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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. The basis for analysis of a system is the foundation provided by linear system theory, which assumes a cause-

effect relationship for the components of a system. Therefore a component or process to be controlled can be 

represented by a block diagram. The input-output relationship represents the cause-and-effect relationship of the 

process, which in turn represents a processing of the input signal to provide an output signal variable, often with a power 

amplification. An open-loop control system uses a controller and an actuator to obtain the desired response. An open-

loop system is a system without feedback.

• In contrast to an open-loop control system, a closed-loop control system utilizes an additional measure of the actual 

output to compare the actual output with the desired output response. The measure of the output is called the feedback 

signal. 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. With an 

accurate sensor, the measured output is a good approximation of the actual output of the system.

08/06/2020 2



08/06/2020 3



Introduction on State Variable Feedback 
controller

• The state of a system is a set of variables such that the knowledge of these variables and the input functions will, with the

equations describing the dynamics, provide the future state and output of the system.

• For a dynamic system, the state of a system is described in terms of a set of state variables.
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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
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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).

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

improvement solution with detail explanation.
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Objectives

• To design a gas – fired heater system with linear system which is contain of system controllability and 

system observability while using manual calculation design and verification via Matlab / MCSAP / 

Octave. 

• To know the advantage and disadvantage of phase – variable. 
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Controller Design
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Plant signal flow graph
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Scopes / Limitations 

• The scope of the study in this question is involves state space controller design, observer design, 

controllability and observability for completed the solution of the question. 

• The estimated gas- fired heater is stop fuel flow and heater will shuts off when the output of temperature is 

triggered for release fuel to the heater.  

• The limitation is only the difference between the commanded fuel pressure and a measured pressure. 

• Its limitations are not included on how to solve this issue of the error of the system given in the question. 
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Methodology/Approach
• Step 1 

Represent the plant in phase variable form

• Step 2 

Feedback each phase variable to the input of plant through a gain, 

• Step 3 

Find the characteristic equation for the closed loop system represented in step 2. 

• Step 4 

Decide upon all closed loop pole locations and determine an equivalent characteristic equation

• Step 5    

Equate like coefficient of the characteristic equation from step 3 and step 4 then solve for Ki. 
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Solution: Controllability - manual
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Solution: Controller Design -manual
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State variable feedback gain - Manual 



Verification Controllability via 
Matlab/MCSAP/Octave
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State variable  
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Verification Controller Design via 
Matlab/MCSAP/Octave
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Solution: Observability-manual
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Solution: Observer Design - Manual

Tuning

• Tranforming transfer function gas – fired heater in state space in Observer canonical form (OCF)
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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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Discussions

• For question controller design it quiet tricky in design especially in settling time, Ts. During class lecture I 

learn only in small amount but in this task it want in large amount so it make me feel in doubtful. Overall to 

design by using controller design I don’t have so much problem since I can refer it from notes.

• For design an observer I only have problem to understand the question about respond 10 times faster than 

the system from question b. After having some discussion with other members I start understand it. For 

manual calculation I don’t have problem to solve it.

• In verified all the system that I have designed , I verified it by using MCSAP software. When doing the 

verification I have a little bit of problem when using  this software because never use it before. After 

discussed with other members I slowly understand how to use it and fill the data to get the simulation.

• A disadvantage of phase variable formation is that the phase variable, in general, are not physical (real) 

variable of the system and therefore, are not available for measurement and control purposes. Thought 

phase variable are simple to realize mathematically. 
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Conclusions

• At the end of the day from what we got from this assignment, student are able to interpreted the 

differences between controller design and observer design form. In control theory, a state observer is a 

system that provides an estimate of the internal state of a given real system, from measurements of the 

input and output of the real system. If a system is observable, it is possible to fully reconstruct the 

system state from its output measurements using the state observer. However Control design, or 

the design of controllers, refers to techniques for controlling the modes of a system using any 

controllable device in the system, such as a generating unit or a FACTS device. A detailed modal analysis 

of the modes of a power system is required to design linear control methods. 
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