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Question 1:

a. Generate a matrix of size 4x4 of normally distributed random numbers.

> A = rand(4)

A =
0.9157 0.0357 0.7577 0.1712
0.7922 0.8491 0.7431 0.7080
0.9585 0.9340 0.3922 0.0318
0.6557 0.6787 0.6555 0.2769
b. Change the value of the 3rd column to [6 9 2 5].
>> A(:,3) = [6 9 2 5]
A =
0.9157 0.0357 ©.0000 0.1712
0.7922 0.8491 9.0000 0.7060
0.9585 0.9340 2.0000 0.0318
0.6557 0.e787 5.0000 0.2769
c. Delete the 2nd row.
>> A(2,:) = []
A =
0.9157 0.0357 ©.0000 0.171Z2
0.9595 0.9340 2.0000 0.0318
0.6557 0.e787 5.0000 0.2769




Question 2:
Consider the polynomial p(x) = x4 — 5x3 + 7x —10

1. Find the roots of this polynomial.

>>» coefficients = [1 -5 0 7 -10]

coefficients =

1 -3 0 7 -10

>> roots (coefficients)

ans =
4.7856 + 0.000041
-1.4¢31 + 0.000041
0.8387 + 0.85131
0.8387 — 0.85131

2. From these roots, reconstruct p(x).

>> poly(ans)

ans =

1.0000 —-5.0000 0 7.0000 -10.0000

3. Find the value of p(x) at x=2.

>> polyval (coefficients, 2)

ans =

—Z20




P
N

by
f FQN S

The Islamic University - Gaza
Faculty of Engineering

Department of Computer Engineering

Linear Control Lab
“HW 2 »

Student Name:
Adnan Osama Abdulwahed

Student ID: 120221230

Supervisor:
Eng. Nael Dokhan




Question 1: Three Examples in Lab:

A. Block Diagram

Front Panel

Front Panel Block Diagram




Front Panel Block Diagram
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]
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Question 2: Make a LabVIEW program that execute the
following formula: Block Diagram

Front Panel

g

3

»
.
3*(X23) +
tan(2*X3)
v ]




Question 3:

Solution 1:

Front Panel

By using Logic Gates only:

Block Diagram




Solution 2:

By using the Case Structure, similar to an if statement.

The advantage of this solution is that the average becomes zero when an error

occurs. Block Diag

Front Panel
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Question 1: Two Examples in Lab:

A. Front Panel

Sine Signal Waveform Graph Square m |
i
=
J 2
[=%
E
Square Signal =
Adnan 0. Abdulwahed
No.120221230
Block Diagram

Simulate Signa
Sine L

-
T 7.1
.
o
M o .IllI
‘:(

Simulate Signal?

Square He

Adnan 0. Abdulwahed
No.120221230




B. Fron

t Panel

Amplitude
4 6

Frequency
4 6

L8 ¥’

Adnan 0. Abdulwahed
No.120221230

Sine Signal

Waveform Graph Sine with Uniform Noise m ]

squars Qb . "|' |\""'HI -m W""’ Wil |

Amp Noise > Amp Signal

mn

Block Diagram

Amplitude

'S 'I[”

Frequency
B
L

b

)
"y

Amp Noise > Amp Signal

> o]

L b

Simulate Signa

Sine with Unifor vs

Sing Signa Waveform Graph
i
TF ==

: Adnan 0. Abdulwahed
h No.120221230

e

Simulate Signall

: Square with Uni1-j= Gauge




Question 2:

A. Front Panel

Switch A
Amplitude
4 6
3 i
2- ' -8
0’ "10
Frequency Switch B
“ 6
L '3
2- ’ -8
0’ "10
Adnan 0. Abdulwahed
No.120221230

Waveform Graph

Amplitude

Time

Sawtooth m I

Sine Wave : A-ON, B-ON
Square Wave : A-OFF, B-ON
Triangle Wave : A-ON, B-OFF
Sawtooth Wave : A-OFF, B-OFF

Block Diagram

- ":-u

Simulate
Signal

Sine ¥

Frequency Adnan 0. Abdulwahed
§ No.120221230

L]

R :
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Simulate ; ];\»}m
Signal2 E i

Amplitude ||| Square M i
i '  Switch A | Switch B

Waveform Graph
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Simulate i

Signal4

b
Simulate
Signal5
Sawtooth v




B. Front Panel

Amplitude
4 6

- 6

Sine Wave

J

Square Wave

With Noise

)

Without Noise

Amp Noise > 1/2 Amp Signal

Everything is good

Waveform Graph
L}
6_

]
0.06 0.08

'
0.04
o Time

Adnan 0. Abdulwahed
No.120221230

Square with Uniform Noise m |
L u

Block Diagram

With Noise

,

Simulate
Signal
Sine

Fre
‘.
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A

Error, The Amp Noise > Amp Signal|
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Simulate
Signal3 3 T
Sine with Unifcﬂ—-j}k >E- o M
Sine Waveé

TF

%

Simulate
Signal4
Square with Unifre=

Amp Noise > 1/2 Amp Signal

Adnan 0. Abdulwahed
No0.120221230

Waveform Graph 2
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Question 1: Two Examples in Lab:

A.

