14

Sample collection

Category I: Linear systems

Category II: Controller design
Category III: Simulation

Category IV: Fuzzy logic

Category V: Fuzzy control

Category VI: Measurement technology
Category VII: Digital technology

Category VIII: System identification

11

22

41

48

56

64

71



14.2 Sample collection

Intent of this sample collection

This sample collection contains a lot of various Problems which are divided into the following
categories:

L Linear systems
IL. Controller design
II1. Simulation

IV. Fuzzy logic

V. Fuzzy control

VL Measurement

VIL Digital circuits

VIII.  System identification

All Problems can be solved by using WinFACT, sometimes in combination with a little "hand
work". We tried to cover all technical topics to let each user meet "his" favourite topic. The
intent of this collection is on one hand to present an overview of WinFACT's components and
features, on the other hand to help unexperienced users to get familiar with WinFACT. Those
users working in the field of teaching might use this collection as a pool of Problems and ideas
for the formulation of own exercises.

All Problem contains the Problem description itself, a solution sketch containing all necessary
hints and in most cases a corresponding system file which illustrates the solution.

Remark: Most screenshots are captured with older versions of WinFACT. Nevertheless the
corresponding files can be used with the current release.
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Category I: Linear systems 14.3

Category l: Linear systems

Problem 1.1: Step response of a PT1-element

Problem Given a PT1-element with input u(¢) and output y(¢) and the transfer func-
specification:jop

_Y(s) K

Gls)= U(s) 14T

U— PT, —V

resp. the differential equation
Ty+y=Ku

Determine the step response of the system for K =1 and time constants of 7' =
0.1, 0.5 and 1. Select a simulation length of 5.

Solution: This Problem demonstrates the influence of the time constant on the dynamic
behaviour of the system. The solution can be obtained by using LISA or BO-
RIS. The single step responses can be saved in SIM-files and compared with
INGO (see screenshot below).

& INGO - [Simulation results] =1t
R

.H File 3Scaling Display Windows Help

Ero@ed H B A TS 220>

Step response PT1-element

T=0.1
— — T=05
— T

40 45 50

WinFACT 7 (Training license 7.1.7.30) (C) Ingenieurbiiro Dr. Kahlert 1990, 2006
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Problem 1.2: Frequency response of a PT1-element

Problem Given a PT1-element with input u(¢) and output y(¢) and the transfer func-
specification:jyp

G(s) = Y(s) _ K
U(s) 1+Ts
resp. the differential equation
Ty+y=Ku

Determine the frequency response of the system for K =1 and time constants
of T=0.1, 1 and 10 for a frequency range of 0.01 < » <100.

Solution: This Problem demonstrates the influence of the time constant resp. eigenfre-
quency on the frequency response of the system. The solution can be obtained
by using LISA or BORIS. The single step responses can be saved in SIM-files
and compared with INGO (see screenshot below).

I3 INGO - [Simulation results] M=
.E File GScaling Display Windows Help - a x

EoocEBEad HwBE AT D2ES

Frequency response of a PT1-element

Zain

Fhase

Ang. frequency

WIinFACT 7 (Training license 7.1.7.30) (C) Ingenieurbiro Dr. Kahlert 1990, 2006
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Problem 1.3: Step response of a PT-element

Problem Given a PT2-element with input u(¢) and output y(¢) and the transfer func-
specification:jop,

G(s)=

resp. the differential equation

1 24“. K
— V+2—y+y=Ku
a)nzy wny Y

Determine the step response of the system for K =, =1 and damping coeffi-
cients of £ =0, 0.3, 0.7, 1. Select a simulation length of 10.

Solution: This Problem demonstrates the influence of the damping coefficient { on the

dynamic behaviour of the system. The solution can be obtained by using
LISA or BORIS. The single step responses can be saved in SIM-files and
compared with INGO (see screenshot below).

7 INGO - [Simulation results] M=1E3
.H File Scaling Display Windows Help - 8 x

EoopHEada D «HE AT BRI

Step response of a PT2-element

WIinFACT 7 (Training license 7.1.7.30) (C) Ingenieurbiro Dr. Kahlert 1990, 2006
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Problem 1.4: Frequency response of a PTo-element

Problem Given a PT2-element with input u(¢) and output y(¢) and the transfer func-
specification:jyp

G(s) =

resp. the differential equation

1. g .
— V+2—y+y=Ku
w, @,

Determine the frequency response of the system for K =, =1 and damping
coefficients of £ =0, 0.3, 0.7, 1 for a frequency range of 0.01 < @ <100 .

Solution: This Problem demonstrates the influence of the damping coefficient { on the

frequency response of the system. The solution can be obtained by using LISA
or BORIS. The single step responses can be saved in SIM-files and compared
with INGO (see screenshot below).

F& INGO - [Simulation results] M= E3
.H File Scaling Display Windows Help - x
EoocEada B AR 2B
Frequency response of a PTZ2-slement
B0
>ain
0
-B0
0
Fhase
-30 h
\3\_\
i
180 - P —
Iz 2 s gtz 5 g 2 5 gtz 5 qp?
Ang. frequency
WIinFACT 7 (Training license 7.1.7.30) (C) Ingenieurblro Dr. Kahlert 1990, 2006
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Problem L.5:

Problem
specification

Solution:

Related files:

Step response of a PTn-element

Given a PT,-element with » identical time constants and the transfer function

1

G(s) = ———.
) (1+s)"

Determine the step response of the system for » = 1, 2, 3 and 8. Select a simu-
lation length of 15.

This Problem demonstrates the influence of the system order n» on the dynamic
behaviour of the system. The solution can be obtained by using LISA or BO-
RIS (recommended). The single step responses can be saved in SIM-files and
compared with INGO (see screenshot below).

3 INGO - [Simulation results] M=
.EE“E Scaling Display  Windows Help - 8 x

oo EBEaoeda B A E S DH

Step response of a PTh-slement

n=1
— — n=2
— n=3
— —n=E

WIinFACT 7 (Training license 7.1.7.30) (C) Ingenieurbiro Dr. Kahlert 1990, 2006

The results show that the system reacts slower with an increasing value of n.
For n = 8 the system shows a dead time-similar behaviour.

PTN.BSY

WInFACT 7 - User Manual Release 1.0 © Ingenieurbdiro Dr. Kahlert 1991-2006
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Problem 1.6: All-pass system

Problem Given a second-order system with the transfer function
specifcation:
Gls)=— =%
(1+s5)1+2s)

Determine poles and zeros of the system. Simulate the corresponding step
response up to a simulation time of 10.

Solution: The determination of poles and zeros as well as the simulation itself can be
executed with LISA. The results for poles and zeros are:

The system has a zero in the right half-plane and so all-pass characteristic. The
simulation delivers the step response shown below which shows the all-pass
typical undershoot at the beginning of the simulation.

&8 LISA - [Step response]

ﬁd File Display Save Parameters Scaling Options Windows Help = |8 X
N5 ek + d & |[OR CE | = R B & 9
1.0
Y

0.8

0.6

0.4

0.2

0.0

'02 1 | | | | | | | |

0 1 2 3 4 5 6 7 8 9 10
t

WinFACT 7 (Full version 7.1.5.29) (C) Ingenieurbiiro Dr. Kahlert 1950, 2006

Related files:
ALLPASS.UFK
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Problem I.7: System with dead time

Problem Given a system with the transfer function
specification:
1 _
G(s)= e Is .
(I+5)(1+2s)

Determine step and frequency response of the system for dead times of 7= 0, 1
und 3. Select a simulation length of 10 resp. a frequency range of
001<w<100.

