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Industrial plants and logistics group
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Analysis and design of resilient supply network 
systems
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Fig. 5 Focus on the downstream side of AVEN's supply chainCentral logistics hub design Supply network simulation
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Analysis and design of resilient supply network 
systems

anyLogistix

anyLogistix is the supply chain analytics software to design, optimize and analyze your company’s
supply chain. It combines powerful analytical optimization approaches together with innovative
simulation technologies offering you a comprehensive set of tools for end-to-end supply chain
analytics.
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Digital ergonomic
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Industry 4.0 digital technologies
• Internet of Things (IoT)
• Cloud computing
• Big data
• Artificial intelligence
• Mixed reality (MR)
• Smart sensors
• Assistive devices 

How is digital technology influencing ergonomics, work design and risk 
mapping?



2023 BIS / NZWRI SEMINAR 
24 April

Workforce Ergonomics and Management Platform 
(WEM)

WEM-Platform aims to provide 
real-time postural risk assessment 
and feedback with insightful report 

made on-time and on-site.
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How is digital technology influencing ergonomics, work design and risk 
mapping?
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Exoskeletons

Exoskeletons are wearable devices designed for empowering human’s 
biomechanical capabilities
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Exoskeleton & WEM

Investigating the impact of a back-support exoskeleton on worker productivity
and ergonomics in order picking
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International and multidisciplinary academy
network focused on the aging workforce problem in
manufacturing systems.

7 EU partners + 7 TC partners
Almost 1 million € funded  
From 2020 to 2025

European MAIA project
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7 EUROPEAN PARTNERS: 
«BENEFICIARIES» 

Project leader

7 European partners
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7 third country partners

7 PARTNERS from 
CANADA, JAPAN, 
HONG KONG, NEW 
ZELAND, US
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MAIA secondments
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Labor force is aging

15



2023 BIS / NZWRI SEMINAR 
24 April

ISO 25550  Age-inclusive workforce
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The MAIA framework
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Introduction

 Designing industrial operation systems more
human-centred, human-friendly, and
sustainable as also is recommended by
Industry 5.0 paradigms.

 Assembly lines are such of these
manufacturing environments, since the
presence of human workers is relevant, and
the system performance largely relies on the
workers’ efficiency and motivation.

 Respond to individuality
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Introduction
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Research scope

 Investigating differences between workers and how these differences
can impact on the overall production systems.

 Developing new optimization models and a methodological
framework in order to respond to individual needs in assembly systems.

 Using proposed approaches to increase the workers’ contribution in job
assessment.
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Literature analysis

Two sets of  keywords Selection Criteria

Workers’ differences 1) Title= "skilled-work*" OR "skill*" OR "age" OR
"aging" OR "gender" OR "body and physical measure"
OR "anthropometry" OR "human factor", OR "worker
variability" OR "individual factor" OR "heterogenous
worker*" OR "anthropology"

1. The focus has to be on a
production setting and
manufacturing sector

2. Included workers’
differences measurements in
modelling and design
procedure

Problems under development 2) Title= "assembly system" OR "assembly line*" OR
"manual assembly line" OR "task assignment" OR
"work assignment" OR "job assignment" OR "job
schedule*" OR "task schedule*" OR "worker
assignment" OR “worker allocation" OR "job rotation"
OR “task switching" OR "job sequencing" OR "task
sequencing" OR "work space design" OR "layout
design" OR "workstation design" OR "facility
location" OR "production system*" OR
"manufacturing system*"

7051 papers in initial search 100 relevant papers 

21

Katiraee, N., Calzavara, M., Finco, S., Battini, D., & Battaïa, O. (2021). Consideration of workers’ differences in
production systems modelling and design: State of the art and directions for future research. International Journal of
Production Research, 1-32.
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Literature analysis

How have the differences among workers been considered in manual production systems in
previous studies?

