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ABSTRACT 

This article focuses on the limits of the approach the six sigma by report to the factory 4.0. In this framework, we 

have made a few arguments showing that the main tools of six sigma are not adapted to the characteristics of the complex 

factory 4.0. The approach mono-process is reductionist view of the complex interactions between the various industrial 

equipment of the complex factory 4.0 and which are connected in real time. On the other hand, if we want to improve the 

complex factory 4.0 as a complex system using the approach six sigma, it is essential to characterize its initial 

performance in terms of capability and this by applying the normal law mono-variable without taking into account the 

multidimensional aspect of the data. While the transformed mathematics the most used in the six sigma, in particular the 

transformed mathematical of Johnson, generates the denaturing of the data. The said article initiates a first reflection 

around the multi six sigma machine learning. 

 
Keywords: complex factory 4.0, six sigma, Johnson transformation, Gaussian mixture. 

 

1. INTRODUCTION 

The concepts of the smart factory 4.0 as well as 

the complex systems are more and more present within the 

industrial sector given the deployment and integration of 

new digital technologies and it so as to increase the level 

of autonomy in relation to human resources [1]. We can 

quote for example, artificial intelligence and robotics 

during the design of the smart factory 4.0. This reinforces 

the complexity of the interactions between the various 

industrial equipment of new industrial facilities that are 

highly equipped with the new technologies (smart sensors 

…). Of this fact, the appropriate choice of the methods of 
resolution of problems capable of responding to the 

requirements imposed by the integration of those concepts 

is an important character and must allow the knowledge 

of the evolution of the performance of the complex factory 

4.0 e.g. by adopting methods of modeling and simulation 

of complex systems [2] In order to initiate upstream of 

predictive actions for the potential failures do not occur. In 

this perspective, it is timely to know, in a first time, if the 

methods of resolution of problems the most well known, 

in this case the six sigma, which has put its evidence at the 

industry level. It is the case of the pharmaceutical 

industry [3] for the improvement of the systems 

for complex manufacturing, as well as the theory of 

constraints which proposes the theoretical 

concepts considerable [4], are actually able to adapt to the 

emergence of a new generation of industrial problems in 

connection with the development and implementation as 

and to measure of smart factory 4.0. Through this article, 

we want to know is what the approach six sigma is -it 

adapted to the smart factory 4.0 as a complex system. 

 

2. METHODOLOGY 

In the perspective to bring some elements of a 

response to the question of departure posed during the 

introduction; we used the IMRED methodology. The 

heading result, we give the conceptual framework of the 

smart factory 4.0 as a complex system (these two terms 

will be replaced by "complex plant 4.0” from section 3.1). 

The six sigma approach as well as a confrontation of some 

concepts of the approach to the requirements of complex 

systems. With regard to the section "Discussion", it 

focuses, in a first time, on the merits and demerits of the 

arguments presented in this article through the section 

"result", and then a first reflection around a new problem-

solving approach 4.0 "problem solving 4.0 

Integrating methodically and conceptually the six sigma 

approach and Automatic Learning". At the conclusion, we 

give the answer to the question asked during the 

introduction as well as the future development. 

 

3. RESULT 
 

3.1 Concept of the complex factory 4.0 
The industry 4.0 means the fourth industrial 

revolution, which is based on the transfer and the 

integration of digital technologies and computing to the 

benefit of the industry. It constitutes a succession to the 

previous industrial revolutions, namely the Industry 1.0 by 

the mechanization following the introduction of the steam 

machine at the level industrial production, by the suite, 

there was the Industry 2.0 as being the result of progress in 

electricity and electronics, at which the large-scale 

production was held, while the development of the 

automation has propelled the industry 3.0. While the 

Industry 4.0 is a natural effect of the emergence of the 

globalized economy as well as the digital revolution 

having transformed all areas. This was an obligation for 

industry to achieve more complex products with intelligent 

materials and components connecting rooms characterized 

by high level technologies and the need to respond to 

the environmental requirements (reduction of pollution 

that the societal responsibility. In the perspective to 

respond to the whole of its issues, the factory 4.0 as a 

concept which is based on the technologies of the 

information, of the communication with a view to ensure 

mailto:rabiaesaidi@outlook.fr
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the connectivity of industrial equipment between them, 

generates different formats for data. 

