
 

 

 

 

 

 

 

University of Southern Denmark

Collaborative robots in assembly

A practical approach for tasks distribution
Malik, Ali Ahmad; Bilberg, Arne

Published in:
Procedia CIRP

DOI:
10.1016/j.procir.2019.03.173

Publication date:
2019

Document version:
Final published version

Document license:
CC BY-NC-ND

Citation for pulished version (APA):
Malik, A. A., & Bilberg, A. (2019). Collaborative robots in assembly: A practical approach for tasks distribution.
Procedia CIRP, 81, 665-670. https://doi.org/10.1016/j.procir.2019.03.173

Go to publication entry in University of Southern Denmark's Research Portal

Terms of use
This work is brought to you by the University of Southern Denmark.
Unless otherwise specified it has been shared according to the terms for self-archiving.
If no other license is stated, these terms apply:

            • You may download this work for personal use only.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying this open access version
If you believe that this document breaches copyright please contact us providing details and we will investigate your claim.
Please direct all enquiries to puresupport@bib.sdu.dk

Download date: 23. May. 2023

https://doi.org/10.1016/j.procir.2019.03.173
https://doi.org/10.1016/j.procir.2019.03.173
https://portal.findresearcher.sdu.dk/en/publications/e81b86f2-805d-4bbd-8457-2fdaa7e80f14


ScienceDirect

Available online at www.sciencedirect.comAvailable online at www.sciencedirect.com

ScienceDirect
Procedia CIRP 00 (2017) 000–000

  www.elsevier.com/locate/procedia 

2212-8271 © 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 28th CIRP Design Conference 2018. 

28th CIRP Design Conference, May 2018, Nantes, France

A new methodology to analyze the functional and physical architecture of 
existing products for an assembly oriented product family identification 

Paul Stief *, Jean-Yves Dantan, Alain Etienne, Ali Siadat 
École Nationale Supérieure d’Arts et Métiers, Arts et Métiers ParisTech, LCFC EA 4495, 4 Rue Augustin Fresnel, Metz 57078, France 

* Corresponding author. Tel.: +33 3 87 37 54 30; E-mail address: paul.stief@ensam.eu

Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 28th CIRP Design Conference 2018. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Abstract 

The challenge of tasks allocation between human and robot is a known problem for industrial application of collaborative robots in assembly. 
This paper aims to describe a framework for a dynamic task distribution based on physical properties of the components, tasks characterization 
and collaborative workspace. The developed tasks-distribution is achieved through a set of assembly attributes with various scores for contrasting 
cycle times, adaptability and safety. The work is demonstrated with an industrial case of human-robot collaborative assembly process.  
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1. Introduction 

Assembly, as a manufacturing process, defines the 
sequential aggregation of parts, sub-assemblies and/or software 
resulting into functional products [1]. Industrial assembly can 
be differentiated from a non-repetitive or hobby-assembly by 
its goals of efficiency, productivity and cost-effectiveness. 
Large number of variants, dexterous grasping of components 
and frequent production changeovers are a few characteristics 
that differentiate assembly from other manufacturing 
processes. These characteristics require the assembly process 
to be flexible for its capability and capacity. Humans have 
traditionally been considered the most optimal resource for 
assembly related flexibility. Therefore the impact of 
mainstream automation on assembly is significantly less than 
other manufacturing domains. Today, for manufacturing of 
discrete products, assembly is considered the most labor 
intensive process [2]. 

However, the increasing market challenges are much of the 
drive towards extending degree of automation in manual 
assembly cells in the form of human-machine collaboration 

(HMC). The dream combination of humans and machines 
working together for a common goal is now backed by the new 
generation of industrial robots referred to as collaborative 
robots or cobots. Collaborative robots are promised to be 
lightweight, easier to program and safer for the fellow humans. 

Implementing HRC in industrial production can be to 
achieve multilevel objectives [3]. It is evident from several 
studies that the advantages of achieving operational efficiency 
i.e. low unit production cost and increase in production rate are 
the most demanded objectives of having HRC [4].  