Co-occurrence keywords network of  the 100 selected papers
22
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Literature analysis

What conclusions have been made regarding the impact of human variability on the
performances of manual production systems?
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Mathematical models

24

Katiraee, N., Calzavara, M., Finco, S., Battini, D., (2021). Consideration 
of workforce differences in assembly line balancing and worker 
assignment problem. IFAC-INCOM

Katiraee, N., Finco, S., Battaia, O, Battini, D., (2021). Balancing assembly
line with inexperienced and trainer workers: APMS international
Conference, Advances in Prduction Management Systems.
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(1) Bi-Objective model by taking into account 
individual difference

Workers’ 
differences

Perceived physical 
exertion (measured by 
BORG Score); 𝑝𝑝𝑝𝑝𝑖𝑖𝑤𝑤

Expertise (evaluated by 
task processing time); 

𝑡𝑡𝑖𝑖𝑤𝑤

𝑝𝑝𝑤𝑤𝑖𝑖𝑖𝑖𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖 ≤ 4 ∀𝑖𝑖 ∈ 𝐼𝐼,∀𝑗𝑗 ∈ 𝐽𝐽,∀𝑤𝑤 ∈ 𝑊𝑊

25

Objective function:

Minimize   𝑐𝑐𝑐𝑐
Minimize 𝑃𝑃𝑃𝑃𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚

Assembly Line Balancing and Worker 
Assignment Problem Type 2 Model 

(ALWABP-2)

Precedence constraints and tasks types for 
worker h

Cycle time

Maximum 
perceived physical 
exertion
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(2) Single-Objective model by taking into account two sets of 
workers: trainers  (experienced) and assembler (inexperienced) 
workers

�
𝑖𝑖
�

𝑤𝑤
𝑡𝑡𝑖𝑖𝑖𝑖𝑖𝑖 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖 −�

𝑖𝑖
�

𝑡𝑡
𝑡́𝑡𝑖𝑖𝑖𝑖𝑖𝑖 ́𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖 ≤ 𝒄𝒄𝒄𝒄 ∀ 𝑗𝑗 = 1, . . , 𝑱𝑱

Trainers' contribution 

Assemblers' contribution 
Assembly Line Balancing by taking into 

consideration the assemblers (inexperienced) 
and trainers (experienced) workers

Minimize 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = �
𝑗𝑗
[�

𝑡𝑡
𝐶𝐶𝐶𝐶𝑧́𝑧𝑗𝑗𝑗𝑗 + �

𝑤𝑤
𝐶𝐶𝐶𝐶𝐶𝐶𝑗𝑗𝑗𝑗 + 𝐶𝐶𝑗𝑗𝑦𝑦𝑗𝑗]

Objective function: 

CW Cost of assembler
CT Cost of trainer
𝐶𝐶𝑗𝑗 Cost of workstation
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Integrated model

- Tasks time (average value)
- Precedence constraints
- Cycle time

INPUT DATA MATHEMATICAL 
MODEL

OUTPUT

- Minimum number of  
workstations (𝐽𝐽∗)

- Tasks to station 
assignment (𝒂𝒂𝒊𝒊𝒊𝒊)

Phase 1: Strategic 
and tactical phase 

(long-term 
decision)

Simple Assembly Line 
Balancing Type I 

(SALBP-1)

Phase 2: Operative 
phase (medium-
and short-term 

decisions)

Assembly Line Worker 
Assignment & 

Rebalancing Problem 
(ALWARBP)

- Minimum number of  
workstations

- Tasks to station 
assignment

- Precedence constraints
- Workers’ tasks time
- Workers’ physical 

capabilities and perception 
(BORG score)

- Set of  assemblers and 
trainers

- Energy expenditure, Rest 
Allowance (RA)

- Minimum cycle time
- Minimum number of  

reassigned tasks 
- Number of  trainers 

involved
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Integrated model

Workstation 1 Workstation 2 Workstation 3

The initial balancing solution of the example problem (SALBP)

Task precedency, 
Task time, Cycle 

time

Workers’ 
integration

Workstation 1 Workstation 2 Workstation 3

1,2,3 4,5,6 7,8,9

1,2,3,5 4,6,7,8 9

Rebalancing solution of the example problem (ALWARBP)

Workstation 1 Workstation 2 Workstation 3

1,2,3,4 5,6,7 8,9

O.F.1: Minimize 𝑐𝑐𝑐𝑐1 (1)

O.F.2: Minimize TR=∑𝑖𝑖 ∑𝑗𝑗 𝑞𝑞𝑖𝑖𝑖𝑖 (2)

Objective function:

TR = 3

TR = 2

28
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Model application in case studies 

• Small-size problem concerning the
assembly of a jet pump

• Medium-size problem concerning the
sub-assembly of a minibus

• Large-size problem concerning the
sub-assembly of a business jet

29
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Model application in medium case
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Methodological approach
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Methodological approach

v

32



2023 BIS / NZWRI SEMINAR 
24 April

List of papers

Publications in scientific journals

• Katiraee, N., Calzavara, M., Finco, S., Battini, D., & Battaïa, O. (2021). Consideration of workers’ differences in production systems modelling and design:
State of the art and directions for future research. International Journal of Production Research, 1-32.

