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ABSTRACT

ARTICLE INFO

The implementation of Industry 4.0 technologies suggests significant impacts
on production systems productivity and decision-making process improve-
ments. However, many manufacturers have difficulty determining to what ex-
tent these various technologies can reinforce the autonomy of teams and oper-
ational systems. This article addresses this issue by proposing a model describ-
ing different types of autonomy and the contribution of 4.0 technologies in the
various steps of the decision-making processes. The model was confronted
with a set of application cases from the literature. It emerges that new technol-
ogies' improvements are significant from a decision-making point of view and
may eventually favor implementing new modes of autonomy. Decision-makers
can rely on the proposed model to better understand the opportunities linked
to the fusion of cybernetic, physical, and social spaces made possible by Indus-
try 4.0.

Keywords:

Industry 4.0;

Decision-making;

Decision types;

Autonomous production system;
Cyber-physical production systems
(CPPS);

Human;

Human cyber-physical system
(HCPS);

Lean;

Problem solving

*Corresponding author:
frederic.rosin@ensam.eu
(Rosin, F.)

Article history:

Received 26 February 2021
Revised 7 December 2021
Accepted 8 December 2021

Content from this work may be used under the terms of
the Creative Commons Attribution 4.0 International
Licence (CC BY 4.0). Any further distribution of this work
must maintain attribution to the author(s) and the title of
the work, journal citation and DOI.

References

[1] Porter, M.E,, Heppelmann, ].E. (2015). How smart, connected products are transforming companies, Harvard Busi-
ness Review, Vol. 93, No. 10, 96-114.

[2] Moeuf, A, Pellerin, R., Lamouri, S., Tamayo-Giraldo, S., Barbaray, R. (2017). The industrial management of SMEs in
the era of Industry 4.0, International Journal of Production Research, Vol 56, No.3,1118-1136, doi: 10.1080/00207
543.2017.1372647.

[3] Pacchini, A.P.T., Lucato, W.C., Facchini, F., Mummolo, G. (2019). The degree of readiness for the implementation of
Industry 4.0, Computers in Industry, Vol. 113, Article No 103125, doi: 10.1016/j.compind.2019.103125.

[4] Buer, S.-V,, Strandhagen, ].0., Chan, F.T.S. (2018). The link between Industry 4.0 and lean manufacturing: Mapping
current research and establishing a research agenda, International Journal of Production Research, Vol. 56, No. 8,
2924-2940, doi: 10.1080/00207543.2018.1442945.



https://doi.org/10.1080/00207543.2017.1372647
https://doi.org/10.1080/00207543.2017.1372647
https://doi.org/10.1016/j.compind.2019.103125
https://doi.org/10.1080/00207543.2018.1442945

[]

[10]

[22]
[23]
[24]
[25]
[26]
[27]
[28]

[29]

[30]
[31]
[32]

[33]

Rosin, F,, Forget, P., Lamouri, S., Pellerin, R. (2019). Impacts of Industry 4.0 technologies on lean principles, Inter-
national Journal of Production Research, Vol. 58, No. 6, 1644-1661, doi: 10.1080/00207543.2019.1672902.

Liker, ].K. (2004). The Toyota way: 14 management principles from the world’s greatest manufacturer, McGraw-Hill
Education, New York, USA.

Sary, T., Giiles, H.K,, Yigitol, B. (2020). Awareness and readiness of Industry 4.0: The case of Turkish manufacturing
industry,Advancesin Production Engineering & Management, Vol.15,No.1,57-68, doi: 10.14743 /apem2020.1.349.
Medié¢, N., Anisi¢, Z., Lali¢, B, Marjanovi¢, U., Brezocnik, M. (2019). Hybrid fuzzy multi-attribute decision-making
model for evaluation of advanced digital technologies in manufacturing: Industry 4.0 perspective, Advances in Pro-
duction Engineering & Management, Vol. 14, No. 4, 483-493, doi: 10.14743 /apem2019.4.343.

