
 

CONTROL THEORY part 2
Dynamic model of the robot
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Laplace transform time domain frequency domain
the point is to get linear equations instead of
differential equations

we do the Laplace transform using these 2 rules

differentiation in time domain becomes
by in laplace domain

2 integration in time domain becomes division
by in laplace domain
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setpoint controllers controllers that drive a robot to a

given setpoint These controllers in principle work by measuring
the variable theta the angle of the actuator and
comparing it to the setpoint the controller then uses a

feedback loop to adjust the actuator until the variable
reaches and maintains the desired setpoint
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Proportional P Ult Kpect time
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Proportional derivative PD Uct Kpelt kde.lt
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PID Uct knelt kde.lt t ki felt at
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Transfer functions
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4 If we set the denominator to 0 we can
solve the equation to find the zeros of thethe characteristic
equation This is useful for determining thepolynomial

I s stability of the system

If your task is to find the transfer function the
easiest approach is to set the controller equal to the
dynamic system equation and solve for 0

Example 2027 exam
Task find the transfer
function between input
Qa and Om Td is 0
and a P controller is used

i Kee Tttd t sometimes there are
different ways to read
the diagrams which
will lead to different
methods of solving and

Method 1 find Ucontrol controller equation and Usgs dynamic
equation for system and set them equal to each other by
reading the diagram

Ucontrol Kp Am Od

Usgs kmi bsOm seem
Ucontrol Usys and solve for our

Method 2 look at how the block diagram is structured
and get an equation from that



In this case we can see a summation sign that
combines the left and right part of the diagram according to
this equation

t T Td

1 We know that Td O
2 We have t from the left side of the block diagram
t km i bsOm

3 From the block diagram we also have that i Kpe s
Kp Od Om

witaterttisisintinekiest.tt Itistoitm
6 we assemble the equation

T T Kpkm Dd Om bstm 520m

7 Then we solve for Om

KpkmDd KpkmOm bsOm s Em

KpkmEd Om S2 Kpkm tbs

m satisfy the transfer function

Estimation of controller constants
meaning Kp Kd and Ki

this is determined by the characteristic polynomial res
from the transfer function the determinant

We use a general damped second order system This is given by
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5 damping ratio fif 5 1 the closed Coop natural frequency
system is critically
damped



A general dampedsecond ordersystem is a mathematical model
used to describe the behavior of a system that can oscillate
around an equilibrium point in response to an external force

In robotics we usually use a critically damped system
where 5 1 this is a control system that is designed to
return to its equilibrium state as guilty as possible without
overshooting

when a robotic system is subjected to external forces
it can oscillate around its equilibrium position If the
damping it too low the system will oscillate with a
high amplitude and will take a long time to return to
the equilibrium If the damping is too high the system
will return to equilibrium without overshooting but
will take a longer time

A critically damped system strikes a balance between these
two extremes by damping the oscillations just enough to
prevent overshoot while still returning to the equilibrium
position as quickly as possible

The critically damped system will have equation
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so to find formulas for the control constants we use
the idea of a critically damped system with the
determinant the characteristic polynomial of the transfer
function

What we do is to get the characteristic polynomial on the
form of the generally damped system sometimes it is already
biththetpretiston's tinseteaictatherthen match the terms in



Example

ICS 152 Bs Kp this is the characteristic polynomial
of the transfer function you found
last session
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1 set res to o

2 get res to the form

system

g

we know that a critical system and the task will tell
you what kind ofour systemis given by systemwe are dealing
withedlikeett its critically

and
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3 Then we can do some matching between these 2 to
obtain a formula for the control constant Kp

wz Kp J

Finally sometimes we want an expression for the steady
state error

The steady state error is the difference between the
desired output of a control system and the actual output
when the system has reached a steady state a
stable operating condition

It is a measure of accuracy of the control system
in tracking the reference input over time after anytransient response has died out



To find the steady state error we use the final value
theorem This relates the frequency domain to the time
domain as time approaches infinity This theorem says

dim flt Imo Sfts

The steady state error is the error when I is

ess Jing secs

so this is the formula we would use to find the steady state
error This means that we have to find an expression for the
error Ad O using an expression for 0 and solve this

Here is an example

Again we use the example from last session where the transfer
function was

Fifty Katy D 152t BstKp

we then define the error and rewrite it a bit

Els Oa D Od ÉdÉkp
Od jszkbftkp tjszPBstkt
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Then to evaluate the response of the system we use a step
reference input This is an input signal type that consists of a
sudden change step in reference value at a specific time followed
by a constant value after that time Then this is used to evaluate
how the systemresponds to such a sudden charge

To do this we need to make some adjustments and therefore we
set

d s F and D s I
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divisionby s allows us to
apply the final value theorem

steady state theorem
Then we can use the formula

secs s.itsz.yys.y

calculate me
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If Sto then we have

ess this is the formula for the
steady state error




