Evolutionary Design of the
Closed Loop Control on the Basis

of NN-ANARX Model Using
Genetic Algoritm



Principles of Genetic Algorithms

Initial Population — a set of strings called Chromosomes

[01011010..011101]
[00001110..110101]

[01000010..111101]
Calculation of fitness function,

sort Chromosomes and choose the best ones



Principles of Genetic Algorithms

Formation of new generation:
1. Crossover

[01011010..1010101]

[10000]10...]0]1@]1]
at random places

[01011010..001111]
[10000110..110101]

2. Mutation [01111010..011101]
at random places (~1%)

[01011000..011101]
“Best Parents” are used in crossover and mutation

more frequently

3. “New Blood” — some absolutely new chromosomes



Principles of Genetic Algorithms

Initial Population

Mutation, Crossover

|

Selection
Repeat until a

Chromosome with a
best fitness is found Formation of new generation




Principles of Genetic Algorithms for
selection of Neural Network’s Structure

For fully connected NN-NARX
gene = [111111111111 111111111111}

=" »  For custom structure NN
gene =[110101111001 111111111001]

Fitness function — for example, MSE




ANARX model

/ NARX (Nonlinear Autoregressive Exogenous) modh

y(t+n)=f(y(t), y(t+1),...,p(t+n=1),u(t),u(t+1),...,u(t +n-1))

ANARX (Additive Nonlinear Autoregressive Exogenous) model:
v(t +n) = f,(y(O),u)+ fL(yE+Du@+ 1) +...+ 1, (v +n—D,ut +n—1))

. /

or

y(t+n) =Zn:fl.(y(t+i—1),u(t+i—l))




NN-based ANARX model (NN-ANARX)

15t sub-layer

Y-
u(t—1)!

e 'Eh sub-layer

y(H"):Zn:Ci(”i(Wi v +i-Dyu(+i-nJ)

@, is a sigmoid function



ANARX Model based Dynamic Output
Feedback Linearization Algorithm

ANARX model NN-ANARX model
We+m =Y f(ye+ri-Dau@+i-)  y(E+n)= ZCgp ( v +i-1),u(t+i- 1)]T)

F = £ (y(©.u(0) = 1,0 @ F=Co D0l )=n, 0

n,(t+1)=n,) - f,(¥(0),u()) m(t+1)=n,() - C,p, (Wz : b(r),u(t)]T)

3-

’7 t+D) =1, O~ f,,GOu®) T2 DT Cno w,., - o))
n.. t+1)=v() - fn (y(t),u(z‘)) 7 t+D)=v(@)-C,p, (Wn ! [J’(t),u(t)]T)

y(t+n)=v(t)



NN-ANARX Model based Control of
Nonlinear Systems

» Controller ) u(® | Nonlinear »®
Reference signal v(t); Dynamic Output System
. Feedback Linearization |
A
| NN-based
"| ANARX model [~

C) ——

— Parameters (W, ..., W, C,, .



Problems to be solved

A little or no knowledge about structure of the system is given
a priori

A set of neural networks must be trained to find an optimal
structure

Quality of the model depends on the choice of initial
parameters

Quality of the model should be evaluated in the closed loop

These problems can be solved using GA.



GA for structural identification

NN-ANARX structure may be easily coded as a gene.
Consider an example (custom structure model):

y(k—1)

Input 1

) gene = 11 10 00 01 10 00 10]
\
(k=2 . '\-\ G = (byle bul: byQ: b'lt?? R by-n,r b'u:n.w )

Input 2

Input 3

Input 6  Input 5 Input 4

Input 7




Dynamic controller based on
custom structure model

T
b= {byly(t)f b-u,lu(t)} = (t)
m(t+1) =n(t) — C202 (Hz (bya1 (1), buru(t))T)

. | 7 )
77"”_2(16 + 1> = Tln—1 (f) o C'n-—l(pn—l (” n—1 (by.n—lirl (t) bu.n—lu<t>) )
TIn—1 (t + 1) =V (f) - C, 0, <Wzn. (by.n I (t) by nu (ZL)) T>

Gene:
G = (bylﬁ b‘ll.].? byQa b'u.Qa .o by-n,ﬁ bu:ru )



Fitness function

Model structure optimization is based on fitness
function consisting of 2 parameters:

* Error of the closed-loop control system
* Order of the model

All of the criteria are normalized



Numerical evaluation of the criteria

Evaluation function: f =Kki-e+ky-0




