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Introduction on system under 
control

A control system is a system, which provides the desired response by
controlling the output. The following figure shows the simple block diagram
of a control system.

Here, the control system is represented by a single block. Since, the output is
controlled by varying input, the control system got this name. We will vary
this input with some mechanism. In the next section on open loop and closed
loop control systems, we will study in detail about the blocks inside the
control system and how to vary this input in order to get the desired

response.
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Introduction on State Variable 
Feedback controller

There are several different ways to describe a system of linear differential
equations. The state-space representation was introduced in the
Introduction: System Modeling section. For a SISO LTI system, the state-space
form is given below:

ⅆ𝑥

ⅆ𝑦
= 𝐴𝑥 + 𝐵𝑢

𝑦 = 𝐶𝑥 + 𝐷𝑢

Where X is an n by 1 vector representing the system state variables, u is a
scalar representing the input and y is a scalar representing the output. A state
space representation can also be used for systems multiple inputs and
multiple outputs (MIMO),but we will primarily focus on single-input, single-
output (SISO)
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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).
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Objectives

• To design a control system using state space 
controller approach.

• To observe the controllability and 
observability of the control system.

• To verified the control system manual 
calculation using software MCSAP.
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Scopes and limitations

Transfer function of heater , 𝐺𝐻(𝑠);

𝐺𝐻(𝑠) =
1

(𝑠 + 0.4)(𝑠 + 0.8)

ⅆ𝑒𝑔𝑟𝑒𝑒 𝑓

𝑓𝑡3/𝑚𝑖𝑛

Transfer function of valve, 𝐺𝑉(𝑠);

𝐺𝐻(𝑠) =
5

(𝑠 + 5)

𝑓𝑡3/𝑚𝑖𝑛

𝑝𝑠𝑖
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Methodology/Approach

• Manual Calculation;

-Transform the transfer function into state space

-Controller design using Phase Variable Form

-Observer design using Observer Canonical Form

• Software verification;

-Using MSCAP to verify the value of calculation for 
controller design and observer design
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Solution: Controllability - manual
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Solution: Controller Design -
manual
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Solution: Controller Design -
manual
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Dominant pole;
𝑠1,2 = (−0.006667 ± 𝑗0.0069995)

Third pole 10 time faster;
𝑠 = −0.06667

Desired equation;
𝑠 + 0.06667 𝑠2 + 0.01333𝑠 + 0.00009335 = 0
𝑠3 + 0.07998𝑠2 + 0.00098𝑠 + 0.000006219 = 0

Compare desired equation with characteristic equation;
𝑠3 + 6.2 + 𝑙1 𝑠2 + 6.32 + 𝑙2 𝑠 + 1.6 + 𝑙3 = 0
𝑠3 + 0.07998𝑠2 + 0.00098𝑠 + 0.000006219 = 0

𝑘1 = −0.32

𝑘2 = −1.2628
𝑘3 = −1.224
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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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Solution: Observability-manual
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Solution: Observer Design - Manual
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Desired equation;
𝑇𝑆 = 600𝑠

𝑇𝑆 =
4

𝜁𝜔𝑛

𝜔𝑛 = 0.009662
𝑟𝑎ⅆ

𝑠
𝜔𝑑 = 𝜔𝑛 1 − 𝜁2

𝜔𝑑 = 0.006993
𝑟𝑎ⅆ

𝑠
2nd order equation;
= 𝑠2 + 2𝜁𝜔𝑛𝑠 + 𝜔𝑛

2

= 𝑠2 + 0.01333𝑠 + 0.00009335
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Dominant pole 10 times faster;
𝑠1,2 = (−0.06667 ± 𝑗0.069995)

Third pole 10 time faster;
𝑠 = −0.6667

Desired equation;
𝑠 + 0.6667 𝑠2 + 0.01333𝑠 + 0.00009335 = 0
𝑠3 + 0.7998𝑠2 + 0.098𝑠 + 0.0006219 = 0

Compare desired equation with characteristic equation;
𝑠3 + 6.2 + 𝑙1 𝑠2 + 6.32 + 𝑙2 𝑠 + 1.6 + 𝑙3 = 0
𝑠3 + 0.7998𝑠2 + 0.098𝑠 + 0.0006219 = 0

𝑙1 = −5.401
𝑙2 = −6.2218
𝑙3 = −1.5938

7/6/2020 20



Verification Observability 
via Matlab/MCSAP/Octave
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Verification Observer Design 
via Matlab/MCSAP/Octave

7/6/2020 22



Observer time response
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Solution for state variable feedback 
controller drawback - manual

Steady state error for step input;

𝑒 ∞ = 1 + 𝐶(𝐴 − 𝐵𝐾)−1𝐵

𝑒 ∞ = 1 + 1 0 0
0 1 0
0 0 1

−0.000006219 −0.00098176 −0.07998

−1 0
0
5

= −803987.7794

𝑒 ∞ = 803987.7794
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Solution for state variable feedback 
controller drawback - verification
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Discussions
• Controller design

The value calculated using manual calculation is verified using the software
calculation.

• Observer design

The manual calculation using the formula perform the same value based on 
the software calculation.

• State variable feedback disadvantage

The performance for this controller design is poor. The steady-state error is
about 803987.7794 which is quite high. Since the steady-state response
approaches the amplitude, instead of unity, there is a large steady-state error.
This is the disadvantage of using pole placement method.
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Conclusions

• Discuss objectives achievements

-The transfer function is transformed to state -space to 
perform the manual calculation using phase variable 
form and observer canonical form.

-The transfer function is controllable and observable.

-The controller design and observable design has been 
calculated by using manual calculation.

-The value from the manual calculation also verified by 
using MSCAP software.
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