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ABSTRACT

ARTICLE INFO

Improving quality, enhancing productivity, redesigning machining tools, elim-
inating waste in production, and shortening lead time are all objectives aimed
at improving customer satisfaction and increasing profitability for manufac-
turing companies. This study combines lean manufacturing and six sigma
techniques to form a technique called Lean Six Sigma (LSS) by using the
DMAIC (Define-Measure-Analysis-Improve-Control) model. This study pro-
poses to use statistical test models to analyze real data collected directly from
the operator. The study proposes to use the Taguchi optimization technique
to determine the optimal conditions for oil dipping tanks of molybdenum
materials. In addition, the study also proposes a computer vision technique to
recognize objects using color recognition techniques running on the LABVIEW
software platform. This study builds a digital numerical control (DNC) model
operating on digital signal processing techniques, linking the data of each
process together. The results reduced the rate of defective parts in the whole
processing stage from 6.5 % to zero defects, the whole processing line pro-
duction capacity increased by 7.9 %, and the profit of the whole production
line was USD 35762 per year. As a valuable external outcome, the conclusion
of the LSS project fostered a spirit of continuous improvement. The utilization
of research results from the research environment in the actual production
setting is significantly enhanced for the operator. The LSS model is deployed
with specific tasks and targets for each member of the LSS project team, and
the processing conditions for each specific stage are optimized, such as the oil
dipping process and hole grinding process. Industry 4.0 techniques, including
computer vision, digital numerical control, and commercial software such as
LabVIEW and MINITAB, are optimized for use, simplifying machining opera-
tions. Some proposed directions for future research are also presented in
detail. For example, studying the improvement of the quality of the 220 V
power supply through harmonic mitigation in processing factories is an intri-
guing area of investigation. Additionally, exploring data security for big data
in the context of Industry 4.0 would be a valuable study to enhance customer
satisfaction with big data technology in the future.

Keywords:

Lean Six Sigma;

Industry 4.0;

Manufacturing;

Smart manufacturing;

Zero defect manufacturing;
DMAIC (Define-Measure-Analysis-
Improve-Control);

Computer vision

*Corresponding author:
minh.ld@vlu.edu.vn
(Ly Duc, M.)

Article history:

Received 17 November 2022
Revised 4 April 2023
Accepted 6 April 2023

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] Bashar Fakhri, A., Latteef Mohammed, S., Khan, I, Safaa Sadiq, A., Alkazemi, B., Pillai, P., Cho, B.J. (2021). Industry
4.0: Architecture and equipment revolution, Computers,Materials & Continua, Vol. 66, No. 2, 1175-1194, doi:
10.32604/cmc.2020.012587.

[2] Rodriguez Delgadillo, R., Medini, K., Wuest, T. (2022). A DMAIC framework to improve quality and sustainability
in additive manufacturing - A case study, Sustainability, Vol. 14, No. 1, Article No. 581, doi: 10.3390/
sul14010581.



mailto:minh.ld@vlu.edu.vn
https://doi.org/10.32604/cmc.2020.012587
https://doi.org/10.32604/cmc.2020.012587
https://doi.org/10.3390/su14010581
https://doi.org/10.3390/su14010581

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Zhao, Y., Ly, ], Yan, Q. La, L., Xu, L. (2020). Research on cell manufacturing facility layout problem based on im-
proved NSGA-II, Computers, Materials & Continua, Vol. 62, No. 1, 355-364, doi: 10.32604/cmc.2020.06396.

Ly Duc, M,, Bilik, P. (2022). Zero defect manufacturing using digital numerical control, Management and Produc-
tion Engineering Review, Vol. 13, No. 3, 61-74, doi: 10.24425/mper.2022.142383.

Kregel, I, Stemann, D., Koch, ], Coners, A. (2021). Process mining for Six Sigma: Utilising digital traces, Computers
& Industrial Engineering, Vol 153, Article No. 107083, doi: 10.1016/j.cie.2020.107083.

Ringen, G., Holtskog, H. (2013). How enablers for lean product development motivate engineers, International
Journal of Computer Integrated Manufacturing, Vol. 26, No. 12, 1117-1127, doi: 10.1080/0951192x.2011.
593046.