Boston Consulting Group (2015). Industry 4.0: The future of productivity and growth in manufacturing industries,
from https://image-src.bcg.com/Images/Industry 40 Future of Productivity April 2015 tcm9-61694.pdf accessed
December 7, 2021.

CEFRIO (2016). Prendre part a la révolution manufacturiere? Du rattrapage technologique a I'Industrie 4.0 chez
les PME, from https://espace2.etsmtl.ca/id/eprint/14578/1/Prendre-part-%C3%A0-la-r%C3%A9volution-manu-
facturi%C3%A8re-Du-rattrapage-technologique-%C3%A0-1%E2 %80%99Industrie-4.0-chez-les-PME.pdf, accessed
December 7, 2021.

Mayr, A., Weigelt, M., Kiihl, A., Grimm, S., Erll, A,, Potzel, M., Franke. ]. (2018). Lean 4.0 - A conceptual conjunction
of lean management and Industry 4.0, Procedia CIRP, Vol. 72, 622-628, doi: 10.1016/j.procir.2018.03.292.
Sanders, A., Elangeswaran, C., Wulfsberg, ]. (2016). Industry 4.0 implies lean manufacturing: Research activities in
Industry 4.0 function as enablers for lean manufacturing, Journal of Industrial Engineering and Management, Vol.
9, No. 3,811-833, doi: 10.3926/jiem.1940.

Wagner, T., Herrmann, C., Thiede, S. (2017). Industry 4.0 impacts on lean production systems, Procedia CIRP, Vol.
63,125-131, doi: 10.1016/j.procir.2017.02.041.

Ly, Y., Morris, K.C,, Frechette, S. (2016). Current standards landscape for smart manufacturing systems, National
Institute of Standards and Technology, NISTIR, Vol. 8107, 39, doi: 10.6028/NIST.IR.8107.

Jardim-Goncalves, R., Romero, D., Grilo, A. (2017). Factories of the future: Challenges and leading innovations in
intelligent manufacturing, International Journal of Computer Integrated Manufacturing, Vol. 30, No. 1, 4-14.

Zhou, |, Li, P, Zhou, Y., Wang, B., Zang, ]., Meng, L. (2018). Toward new-generation intelligent manufacturing, En-
gineering, Vol. 4, No. 1, 11-20, doi: 10.1016/j.eng.2018.01.002.

Osterrieder, P., Budde, L., Friedli, T. (2019). The smart factory as a key construct of Industry 4.0: A systematic
literature review, International Journal of Production Economics, Vol. 221, Article No. 107476, doi: 10.1016/j.ijpe.
2019.08.011.

Klein, G.A,, Orasanu, J., Calderwood, R., Zsambok, C.E. (1993). Decision making in action: Models and methods, Ablex
Publishing Corporation, Norwood, USA.

Mintzberg, H., Raisinghani, D., Théorét, A. (1976). The structure of “unstructured” decision processes, Administra-
tive Science Quarterly, Vol 21, No. 2, 246-275, doi: 10.2307/2392045.

Cannon-Bowers, ].A,, Salas, E. (1998). Making decisions under stress: Implications for individual and team training,
American Psychological Association, Washington, USA, doi: 10.1037/10278-000.

Hammond, K.R,, Hamm, R.M,, Grassia, ]., Pearson, T. (1987). Direct comparison of the efficacy of intuitive and ana-
lytical cognition in expert judgment, IEEE Transactions on Systems, Man, and Cybernetics, Vol. 17, No. 5, 753-770,
doi: 10.1109/TSMC.1987.6499282.

Kahneman, D., Klein, G. (2009). Conditions for intuitive expertise: A failure to disagree, American Psychologist, Vol.
64, No. 6,515-526, doi: 10.1037/a0016755.

Gigerenzer, G., Gaissmaier, W. (2011). Heuristic decision making, Annual Review of Psychology, Vol. 62, 451-482,
doi: 10.1146/annurev-psych-120709-145346.

Simon, H.A. (1960). The new science of management decision, Harper & Brothers, New York, USA, doi: 10.1037/
13978-000.