Solution: This Problem demonstrates the influence of the dead time on the dynamic
behaviour of the system. The solution can be obtained by using LISA or BO-
RIS. The results can be saved and compared with INGO. For step responses
and Bode plots you get the following results. A greater dead time leads to a
step response that starts "later". The dead time has no influence on the gain of
the Bode plot but effects a monotone decrease of the phase.

f& INGO - [Simulation results] X
.E Flle Scaling Display Windows Help - g x

BroEode B A NS B2HD

Step response FT2 + Dead time

T=0
— — T
J— -T=3

WinFACT 7 (Training license 7.1.7.30) (C) Ingenieurbiro Dr. Kahlert 1990, 2006
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7 INGO - [Bode plots] =3
.EE”E Scaling Display  Windows Help - 0 X
FooHFed Db AFR D203
Frequency response FT2 + Dead time
0
(ain
A0
-100
e
Phase . Wk
3 -~
*10 . A
10 A N
\I
=20 T T T
0?2 5 gt oz 5 qg° 2 5 gt 2 5 g2
w
WinFACT 7 (Training license 7.1.7.30) (C) Ingenieurbiro Dr. Kahlert 1990, 2006

For the Nyquist plot we get the result shown in the screenshot below:

I INGO - [Nyquist plots] 9(i=1E3
=

.EE”E Scaling Display Windows Help - 8 %

EoocEoede DB AR 3R

Myquist plot PT2 + Dead time

WinFACT 7 (Training license 7.1.7.30) (C) Ingenieurbiro Dr. Kahlert 1990, 2006

In this representation mode the dead time causes the characteristical circuiting
of the curve around the origin of the complex plane.

Related files:
TOTZEIT.UFK
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Category ll: Controller design

Problem I1.1: Correlation between phase margin ®_and
overshoot

Problem Given the following closed-loop system:
specification:
i T(s) |
|
I
L(s) -
- |
! |
I _________ . |
It is
K
L(s)=—
sT+s+1

the transfer function of the open-loop system. Determine the correlation be-
tween the phase margin @, of the open-loop system L(jw) and the corre-

sponding overshoot M of the step response of the closed-loop system

by selecting different values for the gain K. Represent the correlation graphi-

cally.
Solution: For getting the solution module RESY can be used. We get the following re-
sults:
« |o |
1 89.8 32.6
1.5 57.8 36

WInFACT 7 - User Manual Release 1.0 © Ingenieurbdiro Dr. Kahlert 1991-2006
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46.1 39.7
36.2 48.9
249 57
10 16.7 71.5
20 11.6 88
30 10.3 95
The function M, = f(®,) can be presented graphically e. g. by using module
INGO:
&l INGO - [x-y-plots] CEX
.E File Scaling Display Windows Help - o x
B EoaHxBw A EFYD2HD
Mp = fiPhiR)
100
y
a0
B0
an
—_(
a0 .
10 20 30 a0 a0 B0 70 a0 a0
*
WInFACT 7 (Training license 7.1.7.30) {C) Ingenieurbiiro Dr. Kahlert 1990, 2006

Related files: PHIRMP.UFK
PHIRMP.XY

Problem 11.2: Controller design by "rules of thumb"

Problem Given a plant with the transfer function
specification:
0.149

G(s) = .
s +11325+01772

© Ingenieurbiiro Dr. Kahlert 1991-2006 WInFACT 7 - User Manual Release 1.0
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Determine the step response up to a time of 25 first and specify gain Kg, delay
time 7, and transition time 7,. Afterwards based on these results design a
PID-controller by the rules of thumb from Samal which are as follows:

Controller with overshoot of output variable:

T,
g
Ky =095 X Ty =135T, Ty =047T,

Controller without overshoot of output variable:

T
K, =059— T =T, T, =05T
R KsTu N g \% u

Simulate the step responses of both closed-loop systems and compare them.
Solution: The determination of the step response of the plant can be done by using LISA

or BORIS. The characteristic values can be specified by hand (see figure be-
low). We get the following results:

Ky ~085 T, ~055 T, ~8

______,________:’—__———-

0.8 / 1
| /
06
Inflection %
rangent\
/

0.4

0.2

00 Tt
0Ty 5 Tyt Tgo 15 2 25

Zeit

This leads to the following controller parameters:
Controller with overshoot of output variable:

Ky =163 T =108 T, =026
Controller without overshoot of output variable:

WInFACT 7 - User Manual Release 1.0 © Ingenieurbdiro Dr. Kahlert 1991-2006
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Using BORIS for the simulation of the closed-loop systems we get the follow-
ing results:

& YTPLOT =1
Settings Measurement PID Output 2

BWia++EBHEH- e

‘ 1: PLANT 2: CONTR. 1 3. CONTR. 2

We recognize that the dynamics of the closed-loop system is improved com-
pared to the plant itself (top curve). Both controllers lead to an overshoot of the
controlled variable; this overshoot is less if the controller designed for a step
response without overshoot is used. Because this controller has a smaller gain
than the first one (10.1 compared to 16.3) the closed-loop system has a greater
rise and settling time compared to the loop with the first controller.

Related files: EINSTELL.UFK
EINSTELL.BSY

Problem 11.3: Nonlinear control (Sliding mode controller)

Problem Given a plant with the transfer function
specification:

G(s) = Lz (doubleintegrator).
s

For stabilization of the plant a serial connection of a PD-controller and a two-
point controller is to be applied:

© Ingenieurbiiro Dr. Kahlert 1991-2006 WInFACT 7 - User Manual Release 1.0
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FPD-controller Two-point contraller  Plant

r € |'— u 1 ¥
1 +-L-.,- S | o g -

Determine the rate time 7y, of the PD-controller in such a way that a step-sized
reference signal is adapted as fast as possible but the manipulated variable does
not take too high values. For simulation of the system choose the Runge-Kutta
method with a step size of AT =0.01 and a simulation length of 20.

Solution: This controller is a so-called sliding mode controller which transfers the sys-
tem trajectory into a sliding mode after an oscillation at the beginning of the
control process; this sliding mode leads to the stationary state after a short time.
The larger the rate time 75, is chosen the faster the sliding mode is reached but
the more time the sliding mode needs. In the sliding mode the two-point con-
troller switches between both operating points permanently; thus the actuator is
loaded very hard. So a compromise has to be found for the rate time leading to
a fast response of the system combined with a limited load of the actuator.

The screenshots below show the response of the output variable of the plant
(top), the error signal (middle) and the manipulated variable (bottom) for dif-
ferent values of Ty, .

& yTpLOT EEX

Settings Measurement PID Output ?

H#li++BmEd-&Eal

| L PLAMNT 2 ERROR 3 TWO-FOIMT

T A T
.3
7
oI LT N 2N
N o e N
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IR YTPLOT

Settings Measurement PID Output ?

Hl#l++-2mEd-&Ea

| 1:PLANT 2: ERROR 3 TWO-FOIMNT

9
e
o
1
u] \ !'\-_.__
u]
1] ||
1 I 1 1 [T T T L |

& YTPLOT
Settings Measurement PID OQutput 2

s -+ 2w d- & Ea
| 2:ERROR 3 TwO-POIMNT

7 -
Vil
o
1
0N
14
1
)
L e e T e o itk bbbl bl bt bbb bt bbbl bbbl
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& YTPLOT
Settings Measurement PID OQutput 2

EH#++ 2w - & a

| 1 PLANT 3 TWO-POINT

2

Sl el ® em
" .

ot ol b

TV = 0.5
For a value of 7y, = 0.3 you get a usable compromise.