Collaborative robot (Fig. 1), with the promise of easier 
programming and mobility, are being investigated for 
application in assembly. Assembly, as a set of varied tasks, 
requires various skills for efficient task performance. The 
robots, being inferior to humans in most skills the humans are 
good at, cannot perform all these tasks, or require additional 
equipment for task performance, thereby increasing investment 
cost and reducing flexibility. An uncareful task assignment to 
robot can also be a hindrance in assembly process balancing. 
Therefore, a careful distribution of assembly tasks between 
human and robot is the key for lean automated assembly cells. 
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Holding down the components is necessary if the 
components are unstable after insertion or during subsequent 
operations. This is defined as a process that maintains the 
position or orientation of components already in place before 
or during subsequent operations [11].  

3.3. Feeding 

Part feeding is the process of storing the assembly 
components, presenting them to the robot and enabling the 
robot to detect the orientation of the component and comparing 
it with required orientation. This will enable the robot to pick 
the components in right orientation. Although feeding is a non-
value adding activity but it has high impact on HRC potential 
and the cost of implementing an HRC solution.    

3.4. Safety 

Safety of humans in collaboration with robots in an 
industrial environment is ensured by ISO-15066 technical 
specifications. Although the robots used in HRC are power and 
force limiting robots but the use of tools on the robot for any 
specific task may create a risk of injury for the human and 
therefore must be carefully evaluated.  

3.6. Fastening 

Operation that are about fastening of two or more 
components together. It may be through screwing, gluing or 
riveting.  

3.5. Miscellaneous 

The activities that don’t fit into any other category but are 
of importance are placed into this category. An example is the 
adjustment or alignment of components that have been placed 
but require further refined adjustment. Align: if a component 
has been placed but requires additional alignment or 
adjustment. Attach: Attaching a component before placing it at 
the position can be done by the robot as it is a simple to achieve 
task; Trigger: Triggering takes care of the operations where a 
secondary machine is turned-on to complete the process.  

4. Method of quantifying task complexity 

This chapter describes the methodology of HRC tasks 
distribution. The scores presented in Table 1 represent the ease 
of automation. The scores are achieved both from qualitative 
and quantitative approaches. Various workshops with 
manufacturing experts and physical experimentation helped to 
achieve the scores. Additionally, the method developed at TU 
Dortmund named “Quick Check” for evaluation of HRC 
potential in assembly systems also helped to form below score 
sheet for HRC tasks distribution [12]. Nevertheless, the 
contextual modification of the scores is possible.   

The proposed procedure evaluates each part separately for 
assembly factors described in chapter 3. The score achieved 
will represent the ease of robotic automation for each 
component in an HRC scenario.  

Table 1. Potential score sheet for robotic assembly in HRC 
Component Weight 

< 12 Kg 8-12 Kg 3-8 Kg 1-3 Kg > 1 Kg 
0 Points 1 Point 2 Points 3 Points 4 Points 

Sensitivity 
Highly 
sensitive 

Damage 
in 
careless 
handling 

Damage 
in light 
force 

Damage 
at high 
force 

Robust 

0 Points 1 Point 2 Points 3 Points 4 Points 
Dimensional stability 
Shapeless Deformat

ion 
possible  

Deformat
ion under 
force 

Deformat
ion at 
high 
force 

Rigid 

0 Points 1 Point 2 Points 3 Points 4 Points 
Handling (ease of gripping the component) 
Human hand  Custom gripper 2 fingers gripper 

0 Points 2 Points 4 Points 
Mounting Direction of mounting of components 

Not a straight 
line 

Straight line from side Straight line 
from above 

0 Points 2 Points 4 Points 
Tolerance limits 

< 0,5mm ≥ 0,5 < 1 mm > 1 mm 
0 Points 2 Points 4 Points 

Feeding Distance between pick and place points for robot 
>130 cm 80-130 

cm 
60-80 cm 30-60 cm 0-30 cm 

0 Points 1 Point 2 Points 3 Points 4 Points 
Feeding orientation of components 

Random Arranged in a layer Arranged in fixture 
0 Points 2 Points 4 Points 

Safety Tools increasing safety risks (sharp edged and pointed tools) 
The use would 
increase the 
danger to 
humans 

