
International Journal of Industrial 
Engineering and Management

[1] O. Okorie, R. Subramoniam, F. Charnley, J. Patsavellas, D. Widdifield, and K. Salonitis, “Manufacturing in the Time of 
COVID-19: An Assessment of Barriers and Enablers,” IEEE Engineering Management Review, vol. 48, no. 3, pp. 167–175, 
Jul. 2020, doi: 10.1109/EMR.2020.3012112.

[2] N. Slack, “The Flexibility of Manufacturing Systems,” International Journal of Operations and Production Management, vol. 7, 
no. 4, pp. 35–45, Apr. 1987, doi: 10.1108/EB054798.

[3] A. K. Sethi and S. P. Sethi, “Flexibility in manufacturing: A survey,” International Journal of Flexible Manufacturing Systems, 
vol. 2, no. 4, pp. 289–328, 1990, doi: 10.1007/BF00186471.

[4] D. M. Upton, “The Management of Manufacturing Flexibility,” California Management Review, vol. 36, no. 2, pp. 72–89, Jan. 
1994, doi: 10.2307/41165745.

[5] K. Yu, J. Cadeaux, and B. N. Luo, “Operational flexibility: Review and meta-analysis,” International Journal of Production 
Economics, vol. 169, pp. 190–202, Nov. 2015, doi: 10.1016/J.IJPE.2015.07.035.

[6] M. Pérez-Pérez, A. M. Serrano-Bedia, M. C. López-Fernández, and G. García-Piqueres, “Research opportunities on 
manufacturing flexibility domain: A review and theory-based research agenda,” Journal of Manufacturing Systems, vol. 48, no. 
May, pp. 9–20, 2018, doi: 10.1016/j.jmsy.2018.05.009.

[7] L. L. Koste and M. K. Malhotra, “Theoretical framework for analysing the dimensions of manufacturing flexibility,” Journal of 
Operations Management, vol. 18, no. 1, pp. 75–93, 1999, doi: 10.1016/S0272-6963(99)00010-8.

[8] R. Sawhney, “Interplay between uncertainty and flexibility across the value-chain: Towards a transformation model of 
manufacturing flexibility,” Journal of Operations Management, vol. 24, no. 5, pp. 476–493, 2006, doi: 10.1016/j.jom.2005.11.008.

[9] M. Pérez Pérez, A. B. María Serrano, and M. C. Fernández López, “A review of manufacturing flexibility: Systematising the concept,” 
International Journal of Production Research, vol. 54, no. 10, pp. 3133–3148, 2016, doi: 10.1080/00207543.2016.1138151.

[10] K.-D. Thoben, S. Wiesner, and T. Wuest, “‘Industrie 4.0’ and Smart Manufacturing – A Review of Research Issues and 
Application Examples,” International Journal of Automation Technology, vol. 11, no. 1, pp. 4–16, 2017, doi: 10.20965/
ijat.2017.p0004.

[11] E. Oztemel and S. Gursev, “Literature review of Industry 4.0 and related technologies,” Journal of Intelligent Manufacturing, 
vol. 31, no. 1, pp. 127–182, 2020, doi: 10.1007/s10845-018-1433-8.

[12] M. J. Grant and A. Booth, “A typology of reviews: An analysis of 14 review types and associated methodologies,” Health 
Information and Libraries Journal, vol. 26, no. 2, pp. 91–108, 2009, doi: 10.1111/j.1471-1842.2009.00848.x.

[13] D. M. Mertens, “Mixed Methods Evaluation Designs for Systematic Reviews,” Mixed Methods Design in Evaluation, pp. 
111–132, 2018, doi: 10.4135/9781506330631.n5.

[14] D. Tranfield, D. Denyer, and P. Smart, “Towards a Methodology for Developing Evidence-Informed Management Knowledge 
by Means of Systematic Review,” British Journal of Management, vol. 14, no. 3, pp. 207–222, Sep. 2003, doi: 10.1111/1467-
8551.00375.

