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Experiment: 1

Represent the given
discrete-time (sampled data)
sytem using pulse transfer
function and state space forms.

Scilab code Solution 1.01 Lab01

1 // Lab01 : (A) Repre s ent the g i v en d i s c r e t e −t ime (
sampled data ) sytem us i ng

2 // pu l s e t r a n s f e r f u n c t i o n and s t a t e
space forms .

3 // (B) Observe the r e s p o n s e s o f cont inuous−
t ime and sampled data system .

4

5 // s c i l a b − 5 . 5 . 1
6 // Operat ing System : Windows 7 , 32− b i t
7 //

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

8 // Clean the env i ronment
9 close;

10 clear;
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11 clc;

12 //
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

13 //A. Rep r e s e n t a t i o n o f d i s c r e t e −t ime models
14 //

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

15

16 // S t a t e space r e p r e s e n t a t i o n
17 A=[0 1;-0.2 -0.1];

18 B=[0 1]’;

19 C=[1 0];

20 D=0;

21 sysd=syslin( ’ d ’ ,A,B,C,D);
22

23 // Pu l s e t r a n s f e r f u n c t i o n r e p r e s e n t a t i o n
24 Num =1;

25 Den=poly ([0.2 0.1 1], ’ z ’ , ’ c o e f f ’ );
26 Gz1=syslin( ’ d ’ ,Num ,Den)
27

28 // Pu l s e t r a n s f e r f u n c t i o n from s s model
29 Gz2=ss2tf(sysd)

30

31 // Response o f the system with sampl ing t ime Ts=0.5
s e c .

32

33 // sampl ing Time
34 Ts=0.5;

35 t=0:Ts:10;

36 u=ones(1,length(t));

37

38 y=flts(u,sysd);

39 plot2d2(t,y,2)

40 zoom_rect ([0 0 10 1.2])

41 xgrid (35)

42 title( ’ Response o f d i s c r e t e t ime system ’ , ’ f o n t s i z e ’
,3)
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43 xlabel( ’ kT ’ , ’ f o n t s i z e ’ ,2)
44 ylabel( ’ y (kT) ’ , ’ f o n t s i z e ’ ,2)
45

46 //
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

47 // (B) Responses o f the cont inuous−t ime and d i s c r e t e
−t ime model o f the g i v en

48 // system .
49 //

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

50

51 // p o l e s o f c on t i u ou s t ime system ar e at −1, −2 and
−3;

52 den=poly([-1,-2,-3],” s ”, ’ r o o t s ’ );
53 num =1;

54 g=num ./den

55 g=syslin( ’ c ’ ,g)
56 tc =0:0.2:10;

57 yc=csim(” s t e p ”,tc ,g)
58

59 // D i s c r e t e −t ime r e s p r e s e n t a t i o n with Ts=0 .5 ;
60 sysz=dscr(g,Ts);

61 gz=ss2tf(sysz)

62 yd=flts(u,sysz);

63

64 // Responses
65 figure ,

66 plot(tc,yc, ’ b l u e ’ ) // con t i nuou s t ime system
67 plot2d2(t,yd ,5) // D i s c r e t e t ime system
68 title( ’ Responses o f c on t i nuou s and d i s c r e t e t ime

system ’ , ’ f o n t s i z e ’ ,3)
69 xlabel( ’ t ’ , ’ f o n t s i z e ’ ,2)
70 ylabel( ’ y ( t ) , ( y (kT) ’ , ’ f o n t s i z e ’ ,2)
71 f=get(” c u r r e n t f i g u r e ”) // Current f i g u r e hand l e
72 f.background =8

73 xgrid (36)
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Figure 1.1: Lab01

74 h=legend( ’ y ( t ) ’ , ’ y (kT) ’ )
75 h.legend_location = ” i n l o w e r r i g h t ”
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Figure 1.2: Lab01
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Experiment: 2

Discretize the given
continuous-time signal using
Zero Order Hold and First
Order Hold techniques.

