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Introduction on system under 
control

• 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. 

• We can explore controllability from another viewpoint: that of the state 
equation itself.

• When the system matrix is diagonal, as it is parallel form, it is apparent 
whether or not the system is controllable. 
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Introduction on State Variable 
Feedback controller

• A feedback controller measures the output of a process and then 
manipulates the input as needed to drive the process variable toward the 
desired set point. A controller reacts to set point changes initiated by the 
operators as well as random disturbances to the process variable caused 
by external forces. It repeats this measure-decide-actuate sequence over 
and over until the process variable matches the set point.

• Unfortunately, that’s easier said than done. The inertia of the process 
prevents the controller from altering the process variable instantaneously, 
so the controller has to settle for “close enough,” at least in the near term. 
Exactly how close depends on how the controller is designed, and the 
design is typically based on how much slack between the process variable 
and the set point is acceptable for a particular application.
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Problem statement
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
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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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Problem statement
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).What is the disadvantage using phase-variable 

controller in (b) and propose an improvement solution with detail explanation.
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Objectives

• Test the system controllability and What is the 
controllability status control or undercontrol 
controllability

• Replace the temperature feedback path with a 
phase-variable controller that yields and state and 
verify the result for this experiment

• Test and design the system observability
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Scopes and limitations
To control the pole location of the closed-loop system, we are saying implicitly 
that the control signal, u(t), can control the behavior of each state variable in 
x(t). If any one of the state variables cannot be controlled by the control u(t), 

then we cannot place the poles of the system where we desire. 
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Methodology/Approach

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

in step 2
4. Decide upon all closed-loop pole locations & determine an equivalent 

characteristic equation.
5. Equate like coefficients of the characteristics equations from step 3 & 4 

then solve for Ki.
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Solution: Controllability - manual
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Solution: Controllability - manual
MATRIX

The transfer function for the plan is

G(s)=                          5                      =                    5
--------------------------------- ---------------------------------
(  S + 4.0)(s + 0.8)(s +5)                  (s3 + 6.2s2 + 6.32s + 1.6)

0        1        O                 0                              0             = A2B       1
0        0        1         - 0                  AB       0                           -1.6

-1.6  -6.32  -6.2               1                           -1.6                        -3.76

= CM   B       AB       A2B

= CM    0                      0                          1
0       0                         1

-(1.6 +K1)     -(6.32 + K2)    -(6.2 +k3)  

08/06/2020 13



08/06/2020 14



08/06/2020 15



08/06/2020 16



Verification Controllability via 
MCSAP
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Verification Controllability via 
MCSAP
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Verification Controller Design 
via MCSAP
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Solution: Observability-manual

• Test the system observability.  What is 
the observability status?
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Solution: Observer design- manual
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Solution: Observer design- manual
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Verification Observer 
Design via MCSAP
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Verification Observer 
Design via MCSAP
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Observer time response
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Solution for state variable feedback controller drawback - manual

compounded                   fuel pressure                                                               fuel volume flow rate  temperature             
fuel pressure                         error     

+
-

Block diagram of a gas-fire heater
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What is the disadvantage using phase-variable 
controller in (b) and propose an improvement 

solution with detail explanation??
• The phase-variable form, with its typical lower companion system matrix, or the 

controller canonical form, with its typical upper companion system matrix, yields 
the simplest evaluation of the feedback gains. 

• The design of state-variable feedback for closed-loop pole placement consists of 
equating the characteristic equation of a closed-loop system to a desired 
characteristic equation and then finding the values of the feedback gains, ki . 

• If a plant is of high order and not represented in phase-variable form, PVF or 
controller canonical form, CCF, the solution for ki 's can be intricate 

• Thus, it is advisable to transform the system to either of these forms, design the ki
, and then transform the system back to its original representation 
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Discussions
Controller design in state space to full fill the specification design in from of overshoot 
percentage ,settling time and     rising time.in this experiment we learn to calculate 
controllability manual and key in the result manual to application MCSAP ,the result in 
application MSCAP must be same like result calculation in manual . In this application 
MCSAP we can get the controllability matrix and  graph response.in this assignment 
we get the difference controller design and observer design .The different in manual 
calculation is in state space “U” and state space “Y”
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Conclusions
We can conclude that in this assignment we get the result for the controller 
design and observer design calculate manually and use the application 
MCSAP. We get the same result in manual and application in that we can 
check the calculation is true or fault. We make the graph and get the 
overshoot percentage and settling time.
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Check list before submission

• Report in power point form, all slides must be 
type writing

• Detail discussions
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