
2024-01-29

1

Ninevah University
College Of Electronics Engineering

Systems & Control Engineering 
Department

Subject : Control Systems Design 
Class : Third 

Semester : Semester II
Lecture: 1

Lecturer: Salam Ibrahim 
<salam.khather@uoninevah.edu.iq> 

1

ENGINEERING DESIGN

• Engineering design is the central task of the
engineer. It is a complex process in which both
creativity and analysis play major roles.

• Design is the process of conceiving or inventing
the forms, parts, and details of a system to
achieve a specified purpose.

• Design is an innovative act whereby the engineer
creatively uses knowledge and materials to
specify the shape, function, and material content
of a system.
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The design steps

(1) determine a need arising from the values
of various groups, covering the spectrum from
public policy makers to the consumer.
(2) specify in detail what the solution to that
need must be and to embody these values.
(3) develop and evaluate various alternative
solutions to meet these specifications.
(4) decide which one is to be designed in detail.

3

The main approach to the most effective engineering
design is parameter analysis and optimization.

• Parameter analysis is based on (1) identification of
the key parameters, (2) generation of the system
configuration, and (3) evaluation of how well the
configuration meets the needs. These three steps
form an iterative loop.

• Once the key parameters are identified and the
configuration synthesized, the designer can optimize
the parameters. Typically, the designer strives to
identify a limited set of parameters to be adjusted.
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The goal of control engineering design is to obtain
the configuration, specifications, and identification
of the key parameters of a proposed system to meet an
actual need.

The design process consists of seven main
building blocks, which we arrange into three groups:
1. Establishment of goals and variables to be controlled,
and definition of specifications against which to measure
performance.
2. System definition and modeling.
3.Control system design and integrated system simulation
and analysis.

5

Control System Design Process
1. Establish control goals

2. Identify the variables to control

3. Write the specifications for the variables

4. Establish the system configuration and identify the 
actuator

5. Obtain a model of the process, the actuator and the 
sensor

6. Describe a controller and select key parameters to be 
adjusted

7. Optimize the parameters and analyze the 
performance

If the performance meet the specifications, then 
finalize design

If the 
performance 
does not meet 
specifications, 
then iterate the 
configuration 
and actuator

6
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The performance specifications will 
describe how the closed-loop system should 
perform and will include:
(1) good regulation against disturbances. 
(2) desirable responses to commands. 
(3) realistic actuator signals. 
(4) low sensitivities.
(5) robustness.

7

Control System Components

i. System, plant or process
– To be controlled

ii. Actuators
– Converts the control signal to a power signal

iii. Sensors
– Provides measurement of the system output

iv. Reference input
– Represents the desired output

8
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The design process has been dramatically
affected by the advent of powerful and
inexpensive computers and effective control
design and analysis software.
• For example, the Boeing 777, which

incorporates the most advanced flight avionics
of any U.S. commercial aircraft, was almost
entirely computer-designed.

• The Boeing 777 test pilots flew about 2400
flights in high-fidelity simulations before the
first aircraft was even built.

10
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• Functionally, how do closed-loop systems
differ from open-loop systems?

Stability, transient response, and steady-state error

• Name the three major design criteria for
control systems.

Closed-loop systems compensate for disturbances by measuring the 
response, comparing it to the input response (the desired output), and 
then correcting the output response. 

11

• Name the two parts of a system's response.

Steady-state, transient. 

• Physically, what happens to a system that is
unstable?

It follows a growing transient response until the steady-
state response is no longer visible. The system will
either destroy itself, reach an equilibrium state because
of saturation in driving amplifiers, or hit limit stops.

12
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• Describe a typical control system analysis
task.

Determine the transient response performance
of the system.

• Describe a typical control system design
task.

Determine system parameters to meet the
transient response specifications for the system.
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Where is control system design used?
• Control Systems are used in Industrial

Automation to regulate how devices operate
in real time. In a closed-loop control system
the controller (RTU, PLCS, DCS) feedback
(error) signal is used to adjust the control
variable such that the process is constantly
trying to match the operational set point.

14
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• Control Systems are used in domestic
applications, general industry, military and
virtually every modern vehicle in the world.
Control Systems are very common in SCADA
and Industrial Automation systems.

• Control Systems are used in industries such as
chemical processing, pulp and paper
manufacture, power generation, oil and gas
processing, and telecommunications.

15

Where is control system design used?

How do you create a controller control system?

* General Tips for Designing a PID Controller
• Obtain an open-loop response and determine what

needs to be improved.
• Add a proportional control to improve the rise time.
• Add a derivative control to reduce the overshoot.
• Add an integral control to reduce the steady-state

error.
• Adjust each of the gains, , and.

16
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Summary

Feedback control is Every where
you just have to look for it 17
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1. PLOTTING ROOT LOCI WITH MATLAB 
 
1.1 AIM: 
To plot the root locus for a given transfer function of the system using MATLAB. 
 
1.2 APPARATUS: 
Software: MATLAB. 
 
1.3 MATLAB PROGRAM: 
We present the MATLAB approach to the generation of root-locus plots and finding relevant 
information from the root-locus plots. 
 
In plotting root loci with MATLAB we deal with the characteristic equation of the negative 
feedback control system: 
 
1 + G(s)H(s) = 0 
 
Then rearrange this equation so that the parameter of interest appears as the multiplying Factor in 
the form  
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1 + [K(s + z1)(s + z2) …. (s + zm)]/[(s + p1))s + p2) …. (s + pn)]= 0 
 
In the present discussions, we assume that the parameter of interest is the gain K, where K>0.  
 
Which may be written as where num is the numerator polynomial and den is the denominator 
polynomial. 
That is, 
num = (s + z1)(s + z2) ….(s + zm) 
den = (s + p1)(s + p2) …. (s + pn) 
 Note that both vectors num and den must be written in descending powers of s. 
 
A MATLAB command commonly used for plotting root loci is: 
rlocus(num,den) 
 
Using this command, the root-locus plot is drawn on the screen. The gain vector K is 
automatically determined. (The vector K contains all the gain values for which the closed loop 
poles are to be computed). 
 
If it is desired to plot the root loci with marks 'o' or 'x', it is necessary to use the following 
Command: 
r = rlocus(num,den) 
plot(r,'o') or plot(r,'x') 
 
Plot root loci with a square aspect ratio so that a line with slope 1 is a true 45°line. Choose the 
region of root-locus plot to be 
-6 ≤ x ≤ 6, -6 ≤ y ≤ 6 
Where x and y are the real-axis coordinate and imaginary-axis coordinate, respectively. 
 
To set the given plot region on the screen to be square, enter the command 
v = [-6 6 -6 6]; axis (v); axis('square') 
 
With this command, the region of the plot is as specified and a line with slope 1 is at a true 45°, 
not skewed by the irregular shape of the screen. 
 
1.4 PROCEDURE: 
 

 Write MATLAB program in the MATLAB specified documents. 
 Save the program to run it. 
 The input is to be mentioned. 
 The syntax “g=tf(num,den)” gives the transfer function and is represented as g. 
 The syntax “rlocus(g)” plots the rootlocus of the transfer function g. 
 rlocus(g) calculates and plots the root locus of the open loop SISO model sys. 
 Now we have to solve it theoretically. 
We have to compare the practical and theoretical outputs to verify each other correctly. 
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1.5 THEORETICAL CALCULATIONS: 
enter the numerator of the transfer function 
num= 
enter the denominator of the transfer function 
den= 
Transfer function : 
 
1.6 EXAMPLE: Consider the G(s) = [K]/[s(s + 1) (s+2)], Plot root loci. {[1] Page 273} 
 
MATLAB Program  
% --------- Root-locus plot --------- 
num = [1]; 
den = [1 3 2 0]; 
g=tf(num,den) 
rlocus(num,den) 
v = [-4 4 -4 4]; 
axis(v); axis('square') 
grid; 
title ('Root-Locus Plot of G(s) = [K]/[s(s + 1) (s+2)]') 
 
1.7  RESULTS AND DISCUSSION:  
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5ŜǎƛƎƴ ōȅ wƻƻǘπ[ƻŎǳǎ aŜǘƘƻŘΦ ¢ƘŜ ŘŜǎƛƎƴ
ōȅ ǘƘŜ ǊƻƻǘπƭƻŎǳǎ ƳŜǘƘƻŘ ƛǎ ōŀǎŜŘ ƻƴ
ǊŜǎƘŀǇƛƴƎthe root locus of the system by
adding poles and zeros to the system’s
open-loop transfer function and forcing the
rootlocitopassthroughdesiredclosed-loop
polesinthesplane.

{ŜǊƛŜǎ /ƻƳǇŜƴǎŀǘƛƻƴ ŀƴŘ tŀǊŀƭƭŜƭ όƻǊ 
CŜŜŘōŀŎƪύ /ƻƳǇŜƴǎŀǘƛƻƴ
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ÅThe choice between series compensation and
parallel compensationdepends onthe natureof the
signals in the system, the power levels at various
points, available components, the designer’s
experience,economicconsiderations,andsoon.
ÅIngeneral,seriescompensationmaybesimplerthan
parallelcompensation.
Åthe number of components required in parallel
compensation will be less than the number of
components in series compensation because the
energy transfer is from a higher power level to a
lowerlevel.

4

9ŦŦŜŎǘǎ ƻŦ ǘƘŜ !ŘŘƛǘƛƻƴ ƻŦ tƻƭŜǎΦ
ÅThe addition of a pole to the open-loop
transfer function has the effect of pulling the
root locus to the right, tending tolowerthe
system’s relativestabilityand toslow down
thesettlingoftheresponse.

5
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9ŦŦŜŎǘǎ ƻŦ ǘƘŜ !ŘŘƛǘƛƻƴ ƻŦ ½ŜǊƻǎΦ
ÅThe addition of a zero to the open-loop
transfer function has the effect of pulling the
root locus to the left, tending to make the
systemmore stableand tospeed upthe
settlingoftheresponse.

6

[9!5 /hat9b{!¢Lhb
ÅThe root-locus approach to design is very
powerful when the specifications are given in
terms of time-domain quantities, such as the
damping ratio and undamped natural frequency
of the desired dominant closed-loop poles,
maximumovershoot,risetime,andsettlingtime.
ÅConsider a design problem in which the original
systemeitherisunstableforallvalues ofgainor
is stable but has undesirable transient-response
characteristics. In such a case, the reshaping of
therootlocusisnecessary.

7
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The procedures for designing a lead 
compensator for the system shown in 
Figure by the root-locus method may 

be stated as follows

8

1. From the performance specifications,
determine the desired location for the
dominantclosed-looppoles.

2. By drawing the root-locus plot of the
uncompensated system (original system),
ascertain whether or not the gain adjustment
alone can yield the desired closed loop poles.
If not, calculate the angle deficiency Ø . This
angle must be contributed by the lead
compensator if the new root locus is to pass
through the desired locations for the
dominantclosed-looppoles.

9



2023-02-17

5

3. Assume the lead compensator DŎόǎύ ǘƻ ōŜΥ

ÅGc(s) = Kcα [(T s + 1)] /[(α T s + 1)] 
= Kc(s + 1/T)/(s + 1/αT)

(0<α<1)
ÅwhereαandTaredeterminedfromtheangle
deficiency (Ø). Kc is determined from the
requirementoftheopen-loopgain.

10

4.If static error constants are not specified,
determinethelocationofthepoleandzeroof
the lead compensator so that the lead
compensator will contribute the necessary
angle (Ø). If no other requirements are
imposedonthesystem,trytomakethevalue
of α as large as possible. A larger value of α
generally resultsin a larger value of Kv,which
isdesirable.Notethat

11
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5. Determine the value of Kc of the lead
compensatorfromthemagnitudecondition.

ÅOnce a compensator has been designed,
check to see whether all performance
specifications have been met. If the
compensated system does not meet the
performance specifications, then repeat the
design procedure by adjusting the
compensator pole and zero until all such
specificationsaremet.

12

Å9·!at[9όhƎŀǘŀtомоύΥConsidertheposition
control system shown in Figure The
feedforwardtransferfunctionis
G(s)=10/[s(s+1)]

13
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The root-locus plot for this system is shown in
Figure. The closed-loop transfer function for the
systemis:
C(s)/R(s) =10/(s^2 + s + 10)
=10/[(s + 0.5 + j3.1225)(s + 0.5 -j3.1225)]
The closed-loop poles are located at:
s = -0.5 ±j3.1225
The damping ratio of the closed-loop poles is 
ƪ =(1/2)/√10 = 0.1581
The undamped natural frequency of the closed-
loop poles is ωn = √10 = 3.1623 rad/sec
Becausethedampingratioissmall,thissystemwillhavea
largeovershootinthestepresponseandisnotdesirable.

14

It is desired to design a lead compensator Gc(s) as shown in
Figure so that the dominant closed-loop poles have the
dampingratioƪ=0.5andtheundampednaturalfrequencyωn
=3rad/sec.
The desired location of the dominant closed-loop poles can
bedeterminedfrom:
S^2 + 2ƪωn s + ωn^2 = s^2 + 3s + 9
as follows:        s = -1.5 ±j 2.5981

15
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Assume the lead compensator DŎόǎύ ǘƻ ōŜΥ
Gc(s) = Kcα [(T s + 1)] /[(α T s + 1)] 

= Kc(s + 1/T)/(s + 1/αT)     (0<α<1)

ÅThe angle from the pole at the origin to the desired
dominant closed-loop pole at s = –1.5+j2.5981 is
120°.The angle from the pole at s=–1 to the desired
closed-loop pole is 100.894°. Hence, the angle
deficiencyis

Angledeficiency=Ø=180°–120°–100.894°=–40.894°

ÅDeficit angle 40.894°must be contributed by a lead 
compensator. ¢ƘŜǊŜ ŀǊŜ ƛƴŦƛƴƛǘŜƭȅ Ƴŀƴȅ ǎƻƭǳǘƛƻƴǎΦ

16

aŜǘƘƻŘ мΦ
ÅFirst, draw a horizontal line passing through
pointtΣ ǘƘŜ ŘŜǎƛǊŜŘlocation for one of the
dominant closed-loop poles. This is shown as
line PA in Figure. Draw also a line connecting
point P and the origin. Bisect the angle
between the lines PA and PO, as shown in
Figure. Draw two lines PC and PD that make
angles ±Ø/2 with the bisector PB. The
intersections of PC and PD with the negative
real axis give the necessary locations for the
poleandzerooftheleadnetwork.

17
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Determination of the pole and zero of a lead network.

18

ÅThus, if we need to force the root locusto go
throughthedesiredclosed-looppole,thelead
compensator must contribute Ø=40.894° at
this point. By following the foregoing design
procedure, we can determine the zero and
poleoftheleadcompensator.
ÅReferringtolastFigure,ifwebisectangleAPO
and take 40.894°/2 each side, then the
locations of the zero and pole are found as
follows:
zeroats=–1.9432&poleats=–4.6458
(Forthiscompensatorthevalueofαis
α=1.9432/4.6458=0.418.)

19



2023-02-17

10

ÅDetermination of the pole and zero of the lead 
compensator.

20

ÅGc(s) = Kcα [(T s + 1)] /[(α T s + 1)] 
= Kc(s + 1.9432)/(s + 4.6458)

21
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Root-locus plot of the 
designed System
(damping ratio = 0.5, ωn = 3 
rad/sec.)

aŜǘƘƻŘ мΦ

22

Itisworthwhiletocheckthestaticvelocityerror
constantKvforthesystemjustdesigned.

23
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aŜǘƘƻŘ нΦ

ÅIfwechoosethezerooftheleadcompensator
ats=-1sothatitwillcanceltheplantpoleat
s = -1, then the compensator pole must be
locatedats=-3.
ÅHence the lead compensator becomes
Gc(s) = Kcα [(T s + 1)] /[(α T s + 1)] 

= Kc(s + 1)/(s + 3)

24

Compensator pole and zero.

aŜǘƘƻŘ нΦ

25
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The value of Kccan be determined by use of the 
magnitude condition:

26

Thestaticvelocityerrorconstantforthepresent
caseisobtainedasfollows:

27

NoticethatthesystemdesignedbyMethod1givesa
largervalueofthestaticvelocityerrorconstant.
This means that the system designed byMethod 1
willgivesmallersteady-stateerrorsinfollowingramp
inputsthanthesystemdesignedbyMethod2.
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2. Lead Compensation Techniques Based on the Root-Locus Approach 
 
2.1 AIM: 
Lead compensation design by the root-locus method using MATLAB. 
 
2.2 APPARATUS: 
Software: MATLAB. 
 
2.3 PROCEDURE: 

¶ Write MATLAB program in the MATLAB specified documents. 
¶ Then save the program to run it. 
¶ Design a lead compensator Gc(s) for the dominant closed-loop poles have the 
damping ratio and the undamped natural frequencies are specified. 

¶ Plot Root-locus of the designed System. 
¶ Comparison of step responses of the compensated and uncompensated systems. 
¶ Comparison of Unit-ramp response curves of designed systems. 

 
2.4 THEORETICAL CALCULATIONS: 
Á Original uncompensated system 

enter the numerator of the transfer function 
num= 



enter the denominator of the transfer function 
den= 
Transfer function: 
Á The system designed by Method 1. 

enter the numerator of the transfer function 
num1= 
enter the denominator of the transfer function 
den1= 
Transfer function: 
Á The system designed by Method 2. 

enter the numerator of the transfer function 
num2= 
enter the denominator of the transfer function 
den2= 
Transfer function: 
 
2.5 EXAMPLE: Consider the G(s) = 10 / [s(s + 1)], Plot root loci for G(s), It is desired to design a 
lead compensator Gc(s) that the dominant closed-loop poles have the damping ratio Ỷ=0.5 and the undamped 
natural frequency n̟ = 3 rad/sec. Plot root loci of the designed system. {[1] Page 313} 

ü Comparison of step responses of the compensated and uncompensated systems. 
ü Comparison of Unit-ramp response curves of designed systems. 

