robot failures, which is extremally important in HRC. However, how 

operators can be involved in autonomous maintenance on a HRC work stand should be 

the subject of deliberation. 



 

 

Visualization on the work stand when humans and robots work in the same 

working area can indicate the way a robot or human moves. It can also help to 

demarcate the areas in which a robot should work and in which a human should work, 

and where they can work together. Visualization can also be used to mark the place 

where tools or working items should be placed in order to perform tasks without any 

problems. Visual indicators, displays and controls used on work stands with HRC can 

improve the communication of information between robots and humans and can show 

the state and condition of a process in a clear way to anyone who is interested. 

Time study is used mostly to analyse the work done by the humans who 

collaborate with a robot. A robot can always work with the same programmed 

efficiency, while a human worker can become tired. A time study should be the basis of 

the standardization of the time that should be dedicated to performing a task. The result 

of a time study should also help in the planning of breaks for human workers to prevent 

mistakes when they are tired. 

Skills Matrix (Multitasking & Multiskills) can be used to assess and improve the 

skills of operators, who will learn how to work on different workstations and how to 

perform different work activities. It develops not only the technical skills of the 

operators, but also the mental skills of adapting to new environments. Personal 

development of operators also makes them more flexible. 

5. Lean tools implementation to eliminate threats in HRC 

Many factors can affect HRC, as reported in the literature, and they are: trust in robots 

(Lee and See 2004; Hancock et al., 2011; Billings et al., 2012), mental workload 

(Megaw 2005), loss of situation awareness (Parasuraman et al., 2000), introduction of 

varying levels of automation (Balfe et al., 2011), stress and anxiety due to HRC (Zecca 

et al., 2007; Aria et al., 2010; Kato et al., 2010), high reliability of robots (Rovira et al., 



 

 

2007), perceived attention and concentration (Talluer and Wickens 2003; Chen 2011) 

and attitudes towards robots (Torta et al., 2012; Nomura et al., 2006). The threats 

connected with the factors, that have been also identified in the literature review, are 

analysed hereafter, and the implementation of certain lean tools is suggested. By 

implementing the lean tools, the threats concerning HRC can be minimized or even 

eliminated. Table 2 summarizes the factors and threats presented in the literature as 

well as the lean tools suggested by the authors in this work. 

Table 2. Factors, threats and suggested lean tools: Human Factors at Level 4. 

Factor Threats Proposed lean tool 

Trust in robots A robot can make a mistake Poka Yoke solutions to 

prevent mistakes by 

robots 

Mental workload The cognitive workload in HRC to 

communicate and collaborate with a 

robot is higher than the cognitive 

load when a human operator 

communicates with another human. 

Standardization 

Poka Yoke 

 



 

 

Factor Threats Proposed lean tool 

Loss of situation 

awareness 

Being just an observer of a process 

for too long can make an operator 

lose awareness and fail to recognise 

unexpected or dangerous situations 

Poka Yoke solutions to 

inform the operators 

about unexpected and 

unplanned situations  

Andon 

Visualization 

5S 

PFMEA 

Introduction of 

varying levels of 

automation 

Operators skill degradation Multitasking & 

Multiskills 

Hoshin Kanri 

Stress and anxiety 

due to HRC 

(Mental strain) 

Stress and anxiety caused by the size 

and speed of a robot can lead 

operators to make mistakes, even 

when the robot only has an increased 

speed in its own zone  

Poka Yoke solutions to 

prevent the operators 

from making mistakes,  

Gemba & Kaizen 

High reliability of 

robots 

A long time is needed to eliminate 

failures and unexpected stoppages 

caused by a loss of vigilance and the 

failure to undertake autonomous 

maintenance 

Total Productive 

Maintenance (TPM)  



 

 

Factor Threats Proposed lean tool 

Perceived 

attention and 

concentration 

An operator can collaborate with a 

few robots and his or her attention 

and concentration can decrease in 

time, thus causing a problem to go 

unnoticed 

Time study 

Takt time 

Visualization 

SOP 

Heijunka 

JIT 

Attitudes towards 

robots 

An operator can treat a robot like a 

human being and expect it to think, 

which can lead to mistakes 

PFMEA  

Poka Yoke to prevent 

mistakes 

  

The presented analysis concerns different situations in which the indicated lean 

tools can be used to set up and carry out HRC. Applications of lean concept at manual 

workstations are well known (e.g. 5S) as well as on automatic manufacturing lines (e.g. 