Front Panel
Red
Iteration .
40
Delay Yellow

Adnan 0. Abdulwahed
No.120221230

B.

Block Diagram

Delay .

¥ Time Delay
.-"‘[} >

x4

(] ] =
(=] (=] un

Iteration

b [i25]

o @

Adnan 0. Abdulwahed
No. 120221230

Front Panel
LED 7 LED 1
LED 6 LED 2

LED 3

LED 5 ‘

LED 4

Adnan 0. Abdulwahed
No. 120221230

Bl LED 1
Time Delay % 9
TF

- LED 2
w. - Q
> ® LED 5

Adnan 0. Abdulwahed
No. 120221230




Question 2: Lab work:

Block Diagram

A.
By For Loop:
Front Panel
Speed
04 05 06 Flasher

03 LS 07

0.2- _08

0.1~ ~0.9
. S

Adnan 0. Abdulwahed
No.120221230

Flasher
:L—D
TF
[

Time Delay

Speed

B
ok b R

Adnan 0. Abdulwahed
No.120221230

Block Diagram

By While Loop:
Front Panel
Speed 2
04 05 0.6 Flasher 2

03_ e’ 07

0.2 - -0.8
011 ~0.9 -
0" 4
stop

Adnan 0. Abdulwahed
No. 120221230

Flasher 2

TF

Adnan 0. Abdulwahed
No. 120221230




B. Front Panel

Speed

0.4 ﬂ-tﬁ 0.6
03} {07

0.2- -0.8
0.1~ ~0.9
s %

LED 1 LED 2

LED 3

Adnan 0. Abdulwahed
No. 120221230

LED 4 LED 5 LED 6

o - -

Block Diagram

(&
, LED 1
. i
Speed Time =
5 Delay2
N i LED 2
: I S—
Choose b —
o : LED 3
| | -
) TP
LED 4
=
=>. LED5
%‘m
- FrLd
=
LED 6
Ev—n_
Adnan 0. Abdulwahed
No.120221230
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Question 1: Two Examples in Lab:

A.

Block Diagram

Front Panel
’. aese] 7]
TFL .
| -~ TFL
Circular Area .
Raduis ' .
Formula Raduis » v
. Result Formula 2
‘Raduis Result 123l | : T I ey Result
o2 12.5664 - P ) plizs
Adnan 0. Abdulwahed
No. 120221230 Adnan 0. Abdulwahed Adnan 0. Abdulwahed
No. 120221230 No. 120221230
. Front Panel
Amp
4 6
! ;
Noise > 0.5 Amp
. } -8 Waveform Graph Sine with Uniform Noise “ |
P ~ 15-
0 10 )
Freq 10-
' I
4 6 i
Jage Ring l

2- ' -8
i i Gauge

Triangle == I

Amplitude

J— Time
9
151 2 Adnan 0. Abdulwahed
2 No. 120221230




Block Diagram

Simulate
Signal3

Sine wlt_h Unifor Ir:

Waveform Graph

.......................................................................................

Noise Noise > 0.5 Amp

S
Ll e B

Amp Gauge Display
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Adnan 0. Abdulwahed — ,___
No. 120221230 v




Question 2: Lab work:

A. Front Panel

- . ) 4

Amp
Noise > 0.5 Amp
4 6
L ;
25 } = ‘ Waveform Graph
0 10
Freq Without Noise J®  With Noise
4\ ;5 Ring §
2- } -8 Tiangle < | %g*
o
o 10 Gauge
r c Fa
Noise /__: 5 5
al | Ig 3 7
- 2 >3- Time
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X o 10 > Adnan 0. Abdulwahed

No. 120221230

Triangle m I

Block Diagram

LIl
[0, Default 't
»
=Tr= [ True 't

n

Simulate
Signal
Triangle with Ur»

Waveform Graph

Gauge

o B
;L aps

Display
Message to
User

1}'\’* .’ cnabile |

Adnan 0. Abdulwahed
No. 120221230

Noise > 0.5 Amp
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Question 1: Using MATLAB:

A.

s, bl >

Step

G5
G4
Gl G2
1 1 ~
- » — )
§42 §+1 4
Transfer Fcn Transfer Fen1
G3
1
2
2§43
Transfer Fcn2

Scope

a. Find the transfer function of the system.

