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ABSTRACT ARTICLE INFO
Presented paper investigates the application of digital twins for the optimisa- Keywords:
tion of intelligent manufacturing systems and focuses on the comparison be- Smart manufacturing;

tween simulation modelling results and real-world production conditions. A Digital twin;

digital twin was created in the Simio software environment using a data-driven Optimisation;
simulation model derived from a real-world production system. Running the Simulation modelling;
digital twin in real time, which was displayed graphically, facilitated the analy- Simio;

sis of key parameters, including the number of finished products, average flow Case study

time, workstation utilization and product quality. The discrepancies were at-
tributed to the use of random distributions of input data in the dynamic digital
twin, as opposed to the long-term measurements and averages in the real-
world system. Despite the limitations in the case study, the results underline
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the financial justification and predictive capabilities of digital twins for opti- Article history:
mising production systems. Real-time operation enables continuous evaluation Received 19 July 2023
and tracking of parameters and offers high benefits for intelligent production Revised 17 December 2023

systems. The study emphasises the importance of accurate selection of input Accepted 20 December 2023
data and warns that even small deviations can lead to inaccurate results. Fi-
nally, the paper highlights the role of digital twins in optimising production
. . . . . . BY

systems and argues for careful consideration of input data. It highlights the im- Content from this work may be used under the terms of
portance of analysing real-world production systems and creating efficient the Creative Commons Attribution 4.0 International Li-

. . . . . . . cence (CC BY 4.0). Any further distribution of this work
simulation models as a basis for digital twin solutions. The results encourage must maintain attribution to the author(s) and the title of
extending the research to different types of production, from job shop to mass ~ thework journal citation and DOI.

production, in order to obtain a comprehensive optimisation perspective.

References

[1] Jones, D., Snider, C., Nassehi, A., Yon, ], Hicks, B. (2020). Characterising the digital twin: A systematic literature
review, CIRP Journal of Manufacturing Science and Technology, Vol. 29, Part A, 36-52, doi: 10.1016/].CIRP].
2020.02.002.

[2] Zhuang, C, Liu, J., Xiong, H. (2018). Digital twin-based smart production management and control framework for
the complex product assembly shop-floor, The International Journal of Advanced Manufacturing Technology, Vol.
96,1149-1163, doi: 10.1007/s00170-018-1617-6.

[3] LuY, Liu, C, Wang, K.I.-K,, Huang, H., Xu, X. (2020). Digital Twin-driven smart manufacturing: Connotation, refer-
ence model, applications and research issues, Robotics and Computer-Integrated Manufacturing, Vol. 61, Article
No. 101837, doi: 10.1016/j.rcim.2019.101837.

[4] Pattanaik, L.N. (2021). Simulation optimization of manufacturing takt time for a leagile supply chain with a de-
coupling point, International Journal of Industrial Engineering and Management, Vol. 12, No. 2, 102-114, doi:

10.24867/IJIEM-2021-2-280.
[5] Tao, F, Qi, Q, Liu, A, Kusiak, A. (2018). Data-driven smart manufacturing, Journal of Manufacturing Systems, Vol.

48, Part C, 157-169, doi: 10.1016/].JMSY.2018.01.006.

[6] Workneh, A.D., Gmira, M. (2022). Scheduling algorithms: Challenges towards smart manufacturing, International
Journal of Electrical and Computer Engineering Systems, Vol. 13, No. 7, 587-600, doi: 10.32985 /ijeces.13.7.11.

[7] Tao, F, Qi, Q., Wang, L., Nee, A.Y.C. (2019). Digital twins and cyber-physical systems toward smart manufacturing
and industry 4.0: Correlation and comparison, Engineering, Vol. 5, No. 4,653-661,d0i: 10.1016/j.eng.2019.01.014.



https://doi.org/10.1016/J.CIRPJ.2020.02.002
https://doi.org/10.1016/J.CIRPJ.2020.02.002
https://doi.org/10.1007/s00170-018-1617-6
https://doi.org/10.1016/j.rcim.2019.101837
https://doi.org/10.24867/IJIEM-2021-2-280
https://doi.org/10.24867/IJIEM-2021-2-280
https://doi.org/10.1016/J.JMSY.2018.01.006
https://doi.org/10.32985/ijeces.13.7.11
https://doi.org/10.1016/j.eng.2019.01.014

[9]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]
[18]
[19]
[20]

[21]

Tao, F,, Cheng, |, Qi, Q., Zhang, M., Zhang, H., Sui, F. (2018). Digital twin-driven product design, manufacturing and
service with big data, The International Journal of Advanced Manufacturing Technology, Vol. 94, 3563-3576, doi:
10.1007/S00170-017-0233-1.