Scilab code Solution 2.02 Lab02

1 // Lab02 : D i s c r e t i z e the g i v en cont inuous−t ime
s i g n a l u s i n g Zero Order Hold

2 // and F i r s t Order Hold t e c hn i q u e s .
3

4 // s c i l a b − 5 . 5 . 1
5 // Operat ing System : Windows 7 , 32− b i t
6 //

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

7 // Clean the env i ronment
8 close;

9 clear;

10 clc;

11

12 // ramp g en e r a t o r dur ing sampl ing p e r i o d
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Figure 2.1: Lab02

13 tau.time = (0:0.5:1) ’;

14 tau.values = (0:0.5:1) ’;

15 importXcosDiagram( ’ Lab02modelx . xco s ’ )
16 typeof(scs_m) //The diagram data s t r u c t u r e
17 xcos_simulate(scs_m , 4);

This code can be downloaded from the website wwww.scilab.in
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Figure 2.2: Lab02
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Experiment: 3

Discretize the given
continuous-time system using
Bilinear Transformation.

Scilab code Solution 3.03 Lab03

1 // Lab03 : D i s c r e t i z e the g i v en cont inuous−t ime
system

2 // u s i n g B i l i n e a r Trans f o rmat i on .
3

4 // s c i l a b − 5 . 5 . 1
5 // Operat ing System : Windows 7 , 32− b i t
6 //

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

7 // Clean the env i ronment
8 close;

9 clear;

10 clc;

11

12 //
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
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13 // S t a t e space r e p r e s e n t a t i o n o f c on t i nuou s t ime
system

14 //
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

15 //
16 A=[0 1;-6 -5];

17 B=[0 1]’;

18 C=[1 0];

19 D=0;

20 sysc=syslin( ’ c ’ ,A,B,C,D);
21 // t r a n s f e r f u n c t i o n
22 Gs=ss2tf(sysc)

23 disp( ’Gs= ’ )
24 disp(Gs)

25 // Response o f the system
26 tc =0:0.1:10;

27 yc=csim(” s t e p ”,tc ,sysc);
28

29 //
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

30 // D i s c r e t i z a t i o n o f the system us i ng b i l i n e a r
t r a n s f o rma t i o n at

31 // sampl ing t ime Ts=0.5 s e c
32 //

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

33 Ts=0.5;

34 sysd=cls2dls(sysc ,Ts);

35 // Pu l s e t r a n s f e r f u n c t i o n
36 Gz=ss2tf(sysd)

37 disp( ’Gz= ’ )
38 disp( ’Gz= ’ ,Gz)
39 // Response o f the d i s c r e t e system
40 td=0:Ts:10;

41 ud=ones(1,length(td));

42 yd=flts(ud,sysd);
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43

44 //
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

45 // P l o t i n g the r e s p o n s e s
46 //

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

47 plot2d(tc,yc ,5) // con t i nuou s t ime
48 plot2d2(td,yd ,2) // D i s c r e t e t ime
49 xgrid (35)

50 title( ’ Responses o f c on t i n ou s and Tust in t r an s f o rmed
d i s c r e t e t ime system ’ , ’ f o n t s i z e ’ ,3)

51 xlabel( ’ kT ’ , ’ f o n t s i z e ’ ,2)
52 ylabel( ’ y (kT) ’ , ’ f o n t s i z e ’ ,2)
53 h=legend( ’ y ( t ) ’ , ’ y (kT) ’ )
54 h.legend_location = ” i n l o w e r r i g h t ”;
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Figure 3.1: Lab03
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Experiment: 4

Map constant attenuation loci
from s-plane to z-plane.

Scilab code Solution 4.04 Lab04

1 //Lab . 0 4 : Map con s t an t a t t e nu a t i o n l o c i from s−
p lane to z−p lane

2

3 // s c i l a b − 5 . 5 . 1
4 // Operat ing System : Windows 7 , 32− b i t
5 //

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

6 // Clean the env i ronment
7 close;

8 clear;

9 clc;

10

11 // // System model
12 s=poly(0, ’ s ’ );
13 Ts=0.2;

14 //
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
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15 // S−p lane po le−z e r o map f o r the c on t i nuou s t ime
system

16 //
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

17 for sigma=[-1 1];

18 for w=0:0.2:16

19 num =1;

20 den=poly([-sigma+%i*w, -sigma -%i*w], ’ s ’ );
21 g=syslin( ’ c ’ ,num./den);
22 plzr(g)

23 end

24 end

25 sgrid()