E Editor - C\Users\hp\Documents\MATLAB\Control_Lab6_A.m

Control_Labb_A.m

[Ts T T R T R R

PR e
N R @

13

numil
deni
Gl =
numz2
den2
G2 =
num3
den3
G3 =
G4 =
G5 =
G7 =
G6 =

Control_Lab6 B.m

tf(num3,den3);
parallel(G2,G3);
series(Gl,G4);
feedback(G5,1);
feedback(G7,-1)

4

Command Window

s™2 + 13 5 + ©




b. Then, find the state-space of the system.

! Editor - C:\Users\hp\Documents\MATLAB\Control_Lab6_A.m
Control_Lab6_A.m Control_Lab6_B.m +
15
16 [A, B, C, D] = tf2ss([-3 -4],[2 9 13 6]);
17 G = ss(A,B,C,D)
Command Window
G =
A =
x1l ®x2 %3
®xl -4.5 -&.5 -3
®x2 1 0
%3 0 1 0
B =
ul
x1 1
®22
®3
o =
®1l X2 %3
vl 0 -1.5 -2
D =
ul
vl 0
Continuous—-time state-space model.




G3

G1

3

w
L]
(=]

P =
5=+85+8

G4 1
»,) . il

G2

Transfer Fon1

Transfer Fon4

R -

§

Transfer Fen2

a. Find the transfer function of the system.

[V T o TN (e W B - W [y N R

B e
N R ©

13

Control_Lab6_A.m

numi
deni
Gl =
numz2

den2 =

G2 =
G3 =
G4 =
num3
den3
G5 =
Gb =
G7 =

E Editor - C\Users\hp\Documents\MATLAB\Control_Lab6_B.m *

Control_Lab6_B.m * +
[1e];
[15 9];
f(numl,den1);
[@
[1

=

115
e];

tf(num2,den2);
parallel(G1,G2);
teedback(G3,1);
= [e 1];

= [1 e];
tf(num3,den3);
series(G4,G5);
feedback(G6,1)

G7

Command Window

s™~4 + 7 57

"2 + 5 5 + 9

3+ 16 572 + 14 5 + 9

Continuous—time transfer function.




b. Then, find the state-space of the system.

! Editor - C\Users\hp\Documents\MATLAB\Control_Lab6_B.m *

Control_Lab6_A.m Control_Lab6_B.m * +
17 [A, B, C, D] = tf2ss([2 5 9],[1 7 16 14 9]);
18 G = ss(A,B,C,D)|

Command Window

G =

A =
=1 ®x2 %3 x4
=1 -7 -l -14 -9
=2 1 0 0 0
%3 0 1 0 0
=4 0 0 1 0
B =
ul
®1 1
®2 0
®3 0
x4 0
o =

®xl =x2 =3 x4

ul
vl 0

fx Continuous—-time state-space model.




Question 1: Using LabVIEW:
A.

G5
G4
Gl G2
~ ~ 1 1 ~
]—», ) ot — H — ) N
Goh G7 & §¢2 §+1 i
Step Transfer Fcn Transfer Fen Scope
G3
1
L 4
28+3
Transfer Fcn2
Block Diagram
0 Ji1jo e e Ty o
o IGT; "6(x) @G[']
SISO ~
110 — = G2 L
o LT o0 [bq']“m‘.......{ -0 g_D;D _.i
SIS0 ~| =2 = ]
f N TF and TF ~
0 [ I - 63 58] (Fendl)
™ &0 TFand TF =
0 32 bt Ij
= SISO+ B
=
0_Jf1Jo - G TFL [ TF and TF ~||
G Final

£ G-
G() [ﬁ v -0 i

TF2 [TF and TF -]

o E
il

FL

G Final - State Space

=

m

= [
Adnan 0. Abdulwahed U %“15]

No. 120221230 |TFto S5~




Front Panel

G1
1
5+ 2

G2

g+1

G3

25 +3

TF1

TF2

G Final

3z +4

3 2
25 +9 +135+6

G Final - State Space

dx/dt=| 4

y(t) = [D 1.5 E] x(t) + [D} u(t)

=2
L ]

=

u(t)

Adnan 0. Abdulwahed
No.120221230




G6

]

<

Transfer Fon

G2

G3
G1
o~ . }__\
s \ 5 Gé
+ “ ’ - 3 "(‘."_‘_ /} "
= s

5

Transfer Fon4

w
8
b

2

Transfer Fen2

Block Diagram

[=]

o

"6()

=
@G[']

| 3]
[ et
o

=

SISO VI

H

]

=

|TF and TF 'I

E=1

=

G7 - State Space

[
E i I
o!

