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ABSTRACT

This paper describes application of information granulation theory, on the analysis of
hydrocyclone perforamance. In this manner, using fusion of Self Organizing Map
(SOM) and Neuro-Fuzzy Inference System (NFIS), crisp and fuzzy granules are
obtained. Balancing of crisp granules and sub fuzzy granules, within non fuzzy
information (initial granulation), is rendered in an open-close iteration. Using two
criteria, "simplicity of rules "and "adaptive threoshold error level", stability of algorithm
is guaranteed. Validation of the proposed methods, on the data set of the hydrocyclone
is rendered

In our algorithm, we use four basic axioms upon the balancing of the successive
granules assumption:
Step (1): dividing the monitored data into groups of training and testing data
Step (2): first granulation (crisp) by SOM or other crisp granulation methods

Step (2-1): selecting the level of granularity randomly or depend on the obtained error
from the NFIS or RST (regular neuron growth)

Step (2-2): construction of the granules (crisp).
Step (3): second granulation (fuzzy or rough 1Gs) by NFIS or RST

Step (3-1): crisp granules as a new data.

Step (3-2): selecting the level of granularity; (Error level, number of rules, strength
threshold...)

Step (3-3): checking the suitability. (Close-open iteration: referring to the real data
and reinspect closed world)

Step (3-4): construction of fuzzy/rough granules.
Step (4): extraction of knowledge rules
Balancing assumption is satisfied by the close-open iterations: this process is a
guideline to balancing of crisp and sub fuzzy/rough granules by some random/regular
selection of initial granules or other optimal structures and increment of supporting
rules (fuzzy partitions or increasing of lower /upper approximations ), gradually.
The overall schematic of Self Organizing Neuro-Fuzzy Inference System -Random and
Regular neuron growth-: SONFIS-R, SONFIS-AR; has been shown in figurel.
In first regular granulation, we use a linear relation is given by:
Nt+l :aNr +Ar;At zﬁEr +}/



Where N, =n, Xn,;

n — n2| = Min.is number of neurons in SOM; E, is the obtained error

(measured error) from second granulation on the test data and coefficients must be
determined, depend on the used data set. Obviously, one can employ like manipulation
in the rule (second granulation) generation part, i.e., number of rules.

Determination of granulation level is controlled with three main parameters: range of
neuron growth, number of rules and error level. The main benefit of this algorithm is to
looking for best structure and rules for two known intelligent system, while in
independent situations each of them has some appropriate problems such: finding of
spurious patterns for the large data sets, extra-time training of NFIS or SOM.

Monitored data sets

]
= -, — e
7 W
ESNESIERY By

/ - i
/ %
/ i %

\: H Fuzzy partition: MAX. MFs =p H |

I\ Fori:n /
form=2:p
1if AE' < ¢ Thenstop&selectith

SelectMin {i: AE' « ¢ &m}

‘Elseselect new random {n*m}* "

For SOM(s): n,=x <, & m;=m iy

Figure.1. Self Organizing Neuro-Fuzzy Inference System (SONFIS)
The performance of the obtined fyzzy rules on the test data has been portrayed in
figure?2.
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Figure2. the real and predicted decision on the testing data set with sub-fuzzy granulation

The main idea, behind the proposed methodologies, is based on the complexity of

information and construction of humanity world cognition by using, as most as, simple

rules (in overall structure and number).The competitive between close and open worlds,

in a parallel road of the mentioned features, is the additional situation to balancing of

the granules and to gain a stable answer.
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