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F2: Quiz!
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1) Systems with impulse response g(t) = L71[G(s)], where G(s)
is rational, are all
a Products of sinusoidal functions 1

b Linear combinations of exponential functions 1
c Stable |
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@ Poles and time responses

u(t)
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y(t)

Model Y'(s) = G(s)U(s) with transfer function

Dos™ + -+ -+ by

G(s) =

Suppose input is a step:

ug ..
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" Poles and time responses

UNIVERSITET Step response

u(t) y(t)

— > G e

Model Y'(s) = G(s)U(s) with transfer function

Bos™ + -+ + by,
st+aps" 4+t ay

G(s) =
Suppose input is a step:

ult) = ug (const.) fort >0, L
0 for t < 0, S

‘Study step response y(t) of the system
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" Poles and time responses

DEETE Poles distance from the origin < quickness

Ex. 1st-order system:

p
G(s) = | typ. form | = —
(s)=1typ ] 51 p
Pole at:
s=—p
Pole-zero diagram:
Im{s}
A
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Poles and time responses

DEETE Poles distance from the origin < quickness

Ex. 1st-order system:

p
G(s) = | typ. form | = —
(5) = [ -2
Step response:
1l
0.8 1
Zos ]
04r 1
p=0.1
0.2f p=0.5 | 1
p=1.0
o ; ; ; :
0 2 4 6 8 10
ts]
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Poles and time responses

UPPSALA

N Complex-conjugated poles <> system oscillations

Ex. 2nd-order system:
wg
s% + 28wos + wi

s = —wpé Eiwgy/1 — &2

G(s) =1 alt. form | =

Poles at:

Pole-zero diagram:
Im{s}

X

wo

arccos(§), "\

Re{s}
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Poles and time responses

Complex-conjugated poles <> system oscillations
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Ex. 2nd-order system:

wg
s% + 28wos + wi
Step response:

G(s) =1 alt. form | =

2 ‘
—¢&=0.1
15 £=05]
/’\ —&=0.8
e 1 \ /\
= \/ N
0.5+
O i i i i
0 2 4 6 8 10

6/17 dave.zachariah@it.uu.se


mailto:dave.zachariah@it.uu.se

" Poles and time responses

UNIVERSITET Pole that is closest to the origin <+ slowest time constant
Ex.: 3rd-order system

2
p “wo
G(s) = -
() s+p 2+ 2Cwos + wd

with wg = 1 and { = v/0.5.

Poles at:
s=—p och s=—wyfEiwgy/1—E2

Pole-zero diagram:

Im{s}

Re{s}
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4 Poles and time responses

UPPSALA

DEETE Pole that is closest to the origin <> slowest time constant

Ex.: 3rd-order system

G(s) = P

s+p s2 + 2Cwps + wi
with wg = 1 and { = v/0.5.

2
“o

0 5 10 15 20 25 30
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Static gain of a system
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Assume stable system Y (s) = G(s)U(s) with

u(t) =

ug (const.) fort >0, r
Yoaii
0 for t < 0, s
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Static gain of a system
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Assume stable system Y (s) = G(s)U(s) with

u(t) =

ug (const.) fort >0, r
Yoaii
0 for t < 0, s

Final value of step response y(t) can be computed using final value
theorem:
. . . Uuo
ys = lim y(t) = lim sY (s) = lim sG(s)— =

t—00 s—0 s—0 S
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Static gain of a system
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Assume stable system Y (s) = G(s)U(s) with

u(t) = ug (const.) fort >0, L
0 for t < 0, s

Final value of step response y(t) can be computed using final value
theorem:
ys = lim y(t) = lim sY (s) = lim sG(s)E = G(0)ug

t—00 s—0 s—0 S
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Static gain of a system
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Assume stable system Y (s) = G(s)U(s) with

u(t) = ug (const.) fort >0, L
0 for t < 0, s

Final value of step response y(t) can be computed using final value
theorem:

ys = lim y(t) = lim sY (s) = lim sG(s)E = G(0)ug

t—00 s—0 s—0 S

‘The system static gain is therefore G/(0) ‘
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Connected and feedback systems
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~ Connected and feedback systems

UNIVERSITET Transfer function obtained using Laplace + added help signals

Ex.: Parallel-connected systems

With added help signals:

Y(5) = i(s) + Ya(s) = Gr(s)U(s) + Gal(s)U(s)
= (G1(s) + Ga(s))U(s)
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~ Connected and feedback systems

