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* For simulation (study the system output for a given input)
Ex. Thermal study of a space shuttle when it enters the atmosphere

* For design (compute the system parameters to have a desired output for a
given input)
Ex. Design of electrical, mechanical or chemical installations

« For prediction (forecast the future values of the output)
Ex. weather forecasting; flood forecasting

* For control (model-based controller design)
Ex. Pole placement controller design for tracking and disturbance
rejection
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First principle modeling
Based on physical laws, physical models

k
96) = s(rs+1)

(continuous-time models, academic interest)

System identification
Based on input/output measured data

bz
22 +ayz+a,
(discrete-time models, practical interest)

9(2) =
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Physical modeling

Em = Knb CF‘: \7/](. éi_g

Mm = Kmim(t)
Assumptions : only viscous friction, backlash and self inductance L,
neglected (frottement visqueux, néglige les jeux et I'inductance de I'induit)

? (Jm + JC)"( ) + fg( ) = m’m( ) m(t) = m'm(t) + Km"—'j
o (U + J)Rmb(t) + (fFRm + K2)0(t) = Kmnum(t)
9 [(m + Je)Rms® + (fRm + K7)5]©(5) = KmUm(s)
L
O(s) Km ) _ K
Un(s) ~ Unt Ra + (R ks ™% C0) = sy
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Salloum, Rafik, Bijan Moaveni, and Mohammad Reza Arvan. "Identification and robust

controller design for an electromechanical actuator with time delay." Transactions 6f the
Institute of Measurement and Control 37.9 (2015): 1109-1117.
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R. Salloum, Design and Implementation of Robust Controller for an Electromechanical
Actuator, PhD Thesis, School of Railway Eng., IUST, 2014.
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Moaveni, Bijan, and Pegah Barkhordari. "Identification and characterization of the
hydraulic unit in an anti-lock brake system." Proceedings of the Institution of
Mechanical Engineers, Part D: Journal of Automobile Engineering 230.10 (2016): 1430-
1440.
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Physical Modeling

Km
(U + J)Rm52 + (fRm + K2)s

G(s) =

-~ Direct relation with physical parameters

~~ High order, approximative, need complete process knowledge, physical
parameters should be known

Identification Models
bz

G(2) = 22+ a9z + ap

-~ Appropriate for controller design, simple and efficient

-~ Limited validity (operating point, type of input), sensors,
measurement noise, unknown model structure
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dynamic/static
monvariable/multivariable
deterministic/stochastic

lumped parameter /distributed parameter
linear/nonlinear

time-invariant / time-variant

Causal / noncausal

zero initial condition

Stable/Unstable

Systems Identification 14
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q(t) c(t)

— System ——

() +263(t) = 3q(t - 6) c(0) = o

dynamic/statique? monovariable/multivariable?
deterministic/stochastic?

lumped parameter/distributed parameter?
linear/nonlinear? time-variant/time-invariant?
causal/noncausal? zero/nonzero initial condition?

System : dynamic, monovariable, deterministic, lumped parameter,
nonlinear, time-invariant, causal, nonzero initial condition.
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* Input/Output representation

« State-Space representation
 Time-domain representation
 Frequency-domain representation
+ Continuous-time representation

« Discrete-time representation
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Aliasing occurs when there is an overlap in the shifted, periodic (as we

already noted) copies of our original signal's FT, i.e. spectrum. In the

frequency domain, one will notice that part of the signal will overlap with

the periodic signals next to it. In this overlap the values of the frequency

will be added together and the shape of the signal's spectrum will be

altered.
rm
L
Alasing xtf)
AJIA
. 0" R ey
1 W SR
Ts Ts
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Aliasing

A typical case of aliasing is displayed below where the sampled
(blue) signal corresponds to both a frequency change and a phase
shift with respect to the original signal (red).
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wsb g s y(2) =Y y(K)2 =S y(kT).2 "

