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Abstract. In order to achieve the sustainable development, the predictive mech-

anism with big data-driven Lean Manufacturing and Six Sigma methodology is 

proposed in this paper. The sustainable development for serious competition is 

often studied, however, the predictive mechanism with big data-driven Lean 

Manufacturing and Six Sigma methodology is seldom mentioned in publications. 

This paper reports the predictive mechanism from the perspective of big data-

driven Lean Manufacturing. The key techniques including PLC communication, 

DMAIC roadmap, SPC technique and Hypothesis Testing are utilized to elimi-

nate the waste and obtain continuous improvement. The demonstration of calcu-

lator production indicates the predictive mechanism can effectively eliminate the 

waste and improve the output by 60% with the sufficient capability of Cp>1.33 

and Cpk>1. 
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1 Introduction 

It is very important for the industrial company to achieve the sustainable development 

for the increased competition. The increased competition is based on the sustainable 

development. The sustainable development roots in the forecast and the current capa-

bility. The variation in current capability can cause the unacceptable output in technol-

ogy, management, operation and production. If the variation can be predicted and elim-

inated at the first occurrence, the remedy cost can be saved. So it is necessary to set up 

the Predictive Mechanism (PM) to prevent the potential out of control accident from 

happening. The Big Data and the Internet of Things (IoT) are often studied in Industry 

4.0. However, the PM with big data-driven Lean Manufacturing is seldom emphasized 

in publications.  

In the 21st century the industrial revolution starts with the automation and the IoT to 

bring the new production scheme and the smart products. The big data is the outcome 

of IoT [1]. Digitalization-based manufacture is often referred to as Industry 4.0 [2]. The 

data from IoT in manufacturing site is big volume, real-time, variety in operation, pure 
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and practical digitals, which is called as Big Data. In this research the Big Data is the 

base of PM with Lean Manufacturing (LM) and Six Sigma methodology.  

The LM corresponds to a system that addresses a range of practical management 

applications [3]. Increased competition means that lean paradigms are increasingly em-

ployed to reduce waste and improve productivity: to reduce non-value-added activities 

and create value for the customer [4]. Lean origins are linked to the Toyota production 

system, which was a manufacturer’s principle, attributed to engineers from Japan [5]. 

Now LM becomes popular in industry for its reducing waste. The waste are caused by 

variance in process. One method to analyze process issues and variance is Six Sigma 

and was developed in the 1980s by Motorola and is analogous to previous improvement 

techniques, such as, total quality management [4]. From a business point of view, it is 

used to improve the effectiveness and efficiency of all operations to meet or exceed the 

customers’ needs and expectations [6]. The waste often cause the quality out of control. 

The Big Data can be analyzed by Six Sigma methodology to find and reduce the vari-

ation of process for the quality control and continuous improvement. PM can ensure 

LM and LM can help to achieve  high productivity and sustainable development. In this 

research, the Echelon company’s LonWorks technology is utilized to get the real-time 

Big Data and the data is analyzed by Six Sigma methodology to find the source of 

variations, which drive and achieve LM in PM.  

The paper is structured as follows. This first section presented the initial considera-

tions and the aim of this research. Section 2 presents the systematic literature review 

and PM workflow. Section 3 introduces the case study. Section 4 performs a general 

discussion and then conclude in Section 5.  

2 Literature Review and PM Design 

2.1 Literature Review 

Lean Manufacturing  

LM is a business concept and philosophy in management to minimize the amount of 

time and resources used to get the customer satisfaction. The lean principles provide 

perfect quality to satisfy the customer’s demand and at the same time minimize the 
non-value-adding activities [7]. The minimum non-value-activities means the maxi-

mum customer satisfaction. The LM tools includes JIT, Kanban, Poka-Yoke, VSM, 

Kaizen and TPM [8]. The LM with eliminating waste is to achieve customer satisfac-

tion, on time delivery, cost reduction and quality assurance. Both Total Productive 

maintenance (TPM) and Six Sigma are key business process strategies to enhance man-

ufacturing performance [9]. As Six Sigma adopts a data driven philosophy, the oppor-

tunities provided by big data environments would be a natural fit [10].  