26 title( ’ S−p lane po le−z e r o map f o r the c on s t an t
a t t e n u a t i o n l o c i ’ , ’ f o n t s i z e ’ ,3)

27

28 // Zoom axes f o r c l a r i t y
29 zoom_rect ([-5 -20 5 20])

30

31 //
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

32 //Z−p lane po le−z e r o map f o r the sample data system
33 //

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

34 figure;

35 for sigma=[-1 1]

36 for w=0:0.2:16

37 num =1;

38 den=poly([-sigma+%i*w, -sigma -%i*w], ’ s ’ );
39 g=syslin( ’ c ’ ,num./den);
40 gz=dscr(g,Ts)

41 plzr(gz);

42 end

43 end

44 zgrid();
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Figure 4.1: Lab04

45 f=get(” c u r r e n t f i g u r e ”) // Current f i g u r e hand l e
46 f.background =8

47 title( ’Z−p lane po le−z e r o map f o r the c on s t an t
a t t e n u a t i o n l o c i ’ , ’ f o n t s i z e ’ ,3)

48

49 // Zoom axes f o r c l a r i t y
50 zoom_rect ([-1.5 -1.5 1.5 1.5])
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Figure 4.2: Lab04
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Experiment: 5

Map constant frequency loci
from s-plane to z-plane.

Scilab code Solution 5.05 Lab05

1 //Lab . 0 5 : Map con s t an t f r e qu en cy l o c i from s−p lane
to z−p lane

2

3 // s c i l a b − 5 . 5 . 1
4 // Operat ing System : Windows 7 , 32− b i t
5 //

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

6 // Clean the env i ronment
7 close;

8 clear;

9 clc;

10

11 // System model
12 s=poly(0, ’ s ’ );
13 Ts=0.2;

14 w=1.5;

15

16 //
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∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

17 // S−p lane po le−z e r o map f o r the c on t i nuou s t ime
system

18 //
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

19 for sigma = -1.1:0.2:20

20 num =1;

21 den=poly([-sigma+%i*w, -sigma -%i*w], ’ s ’ );
22 g=syslin( ’ c ’ ,num./den);
23

24 plzr(g)

25 end

26 sgrid()

27 title( ’ S−p lane po le−z e r o map f o r the c on s t an t
f r e qu en cy l o c i ’ , ’ f o n t s i z e ’ ,3)

28 // Zoom axes f o r c l a r i t y
29 zoom_rect ([-21 -10 5 10])

30

31 //
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

32 //Z−p lane po le−z e r o map f o r the sample data system
33 //

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

34 figure;

35 for sigma = -1.1:0.2:20

36 num =1;

37 den=poly([-sigma+%i*w, -sigma -%i*w], ’ s ’ );
38 g=syslin( ’ c ’ ,num./den);
39 gz=dscr(g,Ts)

40 plzr(gz);

41 end

42 zgrid()

43 f=get(” c u r r e n t f i g u r e ”) // Current f i g u r e hand l e
44 f.background =8

23



Figure 5.1: Lab05

45 title( ’Z−p lane po le−z e r o map f o r the c on s t an t
f r e qu en cy l o c i ’ , ’ f o n t s i z e ’ ,3)

46 // Zoom axes f o r c l a r i t y
47 zoom_rect ([-1.5 -1.2 1.5 1.2])

24



Figure 5.2: Lab05
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Experiment: 6

Map constant constant
damping ratio loci from s-plane
to z-plane.

Scilab code Solution 6.06 Lab06

1 //Lab . 0 6 : Map con s t an t damping r a t i o l o c i from s−
p lane to z−p lane

2

3 // s c i l a b − 5 . 5 . 1
4 // Operat ing System : Windows 7 , 32− b i t
5 //

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

6 // Clean the env i ronment
7 close;

8 clear;

9 clc;

10

11 // System model
12 s=poly(0, ’ s ’ );
13 Ts=0.2;

14 //
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∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

15 // S−p lane po le−z e r o map f o r the c on t i nuou s t ime
system

16 //
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

17 for w=0:0.2:19

18 sigma=w;

19 num =1;

20 den=poly([-sigma+%i*w, -sigma -%i*w], ’ s ’ );
21 g=syslin( ’ c ’ ,num./den);
22 plzr(g)

23 end

24 sgrid()

