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Introduction on System Under 
Control

It is well known that the nature of operating and observing linear
systems can completely change from systems solutions. However, solutions
for such systems are generally not available in closed form. The most
important part of this development is the control matrix and implementation
of the system that will be defined below. It will be shown that this matrix,
which does not require knowledge of the system solution for its construction,
provides important structural information that includes the necessary and
sufficient conditions for the control and observation of quantum differences.
Here new levels of control and observation are introduced, and their
relevance to the above definition is discussed. It shows that the state of the
system that has these properties can be monitored and observed for a
moment.
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Introduction on State Variable 
Feedback controller
A state-variable feedback controller has been designed

for the set-point tracking control of both the trolley position and
the rope length of a multirotor crane while minimising the load
swing. The overhead crane system is modelled using extended
equations of motion, and the overall multivariable system model
is simulated using MCSAP. For real-time implementation, a state-
variable feedback controller is developed and implemented
using a digital control system. In particular, this state-variable
feedback controller varies with rope length during crane
operation to ensure closed- loop stability throughout the
operating space.
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Problem statement

08/06/2020 4



Objectives

It introduces the system definition and control
system. Testing feasibility and visibility is replaced by
linear algebraic problems in finding a particular set of
matrix known as efficiency and observation matrix.It
will can determine the initial state of the system from
the system output measurement, assuming that the
given system is visible. It will learn how to build a
system observer (estimator), which for a predictable
system produces a state variable everywhere moment.
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Scopes and limitations

Concepts of effectiveness and effectiveness of
controlability.Controlability confirms the usefulness of a
variable. In the efficiency test we can see if the
condition variables can be controlled to achieve the
desired output. Operational Definition,The system is
said to be fully operational as it is possible to transfer
the system state from the initial state X (t0) to the
other desired state X (td) within a finite time specified
by the control vector U (t).
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Methodology/Approach
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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. 



Solution: Controllability - manual
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Solution: Controller Design -
manual
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Solution: Controller Design -
manual
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Third pole    =  (s + 0.1)(s² + 0.014s + 0.0001) = 0
= s³ + 0.014s² + 0.0001s + 0.1s² + 0.0014s + 0.00001 = 0

s³ + 0.0014s² + 0.0141s + 0.00001 = 0              Equation           2

Compare equation 1 in equation 2 :-
s³ + 0.0014s² + 0.0141s + 0.00001 = 0    Equation           2
s³ + (6.2+k3)s² + (6.32+k2)s + (1.6+k1) = 0        Equation           1

v k3  =  6.2 + k3 = 0.0014
= 0.0014 – 6.2     = -6.1986.

v k2  = 6.32 + k2 = 0.0141
= 0.0141 – 6.32  = -6.3059.

v k1  = 1.6 + k1   = 0.00001
= 0.00001 – 1.6  = -1.5999.
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Verification Controllability via 
MCSAP

08/06/2020 14



Verification Controller Design 
MCSAP
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Solution: Observability-manual
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d) Determine the system observability 

X=Ax + Bu² 0        1         0
0        0         1

-1.6  -6.32    -6.2 
x  +

0
0
1

u

A B

Y = Cx  =  (5  0  0) x

OM = C
CA
CA²

=
5 0   0
0     5    0
0     0    5

Determine  OM Om 5=5   0
0   5 

- 0 + 0 = 5(25-0) = 125 #

Therefore the system are observerbility because OM ≠ 0



Solution: Observability-manual
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s + (6.2+I1)     s² - 0   - (-1)  (6.32+I2)s + (1.6+I3)  + 0 = 0

s³ + (6.2+I1)s² + (6.32 + I2)s + (1.6 + I3) + 0 = 0 Equation       1
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Solution: Observer Design - Manual
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Dominant Second Order Equation
s² + 2ζWns + Wn² = 0
s² + 2(0.69)(5.797)s + 5.797² = 0
s² + 7.9999s + 33.61 = 0

v S1,2 = -3.9999 +/- j 4.1965
= -4

Third Pole 10 Time further :-
-4 x 10 = -4

Desire Characteristic Equation:
( (s+4)(s²+7.9999s+33.61) = 0
(s³+7.9999s²+33.61s+4s²+31.9996s+134.44 = 0
(s³+11.9999s²+65.6096s+134.44) = 0 Equation       2

08/06/2020 22



Compare equation 1 in 2
s³ + (6.2+I1)s² + (6.32+I2)s + (1.6+I3) = 0             Equation       1
(s³ + 11.9999s² + 65.6096s + 134.44 ) = 0 Equation        2

v 6.2 + I1 = 11.9999 
I1 = 11.9999 – 6.2 = 5.7999.

v 6.32 + I2 = 65.6096
I2 = 65.6096 – 6.32 = 59.2896.

v 1.6 + I3 = 134.44
I3 = 134.44 – 1.6 = 132.84.
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Verification Observability 
MCSAP

08/06/2020 24



Verification Observer Design 
via MCSAP
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Solution for state variable feedback 
controller drawback - verification

08/06/2020 26

The investigated process systems as they are have

learned about various mathematical descriptions of systems

(representation of systems) and analysed dynamical properties

like stability, controllability and observability (system analysis).I

did this with a purpose the main aim of system representation

and analysis is to influence the behaviour of systems.State

Feedback Controllers control them and to make decisions based

on their expected behaviour (to perform a diagnosis on them).



Discussions
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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.



Discussions
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The fundamental controllability problem is associated

with the question whether an input can be found such that the

system states can be steered from an initial value x0 to any value

x1 in a given time interval. In general, the answer to this

question depends on the time interval. This induces different

notions of controllability all of which become equivalent for

linear time invariant systems. In the following discussion, only

this simpler case is considered.



Conclusions
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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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