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Introduction on system under 
control

A gas-fired heater system that have been using in one factory 
were given in figure 1. 
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Introduction on State Variable 
Feedback controller

The commanded fuel pressure in the system 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. 
The transfer function of the heater is :

While the transfer function for the valve is 
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Problem statement

In a system , a controller and an observer are
need to be designed to make sure that the
output response for the system is faster.
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Objectives

• To test the system controllability and observability of 
the system

• To design the temperature feedback controller that 
that yields a 5%
overshoot and a settling time of 10 minutes. 

• To design an observer that will respond 10 times 
faster than the system but with the same
percent overshoot, settling time and third pole 
specification.
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Scopes of assignment
Scopes
ØIn this assignment is to design the controller 

and observer that yields a required overshoot 
and settling time.

ØTo prove the design , MCSAP software is used.
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Methodology
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For design a controller :

1) Represent the system in phase variable form
2) Feedback each phase variable to the input through gain , K.
3) Find characteristic equation for the closed-loop system in 

step 2.
4) Find the characteristic equation by using the overshoot and 

settling time.
5) Equate like coefficients of the characteristic equation from 

step 3 and 4 and solve the K.
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For design an observer :

1) Represent the system in observer cannonical form
2) Feedback each phase variable to the input through vector , 

L.
3) Find characteristic equation for the closed-loop system in 

step 2.
4) Find the characteristic equation by using the overshoot and 

settling time.
5) Equate like coefficients of the characteristic equation from 

step 3 and 4 and solve the L.
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Controllability 
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Controller Design 
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Verification Controllability via 
MCSAP

07/06/2020 16



Verification Controller Design via MCSAP
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Cmax  = 3.9010
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Cfinal = 3.7170



Observability
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Observer Design 
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Verification Observability via 
MCSAP
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Verification Observer Design via 
MCSAP
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Solution for state variable feedback 
controller drawback
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Discussions
Controller design
In this assignment , a gas-fired heater system was given. The 
system controllability was test and it showed that the system is 
controllable. So in this assignment , I was asked to design a 
temperature feedback path with a phase-variable controller that 
yields a 5% overshoot and a settling time of 10 minutes. By using 
matching coefficient , the temperature feedback were design 
and it was proved by using MCSAP software. From the graph in 
slide it showed the characteristic of the system.The OS% are  
4.95% which is almost to 5%  and the peak time are 7.4 minutes.
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Observer Design
Observer also known as estimator are used to calculate state 
variables that are not accessible from the system.In this 
assignment I was asked to design an observer that will respond 
10 times faster than the system but with the same percent 
overshoot and settling time. In order to design the observer , I 
need to test the system to make sure the system is observability. 
By using the formula in slide 19, It proved that the system is 
observable.  So I am using observer canonical form,OCF to design 
the observer because OCF is the best form to design an observer. 
By using MCSAP , the observer design were proved. The graph 
showed the characteristic of the observer in slide 26.
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Disadvantage of State Variable Feedback

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

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

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

In conclusion , I successful design a controller that yields 
5% overshoot and the settling time of 10 minutes.Furthermore , I 
also successful design an observer for the system that can 
respond 10 minutes faster than the system by using the same 
percent of overshoot and settling time.All the design were 
proved by using the MCSAP software.All the objectives for this 
assignment are successful achieved.
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