Lab

Neural Networks based control of
nonlinear systems



Identification of dynamic systems with Artificial Neural Networks

Dynamic/ feedback network:

Feedforward i g
Neural Network u(t)
u(t—m)
Y(t):Fz'(\Nz'(Fl'(\Nl' y(t—l) +®1)+®2):
L y(t-n) |

= f_ (u(t),...,ut—m), y(t-12),..., y(t—n))

Eduard Petlenkov, Automaatikainstituut, 2015



Identification with Artificial Neural Networks

I
v [ *| System % E E=Y,-Yn
| E—>O
—»| Model T+

U is theinput of the system and the model
Y, is the output of the system
Y., is the output of the model

Eduard Petlenkov, Automaatikainstituut, 2015



Identification with Artificial Neural Networks
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Calculation of
new parameters

Eduard Petlenkov, Automaatikainstituut, 2015



Inverse model

FW, A8

Calculation of
new parameters

Eduard Petlenkov, Automaatikainstituut, 2015



i Inverse model

f:Y({t) > U((-1)

Ut-2)=f(Y®),...Yt-q),U({t-2),....U(t-r)

Consider asystem: y(t) = f ~(y(t -1), y(t - 2),u(t - 1),u(t - 2))

ut-1 = f 7 (y), yt -1, y(t - 2)u(t - 2))

Eduard Petlenkov, Automaatikainstituut, 2015



i Inverse model based control
—2 ! Inverse model . »| Plant ly

u(t-1) = f(y(), y(t-1), y(t - 2),u(t - 2))

Here Y(t) =w(t)

Eduard Petlenkov, Automaatikainstituut, 2015



Inverse model based adaptive control

* Inverse model » Plant

E—0

Eduard Petlenkov, Automaatikainstituut, 2015



Example: Jacketed CSTR (Continuous Stirred

i Tank Reactor)

| nput-Output equation:

=]
IR
y(t+2) =0.7653y(t +1) — 0.231y(t) + (<O
+0.4801u(t +1) — 0.6407y*(t +1) + —

+1.014y(t) y(t +1) — 0.3921y*(t + 1) +
+0.592y/(t +1)u(t +1) — 0.5611y(t)u(t + 1)



Collecting input-output data

—P»  input - output

To Workspace To Workspace 1

. P Ini Outl >

Input : Uniform Random
Number

Jacketed CSTR

r - . __I Sink Block Parameters: To Workspace - . Lﬁ [iﬁ| Sink Block Parameters: To Workspacel [ﬁ
@ Source Block Parameters: hput..@ — — _

_ To'Warkspace ToWorkspace 3
Haken Ao omir; Wwrite input to specified amay or structure in MATLAB's main Wirite input to specified aray or structure in MATLAB's main Scope
Dutput & urifarmly distibuted random workspace. Data iz not available untl the simulation is workspace. Data is not available until the simulation is
signal. Dutput is repeatable for a given stoppsd or paused. stopped or paused.
seed Parameters Eoaren
Paramaters W ariable name: ;

Variable name:
Minimum: e | [utp
E Limit data points to last: BES 7 =
o ik Limit data points to last: I
W awirnui: T = inf M
1 Decimatior:
1 | Decimatior:
Initial seed: Sample time [-1 for inherited): !
.D td | Sample time _[_-1 far inheritec!]_:
Sample time: Save format: Arrap IZI .td
td = i, ;
=t "l Log fixed-paint data as an fi object Save format: l.t‘-\rr_a_l,:l IZI
|| Interpret vector parameters az 1-D [7] Log fised-point data as an fi object
- =y
[ K J [ Cancel I [ Help ok ]| Caricel ] | Help ] Spply [ oK ] | LCancel | I Help ] é.pp!_u
k. L U =




i Training of inverse model

td=1

N=size(output,1)
P=[output(3:N)";output(2:N-1)";output(1:N-2)]
T=input(2:N-1)'

global net_c

net_c=newff([0 1; O 1; O 1],[5 1],{'tansig’,'purelin'})
net_c.trainParam.show=1;
net_c.trainFcn="traingd’,
net_c.trainParam.epochs=3000;
net_c=train(net_c,P,T)
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Implementation of the controller in MATLAB
(m-file controller.m)

function control=controller(u)
global net_c
control=sim(net_c,u);
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Control scheme

0.6 L PIn1 Outl »@ P inl Outl

Constant

v

dynamic _controller Jacket

Scope

B Source Block Parameters: Step lﬁ

\ Step

\ Cutput a step.

\ Parameters

Step time:

\
\ !nitial walle:
~ a
~ Final value:
nz
~

Sample time:

[¥] Interpret vector parameters as 1D

[¥] Enable zera crozsing detection b

l ] 4 J l LCancel l l Help l




“dynamic_controller” block

In1

MATLAB
> 7 »> Function

Outl
Unit Delay 2 MATLAB Fcn

i! Function Block Parameters: MATLAB Fcn &J
MATLAB Feon = I

Pazz the input values to 3 MATLAB function for evalustion. T 1 /
a gingle vwalue having the dimenzions zpecified by 'Output dime —
20 results to 1-0° <> z 7/
Examples: sin, zinful, foo{u1], ul2)) ”’

Unit Delay 3 -~
Parameters Y -

-
MATLAR function: -
unchion - -

caontraller(u)
Output dimenszions:
-1

L

_-_—

Dutput signal type: |auto

[¥] Collapze 2-0 results to 1-D

Sample time [-1 for inherited):
4l i)

l 8] | | LCancel | [ Help Applp
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Adaptive control scheme

0.6
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“adaptive_dynamic_controller” block

In1

In2

W Function Block Parameters: MATLAB Fen L&J
MATLAE Fen =

FPasz the input values to a MATLAB function far evaluation. T
a zingle walue having the dimenzions specified by 'Dutput dime
20 rezulks to 1-00

Ewamples: sin, sinfu], foofu(1]. u2]]
Farameters

MATLAR function:

controller_adaptiveu]

m

Output dirmensions;

-1

Output signal bppe: {auto

i [¥] Collapze 2-0 results to 1-D

Sample time [-1 far inkerited];

1 Bl -l 11 . =
> ; 1 [ ak, || Cancel || Help ] Bprly
Unit Delay 2 - ¢

! MATLAB
2 > Function
Outl
Unit Delay 3 MATLAB Fcn
Clock
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Adaptive controller = function
“controller_adaptive” (m-file controller_adaptive.m)

function control=controller _adaptive(u)
global net_c

Inp=u(1:3);

error=u(4);

time=u(b);

control=sim(net_c,inp);

If time>10
net_c=adapt(net_c,inp,control+error);
end
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