 
MATLAB Program 
% ***** Unit-Step Response of Compensated and Uncompensated Systems ***** 
num1 = [12.287 23.876]; 
den1 = [1 5.646 16.933 23.876]; 
num2 = [9]; 
den2 = [1 3 9]; 
num = [10]; 
den = [1 1 10]; 
t = 0:0.05:5; 
c1 = step(num1,den1,t); 
c2 = step(num2,den2,t); 
c = step(num,den,t); 
plot(t,c1,'-',t,c2,'.',t,c,'x') 
grid 
title('Unit-Step Responses of Compensated Systems and Uncompensated System') 
xlabel('t Sec') 
ylabel('Outputs c1, c2, and c') 
text(1.51,1.48,'Compensated System (Method 1)') 
text(0.9,0.48,'Compensated System (Method 2)') 
text(2.51,0.67,'Uncompensated System') 
 
% ***** Unit-Ramp Responses of Compensated Systems ***** 
num1 = [12.287 23.876]; 
den1 = [1 5.646 16.933 23.876 0]; 
num2 = [9]; 
den2 = [1 3 9 0]; 
t = 0:0.05:5; 
c1 = step(num1,den1,t); 
c2 = step(num2,den2,t); 
plot(t,c1,'-',t,c2,'.',t,t,'-') 
grid 
title('Unit-Ramp Responses of Compensated Systems') 
xlabel('t Sec') 
ylabel('Unit-Ramp Input and Outputs c1 and c2') 



text(2.55,3.8,'Input') 
text(0.55,2.8,'Compensated System (Method 1)') 
text(2.35,1.75,'Compensated System (Method 2)') 
 
 
2.6 RESULT: 
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Å/ƻƴǎƛŘŜǊ ǘƘŜ ǇǊƻōƭŜƳ ƻŦ ŦƛƴŘƛƴƎ ŀ ǎǳƛǘŀōƭŜ
ŎƻƳǇŜƴǎŀǘƛƻƴ ƴŜǘǿƻǊƪ ŦƻǊ ǘƘŜ ŎŀǎŜ ǿƘŜǊŜ ǘƘŜ
ǎȅǎǘŜƳ ŜȄƘƛōƛǘǎǎŀǘƛǎŦŀŎǘƻǊȅ ǘǊŀƴǎƛŜƴǘπǊŜǎǇƻƴǎŜ
ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ōǳǘǳƴǎŀǘƛǎŦŀŎǘƻǊȅ ǎǘŜŀŘȅπǎǘŀǘŜ
ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΦ
Å/ƻƳǇŜƴǎŀǘƛƻƴ ƛƴ ǘƘƛǎ ŎŀǎŜ ŜǎǎŜƴǘƛŀƭƭȅ Ŏƻƴǎƛǎǘǎ ƻŦ
ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ƻǇŜƴ ƭƻƻǇ Ǝŀƛƴ ǿƛǘƘƻǳǘ
ŀǇǇǊŜŎƛŀōƭȅ ŎƘŀƴƎƛƴƎ ǘƘŜ ǘǊŀƴǎƛŜƴǘπǊŜǎǇƻƴǎŜ
ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΦ
Å¢ƘƛǎŎŀƴ ōŜ ŀŎŎƻƳǇƭƛǎƘŜŘ ƛŦ ŀƭŀƎŎƻƳǇŜƴǎŀǘƻǊ ƛǎ
Ǉǳǘ ƛƴ ŎŀǎŎŀŘŜ ǿƛǘƘ ǘƘŜ ƎƛǾŜƴ ŦŜŜŘŦƻǊǿŀǊŘ
ǘǊŀƴǎŦŜǊŦǳƴŎǘƛƻƴΦ
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Å¢ƻ ŀǾƻƛŘ ŀƴ ŀǇǇǊŜŎƛŀōƭŜ ŎƘŀƴƎŜ ƛƴ ǘƘŜ Ǌƻƻǘ
ƭƻŎƛΣǘƘŜŀƴƎƭŜŎƻƴǘǊƛōǳǘƛƻƴƻŦǘƘŜƭŀƎƴŜǘǿƻǊƪ
ǎƘƻǳƭŘ ōŜ ƭƛƳƛǘŜŘ ǘƻ ŀǎƳŀƭƭ ŀƳƻǳƴǘΣ ǎŀȅ ƭŜǎǎ
ǘƘŀƴрϲΦ
Å¢ƻ ŀǎǎǳǊŜ ǘƘƛǎΣ ǿŜ ǇƭŀŎŜ ǘƘŜǇƻƭŜ ŀƴŘ ȊŜǊƻƻŦ
ǘƘŜ ƭŀƎ ƴŜǘǿƻǊƪ ǊŜƭŀǘƛǾŜƭȅ ŎƭƻǎŜ ǘƻƎŜǘƘŜǊ ŀƴŘ
ƴŜŀǊ ǘƘŜ ƻǊƛƎƛƴƻŦ ǘƘŜ ǎ ǇƭŀƴŜΦ ¢ƘŜƴ ǘƘŜ
ŎƭƻǎŜŘπƭƻƻǇ ǇƻƭŜǎ ƻŦ ǘƘŜ ŎƻƳǇŜƴǎŀǘŜŘ ǎȅǎǘŜƳ
ǿƛƭƭ ōŜ ǎƘƛŦǘŜŘ ƻƴƭȅ ǎƭƛƎƘǘƭȅ ŦǊƻƳ ǘƘŜƛǊ ƻǊƛƎƛƴŀƭ
ƭƻŎŀǘƛƻƴǎΦ IŜƴŎŜΣ ǘƘŜ ǘǊŀƴǎƛŜƴǘπǊŜǎǇƻƴǎŜ
ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎǿƛƭƭōŜŎƘŀƴƎŜŘƻƴƭȅǎƭƛƎƘǘƭȅΦ

о
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Å¢ƘŜ Ƴŀƛƴ ƴŜƎŀǘƛǾŜ ŜŦŦŜŎǘƻŦ ǘƘŜ ƭŀƎ
ŎƻƳǇŜƴǎŀǘƛƻƴ ƛǎ ǘƘŀǘ ǘƘŜ ŎƻƳǇŜƴǎŀǘƻǊ ȊŜǊƻ
ǘƘŀǘ ǿƛƭƭ ōŜ ƎŜƴŜǊŀǘŜŘ ƴŜŀǊ ǘƘŜ ƻǊƛƎƛƴ ŎǊŜŀǘŜǎ
ŀŎƭƻǎŜŘπƭƻƻǇǇƻƭŜƴŜŀǊǘƘŜƻǊƛƎƛƴΦ¢ƘƛǎŎƭƻǎŜŘ
ƭƻƻǇǇƻƭŜŀƴŘŎƻƳǇŜƴǎŀǘƻǊȊŜǊƻǿƛƭƭƎŜƴŜǊŀǘŜ
ŀ ƭƻƴƎ ǘŀƛƭ ƻŦ ǎƳŀƭƭ ŀƳǇƭƛǘǳŘŜ ƛƴ ǘƘŜ ǎǘŜǇ
ǊŜǎǇƻƴǎŜΣǘƘǳǎƛƴŎǊŜŀǎƛƴƎǘƘŜǎŜǘǘƭƛƴƎǘƛƳŜΦ

п

р
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с

Å!ƴ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ Ǝŀƛƴ ƳŜŀƴǎ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ǎǘŀǘƛŎ
ŜǊǊƻǊ ŎƻƴǎǘŀƴǘǎΦ LŦ ǘƘŜ ƻǇŜƴ ƭƻƻǇ ǘǊŀƴǎŦŜǊ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜ
ǳƴŎƻƳǇŜƴǎŀǘŜŘǎȅǎǘŜƳƛǎDόǎύΣǘƘŜƴǘƘŜǎǘŀǘƛŎǾŜƭƻŎƛǘȅ
ŜǊǊƻǊŎƻƴǎǘŀƴǘYǾƻŦǘƘŜǳƴŎƻƳǇŜƴǎŀǘŜŘǎȅǎǘŜƳƛǎ

¢ƘŜƴ ŦƻǊ ǘƘŜŎƻƳǇŜƴǎŀǘŜŘ ǎȅǎǘŜƳǿƛǘƘ ǘƘŜ ƻǇŜƴπƭƻƻǇ
ǘǊŀƴǎŦŜǊŦǳƴŎǘƛƻƴǘƘŜǎǘŀǘƛŎǾŜƭƻŎƛǘȅŜǊǊƻǊŎƻƴǎǘŀƴǘ

5ŜǎƛƎƴ tǊƻŎŜŘǳǊŜǎ ŦƻǊ [ŀƎ /ƻƳǇŜƴǎŀǘƛƻƴ

т

мΦ 5Ǌŀǿ ǘƘŜ ǊƻƻǘπƭƻŎǳǎ Ǉƭƻǘ ŦƻǊ ǘƘŜ ǳƴŎƻƳǇŜƴǎŀǘŜŘ
ǎȅǎǘŜƳ ǿƘƻǎŜ ƻǇŜƴπƭƻƻǇ ǘǊŀƴǎŦŜǊ ŦǳƴŎǘƛƻƴ ƛǎ DόǎύΦ
.ŀǎŜŘ ƻƴ ǘƘŜ ǘǊŀƴǎƛŜƴǘπǊŜǎǇƻƴǎŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΣ
ƭƻŎŀǘŜ ǘƘŜ ŘƻƳƛƴŀƴǘ ŎƭƻǎŜŘπƭƻƻǇ ǇƻƭŜǎ ƻƴ ǘƘŜ Ǌƻƻǘ
ƭƻŎǳǎΦ

нΦ !ǎǎǳƳŜ ǘƘŜ ǘǊŀƴǎŦŜǊ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜ ƭŀƎ
ŎƻƳǇŜƴǎŀǘƻǊǘƻōŜƎƛǾŜƴōȅ
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оΦ9ǾŀƭǳŀǘŜǘƘŜǇŀǊǘƛŎǳƭŀǊǎǘŀǘƛŎŜǊǊƻǊŎƻƴǎǘŀƴǘǎǇŜŎƛŦƛŜŘ
ƛƴǘƘŜǇǊƻōƭŜƳΦ

пΦ 5ŜǘŜǊƳƛƴŜ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ǎǘŀǘƛŎ ŜǊǊƻǊ 
Ŏƻƴǎǘŀƴǘ ƴŜŎŜǎǎŀǊȅ ǘƻ ǎŀǘƛǎŦȅ ǘƘŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΦ

рΦ5ŜǘŜǊƳƛƴŜǘƘŜǇƻƭŜŀƴŘȊŜǊƻƻŦǘƘŜƭŀƎŎƻƳǇŜƴǎŀǘƻǊ
ǘƘŀǘǇǊƻŘǳŎŜǘƘŜƴŜŎŜǎǎŀǊȅƛƴŎǊŜŀǎŜƛƴǘƘŜǇŀǊǘƛŎǳƭŀǊ
ǎǘŀǘƛŎŜǊǊƻǊŎƻƴǎǘŀƴǘǿƛǘƘƻǳǘŀǇǇǊŜŎƛŀōƭȅŀƭǘŜǊƛƴƎǘƘŜ
ƻǊƛƎƛƴŀƭǊƻƻǘƭƻŎƛΦ

сΦ 5Ǌŀǿ ŀƴŜǿ ǊƻƻǘπƭƻŎǳǎǇƭƻǘ ŦƻǊ ǘƘŜ ŎƻƳǇŜƴǎŀǘŜŘ
ǎȅǎǘŜƳΦ [ƻŎŀǘŜ ǘƘŜ ŘŜǎƛǊŜŘ ŘƻƳƛƴŀƴǘ ŎƭƻǎŜŘπƭƻƻǇ
ǇƻƭŜǎƻƴǘƘŜǊƻƻǘƭƻŎǳǎΦ

тΦ !ŘƧǳǎǘ Ǝŀƛƴ ḛŎ ƻŦ ǘƘŜ ŎƻƳǇŜƴǎŀǘƻǊ ŦǊƻƳ ǘƘŜ
ƳŀƎƴƛǘǳŘŜ ŎƻƴŘƛǘƛƻƴ ǎƻ ǘƘŀǘ ǘƘŜ ŘƻƳƛƴŀƴǘ ŎƭƻǎŜŘπ
ƭƻƻǇǇƻƭŜǎƭƛŜŀǘǘƘŜŘŜǎƛǊŜŘƭƻŎŀǘƛƻƴΦ

ф
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9·!at[9 όhƎŀǘŀ tонпύΥ¢ƘŜ ŦŜŜŘŦƻǊǿŀǊŘ ǘǊŀƴǎŦŜǊ
ŦǳƴŎǘƛƻƴƛǎDόǎύҐώмΦлсϐκώǎόǎҌмύόǎҌнύϐ
Lǘ ƛǎ ŘŜǎƛǊŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ǎǘŀǘƛŎ ǾŜƭƻŎƛǘȅ ŜǊǊƻǊ
ŎƻƴǎǘŀƴǘYǾǘƻŀōƻǳǘрǎŜŎϣςмΦ

мл

¢ƘŜ ŎƭƻǎŜŘπƭƻƻǇ ǘǊŀƴǎŦŜǊ ŦǳƴŎǘƛƻƴΥ

мм

Ґ πỶ˖ƴҕƧ˖ƴҞόмπỶϣнύ
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мн

¢ƻƳŜŜǘǘƘŜǊŜǉǳƛǊŜŘǎǇŜŎƛŦƛŎŀǘƛƻƴΣ
ƭŜǘ ǳǎ ƛƴǎŜǊǘ ŀ ƭŀƎ ŎƻƳǇŜƴǎŀǘƻǊ ƛƴ ŎŀǎŎŀŘŜ ǿƛǘƘ ǘƘŜ
ƎƛǾŜƴ ŦŜŜŘŦƻǊǿŀǊŘ ǘǊŀƴǎŦŜǊ ŦǳƴŎǘƛƻƴΦ ¢ƻ ƛƴŎǊŜŀǎŜ ǘƘŜ
ǎǘŀǘƛŎǾŜƭƻŎƛǘȅŜǊǊƻǊŎƻƴǎǘŀƴǘōȅŀŦŀŎǘƻǊƻŦŀōƻǳǘмлΣ
ƭŜǘ ǳǎ ŎƘƻƻǎŜʲҐмлŀƴŘ ǇƭŀŎŜ ǘƘŜ ȊŜǊƻ ŀƴŘ ǇƻƭŜ ƻŦ
ǘƘŜ ƭŀƎ ŎƻƳǇŜƴǎŀǘƻǊ ŀǘǎҐςлΦлрŀƴŘǎҐςлΦллрΣ
ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ ǘǊŀƴǎŦŜǊ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜ ƭŀƎ
ŎƻƳǇŜƴǎŀǘƻǊōŜŎƻƳŜǎΥ

¢ƘŜ ŀƴƎƭŜ ŎƻƴǘǊƛōǳǘƛƻƴ ƻŦ ǘƘƛǎ ƭŀƎ ƴŜǘǿƻǊƪ ƴŜŀǊ ŀ
ŘƻƳƛƴŀƴǘ ŎƭƻǎŜŘπƭƻƻǇ ǇƻƭŜ ƛǎ ŀōƻǳǘпϲΦ .ŜŎŀǳǎŜ ǘƘƛǎ
ŀƴƎƭŜ ŎƻƴǘǊƛōǳǘƛƻƴ ƛǎ ƴƻǘ ǾŜǊȅ ǎƳŀƭƭΣ ǘƘŜǊŜ ƛǎ ŀ ǎƳŀƭƭ
ŎƘŀƴƎŜ ƛƴ ǘƘŜ ƴŜǿ Ǌƻƻǘ ƭƻŎǳǎ ƴŜŀǊ ǘƘŜ ŘŜǎƛǊŜŘ
ŘƻƳƛƴŀƴǘŎƭƻǎŜŘπƭƻƻǇǇƻƭŜǎΦ

мо
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мс

ǘƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ ǎǘŀǘƛŎ ǾŜƭƻŎƛǘȅ ŜǊǊƻǊ Ŏƻƴǎǘŀƴǘ ƻŦ ǘƘŜ
ŎƻƳǇŜƴǎŀǘŜŘ ǎȅǎǘŜƳ ƛǎ фΦсс ǘƛƳŜǎ ƎǊŜŀǘŜǊ ǘƘŀƴ ǘƘŀǘ ƻŦ
ǘƘŜǳƴŎƻƳǇŜƴǎŀǘŜŘǎȅǎǘŜƳΦ