 

 
 

Figure-1. Industrial revolutions [5]. 

 

We prefer to use the term complex factory 4.0 

given that the smart factory 4.0 is a very complex 

system because it is characterized by complex 

interconnections [6] and these components are 

in interaction permanent and this suite to the connectivity 

between the process as well as the different components. 

This shows the importance of the resolution of the 

problems of complex systems using appropriate 

techniques, such as bayesian networks taking into account 

the main constraints as the missing data [7]. In this 

framework, it is difficult a mathematical model 

characterizing the evolution with a few parameters. One of 

the solutions envisaged is to initiate a real experience on a 

reduced model to predict the evolution of a given 

parameter as the stability of operation [8] In order to know 

the evolution of the real system, while the second solution 

consists in the simulation of the system by advanced 

numerical methods, respecting a set of steps [9]. 

The systemic complexity of the complex factory 

4.0 is confirmed because it is a matter of several industrial 

equipment, human behavior, a set of technologies as well 

as a set of parameters of the production system that 

interact. The complex factory 4.0 is necessarily a complex 

system, because there is a different behavior than the 

individual behavior of its different components assumed in 

an isolated situation, which implies that the overall 

complexity is greater than the sum of the individual 

complexities of those components. 

On the other hand, the complex factory 4.0 is a 

complex system, because it is partially observable saw that 

there have several components with a lot of operational 

characteristics measurable and non-measurable as well as 

a set of observable phenomena and not observable. We 

quote: 

 

- The input variables characterizing all of the 

components of the system are multiple (numerical 

variables, quantitative variable …) and interaction 

linear and non-linear, deterministic and stochastic.  

- Difficulty of predicting exactly the output parameters 

of the complex factory 4.0 as a system a mathematical 

model accurate. Because, there is the effect of some 

of the interactions between the input variables, as well 

as the variables not observable as well as the random 

aspect which require a modeling by means of 

a stochastic process, in this case the Gaussian 

stochastic process [10] and all failures in any part of 

the system immediately (the failure of a critical 

equipment generates the forced shutdown of a 

production line). 

- Employees and their managers are characterized by 

behaviors, states of mind, and skills in permanent 

interaction with the production system. This 

represents, in effect, attributes that are both 

observable (behavior…) and non-observable (state of 

mind…). 
- The interaction of the production system with the 

different support process of the company (purchasing 

process, the process of training), knowing that there 

are a lot of companies that have adopted ISO 9001 

certification and this to certify their quality 

management system which is article on the mapping 

of processes. In this context, the failure of one of the 

support processes has a short-term effect of any 

failure of the production system. 

 

3.2 Concept of "six sigma"  

Six sigma is a process of resolution of problem 

which has the objective of the elimination of the 

variability in order to ensure the conformity of the final 

product in relation to the specifications of the client to 

ensure the satisfaction of the client based measures well 

developed [11],  six sigma uses statistical tools in function 

of each phase of the DMAIC approach (define, measure, 

analyze, improve, control) for the improvement of the 

performance of a process of realization having a direct 

impact on the satisfaction of the client and through the 

selection of good project to improve the performance of 

the process in question by the intermediary of 

the multicriteria method for example [12]. The control 

cards and the statistical analysis. It is the ideal instrument 

for the identification and elimination of the variation in 

production environments controlled. As regards the typical 

applications six sigma is the most frequently used in the 

manufacturing processes, both linear and non-Adaptive; 

for example, the manufacture of integrated circuits and 

medical devices. Six sigma is also used in controlled 

environments, linear, in the field of health such as 

laboratories. A number of health care providers have 

reported a significant improvement of the processes lean 

six sigma using tools for more complex problems. In any 

case, the greater the complexity of the system inherent. 