25 title( ’ S−p lane po le−z e r o map f o r the c on s t an t
damping r a t i o l o c i ’ , ’ f o n t s i z e ’ ,3)

26

27 // Zoom axes f o r c l a r i t y
28

29 zoom_rect ([-20 -22 20 22])

30

31 //
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

32 //Z−p lane po le−z e r o map f o r the sample data system
33 //

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

34 figure;

35 for w=0:0.2:19

36 sigma=w;

37 num =1;

38 den=poly([-sigma+%i*w, -sigma -%i*w], ’ s ’ );
39 g=syslin( ’ c ’ ,num./den);
40 gz=dscr(g,Ts)

41 plzr(gz);

42 end
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Figure 6.1: Lab06

43 zgrid();

44 f=get(” c u r r e n t f i g u r e ”) // Current f i g u r e hand l e
45 f.background =8

46 title( ’Z−p lane po le−z e r o map f o r the c on s t an t
damping r a t i o l o c i ’ , ’ f o n t s i z e ’ ,3)

47

48 // Zoom axes f o r c l a r i t y
49 zoom_rect ([-1.2 -1.2 1.2 1.2])
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Figure 6.2: Lab06
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Experiment: 7

Transform the discrete-time
state model into canonical
forms.

Scilab code Solution 7.07 Lab07

1 //Lab . 0 7 : Transform the d i s c r e t e −t ime s t a t e model
i n t o c a n o n i c a l fo rms .

2

3 // s c i l a b − 5 . 5 . 1
4 // Operat ing System : Windows 7 , 32− b i t
5 //

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

6 // Clean the env i ronment
7 close;

8 clear;

9 clc;

10

11 // S t a t e space model
12 A=[0 -0.4; 1 -1.3];

13 B=[0;1];

14 C=[0 1];
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15 D=0;

16

17 sys=syslin( ’ d ’ ,A,B,C,D)
18 mprintf( ’ S t a t e space r e p r e s e n t a t i o n o f the g i v en

d i s c r e t e system i s ’ )
19 disp(sys)

20

21 // T ran s f e r f u n c t i o n model
22 systf=ss2tf(sys)

23 mprintf( ’ T r an s f e r f u n c t i o n o f the g i v en d i s c r e t e
system i s ’ )

24 disp(systf)

25

26

27 // Eigen v a l u e s o f system matr ix
28 eig_val=spec(A)

29 mprintf( ’ E igen v a l u e s o f the system matr ix a r e ’ )
30 disp(eig_val)

31

32 // C o n t r o l l a b l e c a n o n i c a l form
33 [Phi ,Gamma ,T]=canon(A,B)

34 T=flipdim(T,2);

35 Phi=T\A*T;

36 Gamma=T\B;

37 C=C*T;

38 D=D;

39 sysd=syslin( ’ d ’ ,Phi ,Gamma ,C,D)
40 mprintf( ’ S t a t e space r e p r e s e n t a t i o n o f the g i v en

d i s c r e t e system ’ )
41 disp( ’ i n c o n t r o l l a b l e c a n o n i c a l form i s ’ )
42 disp(sysd)

43

44 // Diagona l form
45 [Phid M]=bdiag(A);

46 Gammad=M\B;

47 Cd=C*M;

48 Dd=D;

49 sysd=syslin( ’ d ’ ,Phid ,Gammad ,Cd,Dd)
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50 mprintf( ’ S t a t e space r e p r e s e n t a t i o n o f the g i v en ’ )
51 disp( ’ d i s c r e t e system in d i a g ona l form i s ’ )
52 disp(sysd)
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Experiment: 8

Check controllability &
observability of a given system.

Scilab code Solution 8.08 Lab08

1 //Lab . 0 8 : Check c o n t r o l l a b i l i t y & o b s e r v a b i l i t y o f
a g i v en system .