¢ƘŜ ǘǿƻ ƻǘƘŜǊ ŎƭƻǎŜŘπƭƻƻǇ ǇƻƭŜǎ ŦƻǊ ǘƘŜ ŎƻƳǇŜƴǎŀǘŜŘ
ǎȅǎǘŜƳŀǊŜŦƻǳƴŘŀǎŦƻƭƭƻǿǎΥ

ǎоҐπнΦонсΣǎпҐπлΦлрпф
Å¢ƘŜ ǳƴŘŀƳǇŜŘ ƴŀǘǳǊŀƭ ŦǊŜǉǳŜƴŎȅ ƻŦ ǘƘŜ ŘƻƳƛƴŀƴǘ
ŎƭƻǎŜŘπƭƻƻǇ ǇƻƭŜǎ ƻŦ ǘƘŜ ŎƻƳǇŜƴǎŀǘŜŘ ǎȅǎǘŜƳ ƛǎ лΦсом
ǊŀŘκǎŜŎΦ ¢Ƙƛǎ ǾŀƭǳŜ ƛǎ ŀōƻǳǘ с҈ ƭŜǎǎ ǘƘŀƴ ǘƘŜ ƻǊƛƎƛƴŀƭ
ǾŀƭǳŜΣ лΦсто ǊŀŘκǎŜŎΦ ¢Ƙƛǎ ƛƳǇƭƛŜǎ ǘƘŀǘ ǘƘŜǘǊŀƴǎƛŜƴǘ
ǊŜǎǇƻƴǎŜƻŦǘƘŜŎƻƳǇŜƴǎŀǘŜŘǎȅǎǘŜƳƛǎǎƭƻǿŜǊǘƘŀƴǘƘŀǘ
ƻŦǘƘŜƻǊƛƎƛƴŀƭǎȅǎǘŜƳΦ

Å¢ƘŜƳŀȄƛƳǳƳ ƻǾŜǊǎƘƻƻǘ ƛƴ ǘƘŜ ǎǘŜǇ ǊŜǎǇƻƴǎŜ ǿƛƭƭ
ƛƴŎǊŜŀǎŜƛƴǘƘŜŎƻƳǇŜƴǎŀǘŜŘǎȅǎǘŜƳΦ

мт
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Å/ƻƳƳŜƴǘǎΦ Lǘ ƛǎ ƴƻǘŜŘ ǘƘŀǘ ǳƴŘŜǊ ŎŜǊǘŀƛƴ
ŎƛǊŎǳƳǎǘŀƴŎŜǎΣ ƘƻǿŜǾŜǊΣ ōƻǘƘ ƭŜŀŘ
ŎƻƳǇŜƴǎŀǘƻǊŀƴŘƭŀƎŎƻƳǇŜƴǎŀǘƻǊƳŀȅǎŀǘƛǎŦȅ
ǘƘŜ ƎƛǾŜƴ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ όōƻǘƘ ǘǊŀƴǎƛŜƴǘ
ǊŜǎǇƻƴǎŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ŀƴŘ ǎǘŜŀŘȅπǎǘŀǘŜ
ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΦύ¢ƘŜƴŜƛǘƘŜǊŎƻƳǇŜƴǎŀǘƛƻƴƳŀȅ
ōŜǳǎŜŘΦ

му

¢ŜȄǘ ōƻƻƪ

мΥϦaƻŘŜǊƴ /ƻƴǘǊƻƭ 9ƴƎƛƴŜŜǊƛƴƎ Ϧ.ȅ YŀǘǎǳƘƛƪƻ 
hƎŀǘŀΦ
нΥ ά /ƻƴǘǊƻƭ {ȅǎǘŜƳǎ 9ƴƎƛƴŜŜǊƛƴƎ έ .ȅ   bƻǊƳŀƴ 
{Φ bƛǎŜΦ

мф
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CONTROL SYSTEMS DESIGN LAB 
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Instructor: Mr. Salam Asmer 

 
 
Summary: This course deals with practical aspects of the design and compensation of control 
systems. 
 
Matlab: You will use Matlab extensively. Prior familiarity with Matlab is assumed. You are 
not required to purchase these packages.  
 
Lab Reports: The Department requires formal lab reports which must satisfy the following 
format rules: 
1. Title page: This must include a title, group member names, course and section name and 
date. 
2. Introduction: Explain the background and objective of the lab indicating requirements and 
desired results. 
3. Discussion: Discuss the underlying applicable theory and concepts that support the results.  
4. Results: Present results in tabular, graphical or numeric form. Present results from required 
lab exercises. 
5. Discussion of Results: Discuss results data in context of comparison to expectation, 
accuracy, difficulties, etc. 
6. Summary and Conclusions: Discuss findings, explain errors and unexpected results; 
summarize and indicate conclusions. 

 
 
 

3. Lag Compensation Techniques Based on the Root-Locus Approach 
 
3.1 AIM: 
It is desired to increase the static velocity error constant Kv to about 5 secΈ1 without 
appreciably changing the location of the dominant closed-loop poles of the system using 
MATLAB. 
 
3.2 APPARATUS: 
Software: MATLAB. 
 
3.3 PROCEDURE: 

¶ Write MATLAB program in the MATLAB specified documents. 
¶ Then save the program to run it. 
¶ It is desired to increase the static velocity error constant Kv to about 5 secΈ1 
without appreciably changing the location of the dominant closed-loop poles  

¶ Plot Root-locus of Compensated and Uncompensated Systems. 
¶ The plot of the unit-ramp response curves for Compensated and Uncompensated 
Systems.  

¶ The unit-step response curves of the compensated and uncompensated systems. 

 



 
3.4 THEORETICAL CALCULATIONS: 
Enter the numerators and denominators of the compensated and uncompensated systems. 
num= 
den= 
Transfer function: 
numc= 
denc= 
Transfer function: 
 
 
3.5 EXAMPLE: Consider the G(s) = [1.06]/[s(s+1)(s+2)], Plot root loci. 
It is desired to increase the static velocity error constant Kv to about 5 secΈ1 without 
appreciably changing the location of the dominant closed-loop poles. {[1] Page 324} 
 
% ***** Root-locus plots of the compensated system and uncompensated system ***** 
% ***** Enter the numerators and denominators of the compensated and uncompensated 
systems ***** 
numc = [1 0.05]; 
denc = [1 3.005 2.015 0.01 0]; 
num = [1.06]; 
den = [1 3 2 0]; 
% ***** Enter rlocus command. Plot the root loci of both systems ***** 
rlocus(numc,denc) 
hold 
Current plot held 
rlocus(num,den) 
v = [-3 1 -2 2]; axis(v); axis('square') 
grid 
text(-2.8,0.2,'Compensated system') 
text(-2.8,1.2,'Uncompensated system') 
text(-2.8,0.58,'Original closed-loop pole') 
text(-0.1,0.85,'New closed-') 
text(-0.1,0.62,'loop pole') 
title('Root-Locus Plots of Compensated and Uncompensated Systems') 
hold 
Current plot released 
% ***** Plot root loci of the compensated system near the origin ***** 
rlocus(numc,denc) 
v = [-0.6 0.6 -0.6 0.6]; axis(v); axis('square') 
grid 
title('Root-Locus Plot of Compensated System near the Origin') 
 
 
 
 
% ***** Unit-ramp responses of compensated system and 
% uncompensated system ***** 
% ***** Unit-ramp response will be obtained as the unit-step 
% response of C(s)/[sR(s)] ***** 
% ***** Enter the numerators and denominators of C1(s)/[sR(s)] 
% and C2(s)/[sR(s)], where C1(s) and C2(s) are Laplace 
% transforms of the outputs of the compensated and un- 
% compensated systems, respectively. ***** 
numc = [1.0235 0.0512]; 



denc = [1 3.005 2.015 1.0335 0.0512 0]; 
num = [1.06]; 
den = [1 3 2 1.06 0]; 
% ***** Specify the time range (such as t= 0:0.1:50) and enter 
% step command and plot command. ***** 
t = 0:0.1:50; 
c1 = step(numc,denc,t); 
c2 = step(num,den,t); 
plot(t,c1,'-',t,c2,'.',t,t,'--') 
grid 
text(2.2,27,'Compensated system'); 
text(26,21.3,'Uncompensated system'); 
title('Unit-Ramp Responses of Compensated and Uncompensated Systems') 
xlabel('t Sec'); 
ylabel('Outputs c1 and c2') 
 
 
% ***** Unit-step responses of compensated system and 
% uncompensated system ***** 
% ***** Enter the numerators and denominators of the 
% compensated and uncompensated systems ***** 
numc = [1.0235 0.0512]; 
denc = [1 3.005 2.015 1.0335 0.0512]; 
num = [1.06]; 
den = [1 3 2 1.06]; 
% ***** Specify the time range (such as t = 0:0.1:40) and enter 
% step command and plot command. ***** 
t = 0:0.1:40; 
c1 = step(numc,denc,t); 
c2 = step(num,den,t); 
plot(t,c1,'-',t,c2,'.') 
grid 
text(13,1.12,'Compensated system') 
text(13.6,0.88,'Uncompensated system') 
title('Unit-Step Responses of Compensated and Uncompensated Systems') 
xlabel('t Sec') 
ylabel('Outputs c1 and c2') 
 
3.6 RESULT: 
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м

[!Dς[9!5 /hat9b{!¢Lhb

Å[ŜŀŘ ŎƻƳǇŜƴǎŀǘƛƻƴ ōŀǎƛŎŀƭƭȅ ǎǇŜŜŘǎ ǳǇ ǘƘŜ
ǊŜǎǇƻƴǎŜ ŀƴŘ ƛƴŎǊŜŀǎŜǎ ǘƘŜ ǎǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ
ǎȅǎǘŜƳΦ
Å[ŀƎ ŎƻƳǇŜƴǎŀǘƛƻƴ ƛƳǇǊƻǾŜǎ ǘƘŜ ǎǘŜŀŘȅπǎǘŀǘŜ
ŀŎŎǳǊŀŎȅƻŦǘƘŜǎȅǎǘŜƳΣōǳǘǊŜŘǳŎŜǎǘƘŜǎǇŜŜŘƻŦ
ǘƘŜǊŜǎǇƻƴǎŜΦ
ÅLŦ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ōƻǘƘ ǘǊŀƴǎƛŜƴǘ ǊŜǎǇƻƴǎŜ ŀƴŘ
ǎǘŜŀŘȅπǎǘŀǘŜ ǊŜǎǇƻƴǎŜ ŀǊŜ ŘŜǎƛǊŜŘΣ ǘƘŜƴ ōƻǘƘ ŀ
ƭŜŀŘŎƻƳǇŜƴǎŀǘƻǊŀƴŘŀƭŀƎŎƻƳǇŜƴǎŀǘƻǊƳŀȅōŜ
ǳǎŜŘǎƛƳǳƭǘŀƴŜƻǳǎƭȅΦ

н

[ŀƎςƭŜŀŘ /ƻƳǇŜƴǎŀǘƛƻƴ ¢ŜŎƘƴƛǉǳŜǎ 
.ŀǎŜŘ ƻƴ ǘƘŜ wƻƻǘπ[ƻŎǳǎ !ǇǇǊƻŀŎƘ
ÅǿŜ ǳǎŜ ǘƘŜ ƭŀƎςƭŜŀŘ ŎƻƳǇŜƴǎŀǘƻǊΥ

ÅǿƘŜǊŜ ʲ м ŀƴŘ ḃ мΦ ό/ƻƴǎƛŘŜǊ YŎǘƻ ōŜƭƻƴƎ ǘƻ 
ǘƘŜ ƭŜŀŘ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ƭŀƎςƭŜŀŘ ŎƻƳǇŜƴǎŀǘƻǊΦύ

о
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н

ÅLƴ ŘŜǎƛƎƴƛƴƎ ƭŀƎςƭŜŀŘ ŎƻƳǇŜƴǎŀǘƻǊǎΣ ǿŜ
ŎƻƴǎƛŘŜǊǘǿƻŎŀǎŜǎǿƘŜǊŜʲґḃŀƴŘʲҐḃΦ
Å/ŀǎŜ мΦ ʲґḃ Lƴ ǘƘƛǎŎŀǎŜΣ ǘƘŜŘŜǎƛƎƴ ǇǊƻŎŜǎǎ ƛǎ
ŀ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǘƘŜ ŘŜǎƛƎƴ ƻŦ ǘƘŜ ƭŜŀŘ
ŎƻƳǇŜƴǎŀǘƻǊŀƴŘǘƘŀǘƻŦǘƘŜƭŀƎŎƻƳǇŜƴǎŀǘƻǊΦ
¢ƘŜ ŘŜǎƛƎƴ ǇǊƻŎŜŘǳǊŜ ŦƻǊ ǘƘŜ ƭŀƎςƭŜŀŘ
ŎƻƳǇŜƴǎŀǘƻǊŦƻƭƭƻǿǎΥ
мύ CǊƻƳ ǘƘŜ ƎƛǾŜƴ ǇŜǊŦƻǊƳŀƴŎŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΣ
ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŘŜǎƛǊŜŘ ƭƻŎŀǘƛƻƴ ŦƻǊ ǘƘŜ
ŘƻƳƛƴŀƴǘŎƭƻǎŜŘπƭƻƻǇǇƻƭŜǎΦ

п

нύ ¦ǎƛƴƎǘƘŜǳƴŎƻƳǇŜƴǎŀǘŜŘƻǇŜƴπƭƻƻǇǘǊŀƴǎŦŜǊ
ŦǳƴŎǘƛƻƴDόǎύΣŘŜǘŜǊƳƛƴŜǘƘŜŀƴƎƭŜŘŜŦƛŎƛŜƴŎȅ
qƛŦǘƘŜŘƻƳƛƴŀƴǘŎƭƻǎŜŘπƭƻƻǇǇƻƭŜǎŀǊŜǘƻōŜ
ŀǘ ǘƘŜ ŘŜǎƛǊŜŘ ƭƻŎŀǘƛƻƴΦ ¢ƘŜ ǇƘŀǎŜπƭŜŀŘ
ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ƭŀƎςƭŜŀŘ ŎƻƳǇŜƴǎŀǘƻǊ Ƴǳǎǘ
ŎƻƴǘǊƛōǳǘŜǘƘƛǎŀƴƎƭŜqΦ

оύ !ǎǎǳƳƛƴƎǘƘŀǘǿŜƭŀǘŜǊŎƘƻƻǎŜ¢нǎǳŦŦƛŎƛŜƴǘƭȅ
ƭŀǊƎŜ ǎƻ ǘƘŀǘ ǘƘŜ ƳŀƎƴƛǘǳŘŜ ƻŦ ǘƘŜ ƭŀƎ
ǇƻǊǘƛƻƴŜǉǳŀƭǘƻмΦ

р
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о

ǿƘŜǊŜ ǎҐǎм ƛǎ ƻƴŜ ƻŦ ǘƘŜ ŘƻƳƛƴŀƴǘ ŎƭƻǎŜŘπ
ƭƻƻǇǇƻƭŜǎΣŎƘƻƻǎŜǘƘŜǾŀƭǳŜǎƻŦ¢мŀƴŘḃŦǊƻƳ
ǘƘŜǊŜǉǳƛǊŜƳŜƴǘǘƘŀǘΥ

¢ƘŜƴ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǾŀƭǳŜ ƻŦ YŎ ŦǊƻƳ ǘƘŜ
ƳŀƎƴƛǘǳŘŜŎƻƴŘƛǘƛƻƴΥ

с

пύ LŦ ǘƘŜ ǎǘŀǘƛŎ ǾŜƭƻŎƛǘȅ ŜǊǊƻǊ Ŏƻƴǎǘŀƴǘ YǾ ƛǎ
ǎǇŜŎƛŦƛŜŘΣ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǾŀƭǳŜƻŦ ʲ ǘƻ ǎŀǘƛǎŦȅ
ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘ ŦƻǊ YǾ Φ¢ƘŜ ǎǘŀǘƛŎ ǾŜƭƻŎƛǘȅ
ŜǊǊƻǊŎƻƴǎǘŀƴǘYǾƛǎƎƛǾŜƴōȅΥ

т
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п

ǿƘŜǊŜYŎŀƴŘḃŀǊŜŀƭǊŜŀŘȅŘŜǘŜǊƳƛƴŜŘƛƴǎǘŜǇ
оΦIŜƴŎŜΣƎƛǾŜƴǘƘŜǾŀƭǳŜƻŦYǾΣǘƘŜǾŀƭǳŜƻŦʲ
ŎŀƴōŜŘŜǘŜǊƳƛƴŜŘŦǊƻƳǘƘƛǎƭŀǎǘŜǉǳŀǘƛƻƴΦ

¢ƘŜƴΣ ǳǎƛƴƎ ǘƘŜ ǾŀƭǳŜ ƻŦ ʲ ǘƘǳǎ ŘŜǘŜǊƳƛƴŜŘΣ
ŎƘƻƻǎŜǘƘŜǾŀƭǳŜƻŦ¢нǎǳŎƘǘƘŀǘΥ

у

/ŀǎŜ мΦ ʲґḃ {ǳƳƳŀǊȅ

ф

¢мŀƴŘ ḃŦǊƻƳΥ

YŎŦǊƻƳ Υ
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р

/ŀǎŜ мΦ ʲґḃ {ǳƳƳŀǊȅ
Ŧ̡ǊƻƳΥ

¢нŦǊƻƳΥ

мл

Å9·!at[9 όhƎŀǘŀ tоорύΥ ¢ƘŜ ŦŜŜŘŦƻǊǿŀǊŘ 
ǘǊŀƴǎŦŜǊ ŦǳƴŎǘƛƻƴ ƛǎ  Dόǎύ Ґпκώǎόǎ Ҍ лΦрύϐ
LǘƛǎŘŜǎƛǊŜŘǘƻ ƳŀƪŜǘƘŜ ŘŀƳǇƛƴƎ ǊŀǘƛƻƻŦǘƘŜ
ŘƻƳƛƴŀƴǘ ŎƭƻǎŜŘπƭƻƻǇ ǇƻƭŜǎ Ŝǉǳŀƭ ǘƻлΦрŀƴŘ
ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ǳƴŘŀƳǇŜŘ ƴŀǘǳǊŀƭ ŦǊŜǉǳŜƴŎȅ
ǘƻрǊŀŘκǎŜŎ ŀƴŘ ǘƘŜ ǎǘŀǘƛŎ ǾŜƭƻŎƛǘȅ ŜǊǊƻǊ
ŎƻƴǎǘŀƴǘǘƻулǎŜŎϣςмΦ
5ŜǎƛƎƴ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ŎƻƳǇŜƴǎŀǘƻǊ ǘƻ ƳŜŜǘ
ŀƭƭǘƘŜǇŜǊŦƻǊƳŀƴŎŜǎǇŜŎƛŦƛŎŀǘƛƻƴǎΦ

