
International Journal of Industrial 
Engineering and Management

[1]  Z. Li, Y. Wang, and K. S. Wang, “Intelligent predictive maintenance for fault diagnosis and prognosis in machine centers: Industry  
  4.0 scenario,” Adv. Manuf., vol. 5, no. 4, pp. 377–387, 2017.
[2]  Y. Lu, “Industry 4.0: A survey on technologies, applications and open research issues,” J. Ind. Inf. Integr., vol. 6, pp. 1–10, 2017.
[3]  M. Ghobakhloo, “The future of manufacturing industry: a strategic roadmap,” J. Manuf. Technol. Manag., vol. 29, no. 6,  
  pp. 910–936, 2018.
[4]  S. Digiesi, F. Facchini, G. Mossa, and G. Mummolo, “Minimizing and balancing ergonomic risk of workers of an assembly line by  
  job rotation: A MINLP Model,” Int. J. Ind. Eng. Manag., vol. 9, no. 3, pp. 129–138, 2018.
[5]  M. Crnjac, I. Veža, and N. Banduka, “From concept to the introduction of industry 4.0,” Int. J. Ind. Eng. Manag., vol. 8, no. 1,  
  pp. 21–30, 2017.
[6]  R. Holubek and P. Kostal, “The intelligent manufacturing systems,” Adv. Sci. Lett., vol. 19, no. 3, pp. 972–975, 2013.
[7]  B. Li, B. Hou, W. Yu, X. Lu, and C. Yang, “Applications of artificial intelligence in intelligent manufacturing: a review,” Front.  
  Inf. Technol. Electron. Eng., vol. 18, no. 1, pp. 86–96, 2017.
[8]  B. Nikolic, J. Ignjatic, N. Suzic, B. Stevanov, and A. Rikalovic, “Predictive Manufacturing Systems in Industry 4.0: Trends,  
  Benefits and Challenges,” in 28TH DAAAM International Symposium on Intelligent Manufacturing and Automation, 2017,  
  pp. 769–802.
[9]  U. Sivarajah, M. M. Kamal, Z. Irani, and V. Weerakkody, “Critical analysis of Big Data challenges and analytical methods,” J. Bus.  
  Res., vol. 70, pp. 263–286, 2017.
[10]  M. P. Pacaux-Lemoine, D. Trentesaux, G. Zambrano Rey, and P. Millot, “Designing intelligent manufacturing systems through  
  Human-Machine Cooperation principles: A human-centered approach,” Comput. Ind. Eng., vol. 111, pp. 581–595, 2017.
[11]  R. Y. Zhong, X. Xu, E. Klotz, and S. T. Newman, “Intelligent Manufacturing in the Context of Industry 4.0: A Review,”  
  Engineering, vol. 3, no. 5, pp. 616–630, 2017.
[12]  S. S. Kamble, A. Gunasekaran, and S. A. Gawankar, “Sustainable Industry 4.0 framework: A systematic literature review  
  identifying the current trends and future perspectives,” Process Saf. Environ. Prot., vol. 117, pp. 408–425, 2018.
[13]  B. Wang, “The Future of Manufacturing : A New Perspective,” Engineering, vol. 4, no. 5, pp. 722–728, 2018.
[14]  N. K. Ming, N. Philip, and S. Sahlan, “Proactive and predictive maintenance strategies and application for instrumentation &  
  control in oil & gas industry,” Int. J. Integr. Eng., vol. 11, no. 4, pp. 119–130, 2019.
[15]  M. Kumari and M. S. Kulkarni, “Single-measure and multi-measure approach of predictive manufacturing control: A comparative  
  study,” Comput. Ind. Eng., vol. 127, pp. 182–195, 2019.
[16]  S. J. Qin, “Process Data Analytics in the Era of Big Data,” AIChE, vol. 60, no. 9, pp. 3092–3100, 2014.
[17]  J. Qiu, Q. Wu, G. Ding, Y. Xu, and S. Feng, “A survey of machine learning for big data processing,” EURASIP J. Adv. Signal  
  Process., vol. 2016, no. 1, 2016.
