DOE design of experiments

If possible, this is a good start

In research it is possible to reduce the experimental work by carrying the
experiments using an organized plan. To start, it is necessary to find out the
essential factors which have significant role in explaining the phenomenon under
research.

First: Extract the essential

This can be done using a fractional factorial design. It is started by selecting
the candidate variables, which may be significant in explaining the phenomenon.
For each factor, two values are selected to be used in experiments. The values
should be chosen with care. They must be reasonable so that the phenomenon can
be experimented using Jjust those values. If they are too close together then the
differences between experimental results may remain small.

The scheme should be as follows: The high value is denoted by + and the low
value by -

Each row is a permutation of variables. Each column corresponds one variable.
The scheme is balanced so that every variable is as many times in the + state
and in the - state. In other words each column has equal number of +:s and -:s.
For seven variables the scheme should be like following:
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For verification, there should be extra variables that are non significant in
the scheme. The statistical routines that are used to analyze the experimental
set demand some redundancy. Recommended number of insignificant slack variables
is one third of all variables. In a balanced design the number of pluses equals
number of minuses. Moreover correlation between the independent variables is
zero. This method is generally known as Plackett-Burman design. There is an
other popular scheme called Taguchi method. It differs a little from this.

The building rules for a balanced scheme are quite simple.

) Select the first row, where the number of variables is sufficient.
) Shift the row by one for next row until you have n rows.

) The last (n+l)th row is only minuses.

) You can change plus and minus signs

) List of first rows
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The analysis of the results can be done by attached DoeAnalysis stepwise
multiple regression analysis. The analysis program allows 15 independent
variables, and it automatically generates all XY and XYZ combinations. In
selection, F-values are calculated and F limit is set to 1.5. Note, F =1.00
means that there are no dependencies. The user may discard the factors on his
own consideration for example F < 10.0.

The data file is a table with x1,..xn,Y in every line. Commas, spaces and tabs
are good delimiters. So you can cut in Excel table and save it to data.txt. It
is possible download here DoeAnalysis.exe into it. Put data.txt in the same fo

Some practical notes

You can have less variables than the scheme allows. Unused columns can be
skipped. For example you can do 24 rows scheme with 10 variables. However
perform all rows in the scheme. Then the orthogonality automatically implies
that the correlation between the independent variables will be zero.

If the preset + and minus values are difficult to maintain, a minor deflection
doesn't matter very much. In experiments, write down the exact readings of all
variables and use them. This leads to nonzero correlation between the
independent variables. Run the results using the analysis program. It can handle
the data properly all collected data.

In a successful case the correlation should be very near 1.00. A low correlation
coefficient is a warning that at least one significant variable is missing in
the scheme. There may also be other significant factors that have remained
constant in the experiment set. Of course, a lower correlation is expected in
behavioral cases.

The rows can be done in any order. Select the most economical order of variables
Or Trows.

Be honest. You can make nice looking results by fixing the readings. It may be
very costly afterwards.

In any moment of uncertainty you can make an another set of experiments more,
for example by changing pluses to minuses.

If you have feeling that some factor is of binary type, like the presence of a
catalyst or not, consider two separate sets of experiments. The mathematical
models in the cases can differ a lot.

In research, the key for success is a good set of experiments. A clear
difference between + and -

levels is essential. Also a good set of all significant factors should be
included.

Example case data.txt
1 1 1 -1 1 -1 -1 1.48
1 1 -1 1 -1 -1 1 -0.5
1 -1 1 -1 -1 1 1 -0
-1 1 -1 -1 1 1 1 0
1 -1 -1 1 1 1 -1 2

-1 -1 1 1 1 -1 1 0.52
-1 1 1 1 -1 1 -1 =2
1 1 1 1 1 1 1.48



DOE analysis report

Dependent Variable = funct
Step 1 vVar= 5 x5 Added
Res Sum Of Sgrs= 9.92
Variable Coeff Coe
5 x5 .2500 .5
Constant .000
Step 2 Var= 1 x1 Added
Res Sum Of Sqgrs= 1.04
Variable Coeff Coe
1 x1 .1863 .1
5 x5 .2500 .1
Constant .000
Step 3 Var= 2 x2 Added
Res Sum Of Sqgrs= .800E-03
Variable Coeff Coe
1 x1 .1863 .5
2 x2 -.6375E-01 .5
5 x5 .2500 .5
Constant .000

Residual analysis

x1 X2 x5
1.000 1.000 1.
1.000 1.000 -1.
1.000 -1.000 -1.
-1.000 1.000 1.
1.000 -1.000 1.
-1.000 -1.000 1.
-1.000 1.000 -1.
1.000 1.000 1.

One more note

The residuals in ideal set of experiments should be near zero.
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Big residuals indicate that some extra factors are involved.

Download estlabco/DoeAnalysis.exe
In Dos Window:

Create Data.txt

run DoeaAnalysis

You get Report.txt

resid

-.010
.010
.000
.000
.000
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.000

-.010



DOE analysis

Dependent Variable = funct Fcrit=
Step 1 Var= 5 x5 Added Corr
Res Sum Of Sqgrs= 9.92 Std Err
Variable Coeff Coefferr
5 x5 .2500 .5261E-01
Constant .000
Step 2 Var= 1 x1 Added Corr
Res Sum Of Sqgrs= 1.04 Std Err
Variable Coeff Coefferr
1 x1 .1863 .1769E-01
5 x5 .2500 .1769E-01
Constant .000
Step 3 Var= 2 x2 Added Corr
Res Sum Of Sqgrs= .800E-03 Std Err
Variable Coeff Coefferr
1 x1 .1863 .5103E-03
2 x2 -.6375E-01 .5103E-03
5 x5 .2500 .5103E-03
Constant .000

function versus model

x1 X2 x5
1.000 1.000 1.000
1.000 1.000 -1.000
1.000 -1.000 -1.000
-1.000 1.000 1.000
1.000 -1.000 1.000
-1.000 -1.000 1.000
-1.000 1.000 -1.000
1.000 1.000 1.000
-1.000 -1.000 -1.000
-1.000 -1.000 1.000
-1.000 1.000 1.000
1.000 -1.000 -1.000

-1.000 1.000 -1.000
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func
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.842

.283
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1.490
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.000
.000
2.000
.510
-2.000
1.490
-1.490
.510
.000
.000
-2.000

resid
-.010
.010
.000
.000
.000
.010
.000
-.010
-.010
.010
.000
.000
.000



1.000 1.000 -1.000 -.500 -.510 .010
1.000 -1.000 1.000 2.000 2.000 .000
-1.000 -1.000 -1.000 -1.500 -1.490 -.010