No 
consequences 

The use would 
reduce danger to 
humans 

0 Points 2 Points 4 Points 
Risk of collision in the head / neck area? 
The use of HRC 
involves a risk of 
collision in the 
head area 

No work at 
head height  

The use of HRC 
would reduce the 
risk of collision / 
injury 

0 Points 2 Points 4 Points 
Fastening If a fastening process is required? 

Bendin
g Riveting Gluing Screwing No joining 

operation 
0 Points 1 Point 2 Points 3 Points 4 Points 

Misc. Is there any alignment needed for the part features?  
Yes, requiring 
human dexterity 

Can be handled 
by the robot 

No alignment 

0 Points 2 Points 4 Points 
Does the task involve attaching two components together? 
Force required Easy to do No attachment task 

0 Points 2 Points 4 Points 
Does the task requires triggering some equipment/machine 
for assembly? 

Required Not required 
0 Points 4 Points 

 
The evaluation procedure is described below: 
 

• Calculate HRC potential influenced by the physical 
properties of the component being assembled: 

100
4
1 X
J
CP

HRC
J

CP
=                                     (1) 
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Additionally, with ever decreasing product life cycles and 
increasing demand of high-mix low-volume production the 
effective distributions of tasks will become a routine rather than 
an occasional activity. This highlights the need of having 
structured and standardized methods of evaluating assembly 
tasks for ease of robotic automation.    

Fig. 1. Human-robot collaboration. 

The current industrial practices of tasks division rely on gut-
feeling and the experience-based knowledge of people. 
However, HRC assembly has unique characteristics 
differentiating it from manual or automated assembly e.g. with 
a robot. 

This paper attempts to develop a structured methodology for 
defining automation potential of each task in a manual 
assembly operation and then assignment of the tasks to human 
or robot thus balancing the workload. The study is targeting to 
existing manual assembly cells without requiring any 
modifications to product design. An industrial case study of 
manual assembly is used to validate the presented method.  

2. State of the art 

A classical theory of evaluating human and machine 
capabilities  for functional allocation was presented by Fitts in 
1951 for developing air navigation systems [5] and is often 
referred to as MABA-MABA list (men are good at-machines 
are good at). The report summarizes the bests of humans and 
machines in 11 points. Besides, the need of human involvement 
in any automation system was also emphasized.  

Later, with the invention of collaborative robots, human-
robot collaboration emerged as a sub-branch of human-
machine interaction. An approach for tasks allocation in HRC 
is by task analysis approach [6]. The authors presented a case 
of cable harness assembly in a prototype cellular 
manufacturing system. Evaluations for an HRC were based on 
productivity, quality, human fatigue and safety implications. 
However, the physical properties of the components being 
assembled were not discussed and tasks categorization was 
limited to cable harnessing process. A methodology to assess 
automation potential of manual tasks with HRC was presented 
by Teiwes [7]. Various types of tasks were given a score based 
on experimentation. The scoring criteria is based on the 
experiences of individuals taking part in the study. While the 

evaluation criteria were limited and not considering aspects of 
human safety and part feeding. 

Bruno [8] distributed the tasks in HRC by identifying task-
features as decision factors for dynamic workload distribution 
in HRC. Task features used are weight of the assembled part, 
the displacement, accuracy requirements and dexterity 
requirements. However physical features of components, are 
not described that can influence a robotic task performance. 
Bänziger [9] discussed various robotic skills required to 
perform tasks in automotive assembly lines. Robotics skills 
(pick, place, move along path, navigate, wait, handle/apply 
tool, and trigger) were identified from MTM codes and were 
further added with six additional skills (position, hold, align, 
apply force, and apply force along path).  