2

3 // s c i l a b − 5 . 5 . 1
4 // Operat ing System : Windows 7 , 32− b i t
5 //

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

6 // Clean the env i ronment
7 close;

8 clear;

9 clc;

10

11 // S t a t e space r e p r e s e n t a t i o n
12 A=[-0.2 0;0 -0.8];

13 B=[1 1]’;

14 C=[4/3 -1/3];

15 D=0;

16 sys=syslin( ’ d ’ ,A,B,C,D)
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17

18 // C o n t r o l l a b i l i t y t e s t
19

20 n=cont_mat(sys)

21 mprintf( ’ C o n t r o l l a b i l i t y matr ix i s ’ )
22 disp(n)

23

24 if rank(n)==2 then

25 disp( ’ Rank o f c o n t r o l l a b i l i t y matr ix i s f u l l , ’ )
26 disp( ’ t h e r e f o r e system i s c o n t r o l l a b l e ’ )
27 else

28 disp( ’ Rank o f c o n t r o l l a b i l i t y ma t r i x i s not f u l l ,
’ )

29 disp( ’ t h e r e f o r e system i s u n c o n t r o l l a b l e ’ )
30 end

31

32 disp( ’ ’ )
33

34 // Ob s e r v a b i l i t y t e s t
35 m=obsv_mat(sys)

36 mprintf( ’ O b s e r v a b i l i t y matr ix i s ’ )
37 disp(m)

38

39 if rank(m)==2 then

40 disp( ’ Rank o f o b s e r v a b i l i t y matr ix i s f u l l , ’ )
41 disp( ’ t h e r e f o r e system i s o b s e r v ab l e ’ )
42 else

43 disp( ’ Rank o f o b s e r v a b i l i t y matr ix i s not f u l l , ’
)

44 disp( ’ t h e r e f o r e system i s unob s e r vab l e ’ )
45 end

34



Experiment: 9

Design state feedback controller
for a given system to achieve
desired dynamic characteristics.

Scilab code Solution 9.09 Lab09

1 //
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

2 // Lab . 0 9 : Des ign s t a t e f e edback c o n t r o l l e r f o r a
g i v en system to a ch i e v e d e s i r e d dynamic
c h a r a c t e r i s t i c s .

3 // s c i l a b − 5 . 5 . 1
4 // Operat ing System : Windows 7 , 32− b i t
5 //

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

6 // Clean the env i ronment
7 close;
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Figure 9.1: Lab09
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Figure 9.2: Lab09
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8 clear;

9 clc;

10

11 // S t a t e space r e p r e s e n t a t i o n
12 A=[0 1; -0.16 -1.5];

13 B=[0 1]’;

14 C=[0 1];

15 D=0;

16

17 sys1=syslin( ’ d ’ ,A,B,C,D)
18

19 // De s i r ed p o l e s
20 Pd =[0.5+0.5* %i 0.5 -0.5*%i];

21

22 // S t a t e f e edback ga in matr ix
23 K=ppol(A,B,Pd)

24 mprintf( ’ S t a t e f e edback ga in matr ix i s K= ’ )
25 disp(K)

26

27 // Closed l oop system
28 sys=syslin( ’ d ’ ,A-B*K,B,C,D)
29

30 // Sampl ing Time
31 Ts=0.5;

32 t=0:Ts:14;

33 u=ones(1,length(t));

34

35 // Response o f open l oop system
36 y1=flts(u,sys1);

37 plot2d2(t,y1 ,2)

38 xgrid (35)

39 title( ’ Response o f open l oop system ’ , ’ f o n t s i z e ’ ,3)
40 xlabel( ’ kT ’ , ’ f o n t s i z e ’ ,2)
41 ylabel( ’ y (kT) ’ , ’ f o n t s i z e ’ ,2)
42

43 // Response o f c l o s e d l oop system
44 y=flts(u,sys);

45 figure ,
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46 plot2d2(t,y,2)

47 f=get(” c u r r e n t f i g u r e ”) // Current f i g u r e hand l e
48 f.background =8

49 xgrid (36)

50 title( ’ Response o f c l o s e d l oop system ’ , ’ f o n t s i z e ’ ,3)
51 xlabel( ’ kT ’ , ’ f o n t s i z e ’ ,2)
52 ylabel( ’ y (kT) ’ , ’ f o n t s i z e ’ ,2)
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Experiment: 10

Design dead beat controller for
a given system.

Scilab code Solution 10.10 Lab10

1 //
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

2 // Lab . 1 0 : Des ign dead beat c o n t r o l l e r f o r a g i v en
system .