• Katiraee, N., Calzavara, M., Finco, S., Battaïa, O., & Battini, D. (2022). Assembly line balancing and worker assignment considering workers’ expertise
and perceived physical effort. International Journal of Production Research, 1-21.

Conference proceeding

• Katiraee, N., Battini, D., Battaia, O., & Calzavara, M. (2019). Human diversity factors in production system modelling and design: state of the art
and future researches. IFAC-PapersOnLine, 52(13), 2544-2549.

• Katiraee, N., Berti, N., Calzavara, M., Finco, S. & Battini, D. (2020). The workforce ageing phenomenon: statistics, policies and practices.
Proceedings of the Summer School Francesco Turco.

• Katiraee, N., Calzavara, M., Finco, S., Battini, D., (2021). Consideration of workforce differences in assembly line balancing and worker
assignment problem. IFAC-INCOM.

• Katiraee, N., Finco, S., Battaia, O, Battini, D., (2021). Balancing assembly line with inexperienced and trainer workers: APMS international
Conference, Advances in Prduction Management Systems.

• Keshvarparast, A., Katiraee, N., Finco, S., Battini, D., (2021). Impacts of Cobots in manufacturing systems: literature review and open questions:
Proceedings of the Summer School Francesco Turco.

• Battini, D., Finco, S., Katiraee, N., Grosse, E. H., & Glock, C. H. (2021). Active ageing workforce in manufacturing systems: an international
discussion (No. 131506). Darmstadt Technical University, Department of Business Administration, Economics and Law, Institute for Business
Studies (BWL).

33



2023 BIS / NZWRI SEMINAR 
24 April

List of papers

34

Keshvarparast, A., Katiraee, N., Pirayesh, A., Battaia, O, Berti, N, (2023). Integrated Resource Optimization in a Multi-Product
Separated Line Collaborative Assembly Line Balancing Problem (MPSLC-ALBP); Accepted in IFAC-PapersOnLine.

Katiraee, N., Keshvarparast, A., Finco, S., Calzavara, M, (2023). Workforce individualization in Collaborative Assembly Line
Re-Balancing; Accepted in 27th International Conference on Production Research

Martignago, M., Calzavara, M, Katiraee, N., Ivanov, D, Battini, D (2023). Investigating the effects of different actions on the
resilience of a supply chain: a case study. Accepted in 27th International Conference on Production Research



2023 BIS / NZWRI SEMINAR 
24 April

Thank you for your attention

Email: niloofar.katiraee@unipd.it

Department of Management and Engineering
University of Padua – ITALY 
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Model 1
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Model 1_results
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Model 2
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Integrated model
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Linearization
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MAEE = 0.0016 [(60-0.55 AGE) BW eSilva et al. (2016) 
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Integrated model application in small case
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Integrated model application in large case
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Computation time
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Model application in medium case
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Model application in medium case

45
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𝑅𝑅𝑅𝑅𝑗𝑗 = 𝑚𝑚𝑚𝑚𝑚𝑚

⎩
⎪
⎨

⎪
⎧

0 ;  

∑ ∑ 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  𝑒𝑒𝑖𝑖  𝑤𝑤𝑖𝑖
∑ ∑ 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  𝑡𝑡𝑖𝑖𝑖𝑖  𝑤𝑤𝑖𝑖

−  𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑤𝑤  

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑤𝑤 −  𝐸𝐸𝐸𝐸𝑅𝑅
 

⎭
⎪
⎬

⎪
⎫

 ∀ 𝑗𝑗 = 1, . . , 𝐽𝐽∗ 

MAEE = 0.0016 [(60-0.55 AGE) BW eSilva et al. (2016) 
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