Ee 3509 l TFand TF ~
60
5150
==
G5 O G7
=oaa L = »{ﬁ TFand TF v = .
Tt @ e (L= @G[-J =
siso +]|, e
TF i=1]
TF and TF ~
S e | ) b
"ar) () |L=a LigfE]
TFto S5 ~

Adnan 0. Abdulwahed
No.120221230




Front Panel

G1

G7

5
25 +55+9

4 3 2
s +75 +165 +145 +9

G7 - State Space
-7 -4 -1.75 -1.125
40 0 0
defdt=|  — [x(D)+
4. 1 0

y(t) = [D 45 9} x(t) + [C} u(k)

]

v | i

e I |

M

u(t)

Adnan 0. Abdulwahed

No. 120221230
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Exercises (1): for the following system:

.
H(s)=— -
$”+2¢0,5+1

4 Let wn= 1, Obtain the poles of the system for &= 0, 0.1, 0.7, 1, 5 and guess the
behavior of step response for every value with explanation.
+ Plot the step response for every & above on the same figure and obtain the
behavior of it from the graph.
+ Let wn= 1, &= 0.8. Plot the step response and obtain the OS%, Ts, Tr, S.S.E &
DC gain by :
1. From the graph.

2
S2+2&S+1

H(s) =
I will solve parts one and two of the question and include
a plot for each value of &.
1- f = O .
51,2 = _gwn ijwn\/ 1- EZ = 1J.

The behavior = Undamped responses

Z Editor - untitled *

7| untitled * | + | 4 Figure 1 _ o x |
1 X = 0; .
2 num = 2; File Edit View Insert Tools Desktop Window Help ~
3 den = [1 @ 1]; NDade @ 08 KE
4 @ = tf(num,den)
5 step(G) Step Response
6 stepinfo(G)

7 grid;

Command Window
Continuous-time transfer function.
Model Properties
Warning: Simulation did not reach st¢
eventually settles.

> In DynamicSystem/stepinfo (line 74]

Amplitude

ans =

struct with fields:

RiseTime: NaN

TransientTime: NaN
SettlingTime: NaN (1] 0.5 1 1.5 2 25 3
SettlingMin: NaN %10°
SettlingMax: NaN
overshoot: NaN
Undershoot: NaN
Peak: Inf
PeakTime: Inf

Time (seconds)




2-§=0.1:
Siz= —&wy t jwgf1— &2 = —0.1+ j0.994.

The behavior = Underdamped responses

[ Editor - untitled *
untitled * +

X = 0.1;

num = 2;

den = [1 2¥x 1]; File Edit View Insert Tools Deskiop Window Help

G = tf(num,den) NEade 208 KE

step(G)

stepinfo(a) Step Response

4. Figure 1 = =]

1
2
3
4
5

7 grid;

3.5 - —
Command Window | \I
|
|
3
2 I
777777777777777 I
|
572 + 0.2 8 + 1 25|
| |
|
Continuous-time transfer function. g oL \\ VAN ]
4ol Proper 5 [ 1 oo -
ropert =
gl |
5 |
ans = < 157 |
|1
| \ |
struct with fields: 11 )
|
|
RiseTime: 1.1272 05!
TransientTime: 38.3730 |
SettlingTime: 38.3730 O-‘
SettlingMin: 0.936% 0 10 20 30 40 50 50
SettlingMax: 3.4583 Time (seconds)
Overshoot: 72.9156
Undershoot: 0
Peak: 3.4583
PeakTime: 3.1416
fx

3-§=0.7:

Si2= —fwp t jouf1— &% = —0.7 +j0.714.

The behavior = Underdamped responses

& Editor - untitled *

untitled * +
1 x = 0.7
2 4 Figure 1 = o
2 num = 2;
3 den = [1 2*x 1]; File Edit View Insert Tools Deskiop Window Help
A G = tf(num,den) 1Ede @ 08 kE
5 step(G)
6 stepinfo(G) Step Response
7 grid; ; . T
2 —
+ Lad & ol
continuous-time transfer function. @ 1.5 1
z
a
E
ans = <
0 2 3 5 6 7 8 9 10

Time (seconds)

Undershoot: 0
Peak: 2.0920
PeakTime: 4.4078




4-¢&=1:

51,2 = _Swn ijwn\/ 1- EZ = -1

The behavior = Critically damped responses

[ Editor - untitled *

untitled * +
X =13
num = 2;
den = [1 2*x 1];
G = tf(num,den)
step(G)
stepinfo(G)
grid;

[ ST N SORTVR NI

~

Command Window

572 +2 s + 1

Continuous-time transfer function.