мм
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с

¢Ƙƛǎ ǎȅǎǘŜƳ Ƙŀǎ ŎƭƻǎŜŘπƭƻƻǇ ǇƻƭŜǎ ŀǘ
ǎ Ґ πлΦнрлл ҕƧмΦфупо

¢ƘŜ ŘŀƳǇƛƴƎ Ǌŀǘƛƻ ƛǎлΦмнрΣ ǘƘŜ ǳƴŘŀƳǇŜŘ
ƴŀǘǳǊŀƭ ŦǊŜǉǳŜƴŎȅ ƛǎн ǊŀŘκǎŜŎΣ ŀƴŘ ǘƘŜ ǎǘŀǘƛŎ
ǾŜƭƻŎƛǘȅŜǊǊƻǊŎƻƴǎǘŀƴǘƛǎуǎŜŎϣςмΦ

VCǊƻƳ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΣ ǘƘŜ
ŘƻƳƛƴŀƴǘŎƭƻǎŜŘπƭƻƻǇǇƻƭŜǎƳǳǎǘōŜŀǘ

ǎҐπнΦрлҕƧпΦоо
лΦрΣрǊŀŘκǎŜŎΣулǎŜŎϣςмΦ

мн

[Ŝǘ ǳǎ ŀǎǎǳƳŜ ǘƘŀǘ ǿŜ ǳǎŜ ŀ ƭŀƎςƭŜŀŘ ŎƻƳǇŜƴǎŀǘƻǊ
ƘŀǾƛƴƎǘƘŜǘǊŀƴǎŦŜǊŦǳƴŎǘƛƻƴΥ

²ƘŜǊŜʲґḃ Φ¢ƘŜƴ ǘƘŜ ŎƻƳǇŜƴǎŀǘŜŘǎȅǎǘŜƳ ǿƛƭƭ ƘŀǾŜ
ǘƘŜƻǇŜƴπƭƻƻǇǘǊŀƴǎŦŜǊŦǳƴŎǘƛƻƴΥ

мо
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т

мп

CǊƻƳ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΣ ǘƘŜ
ŘƻƳƛƴŀƴǘŎƭƻǎŜŘπƭƻƻǇǇƻƭŜǎƳǳǎǘōŜŀǘΥ

ǎҐπнΦрлҕƧпΦоо

ǘƘŜ ǇƘŀǎŜπƭŜŀŘ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ƭŀƎςƭŜŀŘ
ŎƻƳǇŜƴǎŀǘƻǊ Ƴǳǎǘ ŎƻƴǘǊƛōǳǘŜррϲҐκмулπнорκ
ǎƻ ǘƘŀǘ ǘƘŜ Ǌƻƻǘ ƭƻŎǳǎ ǇŀǎǎŜǎ ǘƘǊƻǳƎƘ ǘƘŜ
ŘŜǎƛǊŜŘ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜ ŘƻƳƛƴŀƴǘ ŎƭƻǎŜŘπƭƻƻǇ
ǇƻƭŜǎΦ

мр

¢ƻ ŘŜǎƛƎƴ ǘƘŜ ǇƘŀǎŜπƭŜŀŘ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ
ŎƻƳǇŜƴǎŀǘƻǊΣ ǿŜ ŦƛǊǎǘ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜ
ȊŜǊƻ ŀƴŘ ǇƻƭŜ ǘƘŀǘ ǿƛƭƭ ƎƛǾŜ ррϲ ŎƻƴǘǊƛōǳǘƛƻƴΦ ¢ƘŜǊŜ
ŀǊŜƳŀƴȅǇƻǎǎƛōƭŜŎƘƻƛŎŜǎΣōǳǘǿŜǎƘŀƭƭƘŜǊŜŎƘƻƻǎŜ
ǘƘŜȊŜǊƻ ŀǘ ǎҐςлΦрǎƻ ǘƘŀǘ ǘƘƛǎ ȊŜǊƻ ǿƛƭƭ ŎŀƴŎŜƭ ǘƘŜ
ǇƻƭŜŀǘǎҐςлΦрƻŦǘƘŜǇƭŀƴǘΦhƴŎŜ ǘƘŜȊŜǊƻƛǎŎƘƻǎŜƴΣ
ǘƘŜ ǇƻƭŜ Ŏŀƴ ōŜ ƭƻŎŀǘŜŘ ǎǳŎƘ ǘƘŀǘ ǘƘŜ ŀƴƎƭŜ
ŎƻƴǘǊƛōǳǘƛƻƴƛǎррϲΦ.ȅǎƛƳǇƭŜŎŀƭŎǳƭŀǘƛƻƴƻǊƎǊŀǇƘƛŎŀƭ
ŀƴŀƭȅǎƛǎΣ ǘƘŜǇƻƭŜ Ƴǳǎǘ ōŜ ƭƻŎŀǘŜŘ ŀǘ ǎҐςрΦлнΦ ¢ƘǳǎΣ
ǘƘŜ ǇƘŀǎŜπƭŜŀŘ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ƭŀƎςƭŜŀŘ ŎƻƳǇŜƴǎŀǘƻǊ
ōŜŎƻƳŜǎΥ¢мҐнΣḃҐрΦлнκлΦрҐмлΦлп
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у

мс

ǿŜ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǾŀƭǳŜ ƻŦ YŎŦǊƻƳ ǘƘŜ 
ƳŀƎƴƛǘǳŘŜ ŎƻƴŘƛǘƛƻƴΥ

мт

¢ƘŜǇƘŀǎŜπƭŀƎǇƻǊǘƛƻƴƻŦǘƘŜŎƻƳǇŜƴǎŀǘƻǊŎŀƴ
ōŜ ŘŜǎƛƎƴŜŘ ŀǎ ŦƻƭƭƻǿǎΥ CƛǊǎǘ ǘƘŜ ǾŀƭǳŜ ƻŦ ʲ ƛǎ
ŘŜǘŜǊƳƛƴŜŘ ǘƻ ǎŀǘƛǎŦȅ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘ ƻƴ ǘƘŜ
ǎǘŀǘƛŎǾŜƭƻŎƛǘȅŜǊǊƻǊŎƻƴǎǘŀƴǘΥ
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ф

му

CƛƴŀƭƭȅΣ ǿŜ ŎƘƻƻǎŜ ǘƘŜ ǾŀƭǳŜ ¢н ǎǳŎƘ ǘƘŀǘ ǘƘŜ
ŦƻƭƭƻǿƛƴƎǘǿƻŎƻƴŘƛǘƛƻƴǎŀǊŜǎŀǘƛǎŦƛŜŘΥ

²ŜƳŀȅŎƘƻƻǎŜǎŜǾŜǊŀƭǾŀƭǳŜǎŦƻǊ¢нŀƴŘŎƘŜŎƪƛŦ
ǘƘŜƳŀƎƴƛǘǳŘŜŀƴŘŀƴƎƭŜŎƻƴŘƛǘƛƻƴǎŀǊŜǎŀǘƛǎŦƛŜŘΦ
!ŦǘŜǊǎƛƳǇƭŜŎŀƭŎǳƭŀǘƛƻƴǎǿŜŦƛƴŘŦƻǊ¢нҐр
м  ƳŀƎƴƛǘǳŘŜ  лΦфуΣ   πнΦмлϲғ ŀƴƎƭŜ ғ лϲ

¢н Ґ р ǎŀǘƛǎŦƛŜǎ ǘƘŜ ǘǿƻ ŎƻƴŘƛǘƛƻƴǎΦ

bƻǿ ǘƘŜ ǘǊŀƴǎŦŜǊ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜ ŘŜǎƛƎƴŜŘ ƭŀƎς
ƭŜŀŘ ŎƻƳǇŜƴǎŀǘƻǊ ƛǎ ƎƛǾŜƴ ōȅΥ

мф
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мл

нл

¢ƘŜ ŎƻƳǇŜƴǎŀǘŜŘ ǎȅǎǘŜƳ ǿƛƭƭ ƘŀǾŜ ǘƘŜ ƻǇŜƴπ
ƭƻƻǇǘǊŀƴǎŦŜǊŦǳƴŎǘƛƻƴΥ

¢ƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ Ŝǉǳŀǘƛƻƴ ŦƻǊ ǘƘŜ ŎƻƳǇŜƴǎŀǘŜŘ
ǎȅǎǘŜƳƛǎΥ

¢ƘŜ ƴŜǿ ŘŀƳǇƛƴƎ Ǌŀǘƛƻ ƛǎ лΦпфмΦ ¢ƘŜǊŜŦƻǊŜ ǘƘŜ
ŎƻƳǇŜƴǎŀǘŜŘ ǎȅǎǘŜƳ ƳŜŜǘǎ ŀƭƭ ǘƘŜ ǊŜǉǳƛǊŜŘ
ǇŜǊŦƻǊƳŀƴŎŜǎǇŜŎƛŦƛŎŀǘƛƻƴǎΦ

нм
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мм

нн

но
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CONTROL SYSTEMS DESIGN LAB 
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Summary: This course deals with practical aspects of the design and compensation of control 
systems. 
 
Matlab: You will use Matlab extensively. Prior familiarity with Matlab is assumed. You are 
not required to purchase these packages.  
 
Lab Reports: The Department requires formal lab reports which must satisfy the following 
format rules: 
1. Title page: This must include a title, group member names, course and section name and 
date. 
2. Introduction: Explain the background and objective of the lab indicating requirements and 
desired results. 
3. Discussion: Discuss the underlying applicable theory and concepts that support the results.  
4. Results: Present results in tabular, graphical or numeric form. Present results from required 
lab exercises. 
5. Discussion of Results: Discuss results data in context of comparison to expectation, 
accuracy, difficulties, etc. 
6. Summary and Conclusions: Discuss findings, explain errors and unexpected results; 
summarize and indicate conclusions. 

 
 
 

4. LAGςLEAD COMPENSATION Techniques Based on the Root-Locus Approach 
 
4.1 AIM: 
Lagςlead compensation combines the advantages of lag and lead compensations. Since the lagςlead, 
compensator possesses two poles and two zeros, such compensation increase the order of the system by 
2, unless cancellation of pole(s) and zero(s) occurs in the compensated system.  
 
4.2 APPARATUS: 
Software: MATLAB. 
 
4.3 PROCEDURE: 

¶ Write MATLAB program in the MATLAB specified documents. 
¶ Then save the program to run it. 
¶ It is desired to make the damping ratio of the dominant closed-loop poles equal to 
0.5 and to increase the undamped natural frequency to 5 rad/sec and the static 
velocity error constant to 80 sec1. 

¶ Plot Root-locus of Compensated and Uncompensated Systems. 
¶ The plot of the unit-ramp response curves for Compensated and Uncompensated 
Systems.  

¶ The unit-step response curves of the compensated and uncompensated systems. 
 



 

 

 
4.4 THEORETICAL CALCULATIONS: 
Enter the numerators and denominators of the compensated and uncompensated systems. 
num= 
den= 
Transfer function: 
numc= 
denc= 
Transfer function: 
 
 
4.5 EXAMPLE: The feedforward transfer function is G(s) = [4]/[s(s+0.5)]. 
It is desired to make the damping ratio of the dominant closed-loop poles equal to 0.5 and to 
increase the undamped natural frequency to 5 rad/sec and the static velocity error constant to 
80 sec1.{[1] Page 335} 
 
% ***** Root-locus plots of the compensated system and uncompensated system ***** 
% ***** Enter the numerators and denominators of the compensated and uncompensated 
systems ***** 
numc = [25.04 5]; 
denc = [1 5.032 0.0625 0]; 
num = [4]; 
den = [1 0.5 0]; 
% ***** Enter rlocus command. Plot the root loci of both systems ***** 
rlocus(num,den) 
hold 
Current plot held 
rlocus(numc,denc) 
v = [-10 10 -10 10]; axis(v); axis('square') 
grid 
title('Root-Locus Plots of Compensated and Uncompensated Systems') 
hold 
Current plot released 
% ***** Plot root loci of the compensated system near the origin ***** 
rlocus(numc,denc) 
v = [-0.6 0.6 -0.6 0.6]; axis(v); axis('square') 
grid 
title('Root-Locus Plot of Compensated System near the Origin') 
 
% ***** Unit-ramp responses of compensated system and 
% uncompensated system ***** 
% ***** Unit-ramp response will be obtained as the unit-step 
% response of C(s)/[sR(s)] ***** 
% ***** Enter the numerators and denominators of C1(s)/[sR(s)] 
% and C2(s)/[sR(s)], where C1(s) and C2(s) are Laplace 
% transforms of the outputs of the compensated and un- 
% compensated systems, respectively. ***** 
numc = [25.04 5]; 
denc = [1 5.0324 25.102 5 0]; 
num = [4]; 
den = [1 0.5 4 0]; 
% ***** Specify the time range (such as t= 0:0.01:10) and enter 
% step command and plot command. ***** 
t = 0:0.01:10; 



 

 

c1 = step(numc,denc,t); 
c2 = step(num,den,t); 
plot(t,c1,'-',t,c2,'.',t,t,'--') 
grid 
title('Unit-Ramp Responses of Compensated and Uncompensated Systems') 
xlabel('t Sec'); 
ylabel('Outputs c1 and c2') 
 
 
% ***** Unit-step responses of compensated system and 
% uncompensated system ***** 
% ***** Enter the numerators and denominators of the 
% compensated and uncompensated systems ***** 
numc = [25.04 5]; 
denc = [1 5.0324 25.102 5]; 
num = [4]; 
den = [1 0.5 4]; 
% ***** Specify the time range (such as t = 0:0.1:20) and enter 
% step command and plot command. ***** 
t = 0:0.1:20; 
c1 = step(numc,denc,t); 
c2 = step(num,den,t); 
plot(t,c1,'-',t,c2,'.') 
grid 
title('Unit-Step Responses of Compensated and Uncompensated Systems') 
xlabel('t Sec') 
ylabel('Outputs c1 and c2') 
 
 
 
4.6 RESULT: 
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CONTROL SYSTEMS DESIGN LAB 

III YEAR II SEM 
Instructor: Mr. Salam Asmer 

 
 
Summary: This course deals with practical aspects of the design and compensation of control 
systems. 
 
Matlab: You will use Matlab extensively. Prior familiarity with Matlab is assumed. You are not 
required to purchase these packages.  
 
Lab Reports: The Department requires formal lab reports which must satisfy the following 
format rules: 
1. Title page: This must include a title, group member names, course and section name and date. 
2. Introduction: Explain the background and objective of the lab indicating requirements and 
desired results. 
3. Discussion: Discuss the underlying applicable theory and concepts that support the results.  
4. Results: Present results in tabular, graphical or numeric form. Present results from required lab 
exercises. 
5. Discussion of Results: Discuss results data in context of comparison to expectation, accuracy, 
difficulties, etc. 
6. Summary and Conclusions: Discuss findings, explain errors and unexpected results; summarize 
and indicate conclusions. 

 
 
 

5. Parallel Compensation Based on the Root-Locus Approach 
 
5.1 AIM: 
Design approach applies to the parallel compensated system. 
 
5.2 APPARATUS: 
Software: MATLAB. 
 
5.3 PROCEDURE: 

¶ Determine the value of k (parallel compensated) such that the damping ratio is 
specified. 

¶ Plot the unit-step response curves of the systems. 