Sony, M,, Naik, S., Therisa, K.K. (2019). Why do organizations discontinue Lean Six Sigma initiatives?, Internatio-
nal Journal of Quality & Reliability Management, Vol. 36, No. 3, 420-436, doi: 10.1108/IJQRM-03-2018-0066.
Elsayed, E.K, Elsayed, A.K, Eldahshan, K.A. (2022). Deep reinforcement learning-based job shop scheduling of
smart manufacturing, Computers, Materials & Continua, Vol. 73, No. 3, 5103-5120, doi: 10.32604/cmc.2022.
030803.

Pang, ].H. Zhao, H,, Qin, F.F., Xue, X.B,, Yuan, K.Y. (2019). A new approach for product quality prediction of
complex equipment by grey system theory: A case study of cutting tools for CNC machine tool, Advances in Pro-
duction Engineering & Management, Vol. 14, No. 4, 461-471, doi: 10.14743 /apem2019.4.341.

Bucko, M,, Schindlerova, V., Krupova, H. (2022). Application of lean manufacturing methods in the production of
ultrasonic sensor, Tehnic¢ki Vjesnik - Technical Gazette, Vol. 29, No. 5, 1671-1677, doi: 10.17559/TV-
20220421141917.

Werkema, C. (2012). Criando a cultura Lean Seis Sigma, Elsevier, Rio de Janeiro, Brazil.

Ali Abdallah, A. (2021). How can lean manufacturing lead the manufacturing sector during health pandemics
such as Covid 19: A multi-response optimization framework, Computers, Materials & Continua, Vol. 66, No. 2,
1397-1410, doi: 10.32604 /cmc.2020.013733.

Medic, N,, Anisic, Z., Lalic, B., Marjanovic, 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
Production Engineering & Management, Vol. 14, No. 4, 483-493, doi: 10.14743/apem2019.4.343.

Straka, M., Khouri, S., Lenort, R, Besta, P. (2020). Improvement of logistics in manufacturing system by the use of
simulation modelling: A real industrial case study, Advances in Production Engineering & Management, Vol. 15,
No. 1, 18-30, doi: 10.14743 /apem2020.1.346.

Sar, T., Giiles, H.K,, Yigitol, B. (2020). Awareness and readiness of Industry 4.0: The case of Turkish manufactu-
ring industry, Advances in Production Engineering & Management, Vol. 15, No. 1, 57-68, doi: 10.14743/
apem2020.1.349.

Ly Duc, M,, Vo, T.H.N,, Do, N.H. (2019). Continuous improvement of productivity and quality with Lean Six-Sigma:
A case study, Applied Mechanics and Materials, Vol. 889, 557-566, doi: 10.4028/www.scientific.net/
AMM.889.557.

Al-Refaie, A., Lepkova, N., Abbasi, G., Bani Domi, G. (2020). Optimization of process performance by multiple
pentagon fuzzy responses: Case studies of wire-electrical discharge machining and sputtering process, Advances
in Production Engineering & Management, Vol. 15, No. 3,307-317, doi: 10.14743/apem2020.3.367.

Zywicki, K., Rewers, P. (2020). A simulation-based approach to study the influence of different production flows
on manufacturing of customized products, Advances in Production Engineering & Management, Vol. 15, No. 4,

467-480, doi: 10.14743 /apem2020.4.379.
Ly Duc, M,, Bilik, P., Duy Truong, T. (2022).Design of industrial system using digital numerical control, Quality

Innovation Prosperity, Vol. 26 No. 3, 135-150, doi: 10.12776/qip.v26i3.1747.

Stanivuk, T., Gvozdenovié, T., Zani¢ Mikuli¢i¢, ]., Lukovac, V. (2020). Application of Six Sigma model on efficient
use of vehicle fleet, Symmetry, Vol. 12, No. 5, Article No. 857, doi: 10.3390/sym12050857.

Hakimi, S., Zahraee, S.M., Mohd Rohani, ]. (2018). Application of Six-Sigma DMAIC methodology in the plain
yogurt production process, International Journal of Lean Six Sigma, Vol. 9, No. 4, 562-578, doi: 10.1108/ijlss-11-
2016-0069.

