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d Presentation goal

= In many organizations, a lot of process data is
captured automatically from sensors & transmitters

= Those process data can often be used to predict
quality characteristics of the final product

= |n this presentation you will learn how we can use
process measurements to predict the result of a
final inspection test resulting in lower inspection
cost and faster learning on the process
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;j Presentation content

= What is a soft sensor

= Advantages of soft sensors

= Steps in building a soft sensor

= Application example: The tensile strength lab test
= Conclusion
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d What is a soft sensor

= The term “soft” is for software, because the sensor
values are typically coming from a model
(equation) which is calculated using a software,
and “sensor”, because the model is delivering
information similar to an hardware sensor

' )

A set of

Estimate

> of
measurable M O DE |_

)

)

« hard »
value

attributes

© Différence Soft sensor for reducing inspection cost | 4



(J Advantages of soft sensors

Perform real-time monitoring
and control (if soft sensor is built
with factors measured at a high
frequency)

Can estimate parameters in
situations where no hardware
sensor is available

Low-cost alternative to
expensive in-line hardware
devices
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Reduce cost associated to lab
resources by reducing the
frequency of lab tests

Can be used to create a
redundant measurement that
allows to automate the check for
a drift in a hard or soft sensor
calibration

Helps in understanding the
factors affecting a response and
improves learning speed of a
process
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Five steps to build a soft sensor

4. Monitor &

adjust process SaVIORIOR
1. Identify 2. Clean and JbaseF:j on model

predictors screen data - SR adequacy using
residuals
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Five steps to build a soft sensor
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1.

Identify predictors
Identify factors that have a relationship
with the quality characteristic inspected Q
Those factors should typically be '
measured more frequently than the
quality characteristic

. Clean and screen data

Assess if the data from the sensors are reliable

Make sure the transmitters are calibrated and accurate
Assess if there are any outliers and why — consider
improving the robustness of the transmitter

Evaluate if it is possible to screen the data using basic rules

n
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3. Select, train and validate model

Build a prediction model where the factors
measured by sensors are used to predict the
quality characteristic

Consider using a training set and a validation set
Evaluate if the model is adequate for replacing
some inspections of the quality characteristic

4.

/\.

Monitor & adjust process based on

predicted values

Use the predicted values to monitor the quality
characteristic

If the quality characteristic is compared to specs,
consider using tightened specs to manage the risk
of accepting a bad product

5. Monitor model adequacy using residuals

* Ataset frequency, compare the model prediction to a « real » measurement of the quality characteristic

* If the residuals show a trend or excessive variability, search for the cause and consider going back to more
inspection (the identification of a trend in residuals can often be automated)
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([ Even before considering a
d soft sensor ...

= |n a situation where one considers replacing quality
inspections using a lab test by monitoring using a
soft sensor, one should typically consider the actual
process capability to meet the specification

A soft sensor will always have some degree of prediction
error which will lead to questionning the soft sensor value
especially when it is close to specification limits
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;j ls the process capability adequate?

= Situation 1: The actual process o R
produced 2% defects for the last /N

1000 products -

There could be many situations where it will be hard
to judge if the product is good or bad because the I = .
prediction will be close to the specification limit 30 40 50 60 70 80 90 100 110 120

tsL Target UsL

= Situation 2: The actual process ]
did not produce any defects for

the last 1000 product%

The products are far enough from the specification limits
to probably allow to make good decisions on product 30 40 50 60 70 80 90 100 110 120
quality even in the presence of prediction error
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Soft sensor — Example

= Context:

+ The tensile strength is an important quality
characteristic of a product

+ The specifications are:
* LSL=15and USL =85

* The test is performed on one product every hour and is
taking 50% of a lab technician time in addition to be
expensive to perform since it is destructive

+ Implementing a soft sensor could save a lot of money $

by saving products from being destroyed and making
the lab resource available to perform tests that are
outsourced today
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;j ls the process capability adequate?

= Before considering using a soft sensor to reduce
inspection, let’s look at the process capability

= The process capability is acceptable since the
probability of observing an out-of-spec product is
low

Tensile

We have some
L room for
additional

variation from a

soft sensor
prediction error
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1. Identify
predictors i _ b

.

= Two factors are good predictors of the tensile
strength

» Factor A measured on every product by a transmitter

* Factor B measured on every product by an in-line automated
testing equipment

Sampling for lab inspection

Lab inspections
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Factors A & B measured on all products
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2. Clean and . ‘
” screen data .
3

Distributions

- = The calibration of sensor (Factor A) and
R — in-line equipment (Factor B) were

J‘h checked and they were OK

30 35 40 45 50 55 60 65

= Both factors were graphed to identify
e E . .
potential outliers
H - Those values are not possible (999).
Fecter They happen when the sensor connection to the
HIs F——t - network is failing.
Hj—hk A program was made so they will be automatically
e — e replaced by missing values in the prediction data set.
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= A training set (/0% of data) and )
a validation set (30%) were built .

