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Ql. (a) The major steps in any practical system identification study are
summarized in the following processes. Construct a suitable flow chart
diagram that shows the flow of the system identification procedure.
(i). Final model
(ii). Design of experiments
(iii). Determination of model structure
(iv). A priori knowledge
(v). Model verification
(vi). Input / output data
(vii). Simulation analysis controller design

- 
(viii). Estimation

[3 marksl
(b) The general linear polynomial model is described by the following

equation,

A(z) y(k) ='- =!?) r&) + !? e&)
F(z) D(z)

A(z) y(k) = 4? ug, - d + 99- rg,1
F(z) D(r)

Draw the signal flow for the above model and discuss how to create
autoregressive with exogenous terms (ARX), autoregressive moving
average with exogenous terms (ARMAX), Output Error (OE) and Box
Jenkins (BJ)'model from the general linear polynomial model.

[20 marks]
(c) An unknown system can be described using the following equation,

y(k) = z-'G(z-t ,o)u(k) + H(z-t ,0)e(k)
where, u(k) is the input, y(k) is the output, e(k) is the noise, G is the
deterministic transfer function and H is the stochastic transfer function.
Describe the deterministic and stochastic transfer function.

[2 marks]
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(a) Figure Q2a shows a mechanical vibratory system. When 8.9 N of force is

applied to the system, the mass oscillates, as shown in Figure Q2a(b).
Determine the parameter of M, F and K of the system from this

response curve. The maximum amplitude is 0.0329V at peak time 2s and

the steady state value is 0.03V. The transfer function of this system is

x(s) _ I
I(s) Ms2 +Fs+K

The steady state value of x is
x(t)= l imsX(s)

s+0

Figure Q2a(a)

Damper,

Figure Q2a(b)

[8 marksl
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(b) A spring mass-damper system is shown in Figure Q2b(a)' The Bode

diagramobtainedbyexperimentalmeansusingasinusoidalforcing
functionisshowninFigureQ2b(b).Determinethenumericalvaluesof
parameterofm,bandk'Assumethedampingratioequalsto0'32and
thecornerfrequencyis3.2radls.Thegainvalueatfrequency0.0lrad/sis
-26d8.
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[8 marksl

t000.10.01

Figure Q2b
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(c) An experiment to determine the transfer function of a particular control
system element by the cross correlation method using a 127 bit PRBS
produced the results plotted in Figure Q2c. The vertical axis is calibrated
in volt2. The static gain of the plant was measured separately as 5.0 units.
(i). Determine the transfer function.
(ii). What were the amplitude and bit interval of the PRBS signal ?

0.35

0.3

0 0.2 1.81.61.41.20.6 0.8 1
Trfle (sec)

Figure Q2c
[9 martrsl

hpube rusponse
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Hot air blower system shown in Figure Q3a is under test of system

identification to obtain the mathematical model based on input and output

measurement. The basic components of the system are shown in Figure

Q3b. The input of the system is PRBS signal in Watt and the output of the

system is temperature signal in degree Celcius as shown in Figure Q3c.
The length of data taken during experiment is 1000 and the sampling time

is 80ms. A fourth order ARX 44ltype difference equation model has been

selected as linear parametric model structure for the system.

9*

Process Traincr PT326 Mk2

Figure Q3a

Figure Q3b
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(i) Describe in brief the function of each block comlrcnent of the hot
air blower system in Figure Q3a.

[7 marks]
(ii) Two steps are taken during preprocessing data i.e. remove means

and select range. Explain why?

[2 marksl
(iii) Based on the measured and simulated model output as shown in

Figure Q3d, justify why ARX 441 model had been chosen?

[2 marksl
(iv). The test signal is using a 127 bit PRBS. What is the feedback

configuration to generate 127 bit PRBS signal and the period of the
PRBS?

[2 marksl
(v). Give four advantages using PRBS as a test signal.

[4 marksl
(vD. What is your justification to ensure that the PRBS input has a flat

power spectrum over the system frequency range?

[3 marksl
(vii). What is the discrete time polynomial model for the above system

if noise e(t):0 where u(t) is input and y(t) is output. Giveno

A(z) = | - | .l2lz-t + 0.090 1 3z a + 0.2189 z-t - 0.06087 "u
B (z) = 0.001944 z-t + 0.00334 8 z-2 + 0.06328 z-3 + 0.0545 5 z-1
A(z)Y(t) = B(z)u(t)+ e(t)

[5 marks]
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(a) Industrial Hydraulic Actuator system shown in Figure Q4a is under test of

system identification to obtain the mathematical model based on input and

output measurement. The plant description is listed below

- A bidirectional cylinder type Novotechnik

- The piston diameter is 25mm, piston rod diameter 16mm,

stroke 400mm and piston area ratio 1.6: I

- Inductive type built-in position transducer

- Pressurised fluid flow is controlled by electronic control valve Rexroth

- Control valve is of proportional and directional type

- Valve input voltage: +l0V dc and current range (4-20) mA

- Pressurised pump Bosch Rexroth can regulate fluid source of up to 2300

psi or 160 bar

The input of the system is Sine signal in Volt and the output of the system

is displacement signal in degree cm as shown in Figure Q4b and Figure

Q4c. The length of data taken during experiment is 1000 and the sampling

time is 45ms. A fourth order ARX 441type difference equation model has

been selected as linear parametric model structure for the system and the

result is shown in Figure Q4d.

Figure Q4a: Industrial standard hydraulic actuator under investigation
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Figure Q4e: Pole-Zero plot at sampling time 55ms

Good parameters identification requires the usage of input signal that
are rich in frequencies. Sinusoidal signals, u(k) had been used for the
above system as test signal and is shown below

P

u(k) =la,cosa',t"k
i=l

Define what are p, ai, roi and to.

[4 marksl
(iD If Input signal to the plant is generated using three different

frequencies as shown below,

V,"(k) = cos0.5f"ft +cos2t,k +cos5/"ft

find the value of those 3 different frequencies when L : 45 ms and
k: l

(iii) Justiff why three different frequencies had been
input signal.

[3 marksl
used for the test

[2 marksl
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(iv) The plant model had been estimated using ARX33I model
structure and least square estimation method as shown in
Figure Q4d and the estimated model are shown below,

B,(z-t)  =
A'(r t )

0.14782-t +0.1617 z-2 -0.065492-t
| - 0.9139 zu - 0.2599 z-2 + 0.17 432-3

Simplified the above model and determine the pole-zero
plot.

[8 marksl

(v). From the pole-zero plot, comment whether the system is
minimum phase or non-minimum phase, stable or unstable
and why?

[4 marksl

(vi). The sampling time had been changed from 45ms to 55ms and
yields the pole-zero plot a shown in Figure e4e. Comment
whether the system is minimum phase or non-minimum
phase, stablb or unstable and why?

[4 marksl
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Q5. (a) A system is described by the model

h,-rx(k) = ft7u(tcl
Y(k)=x(k)+n(k)

where u (k): measured input sequences
y(k): measured output sequences
n(k) : zero mean discrete white noise sequences

Using the data sequences in Table Q4, determine:

\- 
(i) A simple least squares estimate of the unknown parameters (a,b).

[10 marksl
(ii) Estimates of parameters a and b after one step of a generalized least

squares procedure with y'(0)=29.97 and u'(0)=-1.87 where

u'(0) and yFlO; represent the initial values of the filtered input and

output sequences, respectively.

[15 marksl

Table Q4
k I 2 a

J 4
u(k) - l I I
y(k) -16 0 9 J