 

3.3 Six sigma limits versus complex factory 4.0 

Within the smart factory 4.0, industrial 

equipment can collaborate between them in real 

time, which further strengthens of advantage of 

interactions. On the other hand, on the basis of the strong 

integration of technology as well as the increase of the 

autonomy in relation to the human intervention, industrial 

processes under the complex factory 4.0 are heavily 

focused on the embedded technology and automation. 

Which completely changes the concept of the classical 

process adopted in six sigma treaty in a manner isolated 

http://dictionnaire.sensagent.leparisien.fr/Syst%c3%a8me%20complexe/fr-fr/
http://dictionnaire.sensagent.leparisien.fr/Interaction/fr-fr/
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and without taking into account the different interactions 

that can take place and this suite to connectivity and 

collaboration between the equipment, Firstly, it is essential 

to show that the concept of process as a reductionist aspect 

of the six sigma approach to the complex factory 4.0. 

 

3.3.1 Six sigma as a reductionist approach  
The statistical and methodical tools of the six 

sigma approach focus on the critical parameters to quality 

(CTQ diagram) of a single process that considers itself 

to be critical (direct impact on the satisfaction of the 

client) and without taking into account the inevitable 

interactions with other processes (see Figure-2). What 

constitutes a reductionist approach and it is important to 

accept that in the environments of linear systems (that they 

have been designed for) they do a very good job. It is also 

important to note that the means by which these 

techniques to improve processes are fully dependent on 

the historical object for which they have been designed in 

the first place. None of these techniques can only succeed 

independently in the improvement of the quality in the 

case of complex systems, as we explained earlier; health is 

a complex process, non-linear system, fundamentally 

different from the linear process from which the concepts 

of quality have been derived. The implementation of 

techniques of quality is necessary, but not sufficient to 

maintain the satisfaction of the client and the elimination 

of waste in the health system. 

 

 
 

Figure-2. Interaction of the process [13]. 

 

3.3.2 Six sigma and the condition of monovariable  

         normal distribution         

The approach six sigma focuses only on the 

reduction of faults concerning the products realized. From 

the point of view of six sigma, we must reduce the defects 

per million of opportunity (DPMO) reflecting the faults of 

a single process [14] and which are related to the level z 

by the normal law reverse standard and this by simply 

improving the capability of the process of production to 

meet the requirements of the customer (see Form 1). The 

measures must be distributed according to the 

monovariable normal distribution which depends on two 

moments (parameters), namely, μ (the average) and σ (the 

gap type) in order to calculate the three (3) parameters 

cited, namely the capability CP, the level Z (see formulas 

below) of a single critical process.  

 

                                                   (1) 

 

 
 

Figure-3. Normal distribution and defects. 

 

                              (2) 

 

                                                                        (3) 

 

                                                                        (4) 

 

Six sigma approach requires to use statistical 

testing in order to check the normality of the data 

collected, by using tests of simple assumptions such as the 

tests of Henry, Anderson-Darling, Ryan-Joiner, 

kolmogorov-smirnov), then that there are multivariate 

tests as the hotelling test, for more details on the multiple 

tests as well as on multiple comparisons, we suggest to 

consult a few references in the matter [15] and [16]. These 

various tests are running hypotheses below to check if the 

observations follow a normal distribution. 

 

 Hypothesis H0: assumption of equality, there is no 

significant difference between the two distributions 

(actual and theoretical Gauss. 

 Hypothesis H1: Assumption of difference, there is a 

significant difference between the two situations.  

 

Since it is impossible to perform the statistical 

tests on the whole population. This is the reason for which, 

it must be the use of samples, and taking into account the 

notion of the risk of incorrectly conclude a hypothesis 

when it is false in reality. 

 

 Risk α = c is the risk to conclude that there is a 

significant difference (H1) then that this is not true. 

 Risk β = c is the risk to conclude that there is no 

significant difference (H0) then that this difference 

exists. 