Klein, G. (2008). Naturalistic decision making, Human Factors: The Journal of the Human Factors and Ergonomics
Society, Vol. 50, No. 3, 456-460, doi: 10.1518/001872008X288385.

Power, D.J., Cyphert, D., Roth, R.M. (2019). Analytics, bias, and evidence: The quest for rational decision-making,
Journal of Decision Systems, Vol. 28, No. 2, 120-137, doi: 10.1080/12460125.2019.1623534.

Okolj, ]., Watt, ]. (2018). Crisis decision-making: The overlap between intuitive and analytical strategies, Manage-
ment Decision, Vol. 56, No. 5,1122-1134, doi: 10.1108/MD-04-2017-0333.

Schraagen, ].M. (2018). Naturalistic decision-making, In: Ball, L.J., Thompson, V.A. (eds.), The Routledge interna-
tional handbook of thinking and reasoning, Routledge/Taylor & Francis Group, New York, USA, 487-501.

Orasanu, J., Connolly, T. (1993). The reinvention of decision-making, In: Klein, G.A., Orasanu, J., Calderwood, R,,
Zsambok, C.E. (eds.), Decision making in action: Models and methods, Ablex Publishing Corporation, Norwood, USA,
3-20.

Rasmussen, ], Goodstein, L.P. (1987). Decision support in supervisory control of high-risk industrial systems, Au-
tomatica, Vol. 23, No. 5, 663-671, doi: 10.1016/0005-1098(87)90064-1.

Naikar, N. (2010). A comparison of the decision ladder template and the recognition-primed decision model, De-
fence science and technology organization, Australian Government, Department of Defence, Victoria, Australia.
Rao, A.S., Georgeff, M.P. (1995). BDI agents: From theory to practice, In: Proceedings of the First International Con-
ference on Multiagent Systems, ICMAS 1995, California, USA, 312-319.

Kinny, D., Georgeff, M., Rao, A. (1996). A methodology and modelling technique for systems of BDI agents, In: Van
de Velde, W., Perram, ].W. (eds.), Agents breaking away. MAAMAW 1996, Lecture notes in computer science (Lecture
notes in artificial intelligence), Vol. 1038, Springer, Berlin, Heidelberg, 56-71, doi: 10.1007/BFb0031846.



https://doi.org/10.1080/00207543.2019.1672902
https://doi.org/10.14743/apem2020.1.349
https://doi.org/10.14743/apem2019.4.343
https://image-src.bcg.com/Images/Industry_40_Future_of_Productivity_April_2015_tcm9-61694.pdf
https://espace2.etsmtl.ca/id/eprint/14578/1/Prendre-part-%C3%A0-la-r%C3%A9volution-manufacturi%C3%A8re-Du-rattrapage-technologique-%C3%A0-l%E2%80%99Industrie-4.0-chez-les-PME.pdf
https://espace2.etsmtl.ca/id/eprint/14578/1/Prendre-part-%C3%A0-la-r%C3%A9volution-manufacturi%C3%A8re-Du-rattrapage-technologique-%C3%A0-l%E2%80%99Industrie-4.0-chez-les-PME.pdf
https://doi.org/10.1016/j.procir.2018.03.292
https://doi.org/10.3926/jiem.1940
https://doi.org/10.1016/j.procir.2017.02.041
https://doi.org/10.6028/NIST.IR.8107
https://doi.org/10.1016/j.eng.2018.01.002
https://doi.org/10.1016/j.ijpe.2019.08.011
https://doi.org/10.1016/j.ijpe.2019.08.011
https://doi.org/10.2307/2392045
https://doi.org/10.1037/10278-000
https://doi.org/10.1109/TSMC.1987.6499282
https://doi.org/10.1037/a0016755
https://doi.org/10.1146/annurev-psych-120709-145346
https://doi.org/10.1037/13978-000
https://doi.org/10.1037/13978-000
https://doi.org/10.1518/001872008X288385
https://doi.org/10.1080/12460125.2019.1623534
https://doi.org/10.1108/MD-04-2017-0333
https://doi.org/10.1016/0005-1098(87)90064-1
https://doi.org/10.1007/BFb0031846

[39]

[40]

[41]

[42]

[44]

[45]

[46]

[47]

[49]

[53]

Object Management Group. Decision Model and Notation, from https://www.omg.org/spec/DMN, accessed Decem-
ber 7, 2021.