[18]  J. C. Kabugo, S. L. Jämsä-Jounela, R. Schiemann, and C. Binder, “Industry 4.0 based process data analytics platform: A waste-to- 
  energy plant case study,” Int. J. Electr. Power Energy Syst., vol. 115, pp. 1–18, 2020.
[19]  J. M. D. Delgado, L. Oyedele, M. Bilal, A. Ajayi, L. Akanbi, and O. Akinade, “Big Data Analytics System for Costing Power  
  Transmission Projects,” J. Constr. Eng. Manag., vol. 146, no. 1, pp. 1–10, 2020.
[20]  H. N. Dai, H. Wang, G. Xu, J. Wan, and M. Imran, “Big data analytics for manufacturing internet of things: opportunities,  
  challenges and enabling technologies,” Enterp. Inf. Syst., vol. In press, pp. 1–25, 2019.
[21]  J. Ruiz-sarmiento, J. Monroy, F. Moreno, and C. Galindo, “A predictive model for the maintenance of industrial machinery in the  

References

Real-time Data Analytics Edge Computing  
Application for Industry 4.0:  
The Mahalanobis-Taguchi Approach
B. Bajic a, N. Suzic b, N. Simeunovic a, S. Moraca a, A. Rikalovic a*
a Faculty of Technical Sciences, University of Novi Sad, Novi Sad, Serbia; 
b University of Padova, Department of Management and Engineering, Vicenza, Italy



  context of industry 4.0,” Eng. Appl. Artif. Intell., vol. 87, pp. 1–15, 2020.
[22]  C. Wu, R. Buyya, and K. Ramamohanarao, “Big Data Analytics = Machine Learning + Cloud Computing,” Big Data Princ.  
  Paradig., pp. 3–38, 2016.
[23]  G. P. Bhandari and R. Gupta, “An Overview of Edge/Cloud Computing Architecture with its Issues and Challenges,” in  
  Advancing Consumer-Centric Fog Computing Architectures, 2018, pp. 1–37.
[24]  B. Bajic, I. Cosic, B. Katalinic, S. Moraca, M. Lazarevic, and A. Rikalovic, “Edge Computing Vs. Cloud Computing: Challenges  
  And Opportunities In Industry 4.0,” in 30th Daaam International Symposium on Intelligent Manufacturing and Automation,  
  2019, pp. 864–871.
[25]  E. A. Cudney, D. Drain, K. Paryani, and N. Sharma, “A Comparison of the Mahalanobis-Taguchi System to A Standard Statistical  
  Method for Defect Detection,” J. Ind. Syst. Eng., vol. 2, no. 4, pp. 250–258, 2009.
[26]  G. A. Susto, A. Schirru, S. Pampuri, S. McLoone, and A. Beghi, “Machine learning for predictive maintenance: A multiple  
  classifier approach,” IEEE Trans. Ind. Informatics, vol. 11, no. 3, pp. 812–820, 2015.
[27]  Y. Chen, H. Chen, A. Gorkhali, Y. Lu, Y. Ma, and L. Li, “Big data analytics and big data science: a survey,” J. Manag. Anal.,  
  vol. 3, no. 1, pp. 1–42, 2016.
[28]  S. Tiwari, H. M. Wee, and Y. Daryanto, “Big data analytics in supply chain management between 2010 and 2016: Insights to  
  industries,” Comput. Ind. Eng., vol. 115, pp. 319–330, 2018.
[29]  Z. Milosevic, W. Chen, A. Berry, and F. A. Rabhi, “Real-Time Analytics,” in Big Data: Principles and Paradigms, 2016,  
  pp. 39–61.
[30]  Y. Cui, S. Kara, and K. C. Chan, “Manufacturing big data ecosystem: A systematic literature review,” Robot. Comput.  
  Integr. Manuf., vol. 62, no. In press, pp. 1–20, 2020.
