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The plant for this assignment can be expressed in s domain as the following

" T D(s) G(s)

Fig.1: System in continuous time domain

This can be trandated into z domain by using state space approach
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Fig. 2. System in discrete time domain
The design specifications for this assignment are given as
1M ,%<5%
% t,<2ms
(where the input is a stepreference of 1 micrometer)
Generdly speaking, to design a controller by using estimator, the procedure is quite
systematic. In sum, six steps are required.

1. Step One

Determine the desired closed-loop pole locations from the given specifications.
The settling time is less than 2 milliseconds, and the maximum overshoot is less

than 5%. Read from the relationship diagram of Mp%vs. ?, we get

z =0.7
Hence,
L @20
zw,
b w. 8- 46 - 4381

zt, 0.7 1.5 103
So the poles in sdomain are located at

Pyus =- 3066.7 + ]2399.5



The corresponding polesinthez domain are

P,u2 =0.7148 + j0.1749

Step Two
Find the state feedback gain F such that the eigenvalues of A-BF coincides with
the desired poke locations obtained in the first step

- 7
Discretizethe plant G(s) = 6 10 by zero-order-hold, and we can get
S
0.3z+0.3
G(2) =————
(2) 2°-2z+1

Convert this transfer function into state space representation,

x(k +1) = Ax(k) + Bu(k)

i
i y(k) = Cx(K) + Du(k)

where,

Definethe desired poles in z domain as a column vector

_ é0.7148 + j0.17490

PDesired = i 0
§0.7148 - j0.1749Y

In MatL ab, thereis one function called acker (), which is short for Pole Placement

Gain Selection Using Ackermann's Formula, can calculate the feedback gain
matrix K such that the single input system x(k +1) = Ax(k) +Bu(k) with a
feedback law of u(k) =- Kx(k) has closed loop poles at the values specified in
vector P. Thisissame asP = eig(A- B*K).

Hence,

F = acker(A B, PDesired)



This gives,
F =[05704 - 0.4589

Step Three
Find the constant gain J suchthat [(C - DF)(l - A+BF) 'B+D]J =1
This can betranslated into an equation as

J=inv((C- D*F)*inv(eye(2)- A+B*F)*B+D)
Hence,

J =0.1865

Step Four
Find the estimator gain K such that the eigenvalues of A-KC are in pre-specified
locations (or place all at 0 otherwise to yield a deadbeat estimator).
Use the same method as what we have done in step two. Define the pre-specified

eigenval ues as a column vector,

PEstimator = goﬂ
804
o,
K = acker(A', B, PEstimator )
This gives,
é4.1667
K=g 0
82.5000¢;
Step Five

Compute the parameters of the controller: A=A- KC- BF +KDF,

B=[(B- KD)J K], C=-F, b=[J 0.
These can be easily calculated by using MatLab, we can get
€0.1796 - 1.79150

A=S s
&.2500 - 0.75004’

é.1865 4.16670
& 0 250008

C=[- 05704 04585], D=[0.1865 O]



6. Step Six
Construct the controller in state space form,

~ér(k)u
x(k +1)= Ax(k) + Bgy(k)u

~ér(k)u
k) = Cx(k
y(k) = CX( )+D§/(k)u

—y " ——— —

Verification in discrete-time domain and continuous-timedomain
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Fig. 3: Step responsein discrete-time domain  Fig. 4: Slep response in continuous-time domain

From the above simulation with MatL ab,

1M % @4% < 5%
%ts =1.7ms < 2ms

Hence, the controller can meet the design specification.



Comparisons among thethreelinear controller design methods

Advantages Disadvantages
PID Controller e Simple e Sow
e Cheap e PID controller is not used for

e The PID controller provides

quick  acting  corrective

control of most process
variables. Adding integra
control to a proportional
controller will eliminate the
steady state error, but will
increase  overshoot and
settling time. But by adding
derivative  control,  the
overshoot and settling time

can be reduced.

highly noisy control
variables like flow control,
because the  derivative
response will amplify the

random fluctuations in the

system.

PID compensator

The same as PID controller

e The sameasPID controller

(They are the same.) e Require more computation
SS approach e Systemdic e More expensive to construct
e Accurate e Required powerful PC and

well  designed  software

package to do the heavy

computation




Appendix: M-File

(Home assignment 3 for EE3304

clear all;

cloze all:;

(Define the plant in continuous time domain
Clum = [6E7]:

Chen = [1 0 0]:

tDhefine svstem variables

3Time = 1.5E-3;

SpFreq = 1E4;

DREatio = 0.7;

NFreq = 4.6/ (DRatio*3Tine) ;

CTEPolel = -DRatio*NFreq + NFreg®(l1-DRatio)*(l/2)%1i:
CTEPoleZ = -DRatio*NFreq - NFreg¥(l-DRatio)*(l/2)%1i:
DTEPolel = exp((l/3pFreq)*CTEFolel) ;
DTEPoleZ = exp((l/3pFreq)*CTEPolel) ;
(Dhefine the Plane in State 3Space

C_G = £E({CNum, CDen):

D G = ci2d(C_G, 1/3pFreq, '=zoh' ):

[DWum, DDen] = tfdata(l_G, 'w'};

[4, B, C, D] = tfZss(DHum, DDen):;

33 G = s3(h, B, C, I):

RConpute feedback gain (F) and constant gain (J)
Phesired = [DTEPolel; DTEPolez]:

F = acker (i, B, PDesired ):

J = inw((C-D*F)*inwvi(eye (2] -A+E*F) *E+D) ;
YCompute estimator gain (K)

PEztimator = [0; 0];

K = acker(d', C', PEstimator)':

YComputer 3tate Japce controller parameters
35 & = 4 - K*C-BE*F:

35 B = [(B-E*DI*I K]:

35 _C = -F:

35 D = [J, 0]:

(Construst 33 controller

33 Cont = ==(353_4, 33 B, 33 C, 33 D):
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