De Mast, J., Lokkerbol, J. (2012). An analysis of the Six Sigma DMAIC method from the perspective of problem
solving, International Journal of Production Economics, Vol. 139, No. 2, 604-614, doi: 10.1016/j.ijpe.2012.05.035.
Yusof, N., Sapuan, S., Sultan, M., Jawaid, M. (2020). Materials selection of “green” natural fibers in polymer com-
posite automotive crash box using DMAIC approach in Six Sigma method, Journal of Engineered Fibers and Fa-
brics, Vol. 15, doi: 10.1177/1558925020920773.

Hrnjica, B., Behrem, S. (2022). A new multi-objective optimization approach for process parameters optimizati-
on during numerical simulation of quenching steel parts, Advances in Production Engineering & Management,
Vol. 17, No. 1, 16-32, doi: 10.14743 /apem2022.1.418.

Adrita, M.M,, Brem, A, O’Sullivan, D., Allen, E., Bruton, K. (2021). Methodology for data-informed process impro-
vement to enable automated manufacturing in current manual processes, Applied Sciences, Vol. 11, No. 9, Article
No. 3889, doi: 10.3390/app11093889.

Ly Duc, M,, Sang, N.Q,, Bilik, P., Martinek, R. (2023). Optimize design of source energy for manufacturing machine
by digital numerical control, International Journal of Automotive and Mechanical Engineering, Vol. 20, No. 1,
10307-10321, doi: 10.15282 /ijame.20.1.2023.12.0797.

Jirasukprasert, P., Arturo Garza-Reyes, J., Kumar, V., Lim, M.K. (2014). A Six Sigma and DMAIC application for the
reduction of defects in a rubber gloves manufacturing process, International Journal of Lean Six Sigma, Vol. 5, No.

1,2-21, doi: 10.1108/ijlss-03-2013-0020.



https://doi.org/10.32604/cmc.2020.06396
https://doi.org/10.24425/mper.2022.142383
https://doi.org/10.1016/j.cie.2020.107083
https://doi.org/10.1080/0951192x.2011.593046
https://doi.org/10.1080/0951192x.2011.593046
https://doi.org/10.1108/IJQRM-03-2018-0066
https://doi.org/10.32604/cmc.2022.030803
https://doi.org/10.32604/cmc.2022.030803
https://doi.org/10.14743/apem2019.4.341
https://doi.org/10.17559/TV-20220421141917
https://doi.org/10.17559/TV-20220421141917
https://doi.org/10.32604/cmc.2020.013733
https://doi.org/10.14743/apem2019.4.343
https://doi.org/10.14743/apem2020.1.346
https://doi.org/10.14743/apem2020.1.349
https://doi.org/10.14743/apem2020.1.349
https://doi.org/10.4028/www.scientific.net/AMM.889.557
https://doi.org/10.4028/www.scientific.net/AMM.889.557
https://doi.org/10.14743/apem2020.3.367
https://doi.org/10.14743/apem2020.4.379
https://doi.org/10.12776/qip.v26i3.1747
https://doi.org/10.3390/sym12050857
https://doi.org/10.1108/ijlss-11-2016-0069
https://doi.org/10.1108/ijlss-11-2016-0069
https://doi.org/10.1016/j.ijpe.2012.05.035
https://doi.org/10.1177/1558925020920773
https://doi.org/10.14743/apem2022.1.418
https://doi.org/10.3390/app11093889
https://doi.org/10.15282/ijame.20.1.2023.12.0797
https://doi.org/10.1108/ijlss-03-2013-0020

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]
[41]
[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

Sin, A.B,, Zailani, S., Iranmanesh, M., Ramayah, T. (2015). Structural equation modelling on knowledge creation in
Six Sigma DMAIC project and its impact on organizational performance, International Journal of Production Eco-
nomics, Vol. 168,105-117, doi: 10.1016/j.ijpe.2015.06.007.

Rosin, F., Forget, P., Lamouri, S., Pellerin, R. (2021). Impact of Industry 4.0 on decision-making in an operational
context, Advances in Production Engineering & Management, Vol. 16, No. 4, 500-514, doi: 10.14743 /apem2021.
4.416.