3. Assessment of task potential for HRC 

The method of tasks-distribution in HRC starts by 
decomposing and assembly operation into tasks and identifying 
their automation potential. The HRC automation potential is 
calculated based on product complexity model described by 
[10]. The model describes that complexity of an assembly-
process is attributed towards its information content, diversity 
of information and quantity of information. The present study, 
considering the HRC factors of assembly process, modifies the 
information content component of the model. This information 
content component helps to identify the tasks for robotic 
automation. The HRC potential for an assembly process can 
help manufacturing companies to evaluate various of their 
existing products for HRC automation.  

 
The following factors are identified as attributes of 

information content of an HRC assembly process: 

3.1. Component’s physical characteristics 

The attributes associated with the part being mounted affect 
the picking of the component by a robot. Pick is to grasp the 
component from its location and move it to the point of 
placement or delivery. The accuracy and success of pick tasks 
is based on the factors of size, weight, sensitivity, dimensional 
sensitivity and ease of handling. Depending on the need, 
extended factors can also be considered for examination that 
can significantly increase the complexity of pick tasks for a 
robot, such as tangling, nesting and stickiness of parts.  

3.2. Mounting 

Mounting or placement of picked parts is affected by the 
direction of placement of components and the degree of 
tightness of insertion. Boothroyd [11] defined the assembly 
direction as an important factor to evaluate assembly 
complexity for automation. A process that is in layer fashion 
for assembly is suitable for automation. An advantage of this 
type of assembly is that feeding and placing of parts is assisted 
by gravity. The pose perpendicular in direction is harder than 
top down assembly. However, insertion direction other than 90 
degrees is harder for a robot for orientation and placement.  
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their automation potential. The HRC automation potential is 
calculated based on product complexity model described by 
[10]. The model describes that complexity of an assembly-
process is attributed towards its information content, diversity 
of information and quantity of information. The present study, 
considering the HRC factors of assembly process, modifies the 
information content component of the model. This information 
content component helps to identify the tasks for robotic 
automation. The HRC potential for an assembly process can 
help manufacturing companies to evaluate various of their 
existing products for HRC automation.  

 
The following factors are identified as attributes of 

information content of an HRC assembly process: 

3.1. Component’s physical characteristics 

The attributes associated with the part being mounted affect 
the picking of the component by a robot. Pick is to grasp the 
component from its location and move it to the point of 
placement or delivery. The accuracy and success of pick tasks 
is based on the factors of size, weight, sensitivity, dimensional 
sensitivity and ease of handling. Depending on the need, 
extended factors can also be considered for examination that 
can significantly increase the complexity of pick tasks for a 
robot, such as tangling, nesting and stickiness of parts.  

3.2. Mounting 

Mounting or placement of picked parts is affected by the 
direction of placement of components and the degree of 
tightness of insertion. Boothroyd [11] defined the assembly 
direction as an important factor to evaluate assembly 
complexity for automation. A process that is in layer fashion 
for assembly is suitable for automation. An advantage of this 
type of assembly is that feeding and placing of parts is assisted 
by gravity. The pose perpendicular in direction is harder than 
top down assembly. However, insertion direction other than 90 
degrees is harder for a robot for orientation and placement.  
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Above steps will define a percentage potential for each 
component of a product for HRC automation. Additionally, an 
overall score equation (8) of the product can be calculated 
elucidating overall automation potential of the product and 
forming a relative score for various products of an enterprise. 

The achieved scores are then examined for human-robot 
tasks distribution, where parameter of manual and robot cycle 
time is considered. It is important that the tasks are assigned in 
a way that both human and robot are optimally utilized avoiding 
any waiting or blocking times.  

As shown in Fig. 2., for each task distribution, task 
precedence is checked first. If preceding task is completed then 
next step is to examine the automation potential. If potential is 
above 70% (contextually modifiable), then availability of 
human and robot is examined. If robot is available, then task is 
assigned to the robot, else it is assigned to the human.  