85y b y(2)= Y (k)2

: Jbwo
If e(k) =1 DE@) =2
-1 -2 1 z -1
E(z)=1+z2"+2°+...> E(2) = —=— |Z7<1
1-z z-1
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e(t)=e™ >ekT)=e*" = E(2)="? 2 loi o6 1o

E(z)=) ez = Y (e z") =1+ET.z)+( .z +..
k=0 k=0

1
=E(z)=——— ez k1
(2) o™ 1 | |
e b 1o

e(t) =t —e(kT) =kT = E(2) =2

E(2)=YkTz*=TQ kz*)=T(z +2z%2+32°+..)=
k=0 k=0

T2t

1
_ -1 -1 -2 _ -1 —
=Tz (1+2z " +3z +...PC Tz ( )_(1_2_1)2 N

Digita ;trol Svster@__ Z_l)2

L Jsowi ple>

Z[e, (k) +ae, (k)] = E,(2) +aE, (2) oos s

Z[e(k—nu(k—n)]=2"E(2) (i JUl s

Z[e(k+n)u(k +n)]=z".[E(z) —nie(k).Z‘k]

Z[e(k—nu(k —n)]= ie(k —n)z = Z_nie(k —n).z

o0

_ Z_nZE(k _n).z—(k—n) =z Z e(k —n).Z_(k‘”) — Z_n.E(Z)
k=n

k—n=0
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Z[e(k +mu(k +n)] =Y ek +n).z* = 2" e(k+n)z " =

n-1

= n-1
=2 e(k+)z 0+ 3 ek ez - 3 ekrm)z )=

k+n=n k+n=0 k+n=0

n-1

=2"(E(2)- ). e(k+n).z ") = z"(E(z)_Ee(k)z’k)

k+n=0

:Jlwo

Z[e(k +1)] = 2(E(2) -e(0))

1
Z[e T yk—3)] =23 Z[e ¥ =73 —2 =
[ (k-3)] [e™] e (e )
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:Jlo
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e(0) = !inl E(2)

E(z)=e(0)+e(l).z " +e(2).27 +...

X(0) = Izin11(z -1).X(2)

n

ZIx(k +1) - x(K)] = !m[i x(k+1)z =3 x(K)2™]

k=0

= lim[-x(0) + x(D)(L- 7+ x(2)(z™

lim{Z [x(k +1) - x(K)]} = lim{x(n+1) - x(0)]
Izim{z(x (2)-x(0))-x(2)}= Iziiq(z ~DX(z)=limx(n

n—ow
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m(k) =x(k)-x(k-1)-m(k-1) , k=0
x(k) ={ Ko

X(-1)=m(-1) =0

So:

m(0) = x(0) - x(-1)-m(-1) =1-0-0=1
m(1) = x(1) - x(0)-m(0) =0-1-1=-2
m(2) = x(2) - x(1)) -m(1)) =1-0—(-2) =3
m(@3) = x(3)-x(2)-m(2) =0-1-3=-4
m(4) = x(4) - x(3)-m(3) =1-0—(-4) =5

Digital Control Systems
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m(k) +a,_ ,m(k -1 +...+a;m(k —n) =b, x(k) +b, ,x(k =1) +...+b,x(k —n)

M(z)+a, 2 "M (2)+...+8,2 "M (z) =b, X (2) +b, 2 X (2) +...+ 0,2 "X (2)

M(z) b,+b 2" +..+bz"
X(z) 1l+a,,z'+.+a,z"

:Jlo

M(z) 1-z" _z-1
X(2) 1+z7% z+1

M(z)=X(2)-2"X(2)-2"'M(2) >

X(K) =5 ko => X(2) =

s
|
!
N
N
N
|
(RN

x(k).z* =1+ x(2).z‘2+x(4).z“‘+...=1 =
z

k
[ = U
z+1 (z-D(z+1) z+1 (z+1)°
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