Chakraborty, P.S., Sarkar, B., Majumdar, G. (2013). Group decision making for a manufacturing organization con-
sidering intensity of preference, Advances in Production Engineering & Management, Vol. 8, No. 3, 149-156, doi:
10.14743 /apem2013.3.162.

Hasi¢, F., Corea, C,, Blatt, J., Delfmann, P., Serral, E. (2020). Decision model change patterns for dynamic system
evolution, Knowledge and Information Systems, Vol. 62, No. 9, 3665-3696, doi: 10.1007/s10115-020-01469-w.
Soic, R, Vukovic, M., Skocir, P., Jezic, G. (2020). Context-aware service orchestration in smart environments, In:
Jezic, G., Chen-Burger, Y.H., Kusek, M., Sperka, R., Howlett, R,, Jain, L. (eds.), Agents and multi-agent systems: Tech-
nologies and applications 2019. Smart innovation, systems and technologies, Vol 148. Springer, Singapore, doi:
10.1007/978-981-13-8679-4 3.

Aliev, K, Antonelli, D.,, Awouda, A., Chiabert, P. (2019). Key performance indicators integrating collaborative and
mobile robots in the factory networks, In: Camarinha-Matos, L., Afsarmanesh, H., Antonelli, D. (eds.), Collaborative
networks and digital transformation. PRO-VE 2019. IFIP advances in information and communication technology,
Vol. 568, Springer, Cham, Switzerland, 635-642, doi: 10.1007/978-3-030-28464-0_56.

Antén, S.D.D., Schotten, H.D. (2019). Putting together the pieces: A concept for holistic industrial intrusion detec-
tion, Computer Science, Cryptography and Security, Cornell University, https://arxiv.org/abs/1905.11701v1.
Bakakeu, ]., Brossog, M., Zeitler, ]., Franke, ], Tolksdorf, S., Klos, H., Peschke, ]. (2019). Automated reasoning and
knowledge inference on OPC UA information models, In: Proceedings of 2019 IEEE International Conference on
Industrial Cyber Physical Systems (ICPS), Taipei, Taiwan, 53-60, doi: 10.1109/ICPHYS.2019.8780114.

Burow, K., Franke, M., Thoben, K.D. (2019). 5G-ready in the industrial [oT-environment, In :Ameri, F., Stecke, K,
von Cieminski, G., Kiritsis, D. (eds.), Advances in production management systems. Production management for the
factory of the future. APMS 2019. IFIP advances in information and communication technology, Vol. 566, Springer,
Cham, Switzerland, 408-413, doi: 10.1007/978-3-030-30000-5 51.

Chiacchio, F., D’urso, D., Compagno, L., Chiarenza, M., Velardita, L. (2019). Towards a blockchain based traceability
process: A case study from pharma industry, In: Ameri, F., Stecke, K., von Cieminski, G., Kiritsis, D. (eds.), Advances
in production management systems. Production management for the factory of the future. APMS 2019. IFIP advances
in information and communication technology, Vol. 566, Springer, Cham, Switzerland, 451-457, doi: 10.1007/978-
3-030-30000-5 56.

Conzon, D., Rashid, M.R.A,, Tao, X,, Soriano, A., Nicholson, R., Ferrera, E. (2019). BRAIN-IoT: Model-based frame-
work for dependable sensing and actuation in intelligent decentralized 10T systems, In: Proceedings of 2019 4t
International Conference on Computing, Communications and Security (ICCCS), Rome, Italy, 1-8, doi: 10.1109/CCCS.
2019.8888136.

Giehl, A, Schneider, P., Busch, M., Schnoes, F., Kleinwort, R., Zaeh, M.F. (2019). Edge-computing enhanced privacy
protection for industrial ecosystems in the context of SMEs, In: Proceedings of 2019 12th CMI Conference on Cyber-
security and Privacy (CMI), Copenhagen, Denmark, 1-6, doi: 10.1109/CMI148017.2019.8962138.