 
 
 
 
 
 
 



 

н 
 

5.4 THEORETICAL CALCULATIONS: 
num= 
den= 
Transfer function: 
 
5.5 EXAMPLE: Consider the G(s) = [20]/[(s(s+1)(s+4))+20Ks]. 
Plotting the unit-step response curves in one diagram, to compare the unit-step responses of both 
systems, for k=0.4490 and for k=1.4130 
 
% ---------- Unit-step response ---------- 
% ***** Enter numerators and denominators of systems with 
% k = 0.4490 and k = 1.4130, respectively. ***** 
num1 = [20]; 
den1 = [1 5 12.98 20]; 
num2 = [20]; 
den2 = [1 5 32.26 20]; 
t = 0:0.1:10; 
c1 = step(num1,den1,t); 
c2 = step(num2,den2,t); 
plot(t,c1,t,c2) 
text(2.5,1.12,'k = 0.4490') 
text(3.7,0.85,'k = 1.4130') 
grid 
title('Unit-step Responses of Two Systems') 
xlabel('t Sec') 
ylabel('Outputs c1 and c2') 
 
5.6 RESULT: 
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ǎǘŀōƭŜΣǘƘŜǇƘŀǎŜƳŀǊƎƛƴƳǳǎǘōŜǇƻǎƛǘƛǾŜΦ
ÅLƴ ǘƘŜ ƭƻƎŀǊƛǘƘƳƛŎ ǇƭƻǘǎΣ ǘƘŜ ŎǊƛǘƛŎŀƭ Ǉƻƛƴǘ ƛƴ ǘƘŜ
ŎƻƳǇƭŜȄǇƭŀƴŜŎƻǊǊŜǎǇƻƴŘǎǘƻǘƘŜлŘ.ŀƴŘςмулϲ
ƭƛƴŜǎΦώtпспϐ

о



нлнпπлнπнс

н

ÅDŀƛƴ ƳŀǊƎƛƴΥ ¢ƘŜ Ǝŀƛƴ ƳŀǊƎƛƴ ƛǎ ǘƘŜ ǊŜŎƛǇǊƻŎŀƭ ƻŦ ǘƘŜ
ƳŀƎƴƛǘǳŘŜ μDόƧ˖ύμ ŀǘ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ŀǘ ǿƘƛŎƘ ǘƘŜ
ǇƘŀǎŜ ŀƴƎƭŜ ƛǎ ςмулϲΦ5ŜŦƛƴƛƴƎ ǘƘŜ ǇƘŀǎŜ ŎǊƻǎǎƻǾŜǊ
ŦǊŜǉǳŜƴŎȅ ˖м ǘƻ ōŜ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ŀǘ ǿƘƛŎƘ ǘƘŜ ǇƘŀǎŜ
ŀƴƎƭŜ ƻŦ ǘƘŜ ƻǇŜƴπƭƻƻǇ ǘǊŀƴǎŦŜǊ ŦǳƴŎǘƛƻƴ Ŝǉǳŀƭǎ ςмулϲ
ƎƛǾŜǎǘƘŜƎŀƛƴƳŀǊƎƛƴYƎΥYƎҐмκμDόƧ˖мύμ
ÅLƴǘŜǊƳǎƻŦŘŜŎƛōŜƭǎΣ

YƎ Ř. Ґ нл ƭƻƎ YƎ Ґ πнл ƭƻƎ μDόƧ˖мύμ
ÅŀǇƻǎƛǘƛǾŜ Ǝŀƛƴ ƳŀǊƎƛƴόƛƴ ŘŜŎƛōŜƭǎύ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ
ǎȅǎǘŜƳ ƛǎǎǘŀōƭŜΣ ŀƴŘ ŀ ƴŜƎŀǘƛǾŜ Ǝŀƛƴ ƳŀǊƎƛƴ όƛƴ
ŘŜŎƛōŜƭǎύƳŜŀƴǎǘƘŀǘǘƘŜǎȅǎǘŜƳƛǎǳƴǎǘŀōƭŜΦ
Å¢ƘŜƎŀƛƴƳŀǊƎƛƴŜȄǇǊŜǎǎŜŘƛƴŘŜŎƛōŜƭǎƛǎǇƻǎƛǘƛǾŜƛŦYƎƛǎ
ƎǊŜŀǘŜǊ ǘƘŀƴ ǳƴƛǘȅ ŀƴŘ ƴŜƎŀǘƛǾŜ ƛŦ YƎ ƛǎ ǎƳŀƭƭŜǊ ǘƘŀƴ
ǳƴƛǘȅΦώtпссϐ

п

р



нлнпπлнπнс

о

/hb¢wh[ {¸{¢9a{ 59{LDb .¸ 
Cw9v¦9b/¸ w9{thb{9 !ttwh!/I

Å¢ƘŜ ŦǊŜǉǳŜƴŎȅπǊŜǎǇƻƴǎŜ ŀǇǇǊƻŀŎƘ ƛǎ ǾŜǊȅ ǳǎŜŦǳƭ 
ƛƴ ŘŜǎƛƎƴƛƴƎ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳǎΦ
Åŀ .ƻŘŜ ŘƛŀƎǊŀƳ ƻŦ ǘƘŜ ŎƻƳǇŜƴǎŀǘƻǊ Ŏŀƴ ōŜ
ǎƛƳǇƭȅ ŀŘŘŜŘ ǘƻ ǘƘŜ ƻǊƛƎƛƴŀƭ .ƻŘŜ ŘƛŀƎǊŀƳΣ ŀƴŘ
ǘƘǳǎ ǇƭƻǘǘƛƴƎ ǘƘŜ ŎƻƳǇƭŜǘŜ .ƻŘŜ ŘƛŀƎǊŀƳ ƛǎ ŀ
ǎƛƳǇƭŜƳŀǘǘŜǊΦ
Å!ƭǎƻΣ ƛŦ ǘƘŜ ƻǇŜƴπƭƻƻǇ Ǝŀƛƴ ƛǎ ǾŀǊƛŜŘΣ ǘƘŜ
ƳŀƎƴƛǘǳŘŜ ŎǳǊǾŜ ƛǎ ǎƘƛŦǘŜŘ ǳǇ ƻǊ Řƻǿƴ ǿƛǘƘƻǳǘ
ŎƘŀƴƎƛƴƎ ǘƘŜ ǎƭƻǇŜ ƻŦ ǘƘŜ ŎǳǊǾŜΣ ŀƴŘ ǘƘŜ ǇƘŀǎŜ
ŎǳǊǾŜ ǊŜƳŀƛƴǎ ǘƘŜ ǎŀƳŜΦ CƻǊ ŘŜǎƛƎƴ ǇǳǊǇƻǎŜǎΣ
ǘƘŜǊŜŦƻǊŜΣ ƛǘ ƛǎ ōŜǎǘ ǘƻ ǿƻǊƪ ǿƛǘƘ ǘƘŜ .ƻŘŜ
ŘƛŀƎǊŀƳΦ

с

Å! ŎƻƳƳƻƴ ŀǇǇǊƻŀŎƘ ǘƻ ǘƘŜ ŘŜǎƛƎƴ ōŀǎŜŘ ƻƴ ǘƘŜ
.ƻŘŜ ŘƛŀƎǊŀƳ ƛǎ ǘƘŀǘǿŜ ŦƛǊǎǘ ŀŘƧǳǎǘ ǘƘŜ ƻǇŜƴπ
ƭƻƻǇƎŀƛƴǎƻǘƘŀǘǘƘŜǊŜǉǳƛǊŜƳŜƴǘƻƴǘƘŜǎǘŜŀŘȅπ
ǎǘŀǘŜ ŀŎŎǳǊŀŎȅ ƛǎ ƳŜǘΦ ¢ƘŜƴ ǘƘŜ ƳŀƎƴƛǘǳŘŜ ŀƴŘ
ǇƘŀǎŜ ŎǳǊǾŜǎ ƻŦ ǘƘŜǳƴŎƻƳǇŜƴǎŀǘŜŘƻǇŜƴ ƭƻƻǇ
όǿƛǘƘ ǘƘŜ ƻǇŜƴπƭƻƻǇ Ǝŀƛƴ Ƨǳǎǘ ŀŘƧǳǎǘŜŘύ ŀǊŜ
ǇƭƻǘǘŜŘΦLŦǘƘŜǎǇŜŎƛŦƛŎŀǘƛƻƴǎƻƴǘƘŜǇƘŀǎŜƳŀǊƎƛƴ
ŀƴŘƎŀƛƴƳŀǊƎƛƴŀǊŜƴƻǘǎŀǘƛǎŦƛŜŘΣǘƘŜƴŀǎǳƛǘŀōƭŜ
ŎƻƳǇŜƴǎŀǘƻǊǘƘŀǘ ǿƛƭƭǊŜǎƘŀǇŜǘƘŜ ƻǇŜƴπƭƻƻǇ
ǘǊŀƴǎŦŜǊ ŦǳƴŎǘƛƻƴ ƛǎ ŘŜǘŜǊƳƛƴŜŘΦ CƛƴŀƭƭȅΣ ƛŦ ǘƘŜǊŜ
ŀǊŜ ŀƴȅ ƻǘƘŜǊ ǊŜǉǳƛǊŜƳŜƴǘǎ ǘƻ ōŜ ƳŜǘΣ ǿŜ ǘǊȅ ǘƻ
ǎŀǘƛǎŦȅ ǘƘŜƳΣ ǳƴƭŜǎǎ ǎƻƳŜ ƻŦ ǘƘŜƳ ŀǊŜ Ƴǳǘǳŀƭƭȅ
ŎƻƴǘǊŀŘƛŎǘƻǊȅΦ

т



нлнпπлнπнс

п

.ŀǎƛŎ /ƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ [ŜŀŘΣ [ŀƎΣ 
ŀƴŘ [ŀƎς[ŜŀŘ /ƻƳǇŜƴǎŀǘƛƻƴΦ

Å[ŜŀŘ ŎƻƳǇŜƴǎŀǘƛƻƴ ŜǎǎŜƴǘƛŀƭƭȅ ȅƛŜƭŘǎ ŀƴ ŀǇǇǊŜŎƛŀōƭŜ
ƛƳǇǊƻǾŜƳŜƴǘƛƴǘǊŀƴǎƛŜƴǘǊŜǎǇƻƴǎŜŀƴŘŀ ǎƳŀƭƭ ŎƘŀƴƎŜ
ƛƴ ǎǘŜŀŘȅπǎǘŀǘŜ ŀŎŎǳǊŀŎȅΦ Lǘ Ƴŀȅ ŀŎŎŜƴǘǳŀǘŜ ƘƛƎƘπ
ŦǊŜǉǳŜƴŎȅƴƻƛǎŜŜŦŦŜŎǘǎΦ
Å[ŀƎ ŎƻƳǇŜƴǎŀǘƛƻƴΣ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ȅƛŜƭŘǎ ŀƴ
ŀǇǇǊŜŎƛŀōƭŜ ƛƳǇǊƻǾŜƳŜƴǘ ƛƴ ǎǘŜŀŘȅπǎǘŀǘŜ ŀŎŎǳǊŀŎȅ ŀǘ
ǘƘŜ ŜȄǇŜƴǎŜ ƻŦ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ǘǊŀƴǎƛŜƴǘπǊŜǎǇƻƴǎŜ ǘƛƳŜΦ
[ŀƎ ŎƻƳǇŜƴǎŀǘƛƻƴ ǿƛƭƭ ǎǳǇǇǊŜǎǎ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ƘƛƎƘπ
ŦǊŜǉǳŜƴŎȅƴƻƛǎŜǎƛƎƴŀƭǎΦ
Å[ŀƎςƭŜŀŘŎƻƳǇŜƴǎŀǘƛƻƴŎƻƳōƛƴŜǎǘƘŜŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎƻŦ
ōƻǘƘƭŜŀŘŎƻƳǇŜƴǎŀǘƛƻƴŀƴŘƭŀƎŎƻƳǇŜƴǎŀǘƛƻƴΦ

у

[9!5 /hat9b{!¢Lhb
Å/ƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ [ŜŀŘ /ƻƳǇŜƴǎŀǘƻǊǎΦ /ƻƴǎƛŘŜǊ ŀ
ƭŜŀŘ ŎƻƳǇŜƴǎŀǘƻǊ ƘŀǾƛƴƎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘǊŀƴǎŦŜǊ
ŦǳƴŎǘƛƻƴΥ

ÅǿƘŜǊŜ ʰ ƛǎ ǘƘŜ ŀǘǘŜƴǳŀǘƛƻƴ ŦŀŎǘƻǊ ƻŦ ǘƘŜ ƭŜŀŘ
ŎƻƳǇŜƴǎŀǘƻǊΦ Lǘ Ƙŀǎ ŀ ȊŜǊƻ ŀǘ ǎҐςмκ¢ ŀƴŘ ŀ ǇƻƭŜ ŀǘ
ǎҐςмκόʰ¢ύΦ {ƛƴŎŜ лғ ʰ ғмΣ ǿŜ ǎŜŜ ǘƘŀǘ ǘƘŜ ȊŜǊƻ ƛǎ
ŀƭǿŀȅǎƭƻŎŀǘŜŘǘƻǘƘŜǊƛƎƘǘƻŦǘƘŜǇƻƭŜƛƴǘƘŜŎƻƳǇƭŜȄ
ǇƭŀƴŜΦ

ф



нлнпπлнπнс

р

Å¢ƘŜƳƛƴƛƳǳƳǾŀƭǳŜƻŦʰƛǎǳǎǳŀƭƭȅǘŀƪŜƴǘƻōŜŀōƻǳǘ
лΦлрΦό¢ƘƛǎƳŜŀƴǎǘƘŀǘǘƘŜƳŀȄƛƳǳƳǇƘŀǎŜƭŜŀŘǘƘŀǘ
Ƴŀȅ ōŜ ǇǊƻŘǳŎŜŘ ōȅ ŀ ƭŜŀŘ ŎƻƳǇŜƴǎŀǘƻǊ ƛǎ ŀōƻǳǘ
срϲΦύ
ÅǘƘŜƳŀȄƛƳǳƳǇƘŀǎŜπƭŜŀŘŀƴƎƭŜŀƴŘǘƘŜǾŀƭǳŜƻŦʰΥ

мл

Å¢ƘŜ.ƻŘŜŘƛŀƎǊŀƳƻŦŀƭŜŀŘŎƻƳǇŜƴǎŀǘƻǊǿƘŜƴYŎҐмŀƴŘʰҐлΦмΦ
¢ƘŜŎƻǊƴŜǊŦǊŜǉǳŜƴŎƛŜǎŦƻǊǘƘŜƭŜŀŘŎƻƳǇŜƴǎŀǘƻǊŀǊŜ˖Ґмκ¢ŀƴŘ
˖ Ґмκόʰ¢ύҐмлκ¢Φ .ȅ ŜȄŀƳƛƴƛƴƎ CƛƎǳǊŜΣ ǿŜ ǎŜŜ ǘƘŀǘ ˖Ƴ ƛǎ ǘƘŜ
ƎŜƻƳŜǘǊƛŎƳŜŀƴƻŦǘƘŜǘǿƻŎƻǊƴŜǊŦǊŜǉǳŜƴŎƛŜǎΣƻǊ

Å˖Ƴ Ґмκ όҞʰΦ¢ύǘƘŜ ƭŜŀŘŎƻƳǇŜƴǎŀǘƻǊ ƛǎōŀǎƛŎŀƭƭȅŀ ƘƛƎƘπǇŀǎǎ
ŦƛƭǘŜǊΦ

мм



нлнпπлнπнс

с

[ŜŀŘ /ƻƳǇŜƴǎŀǘƛƻƴ ¢ŜŎƘƴƛǉǳŜǎ .ŀǎŜŘ ƻƴ ǘƘŜ 
CǊŜǉǳŜƴŎȅπwŜǎǇƻƴǎŜ !ǇǇǊƻŀŎƘΦ

Å¢ƘŜ ǇǊƛƳŀǊȅ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜ ƭŜŀŘ ŎƻƳǇŜƴǎŀǘƻǊ ƛǎ ǘƻ
ǊŜǎƘŀǇŜ ǘƘŜ ŦǊŜǉǳŜƴŎȅπǊŜǎǇƻƴǎŜ ŎǳǊǾŜ ǘƻ ǇǊƻǾƛŘŜ
ǎǳŦŦƛŎƛŜƴǘ ǇƘŀǎŜπƭŜŀŘ ŀƴƎƭŜ ǘƻ ƻŦŦǎŜǘ ǘƘŜ ŜȄŎŜǎǎƛǾŜ
ǇƘŀǎŜ ƭŀƎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ
ŦƛȄŜŘǎȅǎǘŜƳΦ
Å!ǎǎǳƳŜ ǘƘŀǘ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ŀǊŜ
ƎƛǾŜƴ ƛƴ ǘŜǊƳǎ ƻŦ ǇƘŀǎŜ ƳŀǊƎƛƴΣ Ǝŀƛƴ ƳŀǊƎƛƴΣ ǎǘŀǘƛŎ
ǾŜƭƻŎƛǘȅŜǊǊƻǊŎƻƴǎǘŀƴǘǎΣŀƴŘǎƻƻƴΦ

мн

¢ƘŜ ǇǊƻŎŜŘǳǊŜ ŦƻǊ ŘŜǎƛƎƴƛƴƎ ŀ ƭŜŀŘ ŎƻƳǇŜƴǎŀǘƻǊ
мΦ !ǎǎǳƳŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƭŜŀŘ ŎƻƳǇŜƴǎŀǘƻǊΥ

мо



нлнпπлнπнс

т

нΦ¦ǎƛƴƎ ǘƘŜ Ǝŀƛƴ Y ǘƘǳǎŘŜǘŜǊƳƛƴŜŘΣ ŘǊŀǿ ŀ .ƻŘŜ ŘƛŀƎǊŀƳ
ƻŦDмόƧ˖ύΣǘƘŜƎŀƛƴŀŘƧǳǎǘŜŘōǳǘǳƴŎƻƳǇŜƴǎŀǘŜŘǎȅǎǘŜƳΦ
9ǾŀƭǳŀǘŜǘƘŜǇƘŀǎŜƳŀǊƎƛƴΦ

оΦ 5ŜǘŜǊƳƛƴŜ ǘƘŜ ƴŜŎŜǎǎŀǊȅ ǇƘŀǎŜπƭŜŀŘ ŀƴƎƭŜ ǘƻ ōŜ ŀŘŘŜŘ
ǘƻ ǘƘŜ ǎȅǎǘŜƳΦ!ŘŘ ŀƴ ŀŘŘƛǘƛƻƴŀƭ рϲ ǘƻ мнϲ ǘƻ ǘƘŜ ǇƘŀǎŜπ
ƭŜŀŘ ŀƴƎƭŜ ǊŜǉǳƛǊŜŘΣ ōŜŎŀǳǎŜ ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ ǘƘŜ ƭŜŀŘ
ŎƻƳǇŜƴǎŀǘƻǊǎƘƛŦǘǎ ǘƘŜ Ǝŀƛƴ ŎǊƻǎǎƻǾŜǊ ŦǊŜǉǳŜƴŎȅ ǘƻ ǘƘŜ
ǊƛƎƘǘŀƴŘŘŜŎǊŜŀǎŜǎǘƘŜǇƘŀǎŜƳŀǊƎƛƴΦ