5. Case study 

Fig. 3. shows an electronic linear actuator and its assembly 
components (Fig. 3). It is an electro-mechanical device to 
convert electrical energy into straight line motion. It is used to 
automate various mechanical movement of machine tools and 
industrial machinery. The current state of production at case-
company is manual due to tasks variability and high-mix low-
volume production. In current state of production, the operator 
receives sub-assembly on a conveyer from the preceding 
station, and mounts magnet bracket #1, center gear #2, gear 
wheel #3, metal bush #4, ball bearing #5, M9 nut #6, back 
fixture #7, shall #8, gasket#9, lid #10, lid screws #11 and M27 
nut#12 (Fig. 4); and finally pushes the assembly to the 
subsequent station by hand.  

Fig. 3. Linear actuator as use-case in the study. 

Table 2. Assembly components in case study. 

Sr No Part Manual time Precedent 

1 Part 1  1.7 s 0 

2 Part 2  1,7 s 1 

3 Part 3  1,7 s 2 

4 Part 4  1.7 s 3 

5 Part 5  2,2 s 4 

6 Part 6  17,6 s 5 

7 Part 7  4,9 s 6 

8 Part 8  4,2 s 7 

9 Part 9  5,6 s 0 

10 Part 10  7,7 s 9 

11 Part 11 29,7 s 10 

12 Part 12 8,7 s 10 

The manual tasks are recorded, and cycle time of each 
activity is calculated with stop watch and are listed. Individual 
components and assembly process of the product is analysed 
for HRC assembly. Table 1 shows the component names, their 
task duration and precedence. Table 2 shows the analysis 
results for HRC potential of component, mounting, feeding, 
safety, joining and miscellaneous attributes. A testing setup is 
developed at the lab for experimentation and validation that 
consists of a 3D printed subassembly base (Fig. 5). 

The results show that many of the tasks have a high potential 
for automation, while only tasks 6,8,9 and 10 can better be done 
by the human or are harder to automate. These tasks correspond 
to 40% of the total manual cycle time for the product.  

Fig. 4. Parts used for evaluation. 

Finally, the tasks are assigned to robot and human based on 
precedence, task potential and availability of resource. The 
presented methodology develops a quantification mechanism 
for HRC assembly potential for automation, while the choice 
for decisive potential to allocate the tasks to robot depends on 
the use-case and its business value. Table C shows the tasks 
allocation for load balancing and Fig. 6. Shows the load 
balancing between human and robot. 

Fig. 5. Experimental setup for tasks HRC distribution. 
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where 𝐶𝐶𝐶𝐶 is a potential score for physical characteristics of 
individual part and J denotes to number of part related 
attributes, while 4 is the highest possible score in each attribute.    
 
• Calculate HRC potential due to assembly characteristics for 
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where 𝐹𝐹𝐹𝐹 is a potential score for part feeding attributes and 

L denotes to number of feeding related attributes, while 4 is the 
highest possible score in each attribute.    
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where 𝑆𝑆𝐹𝐹 is a potential score for safety related attributes and 

K denotes to number of safety related attributes, while 4 is the 
highest possible score in each attribute. 
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where 𝐽𝐽𝐽𝐽is a potential score for different joining activities 

involved and P denotes to number of joining attributes.   
   
• Calculate HRC potential due to miscellaneous 

characteristics such as attachment, alignment or activating 
an equipment for the assembly task: 
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where 𝑀𝑀𝑀𝑀𝑆𝑆𝐶𝐶  is a potential score for different assembly 

characteristics and N denotes to number of attributes considered 
in this category.  
 
 
• Calculate percentage share of the score for each component: 
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Where  is assembly score achieved in each factor 
considered for HRC task evaluation and  is sum of all factors 
considered for HRC potential. 

Equation (7) will generate a relative potential of task for 
automation. Tasks can be automated starting with the highest 
automation potential and gradually moving to lower scores 
while considering human intervention and work load balance. 

