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Introduction On System Under Control

• Systems control requires that the systems be understood and
modeled. Present challenge to control engineers is the
modeling and control of modern, complex, interrelated
systems such as traffic control systems, chemical processes,
and robotic systems

• Control engineering is based on the foundations of feedback
theory and linear system analysis, and it integrates the
concepts of network theory and communication theory.
Therefore control engineering is not limited to any
engineering discipline but is equally applicable to
aeronautical, chemical, mechanical, environmental, civil, and
electrical engineering.
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Introduction On State Variable 
Feedback Controller

• A feedback control system is a control system that tends to
maintain a prescribed relationship of one system variable to
another by comparing functions of these variables and using
the difference as a means of control.

• The feedback concept has been the foundation for control
system analysis and design. The introduction of feedback
enables us to control a desired output and can improve
accuracy, but it requires attention to the issue of stability of
response.
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Problem Statement

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

and the transfer function of the fuel valve, Gv(s), is 
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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).

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

solution with detail explanation.
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Objectives

• To learn and describe a control system.

• To learn a control system design process.

• To learn the advantages and disadvantages of the feedback 
controller. 
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Scopes And Limitations

Consider with 3 major subjects: Controllability and observability
and then the procedure for determining an optimal control
system. Ackermann’s formula can be used to determine the state
variable feedback gain matrix to place the system poles at the
desired locations. The closed-loop system pole locations can be
arbitrarily placed if and only if the system is controllable. When
the full state is not available for feedback, we utilize an observer.
The state variable compensator is obtained by connecting the
full-state feedback law to the observer. We consider optimal
control system design and then describe the use of internal
model design to achieve prescribed steady-state response to
selected input commands.
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Methodology/Approach

Determine the system and specifications 
of requirements.

Obtain a signal flow diagram or state 
space representations.

Check for stability and controlibility.

Analyze the observerbility and test 
using McSAP/Matlab.

7/6/2020 8



a) Solution: Controllability - manual
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Verification Controllability via MCSAP
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Verification Controllability via MCSAP
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b) Solution: Controller Design -Manual
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Verification Controllability via MCSAP
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Verification Controllability via MCSAP
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Verification Controllability via MCSAP
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Verification Controllability via Matlab
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e) Solution: Observability-manual
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Verification Observability via MCSAP
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Verification Observability via MCSAP
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Verification Observability via MCSAP

7/6/2020 28



Discussions

• The ability to control all the state variables is a requirement
for the design of the controller. State variable feedback gains
cannot be designed if any state variable uncontrollable.

• A similar concept governs our ability to create a design for an
observer. Using the output of the system to deduce the state
variable. The response of the observer is designed to be faster
than that of the controller, so the estimated of the variables
effectively appear instantaneously at the controller.
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• In feedback control the variable required to be controlled is
measured. This measurement is compared with a given set
point. The controller takes this error and decides what action
should be taken by the manipulated variable to compensate
for and hence remove the error. Feedback control action is
entirely empirical. So long as an adjustment is being made in
the correct sense then the control system should remove the
effect of an external disturbance.
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Conclusions

State space analysis is an excellent method for the design and analysis of
control systems.. Advantages of state variable analysis.

 It can be applied to non linear system.

 It can be applied to tile invariant systems.

 It can be applied to multiple input multiple output systems.

 Its gives idea about the internal state of the system

And disadvantages is:

• They are costlier.

• They are complicated to design, required more maintenance

• Overall gain is reduced due to presence of feedback.

• Stability is the major problem and more care is needed to design a stable 
closed loop system.
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