Six Sigma Methodology 

Six Sigma is a data-driven approach using specific tools and methodologies that lead 

to fact-based decision-making. This is a continuous improvement to reduce process 

variability and eliminate waste [11]. The data-driven nature of Six Sigma applied in a 

big data environment can provide competitive advantages by implementation of the 



3 

problem solving strategy – define, measure, analyze, improve and control (DMAIC) 

[6]. DMAIC is a systematic and scientific method, based on facts that contribute to the 

improvement of processes [12].  

Since variability is often a major source of poor quality, statistical techniques, in-

cluding Statistical Process Control (SPC) and designed experiments are the major tools 

of quality control and improvement [13]. When the quality characteristics of the process 

distributes with the specification limit at three standard deviation  either side of the 

mean, the variability in this process are at least six standard deviation from the mean 

[13]. The Process Capability Indices of SPC indicates the statistical characteristics of 

process. The Process Capability Indices include the process potential index Cp and the 

process performance index Cpk. The equation of double-sided distribution is in (1) [14]. 
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Where USL and LSL are the upper and the lower specification limits,  and  are the 

average value and the standard deviation. The process potential ability is sufficient 

when Cp>1.33 and the process performance ability is sufficient when Cpk>1 [14]. The 

Cp will increase as the mean of the process measurement center to the target with high 

potential. The Cpk is the distance of the process mean and the specification limit.  

A Hypothesis Testing was applied to understand the process performance for the real 

data [15]. Hypothesis Testing can check either modified input could improve the pro-

cess outcome or not [15].The null hypothesis and the alternative hypothesis are set up 

by checking the P-Value of 0.05. 

2.2 PM Design 

The research of PM is to eliminate the non-value-activities and keep the process control 

in supply chain management. The PM is set up based on the big data-driven LM and 

Six Sigma Methodology (see Fig. 1). 

 
Fig. 1. Predictive Mechanism 

The idea of Industry 4.0 pivots around extensive automation, intelligization and digiti-

zation of the processes in a data-driven environment [16]. Industry 4.0 is driven by data 

and the rapid development of Industry 4.0 technologies has led to the explosive growth 
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of data in almost every industry and business area [17]. The Power Line Carrier Com-

munication (PLC) is suitable for the data acquisition and machine to machine talking 

in manufacturing site. Narrowband PLC (NB-PLC) technology is a data communica-

tion via LV electric power grids which operates in the frequency bandwidth of 0–500 

kHz and provides data rates of tens of kb/s [18]. If compared to the broadband PLC 

(BPL, 1.7–250 MHz), which commonly requires a number of repeaters with a shorter 

distance among devices, NB-PLC has been considered the technology with best 

tradeoff among communication distance range, low data rate requirement, and imple-

mentation cost [18]. The LonWorks technology of Echelon company is utilized to set 

up the acquisition of Big Data. Routing is realized by tunneling LonTalk protocol tele-

grams in IP standard frames [19]. The software in control layer is programmed by C 

language in LonWorks (see Fig. 2). 

 
Fig. 2. Software Design for IoT 

The Function Block in Fig. 2 is programmed according to the hardware connection in 

LonWorks field bus with input ports and output ports. The hardware of interface board 

is designed (see Fig. 3). 

 
Fig. 3. Structure of Interface Board 

The interface board get the data and the power supply by 220V power line in blue color. 

The signal is modulated and demodulated in the interface board.  

3 Case Study  
The PM is implemented in the calculator manufacturing. DMAIC roadmap is utilized 

to implement PM. The manufacturing process includes PCB Printing, PCBA Testing, 

LCD Assembly, Housing Assembly, Function Testing, Cosmetic Checking, Quality 

Checking, and then pack to ship out (see Fig. 4).  
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Fig. 4. Manufacturing Process of Calculator 

All of the parts in “Pass” status stay on production line to send to next station with 

green arrows. All of the defects are sent to the Defect Analysis Center (DAC) to be 

repaired with brown arrows. The data of facility running and material quantity are su-

pervised with the output of production line every day. PM is used in this case study to 

predict and eliminate the variation with DMAIC roadmap. The target output is 400 

pieces of finished goods every day. However, the maximum quantity of the finished 

goods is 250 pieces. 

