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Introduction on system under 
control

• A control system is an interconnection of components 
forming a system configuration that will provide a desired 
system response.

• In which it provides the desired response by controlling the 
output.

• The input–output relationship represents the cause-and-
effect relationship of the process, which represents a 
processing of the input signal to provide an output signal 
variable.
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Introduction on State Variable 
Feedback controller

• The time-domain method, expressed in terms of state variables can be 
used to design a suitable compensation scheme for a control system. It 
develops a state variable controller that operates on the information 
available in measured form State variable design.

• 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 observer design process is described and the applicability of 
Ackermann’s formula is established. The state variable compensator is 
obtained by connecting the full-state feedback law to the observer.
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Problem statement

The gas fired heater system is less efficiency 
where the output temperature  equals the 

equivalent commanded temperature as 
determined by the commended fuel pressure, 

the fuel flow is stopped and the heater shuts off.
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Objectives
 To identify controllability status of the gas-fired heater 

system. 

 To obtain the gain, K values using the phase- variable 
controller

 To find the observability status of the gas-fired heater 
system.

 To design the observer for the system

 To verify the controller and observer design using MCSAP 
software.

 To understand the disadvantage of using phase-variable 
controller and other solution for improvement. 
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Scopes and limitations

• State space design:

– Controllability status

– Controller design 

– Observability status

– Observer design 

• Verify the design using MCSAP software.
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Methodology/Approach

 Test the controllability and observability status of the 
system before changing the design.

 By using matching coefficients controller design, replace 
the temperature feedback path with a phase-variable 
controller that yields 5% overshoot and settling time of 10 
minutes with ten times further of third pole.

 Design an observer that responds 10 times faster than the 
system with the same time settling, percent overshoot and 
third pole specification as in controller design. 

 Verify using MCSAP software to prove the calculation of 
both controller and observer design.
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Solution: Controllability - manual
a) Test the system controllability. What is the controllability 
status? 
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Hence, the system is 
controllability 



Solution: Controller Design -
manual

b) Specifications:

OS% = 5%   Ts = 10s 3rd pole = 10x further
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Step 1:



Step 2:
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Step 3: Closed-loop characteristic equation
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Step 4: Desired characteristic equation 
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Step 5: Compare Closed-loop equation with desired 
characteristic equation
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Verification Controllability 
using MCSAP

Controllability status:
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Controller gain,K value:
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Controller graph response:
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Solution: Observability-manual

d) Test the system observability. What is the observability 
status?
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Hence, the system is 
observable



e) Specifications:

OS% = 5%   Ts = 10s 3rd pole = 10x further
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Step 1:



Step 2:
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Step 3: Closed-loop characteristic equation
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Step 4: Desired characteristic equation 
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Step 5: Compare Closed-loop equation with desired 
characteristic equation
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Transfer function:



Verification Observability 
using MCSAP
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Observer gain value:
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Observer graph response:
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Transfer function:

Solution for state variable 
feedback controller drawback

Substitute K value:



Solution for state variable 
feedback controller drawback
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Discussions

• The system is controllability hence it tells that the designer 
can implement the system for state-feedback design

• By comparing the closed-loop equation with desired 
characteristic equation, controller gain and observer gain 
can be obtained.

• The gain obtained for both controller and observer were 
proven using the MCSAP software, which means the 
calculation can be implemented.

• 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 state vector.
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• The disadvantage of matching coefficients method is it 
leads to difficult calculations of the feedback gains, 
especially for higher-order systems not represented with 
phase variables.

• The second method consists of transforming the system to 
phase variables, designing the feedback gains, and 
transforming the designed the system back to its original 
state-variable representation.
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Conclusions
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