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Introduction on 
system under control

A system under control is a control system, which
provides the desired response by controlling the
output.
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CONTROL SYSTEMINPUT OUTPUT

Controlled system must have two attributes, which are:

• Stability

• Desired output



Introduction on State Variable 
Feedback controller

• The state variable feedback may be used to achieve
the desired pole locations of the closed-loop transfer
function T(s)

• The approach is based on the feedback of all the
state variables.

• When using this state variable feedback, the roots of
the characteristic equation are placed where the
transient performance meets the desired response.
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Problem statement
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Figure 1 : Block diagram of a gas-fired heater



Objectives

1. To introduce additional parameters into a system to control the location

of all closed-loop poles using controller design method.

2. To calculate state variables that are not accessible from the plant using

observer design method.

3. To transform a system to phase-variable form for the design of state-

variable feedback using controllability matrix method.

4. To determine whether the system is observable or not using

observability matrix method.

5. To obtained the controller gain by implemented the controller canonical

form.
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Scopes and limitations

1. Controller Design

2. Controllability

3. Controller Canonical Form

4. Observer Design

5. Observability
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Methodology/Approach
1. Controllability of the system is verify using MCSAP.

2. The value of controller gains is calculated manually by using controller design 
method.

3. The value of the calculated controller gains, K1 K2 K3 , is compared to the controller 
gains obtained from MCSAP.

4. Observability of the system is verify using MCSAP.

5. The value of observer gains is calculated manually by using observer design 
method.

6. The value of the calculated observer gains, L1 L2 L3 , is compared to the observer 
gains obtained from MCSAP.

7. The results of the controllability and observability simulation using MCSAP is 
recorded

8. Controllability of the system using Controller Canonical Form is verify using MCSAP.

9. The value of controller gains is calculated manually using Controller Canonical Form 
method.

10. The value of the calculated controller gains, K1 K2 K3 , is compared to the controller 
gains obtained from the controller design and MCSAP.

7/6/2020 8



Solution: 
Controllability - manual
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Solution: 
Controller Design -manual
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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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Controller Time Response
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Controller Time Response
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Controller Time Response



Solution: 
Observability-manual
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Solution: 
Observer Design - Manual
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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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Observer Time Response
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Solution for state variable 
feedback controller drawback - manual
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g) What is the disadvantage using phase-variable controller in (b) and propose
an improvement solution with detail explanation.

Using controllability phase-variable form method leads to difficult

and complicated in calculations to obtain the controller gains. Especially for

the calculation of higher order systems.

Another representation that uses phase variables is called the

controller canonical form. This form obtained from the phase-variable form

simply by ordering the phase variables in the reverse order. When we

implemented the controller, we found that the phase-variable or controller

canonical form yielded an easy solution for the controller gain.
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Controllability of 
Controller Canonical Form verification
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Controller Design of 
Controller Canonical Form verification
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Controller Time Response
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Controller Time Response
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Controller Time Response



Discussions

From the study, there are two types of methods in designing state-variable
feedback for systems in controller design which are by matching the coefficients and
by transformation. In this case, we use the matching coefficients method for the
controller design. The controller design shows how to introduce additional parameters
into a system so that we can control the location of all closed-loop poles. All of the
closed-loop system can be set to any desired location.

From the questions, the state equation of the system is obtained the state
equation and the controllability is tested using MCSAP before designing the controller.
From the simulation, the system is found to be controllable as the determinant of the
controllability matrix |Cm| is -125 and it is not equal to zero. Furthermore, the value
of Ki is compared to the manual calculation method. Lastly, the transfer function of the
system is verified.

The controllability shows that if an input to a system can be found that takes
every state variable from a desired initial state to a desired final state, the system is
said to be controllable, otherwise the system is uncontrollable
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Controller Design



Discussions

From the study, there are also two types of methods in designing state-
variable feedback for systems of observer design which are by matching the
coefficients and by transformation. In this case, we use the matching coefficients
method for the observer design. The design of the observer is separate from the
design of the controller and it consists of evaluating the constant L.

Before designing the observer, the state equation of the system is obtained
and the observability is tested using MCSAP. From the simulation, the system is found
to be observable as the determinant of the observability matrix |Om| is 1 and it is not
equal to zero. However, the observer required a respond 10 times faster than the
system. Therefore, the transient response of the observer is faster than the response
of the controlled loop in order to yield a rapidly updated estimate of the vector.

The observability shows that if the initial-state vector x(t0), can be
found from u(t) and y(t) measured over a finite interval of time from t0, the
system is said to be observable, otherwise the system is said to be
unobservable.
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Observer Design



Discussions

1. The system is complicated by the increased number of components, such
as sensors and error detectors.

2. The overall gain of the system is reduced and must be compensated in
the design.

3. The system may not be stable as it may oscillate or depart greatly from
the desired output, even though the comparable open-loop system is
stable.

4. The error detector is necessary in order to compare two states.

5. If there is a change in an output, it will affect the system input.
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Disadvantage of State Variable Feedback



Conclusions
In conclusion, controller design consists of feeding back the state

variables to the input, u, of the system through specified gains. While,
observer design consists of feeding back the error between the actual output
and the estimated output.

Furthermore, by using controllability matrices, we were able to
transform a plant to phase-variable form, design the controller, and finally
transform the controller design back to the plant’s original representation.
The design of the controller relies on the availability of the state for feedback.
While, using the observability matrix, the designer can tell whether or not a
system is observable. Observers can be designed only for observable systems.

Finally, as previously discussed using controllability phase-variable
form method leads to difficult and complicated in calculations to obtain the
controller gains. Especially for the calculation of higher order systems.
Therefore, we establish that the phase-variable or controlled canonical form
yielded an easy answer for the controller gains. While, in designing an
observer, it is an observer canonical form that yields the easy solution for the
observer gains.
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