Define 

The material is input and the finished goods is the output of production line. The output 

quantity has 37.5% less than the target output every day. The data of material quantity 

and the finished goods within ten days are plotted (see Fig. 5). 

 

Fig. 5. Ten days’ data of material qty. and finished goods qty. 

The analysis indicates that the material quantity in black color is much higher than the 

quantity of the finished goods in red color, which indicates the defects and failure rate 

are high. 

Measure 

The quantity of the material and Working-In-Progress (WIP) are accumulated on each 

station in production line. The working station on production line are listed by number 

as PCB Printing as 1, PCBA Testing as 2, LCD Assembly as 3, Housing Assembly as 

4, Function Testing as 5, Cosmetic Checking as 6, Quality Checking as 7  (see Fig. 6).  
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Fig. 6. Material and WIP quantity measurement on production line 

The quantity changes on the stations of No.2 and No. 5. The No.2 indicates PCBA 

Testing and the No.5 indicates Function Testing station. The reduced quantity means 

that the defect is sent to Defect Analysis Center.  

Analyze 

The defect from the PCBA Testing station is analyzed that LCD connector on PCBA is 

skewed. The defect from the Function Testing station is analyzed and the LCD flex 

cable dropped out of skewed connector so as to cause No Display issue. The flex cable 

dropped out is caused by the skewed connector. Thus the SMT printing need be checked 

from the solder, the connector material, the SMT printing machine to the stencil. It is 

found out that the connector layout and the connector position on stencil are different 

(see Fig. 7). 

 
Fig. 7. Connector layout in green color and connector hole on stencil in black color 

The connector hole on the stencil in black color is unfit for the connector layout. The 

solder on the PCB is less than expectation, which causes the connector skewed and flex 

cable dropped out. The stencil need get the same size as connector layout. At the same 

time the repairing of No Display issue causes the housing material scrap in DAC. 

Improve 

The root causes of the defects are found and the corrective action plan can be considered 

to set up. Firstly the new stencil same as connector layout need be made. Secondly the 

LCD Assembly is advised to combine with the PCBA Testing in order to reduce the 

housing scrap. The new process is analyzed (see Fig. 8).  

 
Fig. 8. Probability Plot for Finished Goods in Improved Process 

The null hypothesis and the alternative hypothesis in Hypothesis Testing are set up with 

checking P-Value of 0.05. The P-Value of the finished goods per day is 0.092 in the 

probability plot, which is larger than the hypothesis checking value 0.05 and the null 

hypothesis cannot be rejected. Thus the data of finished goods is in normality distribu-

tion. The output with new stencil and improved process can reach the maximum 520 

pieces and average 407 pieces per day, which meets the target and the non-value-activ-

ities are effectively eliminated. The process capability is analyzed (see Fig. 9).  



7 

 
Fig. 9. Capability Analysis of New Process 

The Process Capability means the ability of process to produce the output that are cen-

tered on the target and a very high percentage of the measurement fall within the spec-

ification. The Process Capability is sufficient with Cp>1.33 and Cpk>1 in Capability 

Analysis of new process, which meet the criteria and the corrective action plan is ef-

fective. The quantity of input material and output are analyzed to check the quality 

control with minimum failures (see Fig. 10).  

 
Fig. 10. Material qty. and Finished Goods qty. by Improved Process 

The 30 days’ input material quantity are same as the data of the finished goods, which 

shows the defect drops to zero.  

Control 

The process performance is improved with new stencil and updated process. The im-

proved process become the Working Instruction (see Fig. 11). 