[15] Y. Koren, X. Gu, and W. Guo, “Reconfigurable manufacturing systems: Principles, design, and future trends,” Frontiers of 
Mechanical Engineering, vol. 13, no. 2, pp. 121–136, 2018, doi: 10.1007/s11465-018-0483-0.

[16] H. A. el Maraghy, “Flexible and reconfigurable manufacturing systems paradigms,” Flexible Services and Manufacturing Journal, 
vol. 17, no. 4 SPECIAL ISSUE, pp. 261–276, 2006, doi: 10.1007/s10696-006-9028-7.

[17] A. Jain, P. K. Jain, F. T. S. Chan, and S. Singh, “A review on manufacturing flexibility,” International Journal of Production 
Research, vol. 51, no. 19, pp. 5946–5970, Oct. 2013, doi: 10.1080/00207543.2013.824627.

References

Industry 4.0 enabling technologies for increasing 
operational flexibility in final assembly

O. Salunkhea* and Å. F. Berglunda,b

a Department of Industrial and Materials Science, Chalmers University of Technology, Gothenburg, Sweden;
b Stena Recycling International AB, Gothenburg, Sweden



[18] M. B. Gerdin, Å. Fast-Berglund, D. Li, and A. Palmquist, “Knowledge Strategies for Organization 4.0 – A Workforce Centric 
Approach,” in IFIP WG 5.7 International Conference, APMS 2020, Novi Sad, Serbia, vol. 592 IFIP, 2020, pp. 31–36, doi: 
10.1007/978-3-030-57997-5_4.

[19] B. Rekiek and A. Delchambre, Assembly line design : The balancing of mixed-model hybrid assembly lines with genetic 
algorithms. London: Springer-Verlag London Limited, 2006. doi: 10.1007/b138846.

[20] S. J. Hu et al., “Assembly system design and operations for product variety,” CIRP Annals - Manufacturing Technology, vol. 60, 
no. 2, pp. 715–733, 2011, doi: 10.1016/j.cirp.2011.05.004.

[21] G. Michalos, S. Makris, N. Papakostas, D. Mourtzis, and G. Chryssolouris, “Automotive assembly technologies review: 
challenges and outlook for a flexible and adaptive approach,” CIRP Journal of Manufacturing Science and Technology, vol. 2, 
no. 2, pp. 81–91, 2010, doi: 10.1016/j.cirpj.2009.12.001.

[22] D. Li, Å. Fast-Berglund, and D. Paulin, “Current and future Industry 4.0 capabilities for information and knowledge sharing: 
Case of two Swedish SMEs,” International Journal of Advanced Manufacturing Technology, vol. 105, no. 9, pp. 3951–3963, 
Dec. 2019, doi: 10.1007/S00170-019-03942-5/TABLES/4.

[23] P. E. C. Johansson, L. Malmsköld, Å. Fast-Berglund, and L. Moestam, “Challenges of handling assembly information in global 
manufacturing companies,” Journal of Manufacturing Technology Management, vol. 31, no. 5, pp. 955–976, Nov. 2020, doi: 
10.1108/JMTM-05-2018-0137/FULL/XML.

[24] P. Isanaka and F. Liou, “The Applications of Additive Manufacturing Technologies in Cyber Enabled Manufacturing Systems,” 
in Proceedings of the Annual International Solid Freeform Fabrication Symposium - An Additive Manufacturing Conference, 
2012, pp. 341–353.

[25] S. Kim and B. Jeong, “Mass Customisation Capability Planning with Additive Manufacturing,” in IFIP Advances in Information 
and Communication Technology, vol. 535, 2018, pp. 184–192, doi: 10.1007/978-3-319-99704-9_23.

[26] P. Mell and T. Grance, “The NIST Definition of Cloud Computing,” National Institute of Standards and Technology, US 
Department of Commerce, Gaithersburg, MD, USA, Rep. Special Publication 800-145, Sep. 2011.