3 // s c i l a b − 5 . 5 . 1
4 // Operat ing System : Windows 7 , 32− b i t
5 //

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

6 // Clean the env i ronment
7 close;

8 clear;

9 clc;

10
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Figure 10.1: Lab10
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Figure 10.2: Lab10
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11 // Sampl ing t ime
12 Ts=0.5;

13

14 // S t a t e space r e p r e s e n t a t i o n o f the c on t i nuou s t ime
system

15 A=[0 1;0 0];

16 B=[0 1]’;

17 C=[1 0];

18 D=0;

19

20 sys1=syslin( ’ c ’ ,A,B,C,D)
21

22 // D i s c r e t e model o f the system
23

24 sys=dscr(sys1 ,Ts)

25 mprintf( ’ D i s c r e t e model o f the system i s s y s= ’ )
26 disp(sys)

27

28 // De s i r ed p o l e s
29 Pd=[0 0];

30

31 // S t a t e f e edback ga in matr ix
32 K=ppol(sys.A,sys.B,Pd)

33 mprintf( ’ S t a t e f e edback ga in matr ix i s K= ’ )
34 disp(K)

35

36 // Responses
37 t=0:Ts:10;

38 u=ones(1,length(t));

39

40 // Response o f open l oop system
41 y1=flts(u,sys);

42 plot2d2(t,y1 ,2)

43 xgrid (35)

44 title( ’ Response o f the open l oop system ’ , ’ f o n t s i z e ’
,3)

45 xlabel( ’ kt ’ , ’ f o n t s i z e ’ ,2)
46 ylabel( ’ y ( k ) ’ , ’ f o n t s i z e ’ ,2)
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47

48

49 // Response o f c l o s e d l oop system
50 syscl=syslin( ’ d ’ ,sys.A-sys.B*K,sys.B,sys.C,0)
51 y=flts(u,syscl);

52 figure ,

53 plot2d2(t,y,2)

54 f=get(” c u r r e n t f i g u r e ”) // Current f i g u r e hand l e
55 f.background =8

56 xgrid (36)

57 title( ’ Response o f the c l o s e d l oop system with dead
beat c o n t r o l l e r ’ , ’ f o n t s i z e ’ ,3)

58 xlabel( ’ kt ’ , ’ f o n t s i z e ’ ,2)
59 ylabel( ’ y ( k ) ’ , ’ f o n t s i z e ’ ,2)
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Experiment: 11

Design full state observer for a
given system.

Scilab code Solution 11.11 Lab11

1 //
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

2 // Lab . 1 1 : Des ign a f u l l s t a t e o b s e r v e r f o r the
system .

3 // s c i l a b − 5 . 5 . 1
4 // Operat ing System : Windows 7 , 32− b i t
5 //

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

6 // Clean the env i ronment
7 close;

8 clear;

9 clc;

10

11 // S t a t e space model
12 A=[0 1 0; 0 0 1; 0.6 0.7 0.2 ];

13 B=[0 0 1]’;

14 C=[1 0 0];
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15 D=0;

16

17 // S t a b i l i z e r d e s i g n
18 // De s i r ed p o l e s
19 Pd=[0.2 , -0.5+0.5*%i , -0.5 -0.5*%i];

20

21 // S t a t e f e edback ga in matr ix
22 K=ppol(A,B,Pd)

23

24 // Computation o f ga in f o r dead beat o b s e r v e r
r e s p on s e

25 obsr_pol =[0 0 0];

26 L=ppol(A’,C’,obsr_pol)’

27

28 // Augmented system
29 temp=size(A);

30 Aa=[A-B*K B*K; zeros(temp (1),temp (2)) A-L*C

];

31 temp=size(Aa);

32 Ba=zeros(temp (1) ,1);

33 Ca=eye(6,6);

34 sys=syslin( ’ d ’ ,Aa ,Ba,Ca,zeros (6,1))
35

36 // Observer e r r o r
37 t=0:0.2:4.5;

38 u=zeros(1,length(t));

39 //y= f l t s ( u , s y s ) ;
40 x=ltitr(Aa,Ba ,u ,[0.1 0.1 0.1 -0.5 -0.5 -0.5]’)

41

42 temp=size(Aa);

43 temp=temp (1,1)/2;

44

45 col =[1 2 5]; // s p e c i f y i n g p l o t c o l o r s
46 for i=1: temp

47 subplot (2,1,1), plot2d2(t,x(i,:),col(1,i))