пΦ 5ŜǘŜǊƳƛƴŜ ǘƘŜ ŀǘǘŜƴǳŀǘƛƻƴ ŦŀŎǘƻǊ ʰ ōȅ ǳǎŜ ƻŦ 9ǉǳŀǘƛƻƴΦ
5ŜǘŜǊƳƛƴŜ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ǿƘŜǊŜ ǘƘŜ ƳŀƎƴƛǘǳŘŜ ƻŦ ǘƘŜ
ǳƴŎƻƳǇŜƴǎŀǘŜŘ ǎȅǎǘŜƳ DмόƧ˖ύ ƛǎ Ŝǉǳŀƭ ǘƻ πнл ƭƻƎόмκҞʰύΦ
{ŜƭŜŎǘ ǘƘƛǎ ŦǊŜǉǳŜƴŎȅ ŀǎ ǘƘŜ ƴŜǿ Ǝŀƛƴ ŎǊƻǎǎƻǾŜǊ
ŦǊŜǉǳŜƴŎȅΦ¢ƘƛǎŦǊŜǉǳŜƴŎȅŎƻǊǊŜǎǇƻƴŘǎǘƻ˖ƳҐмκόҞʰΦ¢ύ
ŀƴŘ ǘƘŜ ƳŀȄƛƳǳƳ ǇƘŀǎŜ ǎƘƛŦǘ qƳ ƻŎŎǳǊǎ ŀǘ ǘƘƛǎ
ŦǊŜǉǳŜƴŎȅΦ

мп

рΦ5ŜǘŜǊƳƛƴŜǘƘŜŎƻǊƴŜǊŦǊŜǉǳŜƴŎƛŜǎƻŦǘƘŜƭŜŀŘŎƻƳǇŜƴǎŀǘƻǊŀǎ
ŦƻƭƭƻǿǎΥ

сΦ ¦ǎƛƴƎ ǘƘŜ ǾŀƭǳŜ ƻŦ Y ŘŜǘŜǊƳƛƴŜŘ ƛƴ ǎǘŜǇ м ŀƴŘ ǘƘŀǘ ƻŦʰ
ŘŜǘŜǊƳƛƴŜŘƛƴǎǘŜǇпΣŎŀƭŎǳƭŀǘŜŎƻƴǎǘŀƴǘ YŎŦǊƻƳΥ

тΦ /ƘŜŎƪ ǘƘŜ Ǝŀƛƴ ƳŀǊƎƛƴ ǘƻ ōŜ ǎǳǊŜ ƛǘ ƛǎ ǎŀǘƛǎŦŀŎǘƻǊȅΦ LŦ ƴƻǘΣ
ǊŜǇŜŀǘǘƘŜŘŜǎƛƎƴǇǊƻŎŜǎǎōȅƳƻŘƛŦȅƛƴƎǘƘŜǇƻƭŜςȊŜǊƻƭƻŎŀǘƛƻƴ
ƻŦǘƘŜŎƻƳǇŜƴǎŀǘƻǊǳƴǘƛƭŀǎŀǘƛǎŦŀŎǘƻǊȅǊŜǎǳƭǘƛǎƻōǘŀƛƴŜŘΦ

мр
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у

9·!at[9 όhƎŀǘŀ tпфсύΥ/ƻƴǎƛŘŜǊ ǘƘŜ ǎȅǎǘŜƳ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜΦ 

×Lǘ ƛǎ ŘŜǎƛǊŜŘ ǘƻ ŘŜǎƛƎƴ ŀ ŎƻƳǇŜƴǎŀǘƻǊ ŦƻǊ ǘƘŜ ǎȅǎǘŜƳ ǎƻ ǘƘŀǘ
ǘƘŜ ǎǘŀǘƛŎ ǾŜƭƻŎƛǘȅ ŜǊǊƻǊ ŎƻƴǎǘŀƴǘYǾƛǎ нл ǎŜŎϣςмΣ ǘƘŜ ǇƘŀǎŜ
ƳŀǊƎƛƴƛǎŀǘƭŜŀǎǘ рлϲΣŀƴŘǘƘŜƎŀƛƴƳŀǊƎƛƴƛǎŀǘƭŜŀǎǘмлŘ.Φ

²Ŝ ǎƘŀƭƭ ǳǎŜ ŀ ƭŜŀŘ ŎƻƳǇŜƴǎŀǘƻǊ ƻŦ ǘƘŜ ŦƻǊƳ Υ

мс

мт

¢ƘŜŦƛǊǎǘǎǘŜǇƛƴǘƘŜŘŜǎƛƎƴƛǎǘƻŀŘƧǳǎǘǘƘŜƎŀƛƴYǘƻƳŜŜǘǘƘŜǎǘŜŀŘȅπ
ǎǘŀǘŜ ǇŜǊŦƻǊƳŀƴŎŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴ ƻǊ ǘƻ ǇǊƻǾƛŘŜ ǘƘŜ ǊŜǉǳƛǊŜŘ ǎǘŀǘƛŎ
ǾŜƭƻŎƛǘȅŜǊǊƻǊŎƻƴǎǘŀƴǘΦ{ƛƴŎŜǘƘƛǎŎƻƴǎǘŀƴǘƛǎƎƛǾŜƴŀǎнлǎŜŎϣςмΣǿŜ
ƻōǘŀƛƴΥ
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ф

му

ÅCǊƻƳǘƘƛǎǇƭƻǘΣǘƘŜǇƘŀǎŜ ŀƴŘ ƎŀƛƴƳŀǊƎƛƴǎƻŦǘƘŜ ǎȅǎǘŜƳ ŀǊŜ
ŦƻǳƴŘǘƻōŜмтϲŀƴŘҌƛƴŦƛƴƛǘȅŘ.ΣǊŜǎǇŜŎǘƛǾŜƭȅΦ

Å¢ƘŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴ Ŏŀƭƭǎ ŦƻǊ ŀ ǇƘŀǎŜ ƳŀǊƎƛƴ ƻŦ ŀǘ ƭŜŀǎǘ рлϲΦ²Ŝ
ǘƘǳǎ ŦƛƴŘ ǘƘŜ ŀŘŘƛǘƛƻƴŀƭ ǇƘŀǎŜ ƭŜŀŘ ƴŜŎŜǎǎŀǊȅ ǘƻ ǎŀǘƛǎŦȅ ǘƘŜ
ǊŜƭŀǘƛǾŜǎǘŀōƛƭƛǘȅǊŜǉǳƛǊŜƳŜƴǘƛǎооϲΦ¢ƻŀŎƘƛŜǾŜŀǇƘŀǎŜƳŀǊƎƛƴ
ƻŦ рлϲ ǿƛǘƘƻǳǘ ŘŜŎǊŜŀǎƛƴƎ ǘƘŜ ǾŀƭǳŜ ƻŦ YΣ ǘƘŜ ƭŜŀŘ
ŎƻƳǇŜƴǎŀǘƻǊƳǳǎǘŎƻƴǘǊƛōǳǘŜǘƘŜǊŜǉǳƛǊŜŘǇƘŀǎŜŀƴƎƭŜΦ

ÅbƻǘƛƴƎ ǘƘŀǘ ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ ŀ ƭŜŀŘ ŎƻƳǇŜƴǎŀǘƻǊ ƳƻŘƛŦƛŜǎ ǘƘŜ
ƳŀƎƴƛǘǳŘŜŎǳǊǾŜƛƴǘƘŜ.ƻŘŜŘƛŀƎǊŀƳΣǿŜǊŜŀƭƛȊŜǘƘŀǘǘƘŜƎŀƛƴ
ŎǊƻǎǎƻǾŜǊ ŦǊŜǉǳŜƴŎȅ ǿƛƭƭ ōŜ ǎƘƛŦǘŜŘ ǘƻ ǘƘŜ ǊƛƎƘǘΦ ²Ŝ Ƴǳǎǘ
ƻŦŦǎŜǘǘƘŜƛƴŎǊŜŀǎŜŘǇƘŀǎŜƭŀƎƻŦDмόƧ˖ύŘǳŜǘƻǘƘƛǎƛƴŎǊŜŀǎŜƛƴ
ǘƘŜƎŀƛƴŎǊƻǎǎƻǾŜǊŦǊŜǉǳŜƴŎȅΦ/ƻƴǎƛŘŜǊƛƴƎǘƘŜǎƘƛŦǘƻŦǘƘŜƎŀƛƴ
ŎǊƻǎǎƻǾŜǊ ŦǊŜǉǳŜƴŎȅΣ ǿŜƳŀȅŀǎǎǳƳŜǘƘŀǘ qƳΣǘƘŜ ƳŀȄƛƳǳƳ
ǇƘŀǎŜƭŜŀŘǊŜǉǳƛǊŜŘΣƛǎŀǇǇǊƻȄƛƳŀǘŜƭȅоуϲΦό¢ƘƛǎƳŜŀƴǎǘƘŀǘрϲ
Ƙŀǎ ōŜŜƴ ŀŘŘŜŘ ǘƻ ŎƻƳǇŜƴǎŀǘŜ ŦƻǊ ǘƘŜ ǎƘƛŦǘ ƛƴ ǘƘŜ Ǝŀƛƴ
ŎǊƻǎǎƻǾŜǊŦǊŜǉǳŜƴŎȅΦύ

мф



нлнпπлнπнс

мл

ǘƘŜ ƳŀȄƛƳǳƳ ǇƘŀǎŜπƭŜŀŘ ŀƴƎƭŜ ŀƴŘ ǘƘŜ ǾŀƭǳŜ ƻŦ ʰΥ

qƳ Ґоуϲ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ʰ ҐлΦнпΦ hƴŎŜ ǘƘŜ ŀǘǘŜƴǳŀǘƛƻƴ
ŦŀŎǘƻǊ ʰ ƘŀǎōŜŜƴ ŘŜǘŜǊƳƛƴŜŘ ƻƴ ǘƘŜ ōŀǎƛǎƻŦǘƘŜ ǊŜǉǳƛǊŜŘ
ǇƘŀǎŜπƭŜŀŘ ŀƴƎƭŜΣ ǘƘŜ ƴŜȄǘ ǎǘŜǇ ƛǎǘƻŘŜǘŜǊƳƛƴŜ ǘƘŜ ŎƻǊƴŜǊ
ŦǊŜǉǳŜƴŎƛŜǎ˖Ґмκ¢ŀƴŘ˖Ґмκόʰ¢ύƻŦǘƘŜƭŜŀŘŎƻƳǇŜƴǎŀǘƻǊΦ
¢ƻŘƻǎƻΣǿŜŦƛǊǎǘƴƻǘŜǘƘŀǘǘƘŜƳŀȄƛƳǳƳǇƘŀǎŜπƭŜŀŘŀƴƎƭŜ
qƳ ƻŎŎǳǊǎ ŀǘ ǘƘŜ ƎŜƻƳŜǘǊƛŎ ƳŜŀƴ ƻŦ ǘƘŜ ǘǿƻ ŎƻǊƴŜǊ
ŦǊŜǉǳŜƴŎƛŜǎ ƻǊ ˖ Ґ мκ όҞʰ Φ¢ύ Φ ¢ƘŜ ŀƳƻǳƴǘ ƻŦ ǘƘŜ
ƳƻŘƛŦƛŎŀǘƛƻƴƛƴǘƘŜƳŀƎƴƛǘǳŘŜŎǳǊǾŜŀǘŘǳŜǘƻǘƘŜƛƴŎƭǳǎƛƻƴ
ƻŦǘƘŜǘŜǊƳό¢ǎҌмύκόʰ¢ǎҌмύƛǎΥ

нл

нм
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мм

нн

Å¢ƘŜ ŎƻƳǇŜƴǎŀǘŜŘ ǎȅǎǘŜƳ Ƙŀǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƻǇŜƴπƭƻƻǇ
ǘǊŀƴǎŦŜǊŦǳƴŎǘƛƻƴΥ

ÅbƻǘŜ ǘƘŀǘ ǘƘŜ ōŀƴŘǿƛŘǘƘ ƛǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ Ŝǉǳŀƭ ǘƻ
ǘƘŜƎŀƛƴŎǊƻǎǎƻǾŜǊŦǊŜǉǳŜƴŎȅΦ¢ƘŜƭŜŀŘŎƻƳǇŜƴǎŀǘƻǊ
ŎŀǳǎŜǎ ǘƘŜ Ǝŀƛƴ ŎǊƻǎǎƻǾŜǊ ŦǊŜǉǳŜƴŎȅ ǘƻ ƛƴŎǊŜŀǎŜ
ŦǊƻƳсΦоǘƻфǊŀŘκǎŜŎΦ¢ƘŜƛƴŎǊŜŀǎŜƛƴǘƘƛǎŦǊŜǉǳŜƴŎȅ
ƳŜŀƴǎ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ōŀƴŘǿƛŘǘƘΦ ¢Ƙƛǎ ƛƳǇƭƛŜǎ ŀƴ
ƛƴŎǊŜŀǎŜƛƴǘƘŜǎǇŜŜŘƻŦǊŜǎǇƻƴǎŜΦ
Å¢ƘŜ ǇƘŀǎŜ ŀƴŘ Ǝŀƛƴ ƳŀǊƎƛƴǎ ŀǊŜ ǎŜŜƴ ǘƻ ōŜ
ŀǇǇǊƻȄƛƳŀǘŜƭȅрлϲŀƴŘҌƛƴŦƛƴƛǘȅŘ.ΣǊŜǎǇŜŎǘƛǾŜƭȅΦ

но
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мн

нп

нр
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College of Electronics Engineering 
Department of Systems and Control Engineering 

 
 
CONTROL SYSTEMS DESIGN LAB 

III YEAR II SEM 
Instructor: Mr. Salam Asmer 

 
Summary: This course deals with practical aspects of the design and compensation of control 
systems. 
 
Matlab: You will use Matlab extensively. Prior familiarity with Matlab is assumed. You are not 
required to purchase these packages.  
 
Lab Reports: The Department requires formal lab reports which must satisfy the following 
format rules: 
1. Title page: This must include a title, group member names, course and section name and date. 
2. Introduction: Explain the background and objective of the lab indicating requirements and 
desired results. 
3. Discussion: Discuss the underlying applicable theory and concepts that support the results.  
4. Results: Present results in tabular, graphical or numeric form. Present results from required lab 
exercises. 
5. Discussion of Results: Discuss results data in context of comparison to expectation, accuracy, 
difficulties, etc. 
6. Summary and Conclusions: Discuss findings, explain errors and unexpected results; summarize 
and indicate conclusions. 

 
 
 

6. Basic Characteristics of Lead Compensation by frequency-response approach. 
 
6.1 AIM: 
Plot bode diagram. The plot of the unit-step response curves and unit ramp of the compensated 
and uncompensated systems using MATLAB to examine the frequency characteristics of the lead 
compensator.  
 
6.2 APPARATUS: 
Software: MATLAB. 
 
6.3 PROCEDURE: 

¶ Plot bode diagram of Compensated and Uncompensated Systems. 
¶ The plot of the unit-step response curves and unit ramp of the compensated and 
uncompensated systems. 

 
 
 
 
6.4 THEORETICAL CALCULATIONS: 



 

н 
 

Enter the numerators and denominators of the compensated and uncompensated systems. 
num= 
den= 
Transfer function: 
numc= 
denc= 
Transfer function: 
6.5 EXAMPLE: Consider the G(s) = [20]/[s(0.5s+1)], Plot bode diagram. {[1] Page 496} 
num = [20]; 
den = [.5 1 0]; 
bode(num,den) 
grid 
title('Bode Diagram of G1(s) = [20]/[s(0.5s+1)], ') 
 
× Plot The unit-step response curves of the system before and after compensation, G(s) = 
[4]/[s(s+2)], It is desired to design a compensator for the system so that the static velocity 
error constant Kv is 20 sec^ï1, the phase margin is at least 50Á, and the gain margin is at 
least 10 dB. 
 