TPM, Poka Yoke). However, according to the authors knowledge, the available 

literature does not report analyses of the use of lean concept and lean tool in HRC. 

Therefore, this paper try to fill this gap. The recommendations mainly refer to 

collaborative workplaces and to the collaboration between humans and robots that takes 

place at Level 4. The selected tools are used in the following case study. 

6. The proposal of an HRC implementation methodology on the work 

stand 

In this paper, the authors propose a procedure which can be useful to implement HRC 

on a work stand. Work stand, also called in this paper work cell, is an area separated for 

the purpose of performing a specific job. In the analysed case, the HRC is carried out at 



 

 

the work stand. The work stand can be connected to other work stands through the flow 

of materials or information necessary to perform the work. The procedure indicates the 

activity steps that should be undertaken. They are: 

Step 1. Identification of the work elements. The work conducted on a work stand 

should be analysed to identify the performed activities. 

Step 2. Measurement of the duration of a work element. The duration of each 

work element should be measured. In time study it has to be taken into consideration 

that duration of a task performing can be influenced by worker’s skills. Therefore, a 

standard work time should be established carefully and then solutions implemented on a 

work station should ensure that all workers assigned to the work will be able to perform 

the task in the standard time.  

Step 3. Work analysis. Analysis of the nature of the activities. 

Step 4. Task assignment. The tasks should preliminary be assigned to robots and 

human operators, taking into account the nature of the tasks, the possibilities, the safety 

and the weight of parts that have to be operated. 

Step 5. Simulations / Experiments. Discrete Event Simulations or experiments 

on similar workcells already present in the factory should be undertaken to establish the 

correctness of the assignment of the tasks. 

Step 6. Comparison of the cycle time and the takt time. The cycle time of the 

process should be compared with the takt time. If the cycle time is longer than the takt 

time, an adequate improvement of the task assignment should be undertaken to decrease 

the cycle time. 

Step 7. Process FMEA (PFMEA). A PFMEA analysis may be performed to 

identify any potential mistakes that can be made in a process and to propose Poka Yoke 

solutions. 



 

 

Step 8. Ensuring work safety. The workplace should be equipped with the 

necessary work safety measures (to avoid threats, to protect human operators from 

threats, to inform them about threats). 

Step 9. Work stand organization. A work stand should be organized to ensure 

that everything that is needed to perform the process activities has a specific place to 

enable safe HRC and to prevent mistakes. 

Step 10. SOP development. Development of a standard according to which HRC 

will be realized. 

Step 11. Delivery planning. Everything that is needed to perform the process 

activities should be available on time. 

The procedure also indicates the tools which can be used to perform certain 

steps what is presented in Table 3. The procedure can be implemented for work 

activities which are already being conducted by human operators. Therefore, the 

analysis considers steps in which the current work organization is analysed and steps for 

which a future state is designed. In the current state analysis, it is recommended that 

such tools as Gemba and time study should be implemented. In the next steps, apart 

from lean tools, the authors recommend using HTA (Hierarchical Task Analysis) and  

UML (Unified Modelling Language) Activity Diagram, as well as a Gant chart to 

present the sequence of the activities together with their durations. Computer 

simulations or physical experiments can then be performed to see the results of the new 

task assignment, but also to compare the cycle time of the analysed process with a takt 

time in order to ensure that the cycle time is no longer than the takt time. Heijunka can 

be implemented for production levelling.  PFMEA is then recommended to identify any 

critical activities in which mistakes can be made, and for which the implementation of 

Poka Yoke solutions is justified. The results of PFMEA are also the inputs for the work 



 

 

stand organization, in which such tools as 5S and visualization are also implemented. 

The Poka Yoke solutions and Andon support work safety in an HRC work stand. 

Table 3. The HRC implementation methodology on a work stand (at Level 4). 

