Knowledge is Power

By analysing the past we improve the future.

If knowledge gives you the power to succeed, do your current methods of analysis provide you with all the knowledge you need?

It is from your experience and expertise that you know important information is buried within your historical data and this maybe the key to optimal improvement. Collecting, storing and analysing historical data is an excellent method for understanding your plant activity.  However such activities can be time consuming and expensive although essential if you strive to improve your process, reduce waste, increase productivity and achieve other targets set by the company’s hierarchy.  To ensure that you are extracting all available information from your historical data you need to understand fully the cause and affect your process procedures have on the resulting output.

Consider some of the common methods used for analysing historical data such as Statistical Process Control, Six Sigma and Principle Component Analysis and evaluate the knowledge they provide you.   Do these methods give you the complete picture?

Statistical Process Control (SPC)

Firstly consider SPC, a widespread analytical tool within the production environment which involves using statistical techniques to measure and analyse the variation within your processes.  SPC has been developed from the concept that 

“The first step to improving your process is getting it to run consistently”,
Understanding and controlling the variation in your process can help to achieve this; however by ensuring your plant is running consistently does not ensure that your plant will be operating to its optima.  
To extract all possible information from your data using SPC techniques you need to understand the statistical mathematics involved.  Therefore you may require qualified statisticians to conduct the analysis for you.  Usually the information that is gained from statistical analysis is difficult to understand and communicate to non-mathematical staff.  They also rely heavily on predetermined hypotheses, therefore you are only likely to prove or disprove one hypothesis at one time and unlikely to identify any unknown problems. 

By considering variations SPC encourages you to evaluate the Effect your process is having on the final output but does not identify Cause. A further disadvantage of methods such as SPC is that prior to commencing your analysis you need to identify which variables are relevant or irrelevant.  This is usually conducted by design of experiment; a method that varies independent variables in an organised manner therefore determining the effect each variable has on the process and identifies any interactions. DOE will also identify the upper and lower boundaries for which your process should operate to achieve good results.   However if you ensure that your variables are restricted such that they remain between an upper and lower limit then why do we not always create an output that is within specification?  We need to investigate further the causes of why some outputs are not within specification when you have ensured that they are produced within the upper and lower limits for each variable.  SPC is unable to provide further analysis, as it is a Univariate analytical method that does not consider multiple variables. Univariate control has been favour historically because multivariate techniques are considered confusing and complicated.  As our need for more detailed analysis increases so has the need for multivariate analysis due to the inadequacy of univariate methods to analyse processes that are not univariate by nature. 

Six Sigma 

Secondly considering Six Sigma, a new approach to achieving virtually error free business performance.   Sigma (() is used by statisticians to measure variability in any process; the same concept of measuring variation was used for developing SPC.  By considering the ( variation of your process will help you identify the effect your process is having on your product.  Six Sigma is a generic method; it has not been specifically designed for production improvement but as a complete business solution.  Six Sigma does not have the capability to identify the root causes of any production problems that you maybe currently facing.  It requires dedication from a large number of your staff; high training cost and as with other methods currently being used it only evaluates Effect without identifying Cause.  Can this really be the complete solution?

Principle Component Analysis (PCA)

As discussed previously problems occur when trying to analyse multivariate processes with Univariate methods.  Principle Component Analysis has been developed to try to overcome this but the main objective of PCA is to reduce dimensionality by combining correlated variables into one factor.  This method creates data that may be analysed, but at what expense?

Reducing dimensionality combines variables that have a linear relationship therefore reducing two variables to one.  By combining two variables we reduce the ability to investigate the interrelationship between all the variables.    PCA assumes that all the variability in a process should be used in the analysis therefore it becomes difficult to distinguish the important variable from the less important. Further, although this method attempts to illustrate and display multivariate data it is still restricted to a maximum of three-dimensional space.  This restricts your ability to visualise all variables at anyone time.  Imagine investigating a process that has 25 variables.  How many graphs would you need to construct to analyse all relationships between all variables?

Can we make sound business decisions without knowing all the facts?  

So that we can optimise the improvements to our process we need know the full story.  We concentrate on collecting and storing data, time consuming and expensive, because we know that it contains important information and yet we settle for only reading half of the story.  We need to know the root causes as well as the effect so that we can make the best improvements to our plant.

What is the solution? Simple, use a method that allows you to establish cause and effect.  Curvaceous Visual Explorer (CVE) is just that.  

CVE has been developed using Parallel Co-ordinate Geometry; an area of mathematics never before used for data analysis.  CVE allows you to visualise multivariate data simultaneously on ONE screen without reducing dimensionality and without being restricted by orthogonal co-ordinates.  By displaying your historical data in Parallel Co-ordinates you have the ability to quickly and easily visualise all of your plant data and investigate interrelationships between all variables.  This as above identifies the effect that your process has on your final output, but unlike the other methods discussed you require no mathematical knowledge to understand the output.  The results when displayed using CVE generate patterns that are easily visible to almost any observer.  2/3 of the human brain is dedicated to pattern recognition it seems only sensible to utilise it capability.  As the output is uncomplicated you can easily communicate your findings to all members of your company and more will understand.

CVE does not require the analyst to establish important variables or set hypothesis prior to the analysis.  You can therefore begin your analysis with an open mind and uncover important information about your process that you may not have discovered otherwise.  

As previously discussed SPC and your industrial knowledge tells you that by identifying the maximum and minimum operating values for each variable and operating your plant between these values you should create products that meets specification. So why do we not have a 100% success rate? 

Because BLACK HOLES exist!

Black holes are areas between your selected maximum and minimum that your process can operate and still not produce a product that is within specification.  This is a new concept that has never before been investigated.  Black holes have only been identified by using CVE because you have the ability to display large sets of multivariate data on one screen.  The diagram below shows a data set displayed using CVE and highlighted in red is a Black Hole.
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The variables Q4 and Q6 are the quality variables for the process and by selecting the upper and lower limits for quality we can identify the variables and the value that create a product within specification.  The Yellow lines highlight all the good process.  Consider the variable P7, as you can see the variable has an upper and lower limit but there is a section within these limits that the process operates but has not created a product that meets specification.  A Black hole exists.  Hence, you can now identify the cause of failure although your process operated between its limits there is an area that you should avoid.    

Other methods may inform you that 50% of output is outside of specification but has been unable to tell you why.  Now by using CVE you have the technology to quickly visualise your process and pin point the cause of your 50% failure rate. The observation of Black Holes within your data can identify the why you are producing poor quality product.  After discovering the areas that will ensure failure you can narrow your operating zone to reduce variability and poor quality output.  

CVE is the first analysis method in 25 years that actually gives you the ability to fully analyse the cause and effect relationship.  How quickly did you focus in on the black holes on the diagram, now imagine how quickly you could identify the black holes within your process. 

CVE gives you the beginning to the novel that until now you have only been reading the end.  

Knowledge gives you power ensure you don’t miss a thing.
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