The normality tests, give the calculation of a 

probability p to commit the error to accept the alternative 
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hypothesis, then that it is false in taking the risk α = 5 

%. This which gives two cases:  

 

P<α:  The distribution does not follow the normal law 

(H1 is just). We have 95% chance of having 

reason when it is said that H1 is fair. 

P>α:  The distribution not follow the normal law, that is 

to say, there is not a significant difference (H0 is 

just). We have 95% chance of having reason 

when it is said that H0 is fair. 

 

To make the idea clearer, we take the example of 

an industrial factory that produces stainless steel tubes. If 

we want to check that the diameters of the tubes products 

are conform to the specifications of the final customer who 

demanded that the diameter of the tubes 

respect the tolerance interval (0.55 +0.05cm). We 

recognize for our example that the data collection, as well 

as the measurement system analysis (MSA) are already 

initiated according to the steps of the DMAIC 

methodology. Using software of statistical calculation, we 

have performed the normality test, using the test of 

Anderson-Darling in order to check the normality of the 

data collected relating to the production process. The said 

test (see Figure-2) has given a value p-value (=0.794) 

being superior to 5%, we accept the hypothesis H0, which 

means that the actual distribution of the data follows the 

normal law. Subsequently, we have calculated the level Z 

is located at 2.29 and the DPMO = 10969, 28. 

 

 
 

Figure-4. Normality test. 

 

 
 

Figure-5. Level Z of a production process. 

 

The production process in question is part of a 

complex automated production plant 4.0. They are 

equipped with several supervision modules that 

communicate with each other in real time, on the other 

hand. These processes are in observable interactions and 

hidden with other processes upstream and downstream 

(purchasing process, supply chain process ...). By using 

the six-sigma approach, all the complexity is reduced by a 

random variable X which must follow the normal 

distribution having two moments (the mean and the 

standard deviation) to be able to calculate the parameters 

CP, Z as well as the DPMO.  

 

3.3.3 The mathematical transformation and the  

          denaturing of the data 

According to the approach six sigma, if the data 

collected during the phase "measure", in accordance with 

the plan for the collection of data, are not distributed 

according to the normal distribution in this using the 

approach six sigma suggests to perform mathematical 

transformations of Johnson or that of Box Cox [17] And 

this to normalize the data. In this context this approach 

offers two main mathematical transformations: 

 

 The transformation of Johnson is useful when the 

distribution of the data collected is not following the 

normal law. 

 The transformation of Box-Cox is useful when the 

data collected are not normal. 

 

Here are the transformations defined empirically 

by Johnson which then establishes a classification of the 

main laws in three systems associated each to a 

transformation particular G and therefore to a family of 

transformations: 

  

                                      (5) 

 

                                                               (6) 
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                                                           (7) 

 

                                                         (8) 

 

The method of Box-Cox was not originally 

proposed to transform to the linearity, but to transform 

toward normalcy. The λ parameter is chosen in order to 

make the residuals from the regression of y(Y, λ) on X the 

nearest possible to a normal distribution. The technique 

also allows considering confidence intervals for λ. Here 
are the transformations defined Box Cox:  

 

                                                   (9) 

 

                                        (10) 

 

We take as an example, the case of an engine in 

production, parts of the crankshaft (see Figure-5) move 

from top to bottom [18]. The distance d(A,B) is the 

distance (in mm) between the current position (A) of a 

point on the crankshaft and the position of Reference (B). 

A sample (100 measures has been taken) and by report to 

which we have carried out the test of normality through a 

statistical software. 

 

 
 

Figure-6. Drawing parts of the crankshaft [19]. 

 

 
 

Figure-7. Test of normality (Anderson -Darling). 

 

For this second case of the figure, the test of 

Anderson-Darling has given this time a new value p-value 

(=0.022) being superior to 5%, we accept the 

hypothesis H1. There is a significant difference and 

therefore, the actual distribution of the data does not 

follow the normal law. The standardization of data through 

a mathematical transformation is essential in this case to 

figure. 

 

 
 

Figure-8. Transformation of Johnson of the data. 