Loske, M., Rothe, L., Gertler, D.G. (2019). Context-aware authentication: State-of-the-art evaluation and adaption
to the 10T, In: Proceedings of 2019 5th World Forum on Internet of Things (WF-10T), Limerick, Ireland, 64-69, doi:
10.1109/WF-10T.2019.8767327.

Miehle, D., Meyer, M.M., Luckow, A., Bruegge, B., Essig, M. (2019). Toward a decentralized marketplace for self-
maintaining machines, In: Proceedings of 2019 IEEE International Conference on Blockchain (Blockchain), Atlanta,
USA, 431-438, doi: 10.1109/Blockchain.2019.00066.

Pusch, A, Noél, F. (2019). Augmented reality for operator training on industrial workplaces - Comparing the Mi-
crosoft hololens vs. small and big screen tactile devices, In: Fortin, C., Rivest, L., Bernard, A., Bouras, A. (eds.), Prod-
uct lifecycle management in the digital twin era. PLM 2019. IFIP advances in information and communication tech-
nology, Vol. 565. Springer, Cham, Switzerland, 3-13, doi: 10.1007/978-3-030-42250-9 1.

Rabelo, R.J., Zambiasi, S.P., Romero, D. (2019). Collaborative softbots: Enhancing operational excellence in systems
of cyber-physical systems, In: Camarinha-Matos, L., Afsarmanesh, H., Antonelli, D. (eds.), Collaborative networks
and digital transformation. PRO-VE 2019. IFIP advances in information and communication technology, Vol. 568,
Springer, Cham, Switzerland, 55-68, doi: 10.1007/978-3-030-28464-0 6.

Sala, R, Pirola, F., Dovere, E., Cavalieri, S. (2019). A dual perspective workflow to improve data collection for
maintenance delivery: An industrial case study, In: Ameri, F., Stecke, K., von Cieminski, G., Kiritsis, D. (eds.), Ad-
vances in production management systems. Production management for the factory of the future. APMS 2019. IFIP
advances in information and communication technology, Vol. 566, Springer, Cham, Switzerland, 485-492, doi:
10.1007/978-3-030-30000-5 60.

Subramanian, D., Murali, P., Zhou, N., Ma, X, Da Silva, G.C., Pavuluri, R., Kalagnanam, J. (2019). A prediction-opti-
mization framework for site-wide process optimization, In: Proceedings of 2019 IEEE International Congress on
Internet of Things (ICIOT), Milan, Italy, 125-132, doi: 10.1109/ICI0T.2019.00031.

Cagnin, R.L.,, Guilherme, I.R,, Queiroz, |, Paulo, B., Neto, M.F.0. (2018). A multi-agent system approach for manage-
ment of industrial IoT devices in manufacturing processes, In: Proceedings of 2018 IEEE 16t International Confer-
ence on Industrial Informatics (INDIN), Porto, Portugal, 31-36, doi: 10.1109/INDIN.2018.8471926.

Freitag, M., Wiesner, S. (2018). Smart service lifecycle management: A framework and use case, In: Moon, I, Lee,
G., Park, ], Kiritsis, D., von Cieminski, G. (eds.), Advances in production management systems. Smart manufacturing
for Industry 4.0. APMS 2018. IFIP advances in information and communication technology, Vol. 536, Springer, Cham,
Switzerland, 97-104, doi: 10.1007/978-3-319-99707-0 13.