%*****Unit-step responses***** 
num = [4]; 
den = [1 2 4]; 
numc = [166.8 735.588]; 
denc = [1 20.4 203.6 735.588]; 
t = 0:0.02:6; 
[c1,x1,t] = step(num,den,t); 
[c2,x2,t] = step(numc,denc,t); 
plot (t,c1,'.',t,c2,'-') 
grid 
title('Unit-Step Responses of Compensated and Uncompensated Systems') 
xlabel('t Sec') 
ylabel('Outputs') 
text(0.4,1.31,'Compensated system') 
text(1.55,0.88,'Uncompensated system') 
 
%*****Unit-ramp responses***** 
num = [4]; 
den = [1 2 4 0]; 
numc = [166.8 735.588]; 
denc = [1 20.4 203.6 735.588 0]; 
t = 0:0.02:6; 
[c1,x1,t] = step(num,den,t); 
[c2,x2,t] = step(numc,denc,t); 
plot (t,c1,'.',t,c2,'-') 
grid 
title('Unit-Step Responses of Compensated and Uncompensated Systems') 
xlabel('t Sec') 
ylabel('Outputs') 
text(0.4,1.31,'Compensated system') 
text(1.55,0.88,'Uncompensated system') 
 
6.6 RESULT: 
 
 



 

о 
 

 
bode diagram of compensated system 
num = [166.8 735.5]; 
den = [1 20.4 36.8 0]; 
bode(num,den) 
grid 
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[!D /hat9b{!¢Lhb
Å/ƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ [ŀƎ /ƻƳǇŜƴǎŀǘƻǊǎΦ /ƻƴǎƛŘŜǊ ŀ ƭŀƎ
ŎƻƳǇŜƴǎŀǘƻǊƘŀǾƛƴƎǘƘŜŦƻƭƭƻǿƛƴƎǘǊŀƴǎŦŜǊŦǳƴŎǘƛƻƴΥ

ÅLƴ ǘƘŜ ŎƻƳǇƭŜȄ ǇƭŀƴŜΣ ŀ ƭŀƎ ŎƻƳǇŜƴǎŀǘƻǊ Ƙŀǎ ŀ ȊŜǊƻ ŀǘ ǎҐςмκ¢ 
ŀƴŘ ŀ ǇƻƭŜ ŀǘ ǎҐςмκόʲ ¢ύΦ ¢ƘŜ ǇƻƭŜ ƛǎ ƭƻŎŀǘŜŘ ǘƻ ǘƘŜ ǊƛƎƘǘ ƻŦ ǘƘŜ 
ȊŜǊƻΦ ¢ƘǳǎΣ ǘƘŜ ƭŀƎ ŎƻƳǇŜƴǎŀǘƻǊ ƛǎ ŜǎǎŜƴǘƛŀƭƭȅ ŀ ƭƻǿπǇŀǎǎ ŦƛƭǘŜǊΦ

н

о

.ƻŘŜ ŘƛŀƎǊŀƳ ƻŦ ŀ ƭŀƎ ŎƻƳǇŜƴǎŀǘƻǊ ʲόƧ˖¢ҌмύκόƧ˖ ʲ ¢ҌмύΣ 
ǿƛǘƘ ʲ ҐмлΣ YŎҐм
¢ƘŜ ǇǊƛƳŀǊȅ ŦǳƴŎǘƛƻƴ ƻŦ ŀ ƭŀƎ ŎƻƳǇŜƴǎŀǘƻǊ ƛǎ ǘƻ ǇǊƻǾƛŘŜ 
ŀǘǘŜƴǳŀǘƛƻƴ ƛƴ ǘƘŜ ƘƛƎƘ ŦǊŜǉǳŜƴŎȅ ǊŀƴƎŜ ǘƻ ƎƛǾŜ ŀ ǎȅǎǘŜƳ 
ǎǳŦŦƛŎƛŜƴǘ ǇƘŀǎŜ ƳŀǊƎƛƴΦ
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н

¢ƘŜ ǇǊƻŎŜŘǳǊŜ ŦƻǊ ŘŜǎƛƎƴƛƴƎ ƭŀƎ ŎƻƳǇŜƴǎŀǘƻǊǎ

мΦ !ǎǎǳƳŜǘƘŜŦƻƭƭƻǿƛƴƎƭŀƎŎƻƳǇŜƴǎŀǘƻǊΥ

п

р

нΦLŦǘƘŜƎŀƛƴπŀŘƧǳǎǘŜŘōǳǘǳƴŎƻƳǇŜƴǎŀǘŜŘǎȅǎǘŜƳDмόƧ˖ύҐYDόƧ˖ύ
ŘƻŜǎ ƴƻǘ ǎŀǘƛǎŦȅ ǘƘŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ƻƴ ǘƘŜ ǇƘŀǎŜ ŀƴŘ Ǝŀƛƴ
ƳŀǊƎƛƴǎΣǘƘŜƴŦƛƴŘǘƘŜŦǊŜǉǳŜƴŎȅǇƻƛƴǘǿƘŜǊŜǘƘŜǇƘŀǎŜŀƴƎƭŜƻŦ
ǘƘŜ ƻǇŜƴπƭƻƻǇ ǘǊŀƴǎŦŜǊ ŦǳƴŎǘƛƻƴ ƛǎ Ŝǉǳŀƭ ǘƻςмулϲǇƭǳǎǘƘŜ
ǊŜǉǳƛǊŜŘ ǇƘŀǎŜ ƳŀǊƎƛƴΦ ¢ƘŜ ǊŜǉǳƛǊŜŘ ǇƘŀǎŜ ƳŀǊƎƛƴ ƛǎ ǘƘŜ
ǎǇŜŎƛŦƛŜŘ ǇƘŀǎŜ ƳŀǊƎƛƴǇƭǳǎ рϲ ǘƻ мнϲΦ/ƘƻƻǎŜ ǘƘƛǎ ŦǊŜǉǳŜƴŎȅ ŀǎ
ǘƘŜƴŜǿƎŀƛƴŎǊƻǎǎƻǾŜǊŦǊŜǉǳŜƴŎȅΦ
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оΦ¢ƻ ǇǊŜǾŜƴǘ ŘŜǘǊƛƳŜƴǘŀƭ ŜŦŦŜŎǘǎ ƻŦ ǇƘŀǎŜ ƭŀƎ ŘǳŜ ǘƻ
ǘƘŜ ƭŀƎ ŎƻƳǇŜƴǎŀǘƻǊΣ ǘƘŜ ǇƻƭŜ ŀƴŘ ȊŜǊƻ ƻŦ ǘƘŜ ƭŀƎ
ŎƻƳǇŜƴǎŀǘƻǊ Ƴǳǎǘ ōŜ ƭƻŎŀǘŜŘ ǎǳōǎǘŀƴǘƛŀƭƭȅƭƻǿŜǊ
ǘƘŀƴ ǘƘŜ ƴŜǿ Ǝŀƛƴ ŎǊƻǎǎƻǾŜǊ ŦǊŜǉǳŜƴŎȅΦ ¢ƘŜǊŜŦƻǊŜΣ
ŎƘƻƻǎŜ ǘƘŜ ŎƻǊƴŜǊ ŦǊŜǉǳŜƴŎȅҐ̟мκ¢όŎƻǊǊŜǎǇƻƴŘƛƴƎ
ǘƻ ǘƘŜ ȊŜǊƻ ƻŦ ǘƘŜ ƭŀƎ ŎƻƳǇŜƴǎŀǘƻǊύм ƻŎǘŀǾŜ ǘƻ м
ŘŜŎŀŘŜ ōŜƭƻǿ ǘƘŜ ƴŜǿ Ǝŀƛƴ ŎǊƻǎǎƻǾŜǊ ŦǊŜǉǳŜƴŎȅΦ όLŦ
ǘƘŜ ǘƛƳŜ Ŏƻƴǎǘŀƴǘǎ ƻŦ ǘƘŜ ƭŀƎ ŎƻƳǇŜƴǎŀǘƻǊ Řƻ ƴƻǘ
ōŜŎƻƳŜ ǘƻƻ ƭŀǊƎŜΣ ǘƘŜ ŎƻǊƴŜǊ ŦǊŜǉǳŜƴŎȅҐ̟мκ¢ Ƴŀȅ
ōŜ ŎƘƻǎŜƴ м ŘŜŎŀŘŜ ōŜƭƻǿ ǘƘŜ ƴŜǿ Ǝŀƛƴ ŎǊƻǎǎƻǾŜǊ
ŦǊŜǉǳŜƴŎȅΦύ
ÅbƻǘƛŎŜ ǘƘŀǘ ǿŜ ŎƘƻƻǎŜ ǘƘŜ ŎƻƳǇŜƴǎŀǘƻǊ ǇƻƭŜ ŀƴŘ
ȊŜǊƻ ǎǳŦŦƛŎƛŜƴǘƭȅ ǎƳŀƭƭΦ ¢Ƙǳǎ ǘƘŜ ǇƘŀǎŜ ƭŀƎ ƻŎŎǳǊǎ ŀǘ
ǘƘŜƭƻǿπŦǊŜǉǳŜƴŎȅǊŜƎƛƻƴǎƻǘƘŀǘƛǘǿƛƭƭƴƻǘŀŦŦŜŎǘǘƘŜ
ǇƘŀǎŜƳŀǊƎƛƴΦ

с

пΦ 5ŜǘŜǊƳƛƴŜ ǘƘŜŀǘǘŜƴǳŀǘƛƻƴƴŜŎŜǎǎŀǊȅ ǘƻ ōǊƛƴƎ ǘƘŜ
ƳŀƎƴƛǘǳŘŜ ŎǳǊǾŜ Řƻǿƴ ǘƻ л Ř. ŀǘ ǘƘŜƴŜǿ Ǝŀƛƴ
ŎǊƻǎǎƻǾŜǊ ŦǊŜǉǳŜƴŎȅΦ bƻǘƛƴƎ ǘƘŀǘ ǘƘƛǎ ŀǘǘŜƴǳŀǘƛƻƴ ƛǎ
ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǾŀƭǳŜ ƻŦ ʲΦ ¢ƘŜƴ ǘƘŜ ƻǘƘŜǊ ŎƻǊƴŜǊ
ŦǊŜǉǳŜƴŎȅ όŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǘƘŜ ǇƻƭŜ ƻŦ ǘƘŜ ƭŀƎ
ŎƻƳǇŜƴǎŀǘƻǊύƛǎŘŜǘŜǊƳƛƴŜŘŦǊƻƳ˖Ґмκόʲ¢ύΦ

рΦ ¦ǎƛƴƎ ǘƘŜ ǾŀƭǳŜ ƻŦ Y ŘŜǘŜǊƳƛƴŜŘ ƛƴ ǎǘŜǇ м ŀƴŘ ǘƘŀǘ ƻŦ 
ʲŘŜǘŜǊƳƛƴŜŘ ƛƴ ǎǘŜǇ пΣ ŎŀƭŎǳƭŀǘŜ Ŏƻƴǎǘŀƴǘ YŎŦǊƻƳΥ

YŎҐYξʲ

т



нлнпπлнπнс

п

9·!at[9 όhƎŀǘŀ tрлрύΥ/ƻƴǎƛŘŜǊ ǘƘŜ ǎȅǎǘŜƳ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜΦ 

Lǘ ƛǎ ŘŜǎƛǊŜŘ ǘƻ ŎƻƳǇŜƴǎŀǘŜ ǘƘŜ ǎȅǎǘŜƳ ǎƻ ǘƘŀǘ ǘƘŜ ǎǘŀǘƛŎ
ǾŜƭƻŎƛǘȅ ŜǊǊƻǊ Ŏƻƴǎǘŀƴǘ YǾ ƛǎ р ǎŜŎϣςмΣ ǘƘŜ ǇƘŀǎŜ ƳŀǊƎƛƴ ƛǎ ŀǘ
ƭŜŀǎǘплϲΣŀƴŘǘƘŜƎŀƛƴƳŀǊƎƛƴƛǎŀǘƭŜŀǎǘмлŘ.Φ

у

ф



нлнпπлнπнс

р

²ƛǘƘ YҐрΣ ǘƘŜ ŎƻƳǇŜƴǎŀǘŜŘ ǎȅǎǘŜƳ ǎŀǘƛǎŦƛŜǎ ǘƘŜ ǎǘŜŀŘȅπǎǘŀǘŜ
ǇŜǊŦƻǊƳŀƴŎŜ ǊŜǉǳƛǊŜƳŜƴǘΦ ²Ŝ ǎƘŀƭƭ ƴŜȄǘ Ǉƭƻǘ ǘƘŜ .ƻŘŜ
ŘƛŀƎǊŀƳƻŦ

¢ƘŜ ƳŀƎƴƛǘǳŘŜ ŎǳǊǾŜ ŀƴŘ ǇƘŀǎŜπŀƴƎƭŜ ŎǳǊǾŜ ƻŦ DмόƧ˖ύ ŀǊŜ
ǎƘƻǿƴƛƴCƛƎǳǊŜΦCǊƻƳǘƘƛǎǇƭƻǘΣǘƘŜǇƘŀǎŜƳŀǊƎƛƴƛǎŦƻǳƴŘǘƻ
ōŜ ςнлϲΣ ǿƘƛŎƘ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ ƎŀƛƴπŀŘƧǳǎǘŜŘ ōǳǘ
ǳƴŎƻƳǇŜƴǎŀǘŜŘǎȅǎǘŜƳƛǎǳƴǎǘŀōƭŜΦ

мл

мм



нлнпπлнπнс

с

bƻǘƛƴƎ ǘƘŀǘ ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ ŀ ƭŀƎ ŎƻƳǇŜƴǎŀǘƻǊ
ƳƻŘƛŦƛŜǎ ǘƘŜ ǇƘŀǎŜ ŎǳǊǾŜ ƻŦ ǘƘŜ .ƻŘŜ ŘƛŀƎǊŀƳΣ
ǿŜ Ƴǳǎǘ ŀƭƭƻǿ рϲ ǘƻ мнϲ ǘƻ ǘƘŜ ǎǇŜŎƛŦƛŜŘ ǇƘŀǎŜ
ƳŀǊƎƛƴǘƻŎƻƳǇŜƴǎŀǘŜŦƻǊǘƘŜƳƻŘƛŦƛŎŀǘƛƻƴƻŦǘƘŜ
ǇƘŀǎŜ ŎǳǊǾŜΦ {ƛƴŎŜǘƘŜ ŦǊŜǉǳŜƴŎȅ ŎƻǊǊŜǎǇƻƴŘƛƴƎ
ǘƻ ŀ ǇƘŀǎŜ ƳŀǊƎƛƴ ƻŦ плϲ ƛǎ лΦт ǊŀŘκǎŜŎΣ ǘƘŜ ƴŜǿ
Ǝŀƛƴ ŎǊƻǎǎƻǾŜǊ ŦǊŜǉǳŜƴŎȅ όƻŦ ǘƘŜ ŎƻƳǇŜƴǎŀǘŜŘ
ǎȅǎǘŜƳύƳǳǎǘōŜŎƘƻǎŜƴƴŜŀǊǘƘƛǎǾŀƭǳŜΦ¢ƻŀǾƻƛŘ
ƻǾŜǊƭȅ ƭŀǊƎŜ ǘƛƳŜ Ŏƻƴǎǘŀƴǘǎ ŦƻǊ ǘƘŜ ƭŀƎ
ŎƻƳǇŜƴǎŀǘƻǊΣ ǿŜ ǎƘŀƭƭ ŎƘƻƻǎŜ ǘƘŜ ŎƻǊƴŜǊ
ŦǊŜǉǳŜƴŎȅ ˖Ґмκ¢όǿƘƛŎƘ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ȊŜǊƻ
ƻŦ ǘƘŜ ƭŀƎ ŎƻƳǇŜƴǎŀǘƻǊύ ǘƻ ōŜ лΦм ǊŀŘκǎŜŎ
ҐόώлΦтκуϐҒлΦмύΦ

мн

ǿŜ ŀŘŘ ŀōƻǳǘ мнϲ ǘƻ ǘƘŜ ƎƛǾŜƴ ǇƘŀǎŜ ƳŀǊƎƛƴ Ґ плϲΦ
¢ƘŜ ǊŜǉǳƛǊŜŘ ǇƘŀǎŜ ƳŀǊƎƛƴ ƛǎ ƴƻǿ рнϲΦ¢ƘŜ ǇƘŀǎŜ
ŀƴƎƭŜ ƻŦ ǘƘŜ ǳƴŎƻƳǇŜƴǎŀǘŜŘ ƻǇŜƴπƭƻƻǇ ǘǊŀƴǎŦŜǊ
ŦǳƴŎǘƛƻƴ ƛǎ ςмнуϲ ŀǘ ŀōƻǳǘ ˖ҐлΦр ǊŀŘκǎŜŎΦ {ƻ ǿŜ
ŎƘƻƻǎŜ ǘƘŜƴŜǿ Ǝŀƛƴ ŎǊƻǎǎƻǾŜǊ ŦǊŜǉǳŜƴŎȅ ǘƻ ōŜ лΦр
ǊŀŘκǎŜŎΦ¢ƻōǊƛƴƎǘƘŜƳŀƎƴƛǘǳŘŜŎǳǊǾŜŘƻǿƴǘƻлŘ.
ŀǘ ǘƘƛǎ ƴŜǿ Ǝŀƛƴ ŎǊƻǎǎƻǾŜǊ ŦǊŜǉǳŜƴŎȅΣ ǘƘŜ ƭŀƎ
ŎƻƳǇŜƴǎŀǘƻǊ Ƴǳǎǘ ƎƛǾŜ ǘƘŜ ƴŜŎŜǎǎŀǊȅ ŀǘǘŜƴǳŀǘƛƻƴΣ
ǿƘƛŎƘƛƴǘƘƛǎŎŀǎŜƛǎςнлŘ.ΦIŜƴŎŜΣ

ʲҐмл

мо



нлнпπлнπнс

т

¢ƘŜ ƻǘƘŜǊ ŎƻǊƴŜǊ ŦǊŜǉǳŜƴŎȅ ˖ Ґмκόʲ¢ύΣ ǿƘƛŎƘ
ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ǇƻƭŜ ƻŦ ǘƘŜ ƭŀƎ ŎƻƳǇŜƴǎŀǘƻǊΣ ƛǎ
ǘƘŜƴŘŜǘŜǊƳƛƴŜŘŀǎΥ