 

Through the statistical software, the function of 

mathematical transformed of Johnson is given pat the 

following formula:  

 

                        (11) 

 

After the transformed mathematical of Johnson of 

the data according to the method, the new value of the 

probability p becomes 0.319<α=0.05 which means that the 

new transformed data follow the normal law given that the 

hypothesis H1 is false (see above the principle of 

assumptions H0 and H1). 
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Figure-9. Transformation of Johnson of the data. 

           

As shown in Figure-9, transformations can distort 

the data being normalized. A real distribution that is 

normalized by a transformation to facilitate its easier 

handling, according to the six sigma approach. 

 

 
 

Figure-10. Actual and transformed data. 

 

Figure-10 (boxplot) as well as Figure-11 

(individual value plot) show the difference between the 

before and after mathematical transformation data, as the 

quartiles (25%, 50%, 75%), as well as the differences 

between types are different (reduced dispersion of log-

transformed data). On the other hand, the boxplot diagram 

shows that there is an aberration concerning the 

transformed data, It is a rare event (outliers) requiring a 

study, of which six sigma does not propose tools to treat it 

like a problem. 

 

 
 

Figure-11. Boxplot of transformed data. 

 

 
 

Figure-12. Individual values of transformed data. 

 

We therefore have two samples, the first being 

linked to the quantitative variable d(A,B) does not follow 

the normal law while saw that the probability p=0.022 

(see Figure-3) while the second follows the normal law. 

The emphasis has been placed on the impact of the 

Mathematical transformed on the denaturing of the 

individual values. In the framework of the Approach The 

six sigma a set of tests parametric statistics used in order 

to check if there is a difference between the two situations 

by using of course the assumptions H0 (Situation 1 = 

Situation 2) and H1 (Situation 1 ≠ Situation 2) and taking 

the risk α=5%. These tests require that the population data 

and the related samples follow the normal distribution, 

such as the theoretical Z test, the theoretical T test, the Z 

test, the T test, the F test, etc., therefore, we cannot 

compare the two samples with the T-test (comparison of 

two samples with σ unknown) saw that the second sample 

of data (variable d(A,B) after transformation) is not real, 

because it has been taken independently of the 

same population, on the other hand, the first 

sample(relating to initial data)does not follow the normal 

distribution. In order to verify if the two samples (although 

the 2th sample is not really!), we apply the Z-test 

following theoretical. The data of the second sample 

(distance d(A,B)) after transformation) are related to a 

population having as average µ = 0.422 and a standard 

deviation σ = 3,492. These values have been calculated on 
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100 data of the first sample (data before processing). We 

will therefore assume σ and µ known. Attached are the 

results of theoretical Z test. 

 

 
 

Figure-13. Boxplot of theoretical Z test. 

 

Table-1. Sample Z of d(A,B) after transformation 
 

 
 

According to the Figure-12, the value p-value 

(alpha risk) being superior to 5 per cent it refuses the 

hypothesis H0. There is no significant gap. Graphically, 

the hypothesis H0 is on the inside of the confidence 

interval for the average, the gap is not significant. The 

result is that the mathematical transformed has solved a 

problem statistics, that is to say that the data have become 

normalized while remaining representative only for the 

average population characterized by µ and σ.  

 

3.3.4 Six sigma and the inability to deal with the  

         Gaussian mixture a Data Group 
If we want to improve a complex system using 

the approach six sigma, it will be essential to assess its 

performance during initial phase "measure" by the 

monovariable normal distribution in order to calculate 

the capability only given that the three (3) parameters are 

linked in them by simple relations and this by applying the 

normal distribution. However, the diversity of variables 

associated with the whole of the process of a complex 

system can give birth from a statistical point of view to a 

random vector designating N-data of 

dimensions vector and representative of the observations 

(M these observations in the data set). 

It is a data set in which the density of probability 

can be represented by a Gaussian mixture. On the basis of 

Figure-3, we can write a random vector composed of 

3 Gaussian components in the following manner:  

  

             (12) 

 

                                                                      (13) 

 

 
 

Figure-14. A mixture of three (3) Gaussian [20]. 