Step Proposed tool Results 

1. Identification of the 

work elements  

Gemba 

HTA 

UML Activity 

Diagram  

Work sequence 

2. Duration of the 

measurement of a 

work element 

Time study Duration of the activities 

3. Work analysis Gemba Information about the possibility of 

assigning tasks to a robot 

4. Task assignment  HTA 

UML Activity 

Diagram 

Gant chart 

5. Simulations / 

Experiments 

 

Computer 

simulation 

On life 

experiment 

Validated task assignment 

6. Comparison of  the 

cycle time and the takt 

time  

Takt Time 

Heijunka 

A cycle time that is no longer than the 

takt time 



 

 

Step Proposed tool Results 

7. Process FMEA  PFMEA 

Poka Yoke 

Identification of the critical steps 

(activities) of the process and proposal 

of Poka Yoke solutions to prevent 

mistakes 

8. Ensuring work 

safety 

Poka Yoke 

Andon 

Safe work place 

9. Work stand 

organization 

5S 

Poka Yoke 

Visualization  

Standard, safe and well organized work 

place 

10. SOP development Standardization Efficient work  

11. Delivery planning JIT 

Kanban 

Continuous work 

The avoiding of waste 

  

SOP should then be developed to support HRC with a standard and to ensure 

repeatability of the process. SOP is also a good support for the training of new 

employees. Finally, deliveries to the HRC work stand should be planned to ensure 

continuous work and to avoid any waste of time. In this case, JIT and Kanban systems 

can be introduced. 

Efficiency of the proposed methodology can be assessed by the HRC system 

performance assessment. Different indicators can be applied. We propose to use 

modifications of indicators proposed in the work (Stadnicka and Ratnayake, 2018), 

namely:  



 

 

- To assess an improvement if an existing HRC work cell was redesigned: 

indicator of lead time improvement (LTI) (equation 1) and indicator of the 

total time improvement due to value-added activities (VAI) (equation 2). The 

first indicator will assess how lead time was decreased, i.e. the time passing 

from the moment when a piece of work was begun to the moment when this 

piece of work was completed (e.g. one product). The second indicator will 

assess the improvement achieved by better tasks assignment, what will cause 

minimalization of total time needed to perform a work by robot and human 

operator. 

- To assess the HRC performance: process cycle efficiency (PCE) (equation 

3), human idleness indicator (HII) (equation 4) and robot idleness indicator 

(RII) (equation 5).   

𝐿𝑇𝐼 =  
𝐿𝑇𝐵− 𝐿𝑇𝐴

𝐿𝑇𝐵
 ∙ 100% ,      (1) 

where: LTB – lead time before changes, LTA – lead time after changes. 

𝑉𝐴𝐼 =  
𝑇𝑉𝐴𝐵− 𝑇𝑉𝐴𝐴

𝑇𝑉𝐴𝐵
 ∙ 100% ,      (2) 

where: TVAB – total time of value added activities before changes, TVAA – total time of 

value added activities after changes. 

 

𝑃𝐶𝐸 =  
∑ 𝑇𝑉𝐴

𝐿𝑇
 ∙ 100% ,     (3) 

where: TVA – time needed to perform adding value tasks by robot and human operator, 

LT – time needed to complete a work (e.g. one product, a work cycle). 

𝐻𝐼𝐼 =  
𝐿𝑇− 𝑇𝑉𝐴𝐻

𝐿𝑇
 ∙ 100% ,     (4) 

where: TVAB – total time of value added activities performed by human operator. This 

indicator will allow to see a percentage of human operator waiting time. 



 

 

𝑅𝐼𝐼 =  
𝐿𝑇− 𝑇𝑉𝐴𝑅

𝐿𝑇
 ∙ 100% ,     (5) 

where: TVAR – total time of value added activities performed by robot. This indicator 

will allow to see a percentage of robot waiting time. 

Additionally, an optimization process can be introduced. The objective will be to 

assign all activities to human and robot respecting the tasks nature in order to minimize 

maximum completion time. To do it, there is indispensable to know the tasks nature. If, 

because of its nature, the task can be performed only by a human operator it is marked 

as “H”.  If the task can be performed only by a robot it is marked as “R”. If the task can 

be performed by a robot or by a human it is marked as “H/R”. For the tasks which can 

be performed by a robot or a human it is necessary to know the time needed to perform 

the task by a robot and a human operator to use this data in optimization process. This 

way  tasks assignment can be partially automated. However, there is still a problem of 

tasks nature identification. The possible automation of tasks nature identification can be 

a subject of future research as the topic is interesting. 

