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Why fuzzy-neural networks?

% Universal approximators

% Adaptive structures with learning abilities
Disadvantages

% A severe computational burden, due to the large number of generated fuzzy rules
and their associated parameters

Solution?
% Simplified fuzzy-neural structures

% Neuroprogramming for optimization
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If Z is a space of elements, with main component Z described
by z, such that:

Z ={z}

Thus a fuzzy set Ain Z is characterized by a membership
function x,(z), which associate each point in z with real
number in [0, 1], along with the elements 1 ,(z) for z, which
are called degree of membership of z in A.

If the value of 1z ,(z) is closer to one, then a greater value of
the degree of membership of z to A is assigned.

A={z,(z2)},z € Z,n,(z)€e [0,1]
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TAKAGI-SUGENO FUZZY-NEURAL SYSTEM




DISTRIBUTED ADAPTIVE NEURO-FUZZY ARCHITECTURE- DANFA




DISTRIBUTED ADAPTIVE NEURO-FUZZY ARCHITECTURE- DANFA

Generalized structure of the DANFA approach




SEMI FUZZY-NEURAL NETWORK
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TYPE-2 NEO-FUZZY NEURAL NETWORK




INTUITIONISTIC NEO-FUZZY NEURAL NETWORK
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Type-2 Neo-Fuzzy Neural Network

A . no_
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X,’ Calculation of the model output:
Type-2 Gaussian membership function e if;i)(k+j)ﬁ§i)(k+j) qui(yi)(kﬂ)ﬁ_l(yi)(kﬂ)
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20 H; 3405 =0 Advantages: can estimate accurately in

presences of uncertain input variations!

Disadvantages: greater number of
parameters for adjustment!



Intuitionistic Neo-Fuzzy Neural Network

Particularities: Calculation of the network output:
- We need to define the degree of membership
W) : Yu (kK+1)=1-7(X))y, +7(X)y,
_ - (Xi o Cij )2
i (X;) =exp 20'ij2 Where y, and vy, are:
S O (ke 1Y D (e
We need to define the degree of y (k+j)=iZ:1: (ke Dy (k)
membership v(x): # iui”(kﬂ')
k i=1
—(x —¢;)°
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- The hesitation bound is defined as: > v (k+])
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72(X) =1—= p(x) = v(X)



Modeling of chaotic time series with DANFA

BanugupaHe Ha DANFA mopen
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DANFA model when modeling Mackey-Glass

chaotic time series
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Model_err
-0.019613

-0.067288
-0.01297
-0.058875
-0.02409
-0.04841
-0.039738
-0.045243
-0.03445
-0.040763

MSE
0.053553

0.027756
0.01893
0.014637
0.012033
0.010343
0.0090874
0.0081819
0.0074437
0.0068844

Model_err
-0.04702

-0.15122
-0.051306
-0.12744
-0.051261
-0.12544
-0.10179
-0.11864
-0.095164
-0.11223

MSE
0.0091595

0.0077459
0.0079593
0.077992
0.0077583
0.0079122
0.0077017
0.007838
0.007659
0.007769
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MopgenHa rpeLuka

MSE & RMSE

Modeling of chaotic time series with SFNN

Bamugupare Ha SFNN Type Il mogen
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SFNN Type lll modeling Mackey-Glass chaotic time

series

steps SFNN Type SFNN Type SFNN Type
| Mmozen Il momen 111 momen
MSE MSE MSE
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2,4e*
1,09¢4
7,6
5,9¢™
4,9¢°
4,2¢>
3,7
3,4e™
3,1e®

2,8e™

2,9¢*
1,2¢4
8,5¢™
6,6
5,4e”
4,7
4,1e®
3,7e®
3,4e™

3,2e°

1,6e*

8,7e>
6,04¢°
4,8

3,97¢e>
3,5¢®
3,le™
2,8e®
2,6e™

2,3e®
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MogenHa rpeluka

MSE&RMSE

Modeling of chaotic time series with Type-2 NEO-FN

BanugupaHe Ha Heo-pa3muT mogen
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Type-2 Neo-Fuzzy model estimating
Chaotic time series.

Mackey-Glass
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NEO-fuzzy
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adjustment

9,5¢>
7,3¢
5,9¢>
4,8¢™
4,1e
3,5¢®
3,2e®
2,9¢°
2,5e®

2,25e™

NEO-fuzzy with
MF adjustment

9,35¢™
7,06e
5,6
4,5¢
3,9¢°
3,4e°
3,12¢™
2,92e™
2,33e®

2,17 "
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Comparison between the proposed FN networks

DANFA model

MSE
5,3e?
2,72
1,9¢?
1,4
1,22
1,03e?
9,1e3
8,2e3
7,4¢3
6,9¢3

126

t[ms]

1,83

N

9

SFNN Type I

P

63

MSE
1,6e*

8,7¢e®
6,04¢®
4,8¢®
3,97¢®
3,5¢®
3,le®
2,8¢®
2,6e°
2,3e®

t[ms]

1,58

Type-2 Neo-fuzzy with MF

N
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P

36

adjustment
MSE
9,35¢®

7,06e®
5,6
4,5¢°
3,9¢®
3,4e®
3,12¢®
2,92¢®
2,33¢®
2,17e%

Type-2 Neo-fuzzy without

N
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P MSE
9,5¢®

7,3e®
5,9¢®
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4,1e®
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3,2e®
2.9¢®
2,5¢®
2,25¢e®
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Classical TS model

P

1053

MSE
9,2e?
7,7¢
7,9¢?
7,8
7,6
7,65€2
7,62e?
9,59¢3
8,47¢3
7,56¢3

t[ms]
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Comparison between the proposed Type-2 and Intuitionistic
models

{ Yobj Ymodel{
0 L Type-2 Neo-fuzzy network INFN
0 50 100 150 200 250 300 350 400 450 500
steps
02 : With noise Without noise With noise Without noise
— . N == s MSE MSE MSE MSE
" 50 2.38e 2.98¢* 1.26e 3.42¢*
* * * * 100 1.26e 1.69e- 7.05¢7 2,256
0.2 T T T T TTT
e 150 8.85€5 1.31e 5.19¢” 1.87e
0.1
T 200 7.01e" 1.07e* 4.32e7 1.61e
2’ o W 0 250 5.80e5 8.4es 3.75¢7 1.48e
300 5.19¢e" 7.22e5 3.41e7 1.37e®
WHTYMUMOHMCKN HEO-(ib3N MOAEN C LUYM
1? W A\ P L V. B [ Yobj wYmodel [/M\ 350 4.63e° 6.72e"° 3.13e” 1.26e®
0s Ml W f ARV a [ W 400 4.26e° 5.91e 2.96e”7 1.19¢®
% 50 100 150 200 250 300 350 400 450 500 450 3.92e5 5.33e5 2.78e7 1.13e5
oo 500 3.69¢° 4.76e 2.67¢7 1.09¢-6
: |
0 WWWW' TNy s ) ) )
oo | The needed time for performing all the needed calculations:
* * * * IFNN: 1.48 ms noisless case, 1.50 ms noisy case.
S Type-2 NFN 1.93 ms noiseless case, 1.96 ms noisy case.
4 =
2 - e
0 0 1 2 3
10 10 10 10

Time (Steps)



Thank you for your attention!



