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Introduction on system under 
control

• A control system is associate interconnection of parts forming a system configuration that may offer a desired system
response. the premise for analysis of a system is that the foundation provided by linear system theory, that assumes a cause-
effect relationship for the parts of a system. thus a element or method to be controlled are often delineate by a diagram.
The input-output relationship represents the cause-and-effect relationship of the method, that successively represents
a process of the sign to produce associate signal variable, usually with an influence amplification. associate open-
loop system uses a controller associated an mechanism to get the required response. associate open-loop system may be
a system while not feedback

• In contrast to an open-loop control parameter, a closed-loop control system makes use of an additional degree of 
the actual output to evaluate the actual output with the preferred output response. The degree of the output 
is called the comments signal. A feedback control device is a control parameter that has a tendency to preserve a 
prescribed dating of one device variable to another by way of comparing functions of these variables and the usage 
of the distinction as a means of control. With an accurate sensor, the measured output is a great approximation of 
the actual output of the parameter.

• For constantly modulated manage, a remarks controller is used to automatically manage a system or operation. 
The manipulate device compares the value or popularity of the manner variable (PV) being managed with the desired fee or 
setpoint (SP), and applies the distinction as a control signal to bring the manner variable output of the plant to 
the identical fee as the setpoint.
For sequential and combinational logic, software program good judgment, which include in a programmable good 
judgment controller, is used.
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Introduction on State Variable 
Feedback controller
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The state of a system is a fixed of variables such that the knowledge of those variables and the input functions will, with
the equations describing the dynamics, provide the future state system and output of the device.
For a dynamic device, the state is defined in phrases of a set of nation variables



Problem statement
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By assignment provided with our lecturer’s:

The conceptual block diagram of a gas-fired heater is shown in Figure 1. The commanded fuel pressure is

proportional to the desired temperature. The difference between the commanded fuel pressure and a

measured pressure related to the output temperature is used to actuate a valve and release fuel to the heater.

The rate of fuel flow determines the temperature. When the output temperature equals the equivalent

commanded temperature as determined by the commanded fuel pressure, the fuel flow is stopped and the

heater shuts off (Tyner, M., and May, F. P. Process Engineering Control. Ronald Press, New York, 1968). If the

transfer function of the heater GH(s), is



(a). Test the system controllability. What is the controllability status?

(b). Replace the temperature feedback path with a phase-variable controller that yields a 5%

overshoot and a settling time of 10 minutes. Place the third pole ten times further from the

imaginary axis than the dominant pair.

(c). Verified your controller design in (b).

(d). Test the system observability. What is the observability status?

(e). Design an observer that will respond 10 times faster than the system but with the same

percent overshoot, settling time and third pole specification.

(f). Verified your observer design in (e).

(e). What is the disadvantage using phase-variable controller in (b) and propose an

improvement solution with detail explanation
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Objectives

• Design the controllability and observability system with reference the conceptual block diagram of a gas-fired heater with
their TF shown with software related and manual calculation

• To get an idea how the feedback system of the above figure is implemented, assume a plant signal-flow graph in phase-
variable form

• The design of state-variable feedback for closed-loop pole placement consists of equating the characteristic equation of a
closed-loop system to a desired characteristic equation and then finding the values of the feedback gains
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Transfer Function ( Tf )
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Scopes and limitations
• The scope of the study on this question is entails state area controller design, observer design, controllability and 

observability for completed the solution of the question

• Limitations aren't included on how to resolve this difficulty of the mistake of the task system given in the question
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Methodology/Approach
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Ø

Ø Step 1 
Ø Represent  the phase-variable representation of plant 
Ø

Ø Step 2 
Ø Closed-loop system can be formed by feeding back each state variable . 
Ø

Ø The are the phase variables' feedback gains 
Ø

Ø Step 3 
Ø Represent the characteristic equation closed loop 

Ø Step 4 
Ø Decide & assume that the desired characteristic equation for proper pole placement 
Ø

Ø Step 5    
Ø Equating both Equations of the characteristic equation from close loop step 3 and the desired characteristic equation for 

proper pole placement step 4 then solve for Ki. 
Ø



Solution: Controllability - manual
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Solution: Controller Design -
manual
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( A-BK )
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Dominant second order poles
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Compare both eqn
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Verification Controllability via 
Matlab/MCSAP/Octave
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Verification Controller Design 
via Matlab/MCSAP/Octave
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Graph Response
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Solution: Observability-manual
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By using same OS % Ts & 3rd pole given in b
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Design the system 10 times faster
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(A-LC )
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Dominant second order poles
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Compare both eqn
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Solution: Observer Design - Manual

• Tuning method compulsory
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Verification Observability 
via Matlab/MCSAP/Octave
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Verification Observer Design 
via Matlab/MCSAP/Octave
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Graph Response
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Disadvantage using Phase 
Variable design:

• The main benefits of on-off controllers are: simplicity, cheap and digital output
(only 2 states). the most disadvantages are: the controlled
parameter can unendingly switch round the setpoint and if the physical
phenomenon isn't properly set, the deviation from the setpoint can be quite vital.
Yes, there's downside.

• The most disadvantage of AN open loop system is that- it cannot be stable once it got
unstable in future. Plus, there's no guarantee of delimited input delimited output [BIBO]
stability in these form of system.

It is shown however a section variable illustration of the system will lie wont to calculate the
system parameters from the input and output signals. The section variables employed in this
paper comprises the system output and also the n derivatives of the output and derivatives of
the input.
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Discussions
• Controller design
• For question controller style it quiet tough in style particularly in sinking time, Ts. throughout category lecture I

learn solely in touch however during this task it need in great amount thus it build ME feel in uncertain. Overall {to style|to
style} by exploitation controller design I don’t have most drawback since I will refer it from notes.
For style Associate in Nursing observer I solely have drawback to know the
question regarding respond ten times quicker than the system from question b. once having some discussion
with different members I begin are aware of it. For manual calculation I don’t have drawback to resolve it.

• Observer design
• In verified all the system that I actually have designed , I verified it by exploitation MCSAP software package. once doing the

verification I actually have a touch little bit of drawback once exploitation this software package as a result of ne'er use it
before. once mentioned with different members I slowly perceive the way to use it and fill the information to urge the
simulation.

• State variable feedback disadvantage
• A disadvantage of section variable formation is that the section variable, in general, aren't physical (real) variable of the

system and so, aren't obtainable for measure and management functions.
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Conclusions
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