 
Fig. 11. Improved Process with Big data-driven LM 

The PCBA Testing station combines with LCD Assembly to reduce the cycle time. The 

scrap of housing material is dropped to zero. The non-value-activities of manufacturing 

process is eliminated and 60% improvement for output with sufficient capability of 

Cp>1.33 and Cpk>1.  
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4 Discussion 

4.1 Practical Contribution 

In this research, the research of PM starts from the Big Data, moves to find the waste 

in production process, then focuses on quality control and ends at LM to achieve sus-

tainable development. The purpose of this research is to set up the PM to maintain the 

sustainable development and competition enhancement in Industry 4.0.  

IoT make the automation in Industry 4.0, which can make the every step in process 

stable and repeatable with data record. The recorded data can be analyzed by Six Sigma 

methodology and predict the potential waste. It is the reducing variation that the waste 

can be eliminated for LM and the continuous improvement can be achieved. Thus PM 

is very necessary to avoid that the minor variation become the big remedy cost and the 

loss of productivity in Industry 4.0.  

PM implementation is both the continuous improvement and the sustainable devel-

opment in supply chain management by three contributions. Firstly the research utilizes 

PLC communication with the LonWorks technology to realize the Big Data real-time 

acquisition in IoT operation. And the Big Data can be used for variation’s real-time 

monitoring. Secondly the variation is the source of waste on the cost and the produc-

tivity. The Six Sigma methodology can find the source of variation by analysis of Big 

Data in IoT. Thirdly PM that can reduce the variation and maintain the quality control 

for the continuous improvement and the sustainable development with the Big Data-

driven LM and Six Sigma Methodology. The continuous improvement and the sustain-

able development are ensured by PM with the reduced variation and the achieved LM. 

The case study demonstrates the effective PM workflow, which can effectively elimi-

nate the waste and improve the output by 60% with the sufficient capability of Cp>1.33 

and Cpk>1. 

4.2 Theoretical Contribution 

The research has the following theoretical values. Firstly PM set up the connection 

between sustainable development and the Big Data in Industry 4.0. IoT provide the 

automation and the real-time data acquisition, which have been reported widely for 

Industry 4.0 technologies. However, how to gain the value of Big Data in sustainable 

development and competition enhancement in Industry 4.0 is seldom discussed. It is 

PM that can make the Big Data drive LM in Industry 4.0 with Six Sigma Methodology 

which is effective in setting up the close loop for the sustainable development (see Fig. 

12).  

 
Fig. 12. PM in Industry 4.0 

Secondly PM can indicate the trend of development by Big Data-driven LM and Six 

Sigma Methodology in advance. The business decision is often made for sustainable 



9 

development and the competition enhancement by business management level. PM pro-

vide the predictive operation status to business management level before their making 

correct decision, which is very important for industrial operation. 

4.3 Limitation and Future Research 

The PM is effective in sustainable development and competition enhancement in In-

dustry 4.0. But the research has limitations. Firstly the Big Data come from the PLC 

network and the power supply is very important for PLC communication. The data will 

miss when the power supply is cut off. Secondly PM workflow need the manufacturing 

staff’s involvement. The related function team members must be trained with the 

knowledge of LM and Six Sigma Methodology. The unskilled technicians are not suit-

able for PM.  

The research of the PM is verified to be effective for calculator manufacturing. In 

future, the research of PM in different industries that provide other products or services 

may reveal different valuable results.  

5 Conclusion 

PM with Big Data driven LM and Six Sigma methodology is proposed in this paper to 

achieve sustainable development and survival in serious competition of Industry 4.0. 

The automation of IoT provide the data to monitor the process. The Six Sigma meth-

odology provide the analysis to find and reduce the variation and waste to reach LM 

for the sustainable development in Industry 4.0.  

The PM demonstrates that it is effective to improve the output by 60% with the suf-

ficient capability of Cp>1.33 and Cpk>1 by Six Sigma methodology. The process out-

put is measured with null hypothesis and alternative hypothesis by checking P-Value 

of 0.05 on the normality status before SPC analysis. The Process Capability of SPC is 

utilized to verify the improvement of the process with the acceptance criteria. The LM 

is obtained by the waste elimination and improved status with Big Data. The research 

demonstrates that PM has the practical contribution and theoretical value in sustainable 

development in Industry 4.0.  
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