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Abstract E

System identification is one of the main challenges in.r ime co esign the
best controller for linear or nonlinear systems, mat

is the main
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field 0%( theory is, design

challenge. To solve this challenge conventiong
recommended. The second important challenge i

high-performance controller. To improve the perf ance of ller, two factors are
very important: 1) high performance mathe | or mte@nt modeling, 2) chose the
best controller for the system. This paper 0 main 0 ives: after data collection
from position motor from industry the fi ctlv i dellng and system identification
based on Auto-Regressive with eXte del |% ) and defined Z-function and S-

performance controller to have the

function and the second objectjv S|gn the
minimum rise time and erroQ
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1. System &

Motors ’ @mstruments in any industries. The applications of motors
are wide suth=as, pum uids, compressors, and position movement. Servos motor
and stepper motors important motors for position control. To detect the position

position and velo@ity. In this type of motor, the output’s position is controlled by the
potentiometer. This potentiometer is used to detect the required voltage and send to
motor’s gutputto select the desired position with the minimum error [1-5].

ling this system the sample frequency is 10 ms. The data collection extract
I motor Figure 1 shows the position, velocity and input data collection by 1001

servo motors $ . In this types of motors, two parameters can control angular
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Figure 1. Position, Velo %d In@otor Data Collection
To modeling the position sy aSed om\ heory, the general input-output form is:
B@ .y, <
A(Qy(t) = —= )+~
_ Qy F@) ) ) |
the five ponnor% ), B( (q@)and F(q) are introduced and the state A is:
A@) =a2 a3 E @)
The most used structure is the simple linear difference equation:
y(t) + -1 +ay(t—2)+ - +ayy(t—na) = bju(t—1) + byu(t—2) +
+® t—nk—nb+1)
lates the current output y(t) to a finite number of past outputs y(t-k)and inputs u(t-
ARX modeling we have:
A(@y(t) = B(q) u(t —nk) + e(t)

To ARX modeling three factors are important: inputs, noise and output. Assuming the
signals are related by a linear system, the relationship can be written
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y(® = G(@QU®) +e(®) (®)

where q is the shift operator and G(q).U(t) is short for:

G(U(D) = Z g(k).U(t—k) (6)
and
G(q) = z gk)q™™, g7 u(®) = u(t— 1) )

There are two problems concerning to system identification modeling 1) highly nonlinear
system and 2) the techniques of parameter identification. The parameters of theyARXe

model structure is: ?\

A(Qy(®) = B(q) u(®) + e(t) 8
The order in ARX modeling is: \* @

nn = [na nb nk] Q 9)
Where na is output order in ARX, nb is input orde RX ana\ delay order.

In this system if nn = [2,1, 1] the system |@aﬂon |s@;ure 2.

z; measured
th; fit: 99.83%
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Figure 2. Fitting Test Compare between ARX Identification and Output,
99.83% Fitting Test

Figure 3 shows the error between real system and system identification.
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Figure 3. Error Test Compare Ag ification and Real System
Regarding to Figure 2, the Disc @ne IDP@( odel is:

A(@y(t) = B(qu(t) H=g(t)

A(q) = 1 — 181@1\154) q-g;\'
B(q) = 0‘9 96@%'2

Based on the s@ldentlflcatlon the loss function is 2.18697e~8 and final predictive
error is 2 08¢~8. The continuous time IDPOLY model is:

A(s) B(s)u(t) + C(s)e(t)

@: s2 + 02s + 0.01

B(s) = 0.004837s + 0.01

C(s) = s + 1.634s + 1.104
The Z-transform of this system is:

0.0091

H(Z) =
@) Z? —1.8097Z + 0.8187
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The S-transform of this system is:

(0.0048 S + 0.01)

H =
) $24+0.25+0.01

Regarding to above Z-transform and S-transform, we can find the mathematical function
to design controller.

2. Desihn Model-free Nonlinear Controller

The second challenge in this research is design a controller for highly nonlinear plant.
The main idea to design this type of nonlinear model-free controller is based on the
following formulation;

*
O A
@d = 17 (q,t) if S;<0

A time-varying s(x t) in the state space R™ is given by, \%\N n&tlon
(11)

s(x, t) = dt+l)" 1¥=0 O \

the Proportional-Integral-Derivative ( g formulations represented the
three groups are [6-7]:

Spp=Ade+eé A Qo\% (12)
s(x,b) = ( —+ 2) Q@ xd%\' (13)

SPI = A@ (14)
SPID = Ae + é + féi&e (15)

According t a§eformulation the formulation of controller is:
'

The s(x, t) can be defined as Proportio Ej; @vatlve roportional Integral (PI) and

X, t) - sgn(s) (16)

1 s>0 (17)
sgn(s) = {—1 s<0

0 s=0
Ugis—_pp = K - sgn(4e + ¢) (18)
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Tgis-p1 = K - sgn (le+ (—)ZZ ) (19)