48 if i==temp then

49 title( ’ S t a t e s o f the system ’ , ’ f o n t s i z e ’ ,2);
50 xlabel( ’ $ t$ ’ , ’ f o n t s i z e ’ ,2);
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51 ylabel( ’ $x (kT) $ ’ , ’ f o n t s i z e ’ ,2);
52 h1=legend( ’ $x 1 (kT) $ ’ , ’ $x 2 (kT) $ ’ , ’ $x 3 (kT) $

’ );
53 h1.legend_location = ” i n l o w e r r i g h t ”;
54 xgrid (35)

55 end

56 subplot (2,1,2), plot2d2(t,x(i+3,:),col(1,i))

57 if i==temp then

58 title( ’ Observer e r r o r ’ , ’ f o n t s i z e ’ ,2)
59 xlabel( ’ $ t$ ’ , ’ f o n t s i z e ’ ,2)
60 ylabel( ’ $e (kT)=x (kT)−\hat x (kT) $ ’ , ’ f o n t s i z e ’

,2)

61 h2=legend( ’ $ e 1 (kT) $ ’ , ’ $ e 2 (kT) $ ’ , ’ $ e 3 (kT) $
’ )

62 h2.legend_location = ” i n l o w e r r i g h t ”
63 xgrid (35)

64 end

65 end
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Figure 11.1: Lab11
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Experiment: 12

Determine stability of a given
system by using Lyapunov
stability analysis.

Scilab code Solution 12.12 Lab12

1 //Lab . 1 2 : Determine s t a b i l i t y o f a g i v en system by
u s i n g Lyapunov s t a b i l i t y a n a l y s i s

2 // s c i l a b − 5 . 5 . 1
3 // Operat ing System : Windows 7 , 32− b i t
4 //

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

5 // Clean the env i ronment
6 close;

7 clear;

8 clc;

9

10 // System matr ix
11 a=[0 1; -0.5 -1];

12 q=-eye(2,2);

13 p=lyap(a,q, ’ d ’ );
14
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15 // For a s t a b l e system matrix , p shou ld be p o s i t i v e
d e f i n i t e f o r

16 // which a l l the p r i n c i p l e minors or a l l e i g e n v a l u e s
o f the matr ix p

17 // shou ld be p o s i t i v e
18

19 eig_val=spec(p);

20 m=length(eig_val);

21 stable =0;

22 for i=1:m;

23 if real(eig_val(i))>0 then

24 stable=stable +1;

25 end

26 end

27 if stable ==m then

28 disp( ’ The system i s a s ymp t o t i c a l l y s t a b l e ’ )
29 else

30 disp( ’ The system i s un s t a b l e or c r i t i c a l l y
s t a b l e ’ )

31 end
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Experiment: 13

Construct root loci and bode
plots for a given discrete-time
system.

Scilab code Solution 13.13 Lab13

1 //Lab . 1 3 : Cons t ruc t r o o t l o c i and bode p l o t s f o r a
g i v en d i s c r e t e −t ime system .

2

3 // s c i l a b − 5 . 5 . 1
4 // Operat ing System : Windows 7 , 32− b i t
5 //

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

6 // Clean the env i ronment
7 close;

8 clear;

9 clc;

10

11 // Sampl ing t ime
12 Ts=0.4;

13

14 // System t r a n s f e r f u n c t i o n .
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15 s=poly(0, ’ s ’ );
16 g=1/(s*(s+1));

17 g=syslin( ’ c ’ ,g);
18 gz=dscr(g,Ts)// d i s c r e t e model
19

20 // Root l o c u s f o r the d i s c r e t e system
21 evans(gz ,100)

22 title( ’ Root l o c u s o f the d i s c r e t e −t ime system ’ )
23 zgrid (0:0.1:0.5)

24 zoom_rect ([-1.2 -1.5 1.2 1.5])

25 figure

26

27 // Bode p l o t f o r the d i s c r e t e system
28 bode(gz)

29 f=get(” c u r r e n t f i g u r e ”) // Current f i g u r e hand l e
30 f.background =8

31 title( ’ Bode p l o t o f d i s c r e t e −t ime system ’ )
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Figure 13.1: Lab13
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Figure 13.2: Lab13
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