 

The density of total probability is characterized 

by the parameters  and takes the 

form below. 

 

                  (14) 

 

On the other hand, we can also have a Gaussian 

mixture within the same process, because generally it 

contains several sub-processes (Figure-12), each of which 

may generate a Gaussian component my-variable. While 

six sigma adopts a logic of main process considered as 

critical and which is often formalized by the intermediary 

of the tool SIPOC the description of the process [21].  

 

 
 

Figure-15. Sub-processes. 

 

3.3.5 Six sigma and the inability to deal with the  

         reliability of the factory 4.0 as stochastic process  

This in effect does not analyze the life or the 

onset of failure of a complex system (industrial production 

system). which is an essential element for the strategies of 

maintenance and does not determine if the failures are 

becoming more frequent, less as well as the modeling of 

moments of failure according to the normal law, there will 

only be two statistical parameters, namely, the mean and 

the standard deviation which do not allow to know the 

failure rate, because it is quite possible that the 

distributions of faults of machine are not Gaussian. In this 

context, six sigma requires verifying the normality of the 

data, in other words, the actual distribution of the data 

must follow the normal law by performing statistical tests 

such as tests for Henry, Anderson-Darling, Henry, and 

Kolmogorov-Smirnov. Shows the test of normality of 

Anderson-Darling according to statistical software, en 

checking one of the two hypotheses H0 and H1. 

As explained previously, six sigma is interested 

in the number of non-conformities in relation to the 

requirements of the customer, expressed in DPMO and of 
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which the normality of the data is paramount. If we want 

to bring six sigma at the Reliability of industrial 

equipment, this last may be closely related number of non-

conformities in terms of failure. The failure frequency is a 

random variable. In other words, it is the occurrence of the 

"failure" event that follows the Poisson distribution.  

 

                                                          (15) 

 

 µ : being the mean number of events by equipment,  

 x : Is the number of events in the sample of the 

equipment object of the maintenance inspection 

 e: is the number is equal to 2.7182818.  

 P(x): refers to the probability of x exact events in the 

sample. 

To better understand the idea, we assume of 

production is composed of several pieces of equipment. In 

this example, we neglect the notion of the complexity 

(interactions, the stochastic aspect of the evolution 

of failures), a check is performed through a field 

inspection of all events major and minor point of view 

maintenance and that related to each equipment such that 

the failures the speed losses, the vibrations, the leakage of 

oil (defect by report to six sigma). Each equipment 

inspected on the ground has on average 3 events (defect). 

By applying, the probability that the next inspected 

equipment has 0 event (defect) is:  

 

                    (16) 

 

86.5% (100%-13.5%) of equipment inspected 

will have at least one event (defect) identified.  

 

3.3.6 Six sigma and the inability to deal with special  

          causes as rare event 

For the example of the crankshaft parts (see 

3.4.3), the mathematical transformation normalized the 

data in order to calculate the different parameters of the 

six sigma approach (Cp, Z, DPMO), on the other hand, it 

generated an operational problem, namely, the appearance 

of special causes at the Xbar-R control charts after the 

mathematical transformation of the data. This constitutes, 

according to the rules of the "statistical control of the 

processes (SPC)" instability of the process, because it does 

not respect its natural limits. in this case, it is essential to 

stabilize it before calculating the Cp capability by 

resorting to classical problem-solving methods such as the 

Ishikawa diagram. However, the special cause may reflect 

for the case of the complex plant 4.0 a rare event identified 

on the basis of a large group of data and it even has to 

predict its evolution. What six sigma does not allow. 

 

 
 

Figure-16. Xbar-R charts before processing. 

 

 
 

Figure-17. Xbar-R charts after transformation. 

 

As regards the Xbar-R control chartsin Figure-17, 

there is a point out of control during the sub-sample No. 9. 