Related files:
SLIDMODE.BSY

Problem I1.4: Controller design by the frequency response method

Problem For a plant with the transfer function
specification:
1

T (4 55)(1+25)(1+ 9)

G(s)

a PID-controller is to be designed which fulfills the following conditions:
® QGain crossover frequency @, > 0.6
® Phase margin @, > 50°

® Open-loop gain V> 40dB at ® < 0.002

WInFACT 7 - User Manual Release 1.0 © Ingenieurbdiro Dr. Kahlert 1991-2006



14.18

14 Sample collection

Solution:

Related files:

Problem I.5

Problem
specification:

Solution:

The design can be done by using RESY. First we set the P-part of the controller
to that value that the amplitude has at the gain crossover frequency (0.6) multi-
plied with -1. This is a value of 25dB resp. 17.78. Now the I-part is dimen-
sioned in such a way that the current amplitude (including P-part) of the open-
loop system has a value greater than 40 dB at 0.002, because the D-part will
decrease this value later. We select a 7y of 17 (app. 53 dB at 0.002). Last but
not least we have to adjust the required phase margin to ensure stability of the
closed-loop system. The current phase of the open-loop (consisting of plant, P-
and I-part) has a distance of -35° to -180° at the required gain crossover fre-
quency. So we have to increase the phase by 35° + 50°. We select a T, of 8.6.
After doing this we see that the gain crossover frequency is not exactly at 0.6.
So we set the P-part to 1 and re-calculate it as described above. After all these
steps have been finished we get the following controller parameters:

FKL.UFK

: Root locus

Given a plant with the transfer function

1
T (1+025)(1+25)(1+3s)

G(s)

This plant is to be combined to a closed-loop system by inserting a P-
controller.

Determine the corresponding root locus. Specifiy the controller gain Ky for
which the closed-loop system becomes unstable.

The root locus can be determined by using LISA. We get the following result:

© Ingenieurbiiro Dr. Kahlert 1991-2006 WInFACT 7 - User Manual Release 1.0
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2R LISA - [Root locus] EEx

:ﬁ;]E\IE Display o Parameters Scaling Options  Windows Help - O X

DEd 2 d e JBRHEHE“EHEK 0

'WIinFACT 7 (Full version 7.1,5.29) (C) Ingenieurblro Dr, Kahlert 1990, 2006

To determine the critical Ky value we can use the measurement mode of

LISA or simulate the closed loop-system with BORIS; we want to do the latter.
To get exact results we have to choose a very small simulation step size (e. g.
AT =0.01) and the Runge-Kutta integration method. The screenshot below
shows the corresponding simulation structure.

5 BORIS - Wov.bsy A=

File Edit Blocks Simulaton Batch Mode Optimization View Options Help -

DEHREE» a1 >0 0 &I XIS HAREDRTLFZLF(EAL

TSirmu: |20 ﬂ Search Test E Elock: E Fiel. block size: (100 ﬁ"/g ﬂ

B3 B B ) 6P I ) |
Sources] Dynamics] Staticsl Controller] Actuators] Functions IMJM Communication] Simulation  Drains | User JMM Fia|»

[CGEnEReTOR | EFFOE | ¥ ’ FLANT :‘ .

nr,i_@_‘ E#WEE:»IT % =

-Determination of stability border - m

]

]

O

]

|

|

O

Kl — O |
D i 4,_‘% Blocks: 5(5)S /1T 1selected 0 passive T =20 (0.01) RK WIinFACT 7 (Full version 7.1.1.300) {C) Ingenieurbiiro
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The simulation shows that the closed-loop system becomes unstable for
Kgr =29 . This value can be verified e. g. by using the Nyquist stability crite-
rion with the Bode or Nyquist plot of the plant.

Related files: WOV.UFK
WOV.BSY

Problem 11.6: Nonlinear control loop with undamped oscillation

Problem Given a control loop with the plant
specification:
1
(1+0.5s)°
and the following three-point controller:
u
+uOA
K 03 >

Determine the manipulated variable u,, in such a way that the resulting oscilla-
tion does not exceed a maximum value of 2 for a step-sized reference signal
and the mean value of the oscillation has a value of at least 0.8.

Solution:  The amplitude of the oscillation increases with u,. By determining the mini-

mum and maximum of the oscillation an estimated mean value can be calcu-
lated which can be displayed via a digital meter. The manipulated variable u,,

is increased stepwise until the conditions are fulfilled. For u, =5.9 we get the

required results as shown in the screenshot below (upper curve: manipulated
variable, lower curve: controlled variable).

© Ingenieurbiiro Dr. Kahlert 1991-2006 WInFACT 7 - User Manual Release 1.0
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& YTPLOT
Settings Measurement PID Output ?

e+ Fm e d-aEa

| 1: THREE-FOIMNT

fnannnn
RIRRRIRIRTRIRIA

The corresponding simulation system has the following structure:

5 BORIS - Dreipunk.bsy

File Edit Blocks Simulaton BatchMode Optimization View Options Help
DEHSEHBEr 210 Aec®8 %X ke F R @BESFEF d A S5
Tsim [20 Set | Search Tew: o] Block: | Al block size =
Ry 7 R -
SEEEEIWSIN=EET EELTEEEY - i
Sources] Dynamicsl Statics Conlro\lelJ Acluatorsl FunctmnsJ Digital | Action | Communication | Simulation MJUSLJ Super | Misc | Favarites | 4 | »
</m
: ERFOR : THREE FOINT FLANT o TRLOT o ]
| Ey—
e e E e v
e “1”_ L . j - I . ]
Sl u
a
L MMM | MEAN VALUE MEAN YaLUE | .
1
el - 0
]
\L e R RO ] =
] A o} i
T =] 0
]
Undamped oscillation |
K — Yo
M [ D M 75 [Blocks: 10 (10)S /1T Oselected Opassive  T=20 (0.1) RK WinFACT 7 (Full version 7.1.1.300) (C) Ingenieurbiro Dr, Kahl

Related files:
DREIPUNK.BSY
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Category lll: Simulation

Problem lil.1: Predator-prey system without capacity limitation [10]

Problem

The dynamics of a prey population x and a predator population y can be de-

specification:scribed by the differential equation system

X=ax—-bxy

y=cxy—dy
It is
a: specific propagation rate of prey population
b: specific prey loss rate of prey population
c: specific prey profit rate of predator population
d: specific respiration rate of predator population

The interaction of predator and prey leads to loss in prey population and profit
of predator population. If in spite of propagation of the prey the prey popula-
tion decreases too much, this fact reduces the energy supply for the predator
population and therefore its size. The "making prey" depends on the size of the
prey population x as well as on the size of the predator population y. The pro-
portional dependance from both variables leads to the nonlinearity xy. Corre-
sponding loss is subtracted from the prey population (term bxy) and added to
the predator population (term cxy). The loss of the prey population is partly
compensated by the growth of the population (term ax). The predator needs the
prey to compensate its normal respiration loss (parameter d) und thus to keep
alive.

Simulate the given system by using BORIS for the following parameters:
a=b=c=d=1

x(t=0)=p(t=0)=0.1
Tsimy = 20, AT =0.002

Determine the time responses x(¢),y(¢) and the trajectory y(x).