Luetkehoff, B., Blum, M., Schroeter, M. (2018). Development of a collaborative platform for closed loop production
control, In: Camarinha-Matos, L., Afsarmanesh, H., Rezgui, Y. (eds.), Collaborative networks of cognitive systems.



https://www.omg.org/spec/DMN
https://doi.org/10.14743/apem2013.3.162
https://doi.org/10.14743/apem2013.3.162
https://doi.org/10.1007/s10115-020-01469-w
https://doi.org/10.1007/978-981-13-8679-4_3
https://doi.org/10.1007/978-981-13-8679-4_3
https://doi.org/10.1007/978-3-030-28464-0_56
https://arxiv.org/abs/1905.11701v1
https://doi.org/10.1109/ICPHYS.2019.8780114
https://doi.org/10.1007/978-3-030-30000-5_51
https://doi.org/10.1007/978-3-030-30000-5_56
https://doi.org/10.1007/978-3-030-30000-5_56
https://doi.org/10.1109/CCCS.2019.8888136
https://doi.org/10.1109/CCCS.2019.8888136
https://doi.org/10.1109/CMI48017.2019.8962138
https://doi.org/10.1109/WF-IoT.2019.8767327
https://doi.org/10.1109/WF-IoT.2019.8767327
https://doi.org/10.1109/Blockchain.2019.00066
https://doi.org/10.1007/978-3-030-42250-9_1
https://doi.org/10.1007/978-3-030-28464-0_6
https://doi.org/10.1007/978-3-030-30000-5_60
https://doi.org/10.1007/978-3-030-30000-5_60
https://doi.org/10.1109/ICIOT.2019.00031
https://doi.org/10.1109/INDIN.2018.8471926
https://doi.org/10.1007/978-3-319-99707-0_13

[59]

[61]

[62]

[65]

[66]

[67]

[69]

PRO-VE 2018. IFIP advances in information and communication technology, Vol. 534, Springer, Cham, Switzerland,
278-285, doi: 10.1007/978-3-319-99127-6 24.

Mittal, S., Romero, D., Wuest, T. (2018). Towards a smart manufacturing toolkit for SMEs, In: Chiabert, P., Bouras,
A, Noél, F,, Rios, ]. (eds,), Product lifecycle management to support Industry 4.0. PLM 2018. IFIP advances in infor-
mation and communication technology, Vol. 540, Springer, Cham, Switzerland, 476-487, doi: 10.1007/978-3-030-
01614-2 44,

Molka-Danielsen, J., Engelseth, P, Wang, H. (2018). Large scale integration of wireless sensor network technolo-
gies for air quality monitoring at a logistics shipping base, Journal of Industrial Information Integration, Vol. 10,
20-28, doi: 10.1016/}.jii.2018.02.001.

Pasetti Monizza, G., Rojas, R.A,, Rauch, E., Garcia, M.A.R., Matt, D.T. (2018). A case study in learning factories for
real-time reconfiguration of assembly systems through computational design and cyber-physical systems, In: Chi-
abert, P., Bouras, A, Noél, F.,, Rios, ]. (eds.), Product lifecycle management to support Industry 4.0. PLM 2018. IFIP
advances in information and communication technology, Vol. 540, Springer, Cham, Switzerland, 227-237, doi:
10.1007/978-3-030-01614-2 21.

Nesi, P., Pantaleo, G., Paolucci, M., Zaza, 1. (2018). Auditing and assessment of data traffic flows in an IoT architec-
ture, In: Proceedings of 2018 IEEE 4h International Conference on Collaboration and Internet Computing (CIC), Phil-
adelphia, USA, 388-391, doi: 10.1109/CIC.2018.00058.

Roda, I., Macchi, M., Fumagalli, L. (2018). The future of maintenance within Industry 4.0: An empirical research in
manufacturing, In: Moon, I,, Lee, G., Park, ], Kiritsis, D., von Cieminski, G. (eds.), Advances in production manage-
ment systems. Smart manufacturing for Industry 4.0. APMS 2018. IFIP advances in information and communication
technology, Vol. 536, Springer, Cham, Switzerland, 39-46, doi: 10.1007/978-3-319-99707-0 6.

Cortés Serrano, D., Chavarria-Barrientos, D., Ortega, A., Falcon, B., Mitre, L., Correa, R., Moreno, |, Funes, R., Molina
Gutiérrez, A. (2018). A framework to support Industry 4.0: Chemical company case study, In: Camarinha-Matos,
L., Afsarmanesh, H., Rezgui, Y. (eds.), Collaborative networks of cognitive systems. PRO-VE 2018. IFIP advances in
information and communication technology, Vol. 534, Springer, Cham, Switzerland, 387-395, doi: 10.1007/978-3-
319-99127-6 33.