мκόʲ¢ύҐ лΦлм ǊŀŘκǎŜŎ

мп

Å¢ƘŜ ǇƘŀǎŜ ƳŀǊƎƛƴ ƻŦ ǘƘŜ ŎƻƳǇŜƴǎŀǘŜŘ ǎȅǎǘŜƳ ƛǎ
ŀōƻǳǘ плϲΣ ǿƘƛŎƘ ƛǎ ǘƘŜ ǊŜǉǳƛǊŜŘ ǾŀƭǳŜΦ ¢ƘŜ Ǝŀƛƴ
ƳŀǊƎƛƴƛǎŀōƻǳǘммŘ.ΣǿƘƛŎƘƛǎǉǳƛǘŜŀŎŎŜǇǘŀōƭŜΦ¢ƘŜ
ǎǘŀǘƛŎǾŜƭƻŎƛǘȅŜǊǊƻǊŎƻƴǎǘŀƴǘƛǎрǎŜŎϣςмΣŀǎǊŜǉǳƛǊŜŘΦ
¢ƘŜ ŎƻƳǇŜƴǎŀǘŜŘ ǎȅǎǘŜƳΣ ǘƘŜǊŜŦƻǊŜΣ ǎŀǘƛǎŦƛŜǎ ǘƘŜ
ǊŜǉǳƛǊŜƳŜƴǘǎ ƻƴ ōƻǘƘ ǘƘŜ ǎǘŜŀŘȅ ǎǘŀǘŜ ŀƴŘ ǘƘŜ
ǊŜƭŀǘƛǾŜǎǘŀōƛƭƛǘȅΦ
ÅbƻǘŜ ǘƘŀǘ ǘƘŜ ƴŜǿ Ǝŀƛƴ ŎǊƻǎǎƻǾŜǊ ŦǊŜǉǳŜƴŎȅ ƛǎ
ŘŜŎǊŜŀǎŜŘŦǊƻƳ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мǘƻ лΦр ǊŀŘκǎŜŎΦ ¢Ƙƛǎ
ƳŜŀƴǎǘƘŀǘǘƘŜōŀƴŘǿƛŘǘƘƻŦǘƘŜǎȅǎǘŜƳƛǎǊŜŘǳŎŜŘΦ

мр



нлнпπлнπнс

у

мс

мт



нлнпπлнπнс

ф

! CŜǿ /ƻƳƳŜƴǘǎ ƻƴ [ŀƎ /ƻƳǇŜƴǎŀǘƛƻƴ

мΦ[ŀƎŎƻƳǇŜƴǎŀǘƻǊǎŀǊŜŜǎǎŜƴǘƛŀƭƭȅƭƻǿπǇŀǎǎŦƛƭǘŜǊǎΦ
¢ƘŜǊŜŦƻǊŜΣ ƭŀƎ ŎƻƳǇŜƴǎŀǘƛƻƴ ǇŜǊƳƛǘǎ ŀ ƘƛƎƘ Ǝŀƛƴ
ŀǘ ƭƻǿ ŦǊŜǉǳŜƴŎƛŜǎ όǿƘƛŎƘƛƳǇǊƻǾŜǎ ǘƘŜ ǎǘŜŀŘȅπ
ǎǘŀǘŜ ǇŜǊŦƻǊƳŀƴŎŜύ ŀƴŘǊŜŘǳŎŜǎ Ǝŀƛƴƛƴ ǘƘŜ
ƘƛƎƘŜǊ ŎǊƛǘƛŎŀƭ ǊŀƴƎŜ ƻŦ ŦǊŜǉǳŜƴŎƛŜǎ ǎƻ ŀǎ ǘƻ
ƛƳǇǊƻǾŜ ǘƘŜ ǇƘŀǎŜ ƳŀǊƎƛƴΦ bƻǘŜ ǘƘŀǘ ƛƴ ƭŀƎ
ŎƻƳǇŜƴǎŀǘƛƻƴǿŜ ǳǘƛƭƛȊŜ ǘƘŜ ŀǘǘŜƴǳŀǘƛƻƴ
ŎƘŀǊŀŎǘŜǊƛǎǘƛŎƻŦ ǘƘŜ ƭŀƎ ŎƻƳǇŜƴǎŀǘƻǊ ŀǘ ƘƛƎƘ
ŦǊŜǉǳŜƴŎƛŜǎ ǊŀǘƘŜǊ ǘƘŀƴ ǘƘŜ ǇƘŀǎŜ ƭŀƎ
ŎƘŀǊŀŎǘŜǊƛǎǘƛŎΦ ό¢ƘŜ ǇƘŀǎŜπƭŀƎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƛǎ ƻŦ
ƴƻǳǎŜŦƻǊŎƻƳǇŜƴǎŀǘƛƻƴǇǳǊǇƻǎŜǎΦύ

му

нΦ¢ƘŜŎƭƻǎŜŘπƭƻƻǇǇƻƭŜƭƻŎŀǘŜŘƴŜŀǊǘƘŜƻǊƛƎƛƴƎƛǾŜǎ
ŀ ǾŜǊȅ ǎƭƻǿƭȅ ŘŜŎŀȅƛƴƎ ǘǊŀƴǎƛŜƴǘ ǊŜǎǇƻƴǎŜΣ
ŀƭǘƘƻǳƎƘ ƛǘǎ ƳŀƎƴƛǘǳŘŜ ǿƛƭƭ ōŜŎƻƳŜ ǾŜǊȅ ǎƳŀƭƭ
ōŜŎŀǳǎŜ ǘƘŜ ȊŜǊƻ ƻŦ ǘƘŜ ƭŀƎ ŎƻƳǇŜƴǎŀǘƻǊ ǿƛƭƭ
ŀƭƳƻǎǘ ŎŀƴŎŜƭ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ǘƘƛǎ ǇƻƭŜΦ IƻǿŜǾŜǊΣ
ǘƘŜǘǊŀƴǎƛŜƴǘǊŜǎǇƻƴǎŜόŘŜŎŀȅύŘǳŜǘƻǘƘƛǎǇƻƭŜƛǎ
ǎƻ ǎƭƻǿ ǘƘŀǘ ǘƘŜǎŜǘǘƭƛƴƎ ǘƛƳŜ ǿƛƭƭ ōŜ ŀŘǾŜǊǎŜƭȅ
ŀŦŦŜŎǘŜŘΦ
оΦ¢ƘŜŀǘǘŜƴǳŀǘƛƻƴŘǳŜǘƻǘƘŜƭŀƎŎƻƳǇŜƴǎŀǘƻǊǿƛƭƭǎƘƛŦǘ
ǘƘŜ Ǝŀƛƴ ŎǊƻǎǎƻǾŜǊ ŦǊŜǉǳŜƴŎȅ ǘƻ ŀƭƻǿŜǊ ŦǊŜǉǳŜƴŎȅ
ǇƻƛƴǘǿƘŜǊŜ ǘƘŜ ǇƘŀǎŜ ƳŀǊƎƛƴ ƛǎ ŀŎŎŜǇǘŀōƭŜΦ ¢ƘǳǎΣ
ǘƘŜ ƭŀƎ ŎƻƳǇŜƴǎŀǘƻǊ ǿƛƭƭǊŜŘǳŎŜ ǘƘŜ ōŀƴŘǿƛŘǘƘƻŦ
ǘƘŜ ǎȅǎǘŜƳ ŀƴŘ ǿƛƭƭ ǊŜǎǳƭǘ ƛƴǎƭƻǿŜǊ ǘǊŀƴǎƛŜƴǘ
ǊŜǎǇƻƴǎŜΦ

мф



нлнпπлнπнс

мл

пΦ {ƛƴŎŜ ǘƘŜ ƭŀƎ ŎƻƳǇŜƴǎŀǘƻǊ ǘŜƴŘǎ ǘƻ ƛƴǘŜƎǊŀǘŜ
ǘƘŜ ƛƴǇǳǘ ǎƛƎƴŀƭΣ ƛǘ ŀŎǘǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ŀǎ ŀ
ǇǊƻǇƻǊǘƛƻƴŀƭπǇƭǳǎπƛƴǘŜƎǊŀƭ ŎƻƴǘǊƻƭƭŜǊΦ .ŜŎŀǳǎŜ
ƻŦ ǘƘƛǎΣ ŀ ƭŀƎπŎƻƳǇŜƴǎŀǘŜŘ ǎȅǎǘŜƳ ǘŜƴŘǎ ǘƻ
ōŜŎƻƳŜ ƭŜǎǎ ǎǘŀōƭŜΦ ¢ƻ ŀǾƻƛŘ ǘƘƛǎ ǳƴŘŜǎƛǊŀōƭŜ
ŦŜŀǘǳǊŜΣ ǘƘŜ ǘƛƳŜ Ŏƻƴǎǘŀƴǘ ¢ ǎƘƻǳƭŘ ōŜ ƳŀŘŜ
ǎǳŦŦƛŎƛŜƴǘƭȅ ƭŀǊƎŜǊ ǘƘŀƴ ǘƘŜ ƭŀǊƎŜǎǘ ǘƛƳŜ
ŎƻƴǎǘŀƴǘƻŦǘƘŜǎȅǎǘŜƳΦ
рΦ/ƻƴŘƛǘƛƻƴŀƭǎǘŀōƛƭƛǘȅƳŀȅƻŎŎǳǊǿƘŜƴŀǎȅǎǘŜƳ
ƘŀǾƛƴƎ ǎŀǘǳǊŀǘƛƻƴ ƻǊ ƭƛƳƛǘƛƴƎ ƛǎ ŎƻƳǇŜƴǎŀǘŜŘ
ōȅǳǎŜƻŦŀƭŀƎŎƻƳǇŜƴǎŀǘƻǊΦ¢ƻŀǾƻƛŘǘƘƛǎΣǘƘŜ
ǎȅǎǘŜƳƳǳǎǘōŜŘŜǎƛƎƴŜŘΦ
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Summary: This course deals with practical aspects of the design and compensation of control 
systems. 
 
Matlab: You will use Matlab extensively. Prior familiarity with Matlab is assumed. You are 
not required to purchase these packages.  
 
Lab Reports: The Department requires formal lab reports which must satisfy the following 
format rules: 
1. Title page: This must include a title, group member names, course and section name and 
date. 
2. Introduction: Explain the background and objective of the lab indicating requirements and 
desired results. 
3. Discussion: Discuss the underlying applicable theory and concepts that support the results.  
4. Results: Present results in tabular, graphical or numeric form. Present results from required 
lab exercises. 
5. Discussion of Results: Discuss results data in context of comparison to expectation, 
accuracy, difficulties, etc. 
6. Summary and Conclusions: Discuss findings, explain errors and unexpected results; 
summarize and indicate conclusions. 

 
 
 

7. Basic Characteristics of Lag Compensation by frequency-response approach. 
 
7.1 AIM: 
Plot bode diagram. The plot of the unit-step response curves and unit ramp of the 
compensated and uncompensated systems using MATLAB to examine the frequency 
characteristics of the lag compensator.  
 
7.2 APPARATUS: 
Software: MATLAB. 
 
7.3 PROCEDURE: 

¶ Plot bode diagram of Compensated and Uncompensated Systems. 
¶ The plot of the unit-step response curves and unit ramp of the compensated and 
uncompensated systems. 

 
 
 
7.4 THEORETICAL CALCULATIONS: 
Enter the numerators and denominators of the compensated and uncompensated systems. 
num= 
den= 



 

н 
 

Transfer function: 
numc= 
denc= 
Transfer function: 
 
7.5 EXAMPLE: Consider the G(s) = [1]/ [s(s+1) (0.5s+1)], Plot bode diagram. {[1] Page 
505} 
 
× Plot The unit-step response curves of the system before and after compensation, G(s) 
= [1]/[s(s+1)(0.5s+1)], it is desired to design a compensator for the system so that the 
static velocity error constant Kv is 5 sec^ï1, the phase margin is at least 40Á, and the 
gain margin is at least 10 dB. 

 
num = [5]; 
den = [.5 1.5 1 0]; 
bode(num,den) 
grid 
 
numc = [50 5]; 
denc = [50 150.5 101.5 1 0]; 
bode(numc,denc) 
grid 
title('Bode Diagram of G(s) = [50s+5]/[(50s^4+150.5s^3+101.5s^2+s)], ') 
 
%*****Unit-step response***** 
num = [1]; 
den = [0.5 1.5 1 1]; 
numc = [50 5]; 
denc = [50 150.5 101.5 51 5]; 
t = 0:0.1:40; 
[c1,x1,t] = step(num,den,t); 
[c2,x2,t] = step(numc,denc,t); 
plot(t,c1,'.',t,c2,'-') 
grid 
title('Unit-Step Responses of Compensated and Uncompensated Systems') 
xlabel('t Sec') 
ylabel('Outputs') 
text(12.7,1.27,'Compensated system') 
text(12.2,0.7,'Uncompensated system') 
 
%*****Unit-ramp response***** 
num1 = [1]; 
den1 = [0.5 1.5 1 1 0]; 
num1c = [50 5]; 
den1c = [50 150.5 101.5 51 5 0]; 
t = 0:0.1:20; 
[y1,z1,t] = step(num1,den1,t); 
[y2,z2,t] = step(num1c,den1c,t); 
plot(t,y1,'.',t,y2,'-',t,t,'--'); 
grid 
title('Unit-Ramp Responses of Compensated and Uncompensated Systems') 
xlabel('t Sec') 
ylabel('Outputs') 
text(8.3,3,'Compensated system') 
text(8.3,5,'Uncompensated system') 
 
 
7.6 RESULT: 
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ǳƴŎƻƳǇŜƴǎŀǘŜŘǎȅǎǘŜƳƛǎǳƴǎǘŀōƭŜΦ
Å¢ƘŜ ƴŜȄǘ ǎǘŜǇ ƛƴ ǘƘŜ ŘŜǎƛƎƴ ƻŦ ŀ ƭŀƎςƭŜŀŘ
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CONTROL SYSTEMS DESIGN LAB 

III YEAR II SEM 
Instructor: Mr. Salam Asmer 

 
 

 
Summary: This course deals with practical aspects of the design and compensation of control 
systems. 
 
Matlab: You will use Matlab extensively. Prior familiarity with Matlab is assumed. You are 
not required to purchase these packages.  
 
Lab Reports: The Department requires formal lab reports which must satisfy the following 
format rules: 
1. Title page: This must include a title, group member names, course and section name and 
date. 
2. Introduction: Explain the background and objective of the lab indicating requirements and 
desired results. 
3. Discussion: Discuss the underlying applicable theory and concepts that support the results.  
4. Results: Present results in tabular, graphical or numeric form. Present results from required 
lab exercises. 
5. Discussion of Results: Discuss results data in context of comparison to expectation, accuracy, 
difficulties, etc. 
6. Summary and Conclusions: Discuss findings, explain errors and unexpected results; 
summarize and indicate conclusions. 

 
 
 

8. Basic Characteristics of Lag- Lead Compensation by frequency-response 
approach. 

 
8.1 AIM: 
Plot Bode diagram. The plot of the unit-step response curves and unit ramp of the compensated 
and uncompensated systems using MATLAB to examine the frequency characteristics of the 
lag- Lead compensator.  
 
8.2 APPARATUS: 
Software: MATLAB. 
 
8.3 PROCEDURE: 

¶ We will follow the details of the procedures for designing a lagïlead compensator 
by the reference. 

¶ Plot Bode diagram of Compensated and Uncompensated Systems. 
¶ The plot of the unit-step response curves and unit ramp of the compensated and 
uncompensated systems. 

 



 

н 
 

8.4 THEORETICAL CALCULATIONS: 
Enter the numerators and denominators of the compensated and uncompensated systems. 
num= 
den= 
Transfer function: 
numc= 
denc= 
Transfer function: 
 
8.5 EXAMPLE: Consider the G(s) = [K]/ [s(s+1) (s+2)], Plot bode diagram. {[1] Page 513} 
 
× Plot The unit-step response curves of the system before and after compensation, G(s) 
= [K]/ [s(s+1) (s+2)], it is desired to design a compensator for the system so that the 
static velocity error constant Kv is 10 sec^ï1, the phase margin is at least 50Á, and the 
gain margin is at least 10 dB. 

 
 
 
num = [20]; 
den = [1 3 2 0]; 
bode(num,den) 
grid 
 
numc = [20 17 2.1]; 
denc = [1 10.015 23.245 14.345 0.205 0]; 
bode(numc,denc) 
grid 
 
num = [1]; 
den = [1 3 2 1]; 
numc = [20 17 2.1]; 
denc = [1 10.015 23.145 34.345 17.205 2.1]; 
t = 0:0.1:20; 
[c1,x1,t] = step(num,den,t); 
[c2,x2,t] = step(numc,denc,t); 
plot(t,c1,'.',t,c2,'-') 
grid 
title('Unit-Step Responses of Compensated and Uncompensated Systems') 
xlabel('t Sec') 
ylabel('Outputs') 
 
%*****Unit-ramp response***** 
num1 = [1]; 
den1 = [1 3 2 1 0]; 
num1c = [20 17 2.1]; 
den1c = [1 10.015 23.145 34.345 17.205 2.1 0]; 
t = 0:0.1:20; 
[y1,z1,t] = step(num1,den1,t); 
[y2,z2,t] = step(num1c,den1c,t); 
plot(t,y1,'.',t,y2,'-',t,t,'--'); 
grid 
title('Unit-Ramp Responses of Compensated and Uncompensated Systems') 
xlabel('t Sec') 
ylabel('Outputs') 
 
 
 
8.6 RESULT: 
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