[27] X. Xu, “From cloud computing to cloud manufacturing,” Robotics and Computer-Integrated Manufacturing, vol. 28, no. 1, pp. 
75–86, 2012, doi: 10.1016/j.rcim.2011.07.002.

[28] P. Pace, G. Aloi, R. Gravina, G. Caliciuri, G. Fortino, and A. Liotta, “An Edge-Based Architecture to Support Efficient 
Applications for Healthcare Industry 4.0,” IEEE Transactions on Industrial Informatics, vol. 15, no. 1, pp. 481–489, 2019, doi: 
10.1109/TII.2018.2843169.

[29] B. Bajic, N. Suzic, N. Simeunovic, S. Moraca, and A. Rikalovic, “Real-time Data Analytics Edge Computing Application for 
Industry 4.0: The Mahalanobis-Taguchi Approach,” Int J Ind Eng Manag, vol. 11, no. 3, pp. 146–156, Sep. 2020, doi: 10.24867/
IJIEM-2020-3-260.

[30] M. Engelsberger and T. Greiner, “Self-organising service structures for cyber-physical control models with applications in 
dynamic factory automation a fog/edge-based solution pattern towards service-oriented process automation,” in CLOSER 2017 
- Proceedings of the 7th International Conference on Cloud Computing and Services Science, no. Closer, 2017, pp. 238–246, 
doi: 10.5220/0006365502660274.

[31] Q. Tan, Y. Tong, S. Wu, and D. Li, “Modeling, planning, and scheduling of shop-floor assembly process with dynamic 
cyber-physical interactions: a case study for CPS-based smart industrial robot production,” International Journal of Advanced 
Manufacturing Technology, pp. 3979–3989, 2019, doi: 10.1007/s00170-019-03940-7.

[32] L. Wang and X. V. Wang, Cloud-Based Cyber-Physical Systems in Manufacturing. 2018. doi: 10.1007/978-3-319-67693-7.
[33] L. Monostori, “Cyber-physical production systems: Roots, expectations and R&D challenges,” in Procedia CIRP, Jan. 2014, vol. 

17, pp. 9–13. doi: 10.1016/j.procir.2014.03.115.
[34] A. Musil, J. Musil, and S. Biffl, “Towards collective intelligence system architectures for supporting multi-disciplinary engineering 

of cyber-physical production systems,” in 1st International Workshop on Cyber-Physical Production Systems, CPPS, 2016, pp. 
331-368, doi: 10.1109/CPPS.2016.7483918.

[35] L. Monostori et al., “Cyber-physical systems in manufacturing,” CIRP Annals - Manufacturing Technology, vol. 65, no. 2, pp. 
621–641, 2016, doi: 10.1016/j.cirp.2016.06.005.

[36] R. Badarinath and V. Prabhu, “Advances in internet of things (Io T) in manufacturing,” in IFIP Advances in Information and 
Communication Technology, 2017, vol. 513, pp. 111–118. doi: 10.1007/978-3-319-66923-6_13.

[37] T. Qu, S. P. Lei, Z. Z. Wang, D. X. Nie, X. Chen, and G. Q. Huang, “IoT-based real-time production logistics synchronisation 
system under smart cloud manufacturing,” International Journal of Advanced Manufacturing Technology, vol. 84, no. 1–4, pp. 
147–164, 2016, doi: 10.1007/s00170-015-7220-1.

[38] J. Yan, Y. Meng, L. Lu, and L. Li, “Industrial Big Data in an Industry 4.0 Environment: Challenges, Schemes, and Applications 
for Predictive Maintenance,” IEEE Access, vol. 5, pp. 23484–23491, 2017, doi: 10.1109/ACCESS.2017.2765544.

[39] D. Guo et al., “Towards Assembly 4.0: Graduation intelligent manufacturing system for fixed-position assembly Islands,” IFAC-
PapersOnLine, vol. 52, no. 13, pp. 1513–1518, 2019, doi: 10.1016/j.ifacol.2019.11.414.