Qi, Q., Tao, F. (2018). Digital twin and big data towards smart manufacturing and industry 4.0: 360 degree com-
parison, IEEE Access, Vol. 6, 3585-3593, doi: 10.1109/ACCESS.2018.2793265.

Ojstersek, R., Buchmeister, B., Herzog Vujica, N. (2020). Use of data-driven simulation modeling and visual com-
puting methods for workplace evaluation, Applied Sciences, Vol. 10, No. 20, Article No. 7037, doi: 10.3390/
app10207037.

Hauge, ].B., Zafarzadeh, M., Jeong, Y., Li, Y., Khilji, W.A,, Larsen, C., Wiktorsson, M. (2021). Digital twin testbed and
practical applications in production logistics with real-time location data, International Journal of Industrial Engi-
neering and Management, Vol. 12, No. 2, 129-140, doi: 10.24867/I]IEM-2021-2-282.

Fuller, A, Fan, Z.,, Day, C., Barlow, C. (2020). Digital twin: Enabling technologies, challenges and open research,
IEEE Access, Vol. 8,108952-108971, doi: 10.1109/ACCESS.2020.2998358.

Tao, F., Zhang, M. (2017). Digital twin shop-floor: A new shop-floor paradigm towards smart manufacturing, IEEE
Access, Vol. 5,20418-20427, doi: 10.1109/ACCESS.2017.2756069.

Ojstersek, R, Javernik, A., Buchmeister, B. (2022). Importance of sustainable collaborative workplaces - simulation
modelling approach, International Journal of Simulation Modelling, Vol. 21, No. 4, 627-638, doi: 10.2507/
I[JSIMM21-4-623.

Rasheed, A, San, 0., Kvamsdal, T. (2020). Digital twin: Values, challenges and enablers from a modeling perspec-
tive, IEEE Access, Vol. 8, 21980-22012, doi: 10.1109/ACCESS.2020.2970143.

Maddikunta, P.K.R., Pham, Q.-V., Prabadevi, B., Depa, N., Dev, K,, Gadekallu, T.R., Ruby, R,, Liyanage, M. (2022). In-
dustry 5.0: A survey on enabling technologies and potential applications, Journal of Industrial Information Integra-
tion, Vol. 26, Article No. 100257, doi: 10.1016/].]11.2021.100257.

Liu, M,, Fang, S., Dong, H., Xu, C. (2021). Review of digital twin about concepts, technologies, and industrial appli-
cations, Journal of Manufacturing Systems, Vol. 58, Part B, 346-361, doi: 10.1016/].J]MSY.2020.06.017.

Huo, L., Wang, ].Y. (2022). Flexible job shop scheduling based on digital twin and improved bacterial foraging,
International Journal of Simulation Modelling, Vol. 21, No. 3, 525-536, doi: 10.2507/1]SIMM21-3-C014.

Trebuna, P., Pekarcikova, M., Edl, M. (2019). Digital value stream mapping using the tecnomatix plant simulation
software, International Journal of Simulation Modelling, Vol. 18, No. 1, 19-32, doi: 10.2507 /I]SIMM18(1)455.
Mareg, 1., Kusar, J., Berlec, T. (2022). Decision-making techniques of the consumer behaviour optimisation of the
product own price, Applied Sciences, Vol. 12, No. 4, Article No. 2176, doi: 10.3390/app12042176.

Passath, T., Huber, C.,, Kohl, L., Biedermann, H., Ansari, F. (2021). A knowledge-based digital lifecycle-oriented asset
optimisation, Tehnicki Vjesnik - Technical Gazette, Vol. 15, No. 2, 226-234, doi: 10.31803/tg-20210504111400.



https://doi.org/10.1007/S00170-017-0233-1
https://doi.org/10.1007/S00170-017-0233-1
https://doi.org/10.1109/ACCESS.2018.2793265
https://doi.org/10.3390/app10207037
https://doi.org/10.3390/app10207037
https://doi.org/10.24867/IJIEM-2021-2-282
https://doi.org/10.1109/ACCESS.2020.2998358
https://doi.org/10.1109/ACCESS.2017.2756069
https://doi.org/10.2507/IJSIMM21-4-623
https://doi.org/10.2507/IJSIMM21-4-623
https://doi.org/10.1109/ACCESS.2020.2970143
https://doi.org/10.1016/J.JII.2021.100257
https://doi.org/10.1016/J.JMSY.2020.06.017
https://doi.org/10.2507/IJSIMM21-3-CO14
https://doi.org/10.2507/IJSIMM18(1)455
https://doi.org/10.3390/app12042176
https://doi.org/10.31803/tg-20210504111400