Badarinath, R., Prabhu, V.V. (2017). Advances in internet of things (IoT) in manufacturing, In: Lédding, H., Riedel,
R, Thoben, K.D., von Cieminski, G., Kiritsis, D. (eds.), Advances in production management systems. The path to
intelligent, collaborative and sustainable manufacturing. APMS 2017. IFIP advances in information and communica-
tion technology, Vol. 513, Springer, Cham, Switzerland, 111-118, doi: 10.1007/978-3-319-66923-6 13.
Dragicevi¢, N., Ullrich, A, Tsui, Y.H.E., Gronau, N. (2017). Modelling knowledge dynamics in Industry 4.0: A smart
grid scenario, In: Proceedings of the 18t European Conference on Knowledge Management, ECKM 2017, Vol. 1, Aca-
demic Conferences Limited, Barcelona, Spain, 267-274.

Durdo, L.F.C.S,, Haag, S., Anderl, R,, Schiitzer, K., Zancul, E. (2017). Development of a smart assembly data model,
In: Rios, ]., Bernard, A., Bouras, A., Foufou, S. (eds.), Product lifecycle management and the industry of the future.
PLM 2017. IFIP advances in information and communication technology, Vol. 517, Springer, Cham, Switzerland,
655-666, doi: 10.1007/978-3-319-72905-3 58.

Innerbichler, J., Gonul, S., Damjanovic-Behrendt, V., Mandler, B., Strohmeier, F. (2017). NIMBLE collaborative plat-
form: Microservice architectural approach to federated [oT, In: Proceedings of 2017 Global Internet of Things Sum-
mit (GIoTS), Geneva, Switzerland, 1-6, doi: 10.1109/GI0TS.2017.8016216.

Lall, M,, Torvatn, H, Seim, E.A. (2017). Towards Industry 4.0: Increased need for situational awareness on the shop
floor, In: L6dding, H., Riedel, R., Thoben, K.D., von Cieminski, G., Kiritsis, D. (eds.), Advances in production manage-
ment systems. The path to intelligent, collaborative and sustainable manufacturing. APMS 2017. IFIP advances in
information and communication technology, Vol. 513, Springer, Cham, Switzerland, 322-329, doi: 10.1007/978-3-
319-66923-6 38.

Saldivar, A.AF.,, Goh, C, Li, Y, Yu, H,, Chen, Y. (2016). Attribute identification and predictive customisation using
fuzzy clustering and genetic search for Industry 4.0 environments, In: Proceedings of 2016 10t International Con-
ference on Software, Knowledge, Information Management & Applications (SKIMA), Chengdu, China, 79-86, doi:
10.1109/SKIMA.2016.7916201.

Sandor, H., Genge, B., Haller, P., Graur, F. (2017). Software defined response and network reconfiguration for in-
dustrial control systems, In: Rice, M., Shenoi, S. (eds.), Critical infrastructure protection XI. ICCIP 2017. IFIP ad-
vances in information and communication technology, Vol. 512, Springer, Cham, Switzerland, 157-173, doi:
10.1007/978-3-319-70395-4 9.

Tedeschi, S., Emmanouilidis, C., Farnsworth, M., Mehnen, ]., Roy, R. (2017). New threats for old manufacturing
problems: Secure IoT-enabled monitoring of legacy production machinery, In: Lodding, H., Riedel, R., Thoben, K.D.,
von Cieminski, G., Kiritsis, D. (eds.), Advances in production management systems. The path to intelligent, collabo-
rative and sustainable manufacturing. APMS 2017. IFIP advances in information and communication technology,
Vol. 513, Springer, Cham, Switzerland, 391-398, doi: 10.1007/978-3-319-66923-6 46.