[40] J. Baalsrud Hauge et al., “Digital Twin Testbed and Practical Applications in Production Logistics with Real-Time Location 
Data,” Int J Ind Eng Manag, vol. 12, no. 2, pp. 129–140, 2021, doi: 10.24867/IJIEM-2021-2-282.

[41] Y. Cohen, H. Naseraldin, A. Chaudhuri, and F. Pilati, “Assembly systems in Industry 4.0 era: a road map to understand 
Assembly 4.0,” International Journal of Advanced Manufacturing Technology, vol. 0, pp. 4037–4054, 2019, doi: 10.1007/
s00170-019-04203-1.

[42] H. K. Wu, S. W. Y. Lee, H. Y. Chang, and J. C. Liang, “Current status, opportunities and challenges of augmented reality in 
education,” Computers and Education, vol. 62, pp. 41–49, 2013, doi: 10.1016/j.compedu.2012.10.024.

[43] L. Damiani, R. Revetria, and E. Morra, “Safety in industry 4.0: The multi-purpose applications of augmented reality in digital 
factories,” Advances in Science, Technology and Engineering Systems, vol. 5, no. 2, pp. 248–253, 2020, doi: 10.25046/aj050232.

[44] J. Egger and T. Masood, “Augmented reality in support of intelligent manufacturing – A systematic literature review,” Computers 
and Industrial Engineering, vol. 140, no. December 2019, p. 106195, 2020, doi: 10.1016/j.cie.2019.106195.

[45] E. Tzimas, G. C. Vosniakos, and E. Matsas, “Machine tool setup instructions in the smart factory using augmented reality: a 
system construction perspective,” International Journal on Interactive Design and Manufacturing, vol. 13, no. 1, pp. 121–136, 
2019, doi: 10.1007/s12008-018-0470-z.



[46] M. Peshkin and J. E. Colgate, “Cobots,” Industrial Robot, vol. 26, no. 5, pp. 335–341, 1999, doi: 10.1108/01439919910283722.
[47] F. Ore, L. Hansson, and M. Wiktorsson, “Method for Design of Human-industrial Robot Collaboration Workstations,” 

Procedia Manufacturing, vol. 11, no. June, pp. 4–12, 2017, doi: 10.1016/j.promfg.2017.07.112.
[48] E. Gambao, M. Hernando, and D. Surdilovic, “A new generation of collaborative robots for material handling,” Gerontechnology, 

vol. 11, no. 2, 2012, doi: 10.4017/gt.2012.11.02.362.776.
[49] O. Salunkhe, O. Stensöta, M. Åkerman, Å. F. Berglund, and P. A. Alveflo, “Assembly 4.0: Wheel hub nut assembly using a 

cobot,” IFAC-PapersOnLine, vol. 52, no. 13, pp. 1632–1637, 2019, doi: 10.1016/j.ifacol.2019.11.434.
[50] Y. Hu, Y. Wang, K. Hu, and W. Li, “Adaptive obstacle avoidance in path planning of collaborative robots for dynamic 

manufacturing,” Journal of Intelligent Manufacturing, 2021, doi: 10.1007/s10845-021-01825-9.
[51] W. Saleem, H. Ijaz, A. Alzahrani, S. Rubaiee, and M. A. Khan, “Assessment of Optimal Production Through Assembly Line-

Balancing and Product-Mix Flexibility,” International Journal of Engineering & Technology, vol. 7, no. 4, pp. 32–36, 2018.
[52] P. E. C. Johansson, F. Delin, S. Jansson, L. Moestam, and Å. Fast-Berglund, “Global Truck Production – The Importance 

of Having a Robust Manufacturing Preparation Process,” Procedia CIRP, vol. 57, pp. 631–636, Jan. 2016, doi: 10.1016/J.
PROCIR.2016.11.109.

[53]  O. Salunkhe and Å. F. Berglund, “Increasing operational flexibility using Industry 4.0 enabling technologies in final assembly” 
in IEEE International Conference on Engineering, Technology and Innovation (ICE/ITMC), 2020, pp. 1-5, doi: 10.1109/ICE/
ITMC49519.2020.9198630.