Salunkhe, 0., Berglund, A.F. (2022). Industry 4.0 enabling technologies for increasing operational flexibility in
final assembly, International journal of Industrial Engineering and Management, Vol. 13, No. 1, 38-48, doi:
10.24867/1JIEM-2022-1-299.

Firat, S.U.0., Akan, M.O.A., Ersoy, E., GOk, S., Unal, U. (2017). A Six Sigma DMAIC process for supplier performance
evaluation using AHP and Kano’s model, International Journal of Business Analytics, Vol. 4, No. 2, 37-61, doi:
10.4018/ijban.2017040103.

Peruchi, R.S., Rotela Junior, P., Brito, T.G., Paiva, A.P., Balestrassi, P.P., Mendes Araujo, L.M. (2020). Integrating
multivariate statistical analysis into Six Sigma DMAIC projects: A case study on AISI 52100 hardened steel tur-
ning, [EEE Access, Vol. 8, 34246-34255, doi: 10.1109/access.2020.2973172.

Pande, P.S, Neuman, R.P., Cavanagh, R.R (2001). Estratégia seis sigma: Como a GE, a Motorola e outras grandes
empresas estdo agugcando seu desempenho, Qualitymark, Rio de Janeiro, Brazil, 472-481.

Rathi, R, Singh, M,, Verma, A.K,, Gurjar, R.S., Singh, A., Samantha, B. (2022). Identification of Lean Six Sigma bar-
riers in automobile part manufacturing industry, Materials Today: Proceedings, Vol. 50, Part 5, 728-735, doi:
10.1016/j.matpr.2021.05.221.

Tomov, M., Gecevska, V., Vasileska, E. (2022). Modelling of multiple surface roughness parameters during hard
turning: A comparative study between the kinematical-geometrical copying approach and the design of experi-
ments method (DOE), Advances in Production Engineering & Management, Vol. 17, No. 1, 75-88, doi: 10.14743/
apem2022.1.422.

Pugna, A, Negrea, R, Miclea, S. (2016). Using six sigma methodology to improve the assembly process in an
automotive company, Procedia - Social and Behavioral Sciences, Vol. 221, 308-316, doi: 10.1016/j.sbspro.2016.
05.120.

Shokri, A. (2019). Reducing the scrap rate in manufacturing SMEs through lean six sigma methodology: An ac-
tion research, IEEE Engineering Management Review, Vol. 47, No. 3, 104-117, doi: 10.1109/EMR.2019.2931184.
Guleria, P., Pathania, A., Shukla, R.K, Sharma, S. (2021). Lean six sigma: Panacea to reduce rejection in the gear
manufacturing industry, Materials Today: Proceedings, Vol. 46, No. 9, 4040-4046, doi: 10.1016/j.matpr.2021.
02.559.

Ly Duc, M., Thu, M.N. (2022). Application of lean six sigma for improve productivity at the mechanical plant. A
case study, Manufacturing Technology, Vol. 22, No. 2, 124-138, doi: 10.21062/mft.2022.028.

de Boer, T. (2010). Chapter 6 - Global user research methods, In: Schumacher, R.M. (ed.), Handbook of global user
research, Elsevier, Burlington, USA, 145-201, doi: 10.1016/B978-0-12-374852-2.00006-9.

Hart, E. (1996). Action research as a professionalizing strategy: Issues and dilemmas, Journal of Advanced Nur-
sing, Vol. 23, No. 3, 454-461, doi: 10.1111/j.1365-2648.1996.tb00006.x.

Titmarsh, R., Assad, F., Harrison, R. (2020). Contributions of lean six sigma to sustainable manufacturing requi-
rements: An Industry 4.0 perspective, Procedia CIRP, Vol. 90, 589-593, doi: 10.1016/j.procir.2020.02.044.

Li, S.-H., Wy, C.-C,, Yen, D.C,, Lee, M.-C. (2011). Improving the efficiency of IT help-desk service by Six Sigma ma-
nagement methodology (DMAIC) - A case study of C company, Production Planning & Control, Vol. 22, No. 7, 612-
627,doi: 10.1080/09537287.2010.503321.