1 Properti

ans =

struct with fields:

RiseTime: 3.3579

TransientTime: 5.8339

SettlingTime: 5.8339

SettlingMin: 1.8000

SettlingMax: 1.9988
Overshoot: 0
Undershoot: 0

Peak: 1.9988

s pPeakTime: 9.7900
5-§=5:

4 Figure 1
File Edit View Insert Tools Desktop Window Help

Qdde @08 RE

Step Response

Amplitude

0 1 2 3 4 5
Time (seconds)

S12 = —§wn T jony1—§? = =5 £ j1-5% = =51 (=26).

The behavior = Overdamped Responses.

[ Editor - untitled *

untitled * e
X = 53
num = 2;
den = [1 2*x 1];
G = tf(num,den)
step(G)
stepinfo(G)
7 grid;

1
2
3
4
5

Command Window

572 + 10 s + 1

Continuous-time transfer function.

struet with fields:

RiseTime: 21.7495

TransientTime: 38.8281

SettlingTime: 38.8281
SettlingMin: 1.8070

SettlingMax: 1.9987
Overshoot: 0
Undersheoot: 0
Peak: 1.9987

PeakTime: 72.4825

4 Figure 1
File Edit View Insert Tools Desktop Window Help

Dode @ 08 K E

Step Response

Amplitude

30 40
Time (seconds)

60




Part 3 of the question:

Let wn= 1, & = 0.8. Plot the step response and obtain the OS%, Ts, Tr, S.S.E &
DC gain by :
1. From the graph.

| Editor - untitled *
untitled * +
X = 0.8;
num = 2;
den = [1 2%x 1];
G = tf(num,den) 4. Figure 1 _ O w

step(6) File Edit View Insert Tools Desktop Window Help
stepinfo(G)

grid; Ddde @ 08 RE

(=B B i VY I S el

~

Command Window Step Response

s™2 + 1.6 s + 1

2 e e
Continuous-time transfer function. 7
Model Properties
o 15} J
ans = E /
o /
struet with fields: E : / |
."/
. . /
RiseTime: 2.4679 /
TransientTime: 3.7562 __,.fl
SettlingTime: 3.7562 0.5¢ / 1
SettlingMin: 1.8037 /f
SettlingMax: 2.0303 /
Overshoot: 1.5165 * * ! - : . ' -
Undershoot: 0 0 1 - 3 4 5 6 7 8 9
Peak: 2.0303 Time (seconds)
PeakTime: 5.2384




Exercise (2): consider the transfer function below describes an elevator system:

-

o

H(s) = - -

.

_—— 5] . i -
§” + -,(')”.S - (')"

For this system we want some specifications to be suitable to users:

v Percent overshooting less than 10% (do not shock the users at beginning).

v Settling time less than 4 sec (don't make users feel boring).
Design the system by finding £ and @», and then give the step response of the complete
transfer function of the system to make sure from the plot.

0S% < 10% T, <4
g
0S% = eV1-§% x 100 < 10% TS:fT<4
n
- (In0.1)>
2 n2+(mOJ)2_0591 Swp >1 = wy >

So I choice for Design: ¢ = 0.6, w,, = 2

4
H(S) =
| Editor - untitled * Sz + 2'45 + 4
Control_Lab7.m untitled * +
1 num = 4;
2 den = [1 2.4 4];
3 G = tf(num,den) Step Response 2 j @ O AR
4 step(G) 12 . . . . . .u_—lh =| 4 _I_-,{ SRR
5 stepinfo(G)
6 grid; e
./.' B
, 1 —
4
_______________ I
N ‘ 0.8 /
s™2 + 2.4 s + 4
% ;
Continuous-time transfer function. 2 /
Model Properties 5 06 7
£ /
=<
ans = /
04}
struct with fields: /
RiseTime: 0.9278 02| f_.-"’.
TransientTime: 2.9717
SettlingTime: 2.9717 /
SettlingMin: 0.9083
SettlingMax: 1.0948 0 I I I I I : I
overshoot: 9.4773 0 0.5 1 15 2 2.5 3 3.5
Undershoot: 0 Time (seconds)
Peak: 1.0948
PeakTime: 1.9572
Jx
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