UNIVERSITET Transfer function obtained using Laplace + added help signals

Ex.: Serial-connected systems
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~ Connected and feedback systems

UNIVERSITET Transfer function obtained using Laplace + added help signals

Ex.: Feedback systems

\/
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Simple feedback control systems
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= Feedback control based on error signal

UNIVERSITET PID-control

Feedback control:

\J

—» Controller System

Simple control strategy: Direct comparison using control error

e(t) = r(t) —y(t)

to determine input u(t)
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= Feedback control based on error signal

UNIVERSITET PID-control

Feedback control:

\J

—» Controller System

Simple control strategy: Direct comparison using control error

e(t) = r(t) —y(t)

to determine input u(t) based on:
» current error: < e(t) (Proportional)
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= Feedback control based on error signal

UNIVERSITET PID-control

Feedback control:

\J

—» Controller System

Simple control strategy: Direct comparison using control error

e(t) = r(t) —y(t)

to determine input u(t) based on:
» current error: < e(t) (Proportional)
> past error: f:ZOG(T)dT (Integral)
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= Feedback control based on error signal

UNIVERSITET PID-control

Feedback control:

\J

—» Controller System

Simple control strategy: Direct comparison using control error

e(t) = r(t) —y(t)

to determine input u(t) based on:
» current error: < e(t) (Proportional)
> past error: f:ZOG(T)dT (Integral)
» change in error: < é(t) (Derivative)
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Ideal PID-controller
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Controller with user parameters:

u(t) = Kpe(t) + K; /t e(T)dr + Kgzé(t)

— —
P
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Ideal PID-controller
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Controller with user parameters:

u(t) = Kpe(t) + K; /t e(T)dr + Kgzé(t)

— —
P

Laplace domain
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Ideal PID-controller
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Controller with user parameters:

u(t) = Kpe(t —I—K/ dT+Kd€()

i)
1

Laplace domain:

U(s) = K,E(s) + K,%E(s) + KysE(s)

K,
= <K,, + f - de> E(s).

controller F(s)
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Ideal PID-controller
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Controller with user parameters:

u(t) = Kpe(t —I—K/ dT+Kde()

i)
1

Laplace domain:

U(s) = K,E(s) + K,%E(s) + KysE(s)

K,
= <K,, + f - de> E(s).

controller F(s)
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Analysis of simple feedback control
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Simple feedback control system

UPPSALA
SANLE L Closed-loop system from reference to output
\777777777777777777777777
|
T | 'y
—»® —>
: |
|
‘ G(‘, :
|

» Closed-loop system from r to y: G.(s)
» Open-loop system from e to y: Gy(s) = G(s)F(s)
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@ Simple feedback control system

UPPSALA

SANLE L Closed-loop system from reference to output
\777777777777777777777777
|
T | 'y
) L
: |
|
! Gc :
|

» Closed-loop system from r to y: G.(s)
» Open-loop system from e to y: Gy(s) = G(s)F(s)

[Board: derive closed-loop system G_]

Note: We can design the poles of G.!
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“ Accuracy: stationary control error

UNIVERSITED Using a step as reference signal r

Assume stable (G.(s) with reference (step):

fort >0
r) =40 P B R =20
0 fort<O, S

Final value of error e(t)
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“ Accuracy: stationary control error

UNIVERSITED Using a step as reference signal r

Assume stable (G.(s) with reference (step):

fort >0
rty=24"0 =T L Ry =10
0 fort<O, S
Final value of error e(t) PN E(s) = R(s) = Y(s):

L e L ro
ef = m e(t) = ll—rf(l) sE(s) = il—%sl + Go(s) s

. 0
= lim

s—0 14+ G(s)F(s)
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& Accuracy: stationary control error

UPPSALA

UNIVERSITET Using a step as reference signal r

Assume stable G.(s) with reference (step):

fort >0
r) =40 P B R =20
0 fort<0, S

Final value of error e(t) PN E(s) = R(s) = Y(s):

. . . To
er = Jm elt) =l sB(s) = lim o3 s S

—lm — %
T 550 14+ G(s)F(s)

Result:
Stationary error ey approaches 0 if G(0)F'(0) = co. (E.g. when
F(s) contains 1, i.e. integration.)
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" Summary and recap

v

Relation between poles and system time-response

v

The transfer function for connected and feedback systems

v

Simple feedback control and ideal PID-controller

v

Control accuracy: stationary error
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