7. Collaborative work stand design applying the proposed methodology 

In this section, an implementation of the proposed methodology is presented through a 

case study. The selected case study is a manual assembly process of a 2-stage snowplow 

mill. The assembly is executed in a small factory which has small production volumes, 

and which is not suited for traditional full automation. The description of the case study 

was obtained by observing the actual manual process during the assembly of a small 

number of mills. Gemba was implemented to understand the process. The process was 

observed and recorded on a video in order to measure all the processing times. Time 

study was performed to determine the standard times, in consideration of the expected 

high variability of the manual processes. 



 

 

The process cannot be automated due to the small production volumes. At the 

same time, some operations are unsafe or unfit for execution by human workers: many 

parts are heavy and have to be handled with the help of an overhead travelling crane. 

Moreover, arc welding is a risky activity and poses additional safety risks, especially for 

the overhead operations. The need for innovative collaborative processes in which a 

robot takes on the tasks of welding and moves most of the heavy parts while the human 

worker carries out an uncountable series of small tasks that require dexterity and 

flexibility, and which are always present in non-automated processes, is apparent. Table 

4 is a simplified BOM of the product, where the heavier parts have purposely been 

highlighted. The mill in Figure 3 is mounted onto a dedicated holder that allows 

welding operations to be conducted and the correct rotation of the assembly to be set up 

without any interferences. 

Table 4. BOM of the product with the heavier parts purposely highlighted. 

Item Quantity [pcs] Weight [kg] 

Outer Blades 4 12.00 

Headstock 1 43.57  

Spacer 4 0.13  

Base Reinforcement 4 1.10  

Inner Blades 4 12.00  

Outer disk reinforcement 4 2.79  

Outer Cross 1 36.60  

Outer disk 1 39.26  

Inner Cross 1 38.40  

Protection Ring 1 21.07  



 

 

Blade block Bracket 4 1.85  

 

Figure 3. The assembled product (a mill). 

 

The handling is executed by two operators working together with the help of a 

small crane, because of the weight of some parts. Some tasks are conducted by Operator 

1, some tasks by Operator 2 and some tasks are conducted by both operators working 

together (Figure 4). A list of the identified tasks, information about which tasks are 

assigned to which operator(s) and the mean time of each task is presented in Figure 4. 

 

Task Assigned to Mean time [sec] 

1.       Setup  1,200 

2.       Headstock positioning  180 

3.       Outer disk positioning  355 

3a.   Inner Blade bending  900 

4.       Inner cross positioning  220 

5.       Central cross positioning  220 

5a.   Bracket bending  240 



 

 

6.       Inner Blade assembly  520 

7.       Bracket positioning  280 

8.       Bracket welding  700 

9.       Outer disk welding  200 

9a.   Bracket bending  360 

10a Outer blade bending  900 

10.    Positioning and welding of brackets   810 

11.    Outer blade assembly  520 

12.    Welding  3,880 

12a. Bracket bending  600 

13a. Holder positioning  600 

13.    Holder mounting  1,840 

14.    Grinding  770 

15.    Spacer assembly  700 

16.    Outer ring assembly  160 

17.   Holder dismantling  60 

 
Legend  

  Both operators 

 Operator 1 

 Operator 2 

Figure 4. HTA of the snowplow mill assembly 

  

The HTA of the assembly process of the parts described in Table 4 was 

performed to develop a SOP. HTA is used in the study of ergonomic operations 

(Kirwan and Ainsworth, 1992; Stanton, 2006) and it was extended to a task analysis in 

HRC by Arai et al. (2008). Using the HTA notation (‘>’ for sequential tasks and ‘+’ for 

parallel tasks) the HTA sequence is: (1>2>3) + 3a, (4 > 5) + 5a, 6> 7, (8>9>10) + 

(9a>10a), 11, 12+(12a>13a), 13>14>15>16>17. For space reasons, the sub-tasks are 

only presented for task 12, which will be referred to when the collaborative process is 

discussed (Figure 5). 

 

12. Bending and welding Assigned to Mean time [sec] 

12.1 Welding of the external disk to the headstock  640 



 

 

12.2 Welding of the external disk to the brackets  1,360 

12.3 Welding of the brackets to the headstock  720 

12.4  Repositioning   680 

12.5 Welding of the centre cross  480 

12a Bending of the centre cross brackets  600 

 Total time 4,480 

 

Legend  

 Both operators 

 Operator 1 

 Operator 2 

Figure 5. HTA of the snowplow mill assembly – task 12 

 

Figure 6 shows the overall process with the use of the UML Activity Diagram, 

without details of the sub-tasks but with the individual contribution of the two human 

operators highlighted. 