© Ingenieurbiiro Dr. Kahlert 1991-2006 WInFACT 7 - User Manual Release 1.0
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Solution: The simulation system has the following structure:

1 BORIS - Raeubeut.bsy (=1E3
Eile Edit Blocks Simulation Batch Mode Optimization View Options Help
DEHEEHEP» a1 o8 &I X HEHERDR TS FHF @A LT
TSimu: |20 Set Search Text: M Block: E Fel block size: Wﬂ % Set
4t et T |
=EEEL; il |
Sources] Dynamics] Statics] Controllet] Actuatorsl Functions] Digital] Ac:tionJ Communication] Simulation  [irains |User ] Super J Iizc ] Favorites] 4
Predator-Prey-System ]
R e P
| e— u
5 P
2 L [ |
[} i ill_ - 1] Ell_ 5] A |- D
SUMMATION | « . . FUMMATION | P : TPLOT : .
={ + i = - B % -
M @ |F=-|T|Z|F=' = @ |F=-II_ZIO_ e : =
b <
{5 B :
“ L‘J O
e [F D M g Blocks: 11{11)5/1T 1selected 0 passive T =20 (0.002) EU WinFACT 7 (Full version 7.1,1.300) (C) Ingenieurbiro Dr. Kahl

The simulation leads to the following results:

& YTPLOT =13

settings Measurement PID Quiput ?
g+ + E0Kd- &8aF
ETEE
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£8 xypLOT B

settings Print Save ?

H#g ++ dad |
B BT

4/- \\\

h

(=]
P2
e
.
o
(1]

Related files:
RAEUBEUT.BSY

Problem lll.2: Tourism and environment [10]

Problem A region that is especially attractive because of its natural environment is visi-
specification:ted by a lot of tourists. The natural environment can regenerate up to a specific
capacity border, but it is damaged and partly destroyed by tourism. Thus it
loses attractivity and tourism decreases. This dynamic can be described by the
differential equation system
X=—ax+by
y=dy(l-ylk)-cy
It is
normalized number of tourists
environment quality
specific tourist loss rate
advertisement effect

specific environment destruction rate

&0 TR EoR

specific environment regeneration rate
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k: load capacity of environment

The attractivity of a region depends on its environment quality and can be
intensified by advertisement (parameter ). The flow of tourists is proportional
to this attractivity (term by) and increases the tourist population y. This popula-
tion has permanent loss (parameter a) caused by tourists going home. The
environment influence caused by the tourists depends on the number of tourists
and the environment quality itself and thus is proportional to xy and a specific
destruction rate c. Left alone after an initial destruction the environment would
regenerate again to the capacity border £ with a specific regeneration rate d.

Determine the time responses x(z), y(¢#) by using BORIS for the following
parameters:

a=c=d=k=1 b=5

x(t=0)=01 y(t=0)=1

TG =10, AT =0.01

Solution: The simulation system has the following structure:

F1 BORIS - Tourist.bsy (=0(E3]
File Edit Blocks Simulation Batch Mode Optimization © View Options Help
NEE&EBR Y N >®8 X HEFEBREL FHFZF @A R
TSimu: (10 Set Search Test| ﬂ Block: E Fiel block size: (100 j ¥ Set
BEARALER B2 EBEE0l EnyB=ERE ‘
Sources] Dynamics] Statics] Eontroller] Actuators] Functions] Digital] ActionJ Eommunication] Simulation  Drains |User ] Super J iz ] Favorites] 4 r
| | . Am
_ ~ Tourism and environment D |
—— TS m
- -
SUMMATION | y : b ’ SUMMATION | x : : S TPLOT : .
A L Lt .
M @) . |F=-|T|ZI|F »WEE M- (%) . lo—=-|T|ZIlo_ e e H
: . . . : . - rg Lt |- =
o ' Vi | 2 E’T E
=EE|T..=|D_ fled - - . =
4 L‘J O
M & Al o Blocks: 11(10) 5 /1T 1=zelected 0 passive T =10 (0.01) EU WinFACT 7 (Full version 7.1.1.300) (C) Ingenieurbiiro Dr. Kahl

We get the following results:
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& YTPLOT
Settings Measurement PID Output ?
HETNE: A AE ARV Al Y=y R
1 /\ ~
-J
10
05 \
D.I:IJ .
i} 1
Related files:

TOURIST.BSY

Problem lil.3: Rotation pendulum [10]

Problem

A massless stiff stick of length » can rotate in a vertical plane. At the end of the

specification:stick a mass m is located. If the pendulum is pushed with a large angular veloc-

ity y it will rotate mutliple times before it begins to oscillate. This oscillation is
damped by the damping d; thus the pendulum will stop after some time at its
lower dead point. The dynamic of the pendulum is given by the differential
equation system

X=y

)}:—gsinx—iy g=9.811’1’1/S2
r m

x is the angle of deflection of the pendulum.

Determine the course of the trajectory y(x) with BORIS for the following

parameters:
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1

m=r=d
x(t=0)=0
y(t=0)=10
Tgimy =10, AT =0.01

Solution: The system has the following simulation structure:

_BORIS - Pendel.bsy

Fle Edit Blocks Simulation BatchMode Optimization View Options Help
DEHSEBE» a1 i@ d & X TS OR(LL FZHE @A (L
TSimu: [10 Set | Search Teuf o] Block: | o] Rel block sizer [100 <z Sel
T I ) = =
HEPrEALENuBERB8EBE2e m % E = E =
Sources | Dynanics | Staties | Cantroler | Actustors | Functions | Digtal | Action | Communization | Simulstion. Drains [User | Super [ Mise | Favorites | «[ »
m
o ]
P
=EEW¢= . o :
o e o Rotation Pendulum
O
[
e : - |
S st 1 2 Ky 8§ iSE] m
T ! ]
]
O
[
|
Bl n
. . o
|
o . |
4 LIJ !
Fc [ O 4 oh [Blocks: 7 (7S /1T 1selected 0 passive T =10 {0.01) RK WinFACT 7 (Full version 7.1.1.300) (C) Ingenieurbiro Dr. Kahl

We get the following results:

Related files:

g8 XYPLOT

Settings Print Save 2

Hag + -+ d&aa &

id
5 ., L
0 '
‘\""\—u——l‘
-5
0 1 2 3 4 5 1] T ]

PENDEL.BSY
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Problem lll.4: Chaotic bistable oscillator [10]

Problem

This system consists of a linear oscillator with a negative feedback of x> to y.

specification:Te gystem is stimulated sinusiodal what results in a chaotic behaviour. The

Solution:

corresponding differential equation system is given by

xX=y

y= x—x° —d x+qcoswt
Determine the time responses x(z), y(¢) and the trajectory for the following
parameters:

d=025 ¢=03 w=1

x(t=0)=0 ypt=0)=1

Tgim =50, AT =0.01

The system has the following simulation structure:

_BORIS - Chaoschw.bsy (=13

File Edit Blocks Simulaton Batch Mode Optimization O Wiew Options Help
NEHeEE > NSO XC T E R DR T FLF @A RT
TSimu: |50 Set Search Test: E Block: E Rel block size:  |100 j % Set
4t -t ", e AR o = v porrem
HEPHALUEDUDW Vel fnyEED-
Sources] D_l,lnamic:sJ Statics] Eontroller] Actuators] Functions] Digital] Action] Eommunication] Simulation  Diraing |User ] Super ] izc I Favorites] 4
i * Chaotic oscillator - S j
. o [
S | -
SUMMATION l?lh FLr O
I+ . oL |- m
-4 A e rﬂ e u
bctee] | = ] o .
- LA I =
H* : S . R @éi’ : [
d
¥
O
n
: 3 cozfwt] .
S - =
S O
EYR— .
e [F O 4 ob Blocks: 9 ()5 /1T 1selected 0 passive T =150 {0.01) EU WIinFACT 7 {Full version 7.1,1.300) (C) Ingenieurbiiro Dr. Kahl