This shows that there is a special case and this in 

accordance with the rules of the statistical process control 

(SPC) and subsequently, from the point of view of the 

process, the stability of the latter is not required (even if 

there is a single point out of control), and therefore we 

should not calculate the capability. In these cases, if we 

want to respect the methodical rigor of six sigma, it must 

proceed, first to the resolution of a problem although it 

is only one special case. The approach six sigma is 

intimately linked to the process linear. If the variation may 

enter in a complex system of a stochastic manner, then six 

sigma will be approach sub-sized and even the DMAIC 

methodology. 

 

4. DISCUSSIONS 

The article has placed the emphasis on the main 

limitations of six sigma in relation to complex systems that 

are composed of several processes which suffer 

from complex interactions, (linear, non-linear, 

deterministic, fuzzy, stochastic, static or dynamic, a 

hierarchical order, etc.). The statistical tools of the 

Approach the six sigma have not been designed to take 

into account the complex systems, and may not take into 

account the situation of a complex system in its entirety. 

Thee fields of study is focused on a single 
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process through conventional parameters such as the 

capability (capability), the level Z as well that the defects 

per million of opportunity (DPMO) whose calculation is 

conditioned by the normality of the data, this presents a 

potential risk of the emergence of other problems and this 

as a result of the negligence of the complex interactions 

between the variables of the different process. 

If six sigma provides a systematic framework 

stringent in the resolution of the problem and this for the 

improvement of the performance of the process having a 

direct impact on the satisfaction of customers of a given 

company. However, in the case complex system, it is 

always possible to "improve" a process to the detriment of 

the function of the whole of the complex system.  

On the other hand, six sigma not advocating 

solutions to conduct a statistical study in terms of 

multidimensional capability in the case of the Gaussian 

mixture that characterize the complex systems, because 

the different processes and their variables produce groups 

of data, which it is impossible to represent by the normal 

law monovariable. 

In the prospect of having an 

overview of the complex systems and processes that flow 

from it. In this perspective, we suggest to combine the 

advantages of the methodology DMAIC with the 

potentialities of the automatic learning (Machine 

Learning). 

 

5. CONCLUSIONS 

This article answers to the question posed in the 

introduction in bringing a few arguments showing the 

main limitations of the application of the Approach. The 

six sigma in the case of complex systems. Indeed, we have 

shown that the process approach of six sigma is 

reductionist whose there is necessarily the modeling of the 

current situation "phase measurement of the DMAIC 

Methodology" through the normal law with two moments 

to know the average and the standard deviation. In the case 

of non-linearity and this using normality tests (test of 

Henry…). It will be necessary to perform a mathematical 
transformation of the data. It is a simplification and a 

readjustment of the complex system for it to be adapted to 

the approach six sigma and not the reverse. On the other 

hand, for a complex system, the process and the different 

variables are always in interaction (intrinsic and extrinsic) 

with other processes and their variables, and therefore, any 

failure of a given process may negatively impact the 

performance of several processes falling within the 

complex system, including that of which the one-

dimensional performance (a single output parameter of the 

process) has been improved by the approach six sigma.  

In the Prospects to respond to the technological 

requirement of the factory 4.0 In terms of intelligent 

equipment say a set of sensors generating data in real 

time, six sigma must integrate the automatic learning 

(Machine Learning) embedded on each intelligent 

equipment to meet the requirements of the complex 

factory 4.0 (who is also a complex system) in dealing in 

real time the raw data from the different sensors installed 

on industrial equipment which are more and more 

intelligent,  

We propose to initiate the approach Multi six 

sigma Machine Learning which will be detailed during the 

publication of a next article. In this case of the figure, the 

Act mono-variables will be replaced by a Gaussian 

mixture given the significant number of data, and it must 

resonate in the sense of a random 

vector  To ensure that the data 

collection plan will no longer be used, the density of 

probability (PDF) of the vector will be modeled by 

a Gaussian mixture and the techniques of machine 

learning will replace the statistical tools classics (normal 

law mono-variable, normality tests, multiple linear 

regression, plans of experience, tests of 

hypotheses,…) used during the phases of the DMAIC 

methodologies. 
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