 



 

 

Activity diagram of manual assembly
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Setup workplace and components (T1)

Base and headstock placement (T2-5)

Inner blade/bracket bending 

(T3a, T5a)

Support bracket placement and welding (T6-8)

Outer blade/bracket bending 

(T9a, T10a)

Outer disk/bracket welding 

(T9, T10)

External blade assembly (T11, T12)

Other welding (T12)
Central supports 

positioning (T12a, T13a)

Holder mounting (T13)

Grinding, outer ring assembly, knock-out (T14-17)

 

Figure 6. The activity diagram of the manual assembly. 

  



 

 

As discussed in the preceding sections, the innovative approach involves having 

a collaborative assembly station where the robot executes the welding tasks and handles 

the heavy parts, while a human operator performs some difficult welding activities in 

difficult to reach places and the other remaining tasks. 

The category of HRC necessary to execute the assembly process is 4, shared 

workspace and task with physical interaction. Obviously, choosing this category doesn’t 

prohibit that some or most of the tasks be executed separately by human or robot 

without collaboration. The HTA diagram was therefore modified by introducing the 

robot in the workcell and trying to exploit its specific abilities. Figure 7 shows the new 

process with the same subtasks, but where the tasks, which pass from 17 to 16, are 

distributed differently. It should be noted that task 12 of the manual process is now 

renumbered task 9. In order to redistribute the tasks, 5 task features were adopted as 

decision support drivers: 

LSO – the need to move outside a workplace (mandatory for humans); 

PM – heavy weights (mandatory for robots);  

DE – dexterity requirements (preferred for humans);  

T – speed requirements (preferred for robots);  

QE – accuracy requirements (preferred for robots). 

 

Task 
Mean Time 

[sec] 
Assigned to Task feature 

1.       Setup  1,320   LSO 

2.       Headstock positioning 120    PM / T 

3.       Outer disk positioning 230    PM / QE 

4.       Inner cross positioning 200    PM / DE, QE 

5.       Central cross positioning 200    PM / DE, T 

6.       Bracket (blade) positioning and welding 520   DE / QE 

7.       Outer disk welding 200   QE 

8.       Bracket (disk) positioning and welding 660   DE, T 

9.     Bending and Welding 2,520   QE 



 

 

10.    Holder mounting 1,800    DE / QE 

11.   Headstock welding to the outer disk 620    PM / QE 

12.   Outer blade assembly 1,040   PM, DE, T 

13.    Grinding 540   T, QE 

14.    Spacer assembly 740    PM / DE, T 

15.    Outer ring assembly 150    PM / DE 

16.   Holder dismantling 180  PM 

 
Legend  

 Collaboration 

 Either human or robot 

 Operator 

 Robot 

Figure 7. HTA of the collaborative process. 

 

Figure 8 presents the UML Activity Diagram of the human-robot collaborative 

assembly. 



 

 

Activity diagram of collaborative H-R assembly

Robot Human Operator
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Setup workplace and 

components

Base and headstock positioning (T2-5)

Internal Blade bending 

(T5a)

Brackets placement and 

welding (T6, T8)

External Blade bending 

(T9)
External disk welding (T7)

Holder mount (T10)

Headstock welding to 

outer disk (T11)

Central supports bending 

and grinding (T12-13)

Spacer assembly (T14)

Grinding, outer ring assembly (T15)

Holder Unmount (T16)

 

Figure 8. The activity diagram of the collaborative human-robot assembly. 

  



 

 

The decision support drivers can be used in each task to assist assignment 

among human, robot or the collaborative action of human and robot. The assignment 

can be made by hand for a simple production or with the help of a Decision Support 

System (DSS), like the one presented by Bruno and Antonelli (2018). The drivers allow 

the operator to select what is best suited for each task or, at least, what is not 

incompatible with the task. For example, each time there is a task that involves the 

handling of a heavy workload, the robot is preferred. An assignment that complies with 

the support drivers cannot be considered as the definitive solution. The result may be 

modified to redistribute the workload between humans and robots. Unlike manual 

production, where workload balancing is the objective, unbalanced solutions, where the 

robot takes on a heavier workload, are preferred in HRC. Therefore, the adopted 

approach was to select the robot for the tasks where the DSS cannot express a clear 

preference. Then a Gantt diagram has been drawn in order to solve all the cases of 

resource overload, by reassigning the task to the free resource. For example, tasks 5.5-

6.4 were assigned as reported in the upper part of Figure 9, i.e., the robot executes tasks 

5.5 and 6.4, while the human executes tasks 6.1-6.3. In the case of a delay of the human 

operator during the execution of tasks 6.1 and 6.2, task 6.3 could be reassigned to the 

robot, since the task is classified as H/R and the robot is idle at that time. 