We get the following simulation results:
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& vrpLOT =1

settings Measurement PID Quiput ?
Hig++ E0Kd- &E8a R
EEEE T

I
N

0 5 10 15 20 25 30 35 40 45 5O

£8 xypLOT B

settings  Print Save ?

g + -+ dé&d | A

=] =]
T N
| =

20 15 -0 05 00 05 10 15 20

Related files:
CHAOSCHW.BSY
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Problem lIl.5: Lorenz system [10]

Problem The Lorenz system 1is an approximated representation of the hydro-

specification:thermodynamical equations for coupling of heat convection and heat conduc-
tion in fluid current. The state variable x describes the velocity profile, the state
variables y and z the temperature distribution. If the system parameters are
within a specific range the system shows chaotic behaviour. The differential
equation system is given by

x=a(y—-x)
y=—xz+bx—y
z=Xy—cz

Determine the time responses x(¢),y(¢),z(¢) by using BORIS for

a=10,b=28,c =2.667
X(t=0)=1, y(t=0)=z(t=0)=0
Tgimy =10,AT =0.01

Solution: We get the following simulation results:

& YTPLOT
Settings Measurement PID Quiput 2

i+ 2m - o e

Related files:
LORENZ.BSY
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Problem I11.6: Coupled dynamos [10]

Problem Two identical dynamos are coupled; the current of the first dynamo stimulates

specification:the magnetic field of the second one and vice versa. The currents are the state
variables x and y. State variable z is the rotation speed of the first dynamo. The
parameter c¢ specifies the difference of the rotation speeds of both dynamos.
The system shows chaotic behaviour which is given by the differential equa-
tion system

X=zy—ax

y=(z—-c)x—-ay c=a(b2—1/b2)

z=1-xy
Determine the response of all state variables for the following parameters:
a=1, b=2
x(t=0)=1

y(t=0)=z(t=0)=0
gy =50, AT =001

Solution: We get the following simulation results:

& YTPLOT
Settings Measurement PID Output ?

Hagl++ 20K d-&Fa
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Related files:
DYNAMOS.BSY

Problem Ill.7: Lissajous figures

Problem Given the two time signals
specification:

x,(t) =sint

X,(t)=sinnt

Determine the trajectories x,(x;) for n =2, 4 and 6 and a simulation length of
10.

Solution: =~ We use two signal generators of BORIS in the sinus generator mode and a x-y-
plot to display the results. The screenshot below shows the simulation struc-

ture.
51 BORIS - Lissajou.bsy
File Edit Blocks Simulation Batch Mode Optimization O Wiew Options Help
DEHEBE Y a0 Ho@0 & XS HE DR ELFEF AAE
TSimuw: |10 Set | Search Test E Block: E Fiel. block size: l_jz
-t -t H, -y FFT —Fi. R i
EEEEE T |
Snurces] Dynam\cs] Statics] Eontroller] Actualors] Functionsl Diigital ] Action Eommunication] Simulation  Dirains |User ] Super ] Misc | Fa 4 | »
o S .
ﬁ_ _ | O
YPLOT
. . — ¥ . .
= - 5 =
9 !
o m
Lissajous figures -
o
O
]
|
. _ |
K ;I_‘ O
e [ D M g Blocks: 3(3)5 /1T 0 selected 0 passive T=10 (0.1) EU WInFACT 7 (Full version 7.1.1.300) (C) Ingenieurbiiro

Depending on the choice of n we get the well known Lissajous figures:
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WInFACT 7 - User Manual Release 1.0

£8 xypLOT B

settings Print Save ?

o+ d o | [

4
\

i

a

N

10 08 06 D4 02 00 02 04 06 08 1.0

£8 XYPLOT

Settings Print Save ?

i+ déaad | [

| 1
E
X

-14 T T t T T T T T |
-0 08 05 D4 H2 00 02 04 05 08 1.0
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£8 xypLOT B

settings Print Save ?

o+ d o | [

| x xi Wy xZ

10 08 06 D4 02 00 02 04 06 08 1.0

Related files:
LISSAJOU.BSY

Problem I111.8: Van der Pol differential equation [12]

Problem Given the Van der Pol differential equation
specification:

.. 2 .
y+e(y -Dy+y=0

Use BORIS to calculate the solution of this equation for the following parame-
ters:

yit=0)=2 p(t=0)=0
c=0, 2, 5
Tgim =20, AT =001

Solution: The system is of second order and has the following simulation structure:
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& BORIS - Vdpol.bsy

File Edit Blocks Simulation BatchMode Optimization O View Options Help
DEHLEBEA» a1 ioQO KX IHIEHE DR T FEF EAE
TSirmu; (20 Set Search Text E Block: E Rel. block size:  |100 jz Set
-t -t Mo A T R R
e B B B 2 il
Sourcesl Dynamics] Slatics] Contro\ler] Actuatnrs] FunctionsJ Digital | Action | Communication | Simulation  Drains | User | Super | Mize | Favq | »
o] .
i e -
1=l |
' O
L | [ wmEsr | [ wmEeE T ]
T L el - E
| _ . [ m
. - =
ops LI
M O
g -
. . . u
Van der Pol Differential Equation |
d |
4 » =
e[ D M gb Blocks: 8 (8)5 /1T 1selected 0 passive T =20 (0.01) EU WIinFACT 7 {Full version 7.1.1.300) {C) Ingenieurbiiro [

The simulation results for different values of € can be saved in a file and be
compared later with INGO. We get the following results:

7& INGO - [Simulation results] =13
.E File Scaling Display Windows Help E x

CoroFesds xR A TS HD

Yan-der-Pol differential equation

WinFACT 7 (Training license 7.1.7.30) (C) Ingenieurbiiro Dr. Kahlert 1930, 2006

The value of the parameter ¢ is responsible for the nonlinear behaviour of the
system. For the special case € = 0 we get a linear oscillator.

Related files:
VDPOL.BSY
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Problem IIl.9: Fast Fourier Transformation

Problem Given the Van der Pol differential equation
specification:

J+e(y® -Di+y=0

Use BORIS to calculate the amplitude spectrum of y(7) for the following pa-
rameters:

y(t=0)=2 y(t=0)=0
c=0, 2, 5
Tgim =20, AT =0.01

Solution: The structure known from the previous Problem is extended by a FFT block.
We get the following result:

Settings Print Save ?

L8| || d & & &

Related files:
FFT.BSY

Problem 111.10: Stability of integration methods [12]

Problem Given a PT1-element with the transfer function
specification:
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K
1+ Ts

G(s) =

and the parameters
K=1,T=2
Simulate the behaviour of the free system, i. e. for the case u(z)=0, and an
initial state of »(0) = 1 for different simulation step sizes AT
- using the Euler method
- using the Runge-Kutta method

Compare the results with the exact solution

yn=e".

For which simulation step size do the integration methods become unstable?

Solution: This Problem shall elucidate the influence of the simulation step size on the
exactness of the simulation result and how to find a proper step size in depen-
dance of the dynamic of the simulated system. Normally in case of linear sys-
tems the step size should be less than 1/10 of the smallest time constant of the
system - 1. e. less than 1/10 of 2 in this sample.