 
• Optionally, calculate the product potential for HRC: 
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Where N is total number of all the components used in 

assembly and n is total number of unique components. The ratio 
of the two represents the diversity of information in an 
assembly [13]. While [𝐿𝐿𝐿𝐿𝐿𝐿2(𝐽𝐽 + 1)] is an entropy measure to 
represent quantity of information [10].    

Fig. 2. Task assignment logic in HRC. 
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overall score equation (8) of the product can be calculated 
elucidating overall automation potential of the product and 
forming a relative score for various products of an enterprise. 
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time is considered. It is important that the tasks are assigned in 
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assigned to the robot, else it is assigned to the human.  
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convert electrical energy into straight line motion. It is used to 
automate various mechanical movement of machine tools and 
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The manual tasks are recorded, and cycle time of each 
activity is calculated with stop watch and are listed. Individual 
components and assembly process of the product is analysed 
for HRC assembly. Table 1 shows the component names, their 
task duration and precedence. Table 2 shows the analysis 
results for HRC potential of component, mounting, feeding, 
safety, joining and miscellaneous attributes. A testing setup is 
developed at the lab for experimentation and validation that 
consists of a 3D printed subassembly base (Fig. 5). 

The results show that many of the tasks have a high potential 
for automation, while only tasks 6,8,9 and 10 can better be done 
by the human or are harder to automate. These tasks correspond 
to 40% of the total manual cycle time for the product.  

Fig. 4. Parts used for evaluation. 

Finally, the tasks are assigned to robot and human based on 
precedence, task potential and availability of resource. The 
presented methodology develops a quantification mechanism 
for HRC assembly potential for automation, while the choice 
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where 𝐶𝐶𝐶𝐶 is a potential score for physical characteristics of 
individual part and J denotes to number of part related 
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Table 3. Evaluated HRC potential for each task. 

Part Cp Mt Fd Sf Jn Misc Potential 
Part 1  100 75 50 100 100 83 85% 

Part 2  100 75 37,5 100 100 25 73% 

Part 3  100 75 37,5 100 100 25 73% 

Part 4  100 75 37,5 100 100 50 77% 

Part 5  100 62,5 37,5 100 100 25 71% 
Part 6  87,5 75 37,5 100 75 0 63% 
Part 7  100 100 37,5 100 100 50 81% 
Part 8  100 87,5 37,5 100 100 0 68% 
Part 9  43,7 87,5 37,5 100 100 25 66% 
Part 10  93,7 87,5 37,5 100 100 50 75% 
Part 11 100 87,5 37,5 100 75 50 75% 
Part 12 100 87,5 37,5 100 75 100 75% 

 

Table 4. Assembly components in case study. 

Sr No Part Potential 
% 

Human Cycle time  

1 Part 1  85% Robot 6 s 

2 Part 2  73% Robot 6 s 

3 Part 3  73% Robot 5 s 

4 Part 4  77% Robot 6 s 

5 Part 5  71% Robot 5 s 

6 Part 6  63% Human 17,6 s 

7 Part 7  81% Robot 5 s 

8 Part 8  68% Human 4,2 s 

9 Part 9  66% Human 5,6 s 

10 Part 10  75% Human 7,7 s 

11 Part 11 75% Robot 32 s 

12 Part 12 75% Robot 8 s 

TOTAL 108 s 
 

Fig. 6. Work-load balance between human and robot. 

6. Conclusion 

The study provides a relative quantification system for 
distribution of assembly tasks in human-robot collaboration. 
The methodology is particularly helpful for legacy assembly 
cells where no change in the product design is possible or 
desired. Considering safety standards, the layout of the 
workspace might need to be optimized in the HRC scenario but 
is not discussed in the study. It is also assumed that the product 

being examined has been designed considering design for 
assembly (DFA) techniques and is favorable enough for 
manual assembly. The presented method can be extended to 
various variants of the product. By standardizing the presented 
relative approach for tasks distribution, the methodology can 
be automated for several product families. With the progress of 
artificial intelligence, the system can self-learn to optimize the 
scores for future assignments. Future works will address the 
productivity analysis of various assembly functions affected by 
human-robot collaboration. 
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