Sun, Y, Qiao, F.,, Wang, W., Xu, B, Zhu, ]., Mansour, R.F,, Qi, ]. (2022). Dynamic intelligent supply-demand adapta-
tion model towards intelligent cloud manufacturing, Computers, Materials & Continua, Vol. 72, No. 2, 2825-2843,
doi: 10.32604/cmc.2022.026574.

Vukicevic, A., Mladineo, M., Banduka, N., Macuzic, I. (2021). A smart Warehouse 4.0 approach for the pallet ma-
nagement using machine vision and Internet of Things (IoT): A real industrial case study, Advances in Production
Engineering & Management, Vol. 16, No. 3, 297-306, doi: 10.14743 /apem2021.3.401.

Leksic, 1., Stefanic, N., Veza, 1. (2020). The impact of using different lean manufacturing tools on waste reduction,
Advances in Production Engineering & Management, Vol. 15, No. 1, 81-92, doi: 10.14743 /apem2020.1.351.
Vukelic, D., Prica, M., Ivanov, V., Jovicic, G., Budak, I, Luzanin, O. (2022). Optimization of surface roughness based
on turning parameters and insert geometry, International Journal of Simulation Modelling, Vol. 21, No. 3, 417-
428, doi: 10.2507/1]JSIMM21-3-607.

Tanasic, Z., Janjic, G., Sokovic, M., Kusar, J. (2022). Implementation of the lean concept and simulations in SMEs -
A case study, International Journal of Simulation Modelling, Vol. 21, No. 1, 77-88, doi: 10.2507/1]SIMM21-1-589.
Bajic, B, Suzic, N., Simeunovic, N., Moraca, S., Rikalovic, A. (2020). Real-time data analytics edge computing ap-
plication for Industry 4.0: The Mahalanobis-Taguchi approach, Vol. 11, No. 3, 146-156, doi: 10.24867/I]IEM-
2020-3-260.

Firat, S.U.0., Akan, M.O.A., Ersoy, E., GOk, S., Unal, U. (2017). A Six Sigma DMAIC process for supplier performance
evaluation using AHP and Kano’s model, International Journal of Business Analytics, Vol. 4, No. 2, 37-61, doi:

10.4018/ijban.2017040103.



https://doi.org/10.1016/j.ijpe.2015.06.007
https://doi.org/10.14743/apem2021.4.416
https://doi.org/10.14743/apem2021.4.416
https://doi.org/10.24867/IJIEM-2022-1-299
https://doi.org/10.24867/IJIEM-2022-1-299
https://doi.org/10.4018/ijban.2017040103
https://doi.org/10.4018/ijban.2017040103
https://doi.org/10.1109/access.2020.2973172
https://doi.org/10.1016/j.matpr.2021.05.221
https://doi.org/10.1016/j.matpr.2021.05.221
https://doi.org/10.14743/apem2022.1.422
https://doi.org/10.14743/apem2022.1.422
https://doi.org/10.1016/j.sbspro.2016.05.120
https://doi.org/10.1016/j.sbspro.2016.05.120
https://doi.org/10.1109/EMR.2019.2931184
https://doi.org/10.1016/j.matpr.2021.02.559
https://doi.org/10.1016/j.matpr.2021.02.559
https://doi.org/10.21062/mft.2022.028
https://doi.org/10.1016/B978-0-12-374852-2.00006-9
https://doi.org/10.1111/j.1365-2648.1996.tb00006.x
https://doi.org/10.1016/j.procir.2020.02.044
https://doi.org/10.1080/09537287.2010.503321
https://doi.org/10.32604/cmc.2022.026574
https://doi.org/10.14743/apem2021.3.401
https://doi.org/10.14743/apem2020.1.351
https://doi.org/10.2507/IJSIMM21-3-607
https://doi.org/10.2507/IJSIMM21-1-589
https://doi.org/10.24867/IJIEM-2020-3-260
https://doi.org/10.24867/IJIEM-2020-3-260
https://doi.org/10.4018/ijban.2017040103
https://doi.org/10.4018/ijban.2017040103