The simulation can be executed with BORIS; the input of the PT1-block can
remain open. The results can be saved and compared with INGO.

The screenshot below shows the simulation structure:

[ BORIS - Pt1.bsy =3
File Edit Blocks Simulation Batch Mode Optimizaton O Wiew Options Help
DEHEEHBE Y NN 8 & XL HLHEABTL FHEF IAE
TSimu: |20 Set Search Test| E Block: E Rel. block size: (100 ﬁz Set
-t 4ot H, ) FFT —Fi. [ g v e pom
BEAEAUERE BN REE81 Enya=ER0e
Sources] Dynamics] Statics] Eontmller] Actuators] Functions] Digital ] Action Enmmunicationl Simulation  Dirains |User ] Super ] Mizc | Fav 4 | »
Exact polution | FILEDLTPLT ’ : : : : :‘
. @ﬁ o n
e [
|
FTi ’ YTFLOT S . . . O
ﬂFI,F;-IT —& | Stability of integration methods =
e =
=1
o
. ]
Lk o
Tk o=
o
YR e
e B D M b |Blocks: 5(5)5 /1T 1selected 0 passive T=20 (0.1) EU WInFACT 7 (Full version 7.1.1,300) (C) Ingenieurbiiro [
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The exact solution can be calculated by using a generator which is programmed
via the function parser. The screenshot below shows the simulation results

calculated by using the Euler integration method for step

AT =01, 2, 3 and 4.

IZ2 INGO - [Simulation results]
E File Scalng Display Windows Help

ErrFoee DB AN THD

Euler method

sizes of

) ] =
i L H Y — — DettaT=0.1
F L —— - DettaT=2
’ \ '] ’ — — DetaT=32
05 i s il —  —DetaT=4
5 L] .
i ' i
ot -
00 | W Ve
) [ L ~ - e \ -
\ L '\ ! "
\ . i ! \
FIC ] \
05 ) ] % L v
v ! v \
v/ v 4 \
3 \ ; ,
A0 - —— — . IR
] =} 10 15 20 t 25

WIinFACT 7 (Training license 7.1.7.30) (C) Ingenieurblro Dr. Kahlert 1990, 2006

We recognize that for a step size of 0.1 the simulation result is nearly identical
to the exact solution. This step size is 1/20 of the system time constant and thus
small enough. If the step size is increased the simulation result becomes more
and more inexact; for AT =4 the Euler method becomes unstable.

The results for the Runge-Kutta method are shown in the screenshot below. We
can recongnize that this method becomes unstable not before a step size of

approximately 5.6.
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72 INGO - [Simulation results] =13
E File Scalng Display Windows Help - a8 X

ErrEee B A @SN TH D

Funge-kutta method

Evht
¥ — — DefaT=01
—— - DeftaT=2
— —DehaT=3
1— - —Det=T=58

20 25

WinFACT 7 (Training license 7.1.7.30) (C) Ingenieurblro Dr. Kahlert 1990, 2006

Related files:
PT1.BSY

Problem lll.11: Stiff systems

Problem Given a PT2-element with the transfer function
specification:
1
G(s)= .
(1+s5)1+100s)

Determine the step response of the system by using the Euler integration
method for simulation step sizes of AT =0.1, 2, 5 up to a simulation time of
150 and compare the results with the exact solution given by

1 —¢ 100 —¢/100
t :1+_e —_—e .
y=1+g5 99

Solution: The given system is a so-called "stiff system" with the time constants 7; =1
and 7, =100. If a very small step size is chosen you get exact results but the

simulation needs much time. If a greater step size is chosen the results become
inexact resp. the simulation becomes unstable.

We get the following results:
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& YTPLOT A=1[E3
Settings Measurement PID QOutput 2?2

Higl++2mK - &Fa

2 Exact salution

1.0

CI.(J-/

0 W 4 & B 100 10 140 180

& yTpLOT (=]
Settings Measurement PID Output 2

Hl#++ 2HEKEH- &8 el

2: Exact solution

ook

O 2 40 &0 £ 100 120 140 16D

& YTPLOT A=1[E3
Settings Measurement PID QOutput 2?2

Higl++2mKd-&Fa

2 Exact salution

1.0

0 20 40 &0 &0 100 120 140 160

Results for AT =0.1(top), AT =2 (middle), AT =5 (bottom)
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Related files:
STEIFSYS.BSY

Category IV: Fuzzy logic

Problem IV.1: Characteristic curve generation

Problem Define one input and one output variable with five fuzzy sets each. Distribute
specification:these sets uniformly over the range from 0 to 10 by choosing the standard distri-
bution. Try to create the following characteristic curves:

a)

b)
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d)

Solution:
a) Center of gravity method (Max-Prod-inference)
The characteristic curve shown in a) does not reach the borders (0,
10) and (10, 0). The curve has light inflections at the ends while it's
smooth in the middle. The inflections result from the unsymmetrical
sets at the range borders.

b) Modified center of gravity method (Max-Min-inference)

Characteristic curve b) reaches the borders. The inflections of curve
a) are not existent in this case because the border sets are extended
symmetrically.

c) Approximated center of gravity method

Because all output sets are viewed as singletons and these are dis-
tributed uniformly over the range of the linguistic variable the char-
acteristic curve is a straight line.

d) Maximum height (right/left)

The characteristic curve changes stepwise because only the output
set for the rule with the greatest match of degree is used for defuzzi-
fication.
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Related files:
DEFUZZY .FUZ

Problem IV.2: Fuzzy logic with one input and one output

Problem The following problem is to be solved: You want to use a microcontroller

specification:board for fuzzy logic but only one input is still available. Use this input in such
a way that it is possible to handle two different signals separately. For the lin-
guistic input variable define six proper fuzzy sets, for the output variable define
four sets in standard form. Consider how the input sets, the rule base and the
defuzzification have to be selected to generate the following characteristic
curve:

*“ Characteristic Curve / Map E|E|E|
I E & E| <Pk | @ # ada R d

Inputz: |V ~ Output: | Dutput -

5

Input

How have both input signals to be processed before they are sent into the fuzzy
module?

Solution: The input fuzzy sets have to be specified as follows:
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af B R M e |l S @ B L
12 11_Small
11_kedium
1.0 I1_BEig
|2 Small
0.8 |2_bdedium
|2_Big
0.61
0.44
0.21
0.0 T
0 2 4 ] ] 10

It can be seen clearly that in the middle of the range two sets meet together. If
only the lower resp. upper half of the range is considered, a standard configura-
tion can be recognized. The rule base is as follows:

*" Rule Base [T”E|[5_<|
BEaPsaBa st EﬁJgﬁantr

Clukput |WE|ght|ng;"/ | ~ 1_Small

very_small 100 = :}_I‘;edlum
I1_Medium small 100 |2:5'r§a"
11_Big very_small 100 12 Medium
[2_Small wery_big 100 12 Eig
|2_Medium | big 100

|2_Big very_big 100

& Rules defined

Because the characteristic curve has only horizontal segments the defuzzifica-
tion must be executed via the maximum height method (see Problem I'V.1 d).