= The model was built using the T
training set and the validation
set ST aining | valation
+ The model explains 96% of the R 26% 4%
— . . . . Error 1.04 1.33
variation in the tensile training set and N . —
94% of the variation in the tensile | el it
validation set - Homogeneous - Homogeneous
* The model erroris 1.33 in the validation -Independent - Independent

set

© Différence Soft sensor for reducing inspection cost | 14



» » »

The model equation:

+ 50.0 + 0.3*FactorA — 2.1*FactorB
* Example: 50 + 0.3*10.2 -2,1*2.22 = 48.5

Pred Formula Residuals
Factor A Factor B Tensile Tensile Tensile
10.2 2.22 474 48.5 -1.1
7.5 9.82 33 32 1
27 0.84 56 56.4 -04
219 4.58 46.1 47.2 -1.1

= Residuals are obtained from the following

calculation:

+ Tensile — Predicted Tensile
 Example: 47.4 - 485 =-1.1
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;j ls the soft sensor error acceptable?

= Situation 1: Even with the
variability in the soft sensor
prediction (model error), we
can conclude the product is
within spec

= Situation 2: With the
variability in the soft sensor
prediction (model error), the
product could be within spec
or outside spec
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prediction

Variability around a

\

Individual measurement

Situation 1

Situation 2
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_( Consider tightening the specs to
(J compensate for the prediction error

= If we tightened the specifications by 2*0.675*1.33
= 1.8 then, if a prediction is within the tightened
specs, there is at least 96% chance its observed
value would be within spec.

Tensile

; /\ |
I Model Cp:k' 1.96 |
: std dev=1.33 Cpk: 1.79 :
. |
: |
. / \ |
I |
' |
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Tightened LSL 25 30 35 40 45 50 55 60 65 70 75 Tightened USL
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4. Monitor &

b . adjust process
based on

predicted values
J

= Slnce VCI|UeS from chtor A Ond B Bivariate Fit of Factor B By Factor A

are obtained for each product, a "]

The values

8
prediction can be calculated and forractor | w &
the process can be adjusted shouldbe | & 43 oo
. within the g’ RO
according to the result model RN SOTRR

range
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Factor A

Lab inspection every 8 hours Sampling for lab inspection

‘/Factors A & B measured on all products -> Tensile prediction on all products
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4. Monitor &

i . adjust process
‘ based on

predicted values
.

There is a prediction for Graph Buflder

Tengs(i)le & Pred Formula Tensile vs. Date time

each product (in red) R ======s

The prediction can be used
to detect out-of-spec
products and/or to adjust
the process

Tensile & Pred Formula Tensile

Date time

e Tensile ¢ Pred Formula Tensile  =—Tensile ---Pred Formula Tensile
Where(10 rows excluded)
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5. Monitor model
i . adequacy using

residuals

Every 8 hour, the model precision and  eraphsuilder

Gccurqcy iS VGlithed by per‘forming a Tengs(i)le&Pred Formula Tensile vs. Date time
« real » tensile test and conparing the
result to the prediction

TightenedUSLF+ — — — — — — — = — — — — — — — —

This step is very similar to monitoring
the calibration of any measuring
Instrument

Tensile & Pred Formula Tensile

Date time

e Tensile ¢ Pred Formula Tensile  =—Tensile ---Pred Formula Tensile
Where(10 rows excluded)
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5. Monitor model
» . i adequacy using
residuals

= |If the soft sensor

. Check 1 Check 2
performcmce IS « normal »,
the difference between Factor A | 461 20
the lab tensile and the soft FactorB |  4.49 3
sensor prediction should .
~ b ] Predicted 54.7+ 4 499 + 4
be within +30 where o is tensile e
the model error
«Real » 53 ; 45.2
. tensile
= Here, we would have +30 %—
= x 3*133 — i4 The interval [45.9 ; 53.9] does not include the « real »
value.
The soft sensor accuray or precision could have
changed.
What is the cause?
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\ 5. Monitor model
. . adequacy using

residuals

= |t could be interesting to plot the Even if the « real » tensile is within the control
residuals (Observed value - prediction) Finding !cifr:]eit:él?sterecrc])?.ll?glIlz)(\e/vi?s?;igr?’gfy a new
on a control chart to identify trends factor affecting tensile strength.

= The error was stable for a significant indiidual Measurement o ResidualsTense
period of time. The recent trend observed
allowed to identify a new factor « .
affecting tensile strength and add this 3 o [ Al gl oo
factor to the model... We learned . ‘
something on the process! . : .

hhhhhhhhhhhhh

- - L - - - - = -~ - - - iy

NNNNNNNNNNNNN
Date time

Note: Sigma was specified during launch.

Note: 3 samples were excluded.
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(J Conclusion

However, one must make sure the soft
sensor will be reliable enough to have an
acceptable risk of drawing a bad
conclusion based on its prediction

= A good soft sensor can be a catalyst to learn \'/

about the factors affecting a quality parameter.
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consulting in statistics

Différence is a society offering coaching, consulting and training services in
statistic, data science, simulation and continuous improvement.

We promote the use of quantitative tools that can be applied at the different
steps of an improvement and variability reduction project.

Powerful | .2 « Adapted .r-. Combining hard g
methods |*M approach N work with fun /5\
For more information, you can contact:
Martin Carignan, M.sc., MBA Vincent Béchard, masc.
Principal Associate Analytical Decision Specialist
514.795.8000 438.521.5829
mcarignan@difference-gcs.com vbechard@difference-gcs.com

linkedin.com/in/martincarignan linkedin.com/in/vincentbechard