Adeyeri, M.K.,, Mpofu, K., Adenuga Olukorede, T. (2015), Integration of agent technology into manufacturing en-
terprise: A review and platform for industry 4.0, In: Proceedings of 2015 International Conference on Industrial
Engineering and Operations Management (IEOM), Dubai, United Arab Emirates, 1-10, doi: 10.1109/IEOM.2015.
7093910.

Klein, G.A. (2009). Streetlights and shadows: Searching for the keys to adaptive decision making, MIT Press, Cam-

bridge, Massachusetts, USA, doi: 10.7551/mitpress/8369.001.0001.



https://doi.org/10.1007/978-3-319-99127-6_24
https://doi.org/10.1007/978-3-030-01614-2_44
https://doi.org/10.1007/978-3-030-01614-2_44
https://doi.org/10.1016/j.jii.2018.02.001
https://doi.org/10.1007/978-3-030-01614-2_21
https://doi.org/10.1007/978-3-030-01614-2_21
https://doi.org/10.1109/CIC.2018.00058
https://doi.org/10.1007/978-3-319-99707-0_6
https://doi.org/10.1007/978-3-319-99127-6_33
https://doi.org/10.1007/978-3-319-99127-6_33
https://doi.org/10.1007/978-3-319-66923-6_13
https://doi.org/10.1007/978-3-319-72905-3_58
https://doi.org/10.1109/GIOTS.2017.8016216
https://doi.org/10.1007/978-3-319-66923-6_38
https://doi.org/10.1007/978-3-319-66923-6_38
https://doi.org/10.1109/SKIMA.2016.7916201
https://doi.org/10.1109/SKIMA.2016.7916201
https://doi.org/10.1007/978-3-319-70395-4_9
https://doi.org/10.1007/978-3-319-70395-4_9
https://doi.org/10.1007/978-3-319-66923-6_46
https://doi.org/10.1109/IEOM.2015.7093910
https://doi.org/10.1109/IEOM.2015.7093910
https://doi.org/10.7551/mitpress/8369.001.0001

Advances in Production Engineering & Management
Letnik 16 | Stevilka 4 | December 2021 | Strani 500-514
https://doi.org/10.14743 /apem2021.4.416

APEM
journal

ISSN 1854-6250
Spletna stran: apem-journal.org

Izvirni znanstveni ¢lanek

Vpliv industrije 4.0 na odlocanje v izvedbenem kontekstu

Rosin, F.>", Forget, P.°, Lamouri, S.¢, Pellerin, R.
aLAMIH UMR CNRS 8201, Arts et Métiers, Aix-en-Provence, France

bDepartment of Industrial Engineering, Université du Québec a Trois-Riviéres, Trois-Riviéres, Canada

CLAMIH UMR CNRS 8201, Arts et Métiers, Paris, France

dDepartment of Mathematics and Industrial Engineering, Polytechnique Montréal, Montréal, Canada

POVZETEK

PODATKI O CLANKU

Vpeljava tehnologij industrije 4.0 izkazuje pomembne vplive na produktivnost
proizvodnih sistemov in na izboljSave v procesih odlo¢anja. Vendar imajo
Stevilni proizvajalci tezave pri razumevanju, v kolik$ni meri lahko te razli¢ne
tehnologije okrepijo avtonomijo ekip in izvedbenih sistemov. Ta ¢lanek
obravnava to vprasanje in predlaga model, ki opisuje razlicne vrste avtonomi-
je in prispevek tehnologij 4.0 v razli¢nih korakih procesov odloc¢anja. Model je
bil preverjen na Stevilnih uporabnih primerih iz literature. Izkazalo se je, da so
izboljsave z vpeljavo novih tehnologij pomembne z vidika odlo¢anja in lahko
s¢asoma spodbujajo izvajanje novih nacinov avtonomije. Odlocevalci bodo
lahko s pomocjo predlaganega modela bolje razumeli priloZnosti, povezane z
zdruzitvijo kiberneti¢nih, fizi¢nih in socialnih prostorov, ki jih omogoca indu-
strija 4.0.
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Kibernetsko-fizi¢ni proizvodni
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Clovek;

Cloveski kibernetsko-fizi¢ni sistem
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