A little bit more complicated is the signal pre-processing. Corresponding to the
definition of the linguistic input variable both input signals should use different
amplitude ranges: The first signal the range from 0 to 5, the second signal the
range from 5 to 10. In the following both signals are sampled with a suffi-
ciently high frequency. Thus the input signal processing might look as follows:
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5T BORIS - Zwei_ein.bsy

Eile Edit Blocks Simulation Batch Mode Optimization View Options Help
NEHSEHE» a1 Q0 & XL KOS FE BB TR FZFT @A E
TSirmw: |20 Set | Search Test J Black: E Rel. black size: j A
y-t et H x-y . FFT —Fi [IER oo = = - e pmm
HEpEALUERuBERSEHEEe ) nyE=ERe
Sources] Dynamics] Statics] Controller] Actuators] Functions] Diigital ] Action] Communication] Simulation  Diraing |User ] Super ] Misc I Faia | »
GENERATOR ANASWITCH m
,3=lr'|é —gom 0] : S -
N |ANASWITCH'E .*.NASWITCHD ]
Tt et r._,; i TR & O
i | g
AMATWICH | .
: ]
CONET o ADD ' H=h|? -m‘{-o— o]
s A, o ' =
- O
J 0
GENERATOR | ’ ’ i ’ ’ .
[of . . . . .
K — O
He 5] & M b Blocks: 11 (11)5/0T 0 selected 0 passive T=20 (0.1) EU WIinFACT 7 (Full version 7.1.1.300) (C) Ingenieurbiro [

The output signals of both relays can be processed in an appropriate way later.

Related files:ZWEI EIN.FUZ
ZWEI _EIN.BSY

Problem IV.3: Fuzzy logic with two inputs

Problem A remote controlled solar toy car shall drive to a light source automatically to
specification:reload its accumulators if these get empty. The car has two light sensors
mounted on its roof as illustrated in the figure below (gray arrows).

front

v back

Design a fuzzy logic for the light search. For both inputs (light sensors) select
three fuzzy sets between 0 and 1, for the output (driving direction) five sets
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between -10 and 10. Select the defuzzification in such a way that the complete
range of the output is used.

Solution: The linguistic variables can be specified as follows:

12 wieak,
rnediurm
1.04 strong

0.81

0.61

.41

.21

0. T T T T Y T " T T
0.0 0.2 0.4 0.6 0.g 1.0

- BX

PR Y EIEC

12 aneak,

1.0 ztrong

0.64

0.64

.41

0.21

0.0 T T T T Y T " T T
0.0 0.2 0.4 0.6 0.g 1.0
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" Direction = IIEA

o A A

al R M M e | &n @B i,

12 ztrong_left
l=ft

10l straight
right

0.8 ztrong_right

0.61

0.41

0.21

0.0 1

10 = 0 5 10

T
o

Rule Base |Z E| [5__<|

EEDREEB ¢+ BB 2 & 5 A |we:[00;
|2 |Direc:ti-:un |Weighting.-’?é | A ||weak

weak straight 100 mediurn

medium  right 100 strong

ghrong strong_right | 100
weak, |eft 100
rnedivimm straight 100
ghrang right 100
weak, strong_left 100
redium |eft 100
ghrang straight 100

[

3 Rules defined

To obtain a smooth characteristic map and to use the complete output range the
approximated center of gravity defuzzification (center of gravity for singletons)
is used. The resulting controller has the following characteristic map:
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"% Characteristic Curve / Map |Z||E|f$__(|
E HE &8 PP 00 # &ald
Inputs: hd |I2 j Dutput: |Directi|:|n j

Direction

Related files:
AUTOPARK.FUZ

Category V: Fuzzy control

Problem V.1: Fuzzy controller with hysteresis [2]

Problem Design a fuzzy controller with input e(#) and output u(¢#) which has the fol-
specification:]owing characteristic curve with hysteresis:
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. —
-1 1 e

1

-1

Solution: To generate the hysteresis no rule must be active for the input range
—0.5<e<0.5. The fuzzy controller has to keep its last output value in this
case. This can be realized e. g. by defining only two input fuzzy sets with a gap
in the range mentioned above. The form of the fuzzy sets makes no difference:

S=1E3

i

sl B A MM R B e @ B L

12 negative

pozitive

1.04

0.64

0.64

0.44

0.24

-1.0 -0.5 0.0 0.5 1.0

For the output we can select singletons at -1 resp. +1:
B

sl R kM M Bl | & @ B EL
1.2 ki
GE

1.04

0.64

0.64

0.44

0.24

0.0 T T T
-1.5 -1.0 -0.5 0.0 0.5 1.4 15
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Because always a maximum of one rule is active inference mechanism and
defuzzification can be chosen as you like.

For testing our controller we can e. g. use BORIS. The input of the controller is
connected to a generator that creates a linear from -1 to 1 increasing and after-
wards to -1 decreasing signal. In- and output of the controller are sent to a

trajectory plot:
T BORIS - Hysteres.bsy |Z| |E| @
File Edit Blocks JEIUWELGLM Batch Mode Optimization View Options Help
DEE&EHEr a1 i@ & XL RTREABZZTEFZF DAL
TSimu: |4 Set | Search Text|d E Block: E Rel. block size: j %
Y-t Y-t " Xy R FFT P [
B B B Bl 6 I B P, |
Sources] Dynamics] Statics] Controller] Actuators] Functions] Drigital ] Action] Communication] Simulation  Diraing |U$er I Super J Misc ] Faiq | »
- im
GEMERATOR FC HYPLOT .
2w ABA T | | -
=
. . =
Fuzzy controller with hysteresis B
B
B
O
=
|
K I— O
e [2 D 4 o Blocks: 3(3) S/ 1T 0 selected 0 passive T=4 (0.01) EU WInFACT 7 (Full version 7.1.1.300) (C) Ingenieurbiro [

We get the following characteristic curve:

o

== XYPLOT

Settings Print Save 2

E# 4+ d e d &

Fa

-1

-2 T T T T T T T T ]
-0 08 06 D4 D2 00 02 04 05 08 10
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Related files: HYSTERES.FUZ
HYSTERES.BSY

Problem V.2: Comparison: Conventional and Fuzzy P-controller [2]

Problem Given a plant with the transfer function
specification:

1
Gls)= (1+5)1+2s)

Design a fuzzy P-controller for this plant with five fuzzy sets for input (error)
and output (manipulated variable) in standard form and a range of [-1, 1].
Simulate the step response of the resulting closed-loop system up to a simula-
tion time of 10 for the following cases:

® Max-Min-inference and modified center of gravity method
® Max-Prod-inference and modified center of gravity method

® Max-Min-inference and maximum height method
Compare the results with those determined with a conventional P-controller
with gain 1.
Solution: The fuzzy P-controller can be designed with FLOP. The fuzzy sets are to be

defined as follows:

i

S=1E3

R IETEIE I

12 MeaBig
MegSmall

1.0 IO
FozSmall

0.3 PozBig

064

0.4

0.24

0.0 !