[31]  S. Wang, J. Wan, D. Li, and C. Liu, “Knowledge reasoning with semantic data for real-time data processing in smart factory,”  
  Sensors (Switzerland), vol. 18, no. 2, pp. 1–10, 2018.
[32]  Y. Zhang, W. Wang, N. Wu, and C. Qian, “IoT-Enabled Real-Time Production Performance Analysis and Exception Diagnosis  
  Model,” IEEE Trans. Autom. Sci. Eng., vol. 13, no. 3, pp. 1318–1332, 2016.
[33]  Y. G. Oh, M. Busogi, K. Ransikarbum, D. Shin, D. Kwon, and N. Kim, “Real-time quality monitoring and control system using  
  an integrated cost effective support vector machine,” J. Mech. Sci. Technol., vol. 33, no. 12, pp. 6009–6020, 2019.
[34]  C. Qian, Y. Zhang, C. Jiang, S. Pan, and Y. Rong, “A real-time data-driven collaborative mechanism in fixed-position assembly  
  systems for smart manufacturing,” Robot. Comput. Integr. Manuf., vol. 61, no. In press, pp. 1–13, 2020.
[35]  K. Arai and T. Ueda, “Data Analysis for Stabilizing Product Quality and the Mahalanobis Taguchi ( MT ) Method,” 2016.
[36]  G. Taguchi and R. Jugulum, The Mahalanobis-Taguchi strategy: A Pattern technology System. John Wiley & Sons, 2002.
[37]  G. Taguchi, S. Chowdhury, and Y. Wu, Taguchi’s Quality Engineering Handbook. 2007.
[38]  E. Ghasemi, A. Aaghaie, and E. A. Cudney, “Mahalanobis Taguchi system: A review,” Int. J. Qual. Reliab. Manag., vol. 32, no. 3,  
  pp. 291–307, 2015.
[39]  W. H. Woodall, R. Koudelik, K. L. Tsui, S. B. Kim, Z. G. Stoumbos, and C. P. Carvounis, “A review and analysis of the  
  Mahalanobis—Taguchi system,” Technometrics, vol. 45, no. 1, pp. 1–15, 2003.
[40]  C. T. Su and Y. H. Hsiao, “An evaluation of the robustness of MTS for imbalanced data,” IEEE Trans. Knowl. Data Eng.,  
  vol. 19, no. 10, pp. 1321–1332, 2007.
[41]  C. L. Huang, T. S. Hsu, and C. M. Liu, “The Mahalanobis-Taguchi system - Neural network algorithm for data-mining in dynamic  
  environments,” Expert Syst. Appl., vol. 36, no. 3, part 1, pp. 5475–5480, 2009.
[42]  A. A. Jobi-Taiwo and E. A. Cudney, “Mahalanobis-Taguchi system for multiclass classification of steel plates fault,” Int. J. Qual.  
  Eng. Technol., vol. 5, no. 1, pp. 25–39, 2015.
[43]  M. Rizal, J. A. Ghani, M. Z. Nuawi, and C. H. C. Haron, “Cutting tool wear classification and detection using multi-sensor signals  
  and Mahalanobis-Taguchi System,” Wear, vol. 376–377, pp. 1759–1765, 2017.
[44]  N. Wang, Z. Wang, L. Jia, Y. Qin, X. Chen, and Y. Zuo, “Adaptive multiclass Mahalanobis Taguchi system for bearing  
  fault diagnosis under variable conditions,” Sensors (Switzerland), vol. 19, no. 1, pp. 1–16, 2019.
[45]  E. O. Reséndiz-Flores, J. A. Navarro-Acosta, and A. Hernández-Martínez, “Optimal feature selection in industrial foam injection  
  processes using hybrid binary Particle Swarm Optimization and Gravitational Search Algorithm in the Mahalanobis–Taguchi  
  System,” Soft Comput., vol. 24, pp. 341–349, 2020.
[46]  Y. Zuo, F. Tao, and A. Y. C. Nee, “An Internet of things and cloud-based approach for energy consumption evaluation and  
  analysis for a product,” Int. J. Comput. Integr. Manuf., vol. 31, no. 4–5, pp. 337–348, 2018.