A
Tais-pip = K - sgn (le +eée+ (E)Z Z e) (20)

Discontinues part is used to design suitable tracking performance based on very fast

switching. This part of the controller is work based on the linear type methodology;

therefore it can be PD, PI, and PID. Fast switching or discontinuous part have the

essential role to achieve to good trajectory following, but it is caused system instability

and chattering phenomenon. Chattering phenomenon is one of the main challenge hise
controller and it can cause some important mechanical problems such as satu d

heats. Figure 4 shows the chattering phenomenon [8-9]. 'Vl

. Q/

%

—
h;@(c. 9;&0 S wa
re4® ing Phenomenon

@ X

To reduce the c% g’ linear %dary layer method is introduced. The saturation

(linear) meb small ightorhood of the switching surface is calculated as

ZTs)| @@ >0 (21)

where @ is the @ary layer thickness. The controller formulation is written by:

068& sat(5/) (22)

@ saturation function formulation (Sat (S/Q) ) is as follows
(1 C/p>1D (23)
)1 (<)
15/ (-1<5/5<D)

However, this method can reduce or eliminate the chattering but it has three new
challenges: increase the error, increase the rise time and reduce the stability and
robustness. To reduce the chattering in presence of switching functions; the linear

B(t) =
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controller is added to discontinuous part of sliding mode controller. The linear controller
is the type of stable controller as well as conventional sliding mode controller. In
proposed methodology PD, PI or PID linear controller is used in parallel with the
discontinuous part to reduce the role of sliding surface slope as the main coefficient. The
formulation of new method control technique is:

Ugis—new = Kq* sgn(S) + Kp.S (24)
Ugis—pp-new = Kq° sgn(le +e)+ Ky - (de +é) (25)

Ugis-pi-new = Ko sgn (Ae + (%)2 Z e) +K,- (Ae n (%)2 Z e) (26)

Udis—pip-new = Kq * SgN (Ae +eée+ (%)2 Z e) + Ky - (,16 +e4+ (%)2 WS
N &

In rise time point of view (Figure 1), our system as a OLRVCOnds rise time.

Therefore, one of the main objectives to design ller fox tem is, reduce the
lle

rise time. To test it, nonlinear model free switching con » nonlinear model free
saturation controller and new methodolog C mpare‘ re 5 shows the trajectory

following in these three types ofcontroll’e1\ . @
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Flgure 5T Foll g Nonlinear Model Free sgn Controller,
e at Controller, New Methodology

Regardl ure 5 1 e t1me in these three types’ controllers is reduced from 9
seconds to le han onds In oscillation point of view, the nonlinear model free
switching control oscnlatlon in comparison to nonlinear model free saturation
controller and ethodology controller. In error point of view, nonlinear model free

saturatio c ntroNer’s error is about 0.02, but new methodology controller’s error is about

shows the S-factors. To have the best response in these types of controllers S-
one of the main factors. Zero is the best value for S and the rate of s-factor in
ethodology controller is better than the nonlinear model free saturation controller.
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. ,Qﬁ at Cﬁro er, New Methodology
To robust a \}ty chec\@ controllers are tested under uncertainty conditions. In

these situa nd-limi hite noise is applied to these types of controllers. In open-
loop syste prese ncertainty, the rise-time increase from about 9 seconds to
about 34 seconds. g Figure 7, the rate of rising time is increased about 400% in
open loop syst resence of uncertainty. In this state, the role of controllers is
improved the ri e as well as reduces the oscillations and errors. According to Figure
7, nonlin odel-free with saturation controller has moderate fluctuations. In this
situatio e'rate of oscillation in the nonlinear model free switching controller is about

t @e as certain condition and it has oscillation. Based on Figure 7, new
ology’s fluctuations is about zero.
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3. Con@n

main objectives: system identification and control. In the first
per, the ARX system identification is used system identification
and modeling. modeling this system with 99.83% fit and find second order laplas
function.%s -time in this system in the certain condition is about 9 seconds and in
uncertai about 34 seconds. To improve the response of this system three types of the
cont& applied: nonlinear model free switching controller, nonlinear model free

controller and new method controller. According to above discussion, the
%wear model free switching function is stable and robust but it has oscillation which
caused to challenge in our system (motor). To improve nonlinear model free switching
controller, nonlinear model free saturation controller is introduced. However, this
controller eliminates the oscillation and improves the rise-time in certain and uncertain
condition but it has two important negative points: increase the error and reduce the
stability and robustness. To improve these challenges new method is used in this research.
After applied this controller to our identify system, the oscillation in certain and uncertain
condition is eliminated, the rise-time is reduced from 9 seconds to about 1 seconds in
certain and 34 seconds to 1.2 seconds in uncertain condition, the error is reduced compare
to nonlinear model free saturation controller, improve the stability and robustness
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compare with nonlinear model free saturation controller. Regarding above discussion for
identification, ARX methodology and for control, the high speed robust nonlinear model-
free controller is recommended.
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