 

 

a) 

ID Task
Duration 

[sec]
Precedent Classification Assignment

5.5 Fixing central cardan shaft 60 1.2 R R

6.1 Bracket picking 10 5.5 H H

6.2 Bracket positioning for knife attachment 30 6.1 H H

6.3 Fixing bracket to the support diagonal 30 6.2 H  R H

6.4 Fixing bracket to the disc 20 6.3 H  R R

Time line



 

 

 
b) 

Figure 9. Assignment of tasks and the corresponding Gantt chart  

(the tasks assigned to humans is in gray, while the tasks assigned to the robot are in 

black); a) task 6.3 assigned to humans, b) task 6.3 assigned to the robot 

 

It should be pointed out that, in HRC context, it could be useful to change 

dynamically the distribution of the tasks. In this way, it is possible to overcome some 

extemporary delays of the human operator or a sudden stop of the robot because of 

nonstandard situations. The only constraint that is unmodifiable is the one pertaining to 

the fact that it is not possible to assign tasks in overload. In fact, it frequently happens 

that times are not respected in small production companies. In this case, it is advisable 

for the tasks to be rescheduled dynamically inside the workstation, without the 

intervention of the production control manager at a factory level. This is only possible 

when a programmed robot is available for the reassigned tasks or when a robot can be 

reprogrammed in a short time. It is in fact one of the main features that are common to 

most cobots: they can be programmed manually, just by moving the robot along the 

desired trajectory. 

The presented analysis concerns just a part of the proposed implementation of 

the methodology. The next step will involve process simulation, PFMEA, SOP, and 

further analyses leading to the detailed design of the work stand organization. 

8. Conclusions 

The introduction of cobots in a factory layout cannot involve just a simple installation 

ID Task
Duration 

[sec]
Precedent Classification Assignment

5.5 Fixing central cardan shaft 60 1.2 R R

6.1 Bracket picking 10 5.5 H H

6.2 Bracket positioning for knife attachment 30 6.1 H H

6.3 Fixing bracket to the support diagonal 30 6.2 H  R R

6.4 Fixing bracket to the disc 20 6.3 H  R R

Time line



 

 

procedure. The work organization must be completely revised and any losses of quality 

and safety that could arise from a shift in the working paradigms should be carefully 

avoided. A suitable and established strategy for production reorganization consists of 

the adoption of lean concepts and the corresponding methods and tools. The proposed 

methodology indicates which of these concepts, methods and tools can be used to 

resolve the HRC implementation problem and which modifications are needed in a 

work stand. 

From a discussion on the application of lean tools in the implementation of HRC 

and with the help of a case study, it has been shown that lean tools (such as Gemba, 

time study or standardization) can have an even greater utilization. Furthermore, it has 

been shown that lean concepts can also be supportive when it is necessary to use 

different application tools from the usual ones (e.g. HTA, UML Activity Diagram), 

despite having been originally developed to be applied in manual production work 

stands. 

The case study applies just a subset of the suggested methodology, to show its 

feasibility and usefulness. Surely, further work is required to fully exploit lean concept 

in the HRC development. In a future work, the authors intend performing production 

simulations and implementing the second part of the proposed structured methodology, 

while designing an HRC work stand. The developed work sequence will be 

experimentally validated to confirm that the tasks were assigned properly. Moreover, 

the final version of SOP will be delivered and the work stand will be organized, through 

the use of the presented methodology and proposed tools (e.g. 5S, Poka Yoke).  

The procedure with the proposed lean tools was developed to be applied to any 

human-robot collaborative work station. Therefore, in future research the authors are 



 

 

planning to implement the procedure also in other types of HRC. The procedure can be 

enriched by introducing other specific steps for particular industrial sectors. 
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