[47]  D. Wu, S. Liu, L. Zhang, J. Terpenny, R. X. Gao, T. Kurfess, and J. A. Guzzo, “A fog computing-based framework for process  
  monitoring and prognosis in cyber-manufacturing,” J. Manuf. Syst., vol. 43, pp. 25–34, 2017.
[48]  J. Um, V. Gezer, A. Wagner, and M. Ruskowski, “Edge Computing in Smart Production,” in Advances in Service and Industrial  
  Robotics, Springer International Publishing, 2020, pp. 144–152.
[49]  K. Bilal, O. Khalid, A. Erbad, and S. U. Khan, “Potentials, trends, and prospects in edge technologies: Fog, cloudlet, mobile edge,  
  and micro data centers,” Comput. Networks, vol. 130, pp. 94–120, 2018.
[50]  S. Garg, A. Singh, K. Kaur, G. S. Aujla, S. Batra, N. Kumar, and M. S. Obaidat, “Edge Computing-Based Security Framework for  
  Big Data Analytics in VANETs,” IEEE Netw., vol. 33, no. 2, pp. 72–81, 2019.
[51]  W. Z. Khan, E. Ahmed, S. Hakak, I. Yaqoob, and A. Ahmed, “Edge computing: A survey,” Futur. Gener. Comput. Syst., vol. 97,  
  pp. 219–235, 2019.
[52]  G. Qian, S. Lu, D. Pan, H. Tang, Y. Liu, and Q. Wang, “Edge Computing: A Promising Framework for Real-Time Fault  
  Diagnosis and Dynamic Control of Rotating Machines Using Multi-Sensor Data,” IEEE Sens. J., vol. 19, no. 11, pp. 
  4211–4220, 2019.
[53]  T. Francis, “A comparison of cloud execution mechanisms fog, edge, and clone cloud computing,” Int. J. Electr. Comput. Eng.,  
  vol. 8, no. 6, pp. 4646–4653, 2018.
[54]  A. R. M. Forkan, F. Montori, D. Georgakopoulos, P. P. Jayaraman, A. Yavari, and A. Morshed, “An industrial IoT solution for  
  evaluating workers’ performance via activity recognition,” in 39th International Conference on Distributed Computing Systems  
  (ICDCS), 2019, pp. 1393–1403.
[55]  J. Vater, L. Harscheidt, and A. Knoll, “A reference architecture based on edge and cloud computing for smart manufacturing,” in  



  Proceedings - International Conference on Computer Communications and Networks, ICCCN, 2019, pp. 1–7.
[56]  E. O. Reséndiz-Flores, J. A. Navarro-Acosta, C. G. Mota-Gutiérrez, and Y. I. Reyes-Carlos, “Fault detection and optimal feature  
  selection in automobile motor-head machining process,” Int. J. Adv. Manuf. Technol., vol. 94, pp. 2613–2622, 2018.
[57]  D. Abbott, Applied Predictive Analytics: Principles and Techniques for the Professional Data Analyst, 1st ed. Wiley, 2014.
[58]  O. Doğan, “A Roadmap for Data Driven Decision Making to Improve Quality A Roadmap for Data Driven Decision Making to  
  Improve Quality,” no. May, pp. 0–8, 2017.
[59]  H. Wiemer, L. Drowatzky, and S. Ihlenfeldt, “Data Mining Methodology for Engineering Applications (DMME)—A Holistic  
  Extension to the CRISP-DM Model,” Appl. Sci., vol. 79, pp. 403–408, 2019.
[60]  C. F. Peng, L. H. Ho, S. B. Tsai, Y. C. Hsiao, Y. Zhai, Q. Chen, L. C. Chang, and Shang, Z., “Applying the Mahalanobis-Taguchi  
  System to improve tablet PC production processes,” Sustain., vol. 9, no. 9, pp. 1–17, 2017.