-1.0 -0.5 0.0 0.5 1.0
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8=1E3

sl R RS R E s @ B | E,

1.2 MegBig
MegSmall

1.04 =[]
FozSmall

0.8 FozBig

0.61

0.41

0.21

0.0 1

-1.0 -0.5 0.0 0.5 1.0

The rule base has the following structure:

B

Rule Base

BEEExa8 ¢+ Bl 2 & 5 d w|l

S((=]e3

u [weighting/% |
MegBig 100
MegSmall  MegSmall (100
ZEro ZEro 100
PozSmall PozSmall 100
FosBig FPoszBig 100

5 Rules defined

MegBig
Meg5mall
=[]
PozSmall
FozBig

[l

|4

The simulation is executed with BORIS. Both closed-loop systems (with Fuzzy
resp. conventional P-controller) can be simulated simultaneously:
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5f BORIS - Fuzzyp.bsy

File Edit Blocks Simulation Batch Mode Optimization View Options Help
NEHSGEE» a1 QO & XL FZEBARZETL|FZF @A E
TSirmuw: |10 Set | Search Tent|q H Black: E Rel black size: j k4
u-t Yk " xy e FFT Fioo R o ==k =] - pees  pom
HEABFAUERLBYNEE8E8 ) fuyE=ERe
Sources] Dynamics] Statics] Controller] Actuators] Functions] Diigital ] Action] Communication] Simulation  Diraing |User ] Super ] Misc I Faia | »
- 4.
GENERATOR ERROE FC P2 - VTPLOT = B
L =
S e el gt 5
. : . . . A
Blliees O
o
GENERATOR | ERFOR ' 3 ' P2 ' =
DSy @ E— e — e
. ’r'? 20 . . m
o
Fuzzy P-Controller u
K — O
He 5] D M b Blocks: 9 (9) S f 1T 0 selected 0 passive T =10 (0.1) RK WInFACT 7 (Full version 7.1.1.300) (C) Ingenieurbiro [

The results are saved and compared with INGO. We get the following step

responses:
& INGO - [Simulation results] E|@|E|
.E File Scaling Display Windows Help - 8 x
EpcEade B ATYD2HD
Comparison ConventionalFuzzy P-Controller
080 — Kaonw. P
¥ — — MacMin, COG
—— - MaxcFrod, CO

0.64 —  —— Ma:Min, MH

0.4a e = T T

0.2

016

0.0a T T T T T T T

0 1 3 4 = 5 g 9 ; 1a

WinFACT 7 (Training license 7.1.7.30) {C) Ingenieurblro Dr, Kahlert 1990, 2006
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We can clearly recognize that the fuzzy controller with center of gravity de-
fuzzification and max-min- resp. max-prod inference leads nearly exactly to
the same step response of the closed-loop system as the conventional P-
controller. Only if the maximum height method is used for defuzzification the
fuzzy controller leads to a worse dynamic behaviour because in this case the
controller has a step-sized characteristic curve (multi-relay characteristic).

Related files: FUZZYP.FUZ
FUZZYP.BSY

Problem V.3: Split range fuzzy controller

Problem Design a fuzzy controller with input e and output u# which has different gains
specification:for positive and negative input values, 1. €. which has a characteristic curve of
the following form:

LlA

The gain for positive input values is to be 1, the gain for negative values 2.

Solution: One possible solution is as follows:

The fuzzy sets for e are chosen as follows:
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LA E eI

1.2 MegBig
MegSmall

1.04 FozSmall
FozBig

0.81

0.61

0.41

0.21

I:I.I:I T T

-1.0 -0.5 0.0 0.5 1.0

The fuzzy sets for u are selected as singletons at -1, 0 and 2:

R IE EIE

12 Megative
B0

1.0 Pazitive

0.81

0.61

0.41

0.21

0.0 T T T T T

20 15 -10 -05 00 05 10 15 20

Finally the rule base has the following structure:
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L
"% Rule Base

BEEBE3B ¢+ BB I &5 d vl |

u |weighting/% | | [NegBig
Megative 100 MegSmal
NegSmal  Zero 100 PasSmal
FPozBig
PosSmall  £em 100

PozBig Pozitive 100

4 Rules defined

The inference mechanism is max-min, the defuzzification is executed by the
center of gravity method for singletons.

Related files:
SPLITRAN.FUZ

Category VI: Measurement technology

Problem VI.1: Three-phase current rectifier

Problem Design a rectifier for a three-phase current.
specification:

Solution: The commutation of the three phases is realized with two function blocks which

determine the maximum of two input signals each. The screenshots below illus-
trate the simulation structure and the resulting signal.

© Ingenieurbiiro Dr. Kahlert 1991-2006 WInFACT 7 - User Manual Release 1.0



Category VI:  Measurement technology 14.57

Ef BORIS - Gleichri.bsy

Eile Edit Blocks Simulation Batch Mode Optimization View Options Help
DEH&EBR» a1 1@ & XCHROSTHEAREABZELFZH @AE
TSirmuw: |10 Set | Search Test|l H Black: E Rel black size: j k4
-t Y-t H xy e FFT P IR i = =] .
HERHAUEN LBV NEEmE oy s
Sources] Dynamics] Statics] Controller] Actuators] Functions] Diigital ] Action] Communication] Simulation  Diraing |User ] Super ] Misc I Faia | »
o S 4m
R
|
0| = . . . .
]
’ |L TASKIMU | ’ ’ ’ ’ ’ : TRLOT .
. 1 o] e
B j_,? Ty N e ]
o] . . . . . . . s Ll | .
' ' ' : ' P ' : ' .
1
— e )] | -
: | 0
, [
O
. o
Three-phase current rectifier ™
K — O
He 5] 5 M b Blocks: 6 (8) S f 1T 0 selected 0 passive T=10 (0.1) EU WIinFACT 7 (Full version 7.1.1.300) (C) Ingenieurbiro [

I yTpLOT EEX

Settings Measurement PID Output ?

e+« 2me - s e

T
NMNNN
\ /LN
NV \

-1.04

<

Related files:
GLEICHRI.BSY
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Problem VI.2: Signal data acquisition

Problem

specification:

Solution:

Related files:

Two analog signals are to be read via an A/D converter card; the mean value of
both signals is to be displayed in form of a time response. Furthermore the
maximum is to be displayed on a digital meter.

The problem can be solved by using the following simulation structure:

& BORIS - mess1.bsy 9(=0E3
File Edit Blocks Simulation Batch Mode Optimization View Options Help
DS HEERP a0 He@d & X METFEDRTLFZF @A |E
TSimuw: (100 Set Search Test| M Block; E Rel block size; 100 ﬁz Set
-t -+ e FFT L = — =1 = ~ s pom
R R L LU ECEY ==
Sources] Dynamics] Statics] Eontroller] Actuators] Functions] Diigital ] Action] Eommunication] Simulation  Dirains |User I Super J Mizc ] Fa 4| »
- 4m
HARDW ARE Telean value
. |
= - —= Connection —>= |1l =4 - TRLoT ‘
= T T
. . . . . . . . . . o] e,
T i [ |
[HerDwaRE | ' : ' ' ' ' ' Tlean valie | ' ’T - : - |:|
E_ - -=(Connection = = A B R ]
. . . [of . . . .
- N
TAAXIMUI | =
.25 | N
) 0
N
|
K — O
e D M o5 Blocks: 10 (10)5 /2T 1zelected 0 passive T =100 (0.1) EU WIinFACT 7 (Full version 7.1.1.300) (C) Ingenieurbiiro [

MESS1.BSY

Problem VI.3: Statistical evaluation with bar graphs

Problem

specification:

A stochastical analog signal is to be sampled with a sample time AT =1. It is
known that this signal on an average takes all values between 0 and 5 with
different but known frequency. To get an overview whether the signal is sam-
pled correctly the signal range is divided into five classes and the number of
samples within each class shall be displayed by bar graphs. Design a simula-
tion structure for this purpose which works without integrator.
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Solution: The classification is realized by discriminators connected to forward coun-
ters. Because the counters are triggered by edges the static discriminator
levels are changed to pulse form with the help of a relay and a pulse genera-
tor. To let the circuit work correctly the simulation step size must be less than
or equal to the half of the sample time, i. e. maximum 0.5 here.

™ BORIS - mess2.bsy

Fle Edit Blocks Simulation BatchMode Optimization View Options Help
DEHSEHE» a1 W08 & XIHLRA RIS FHEF EA HTF
TSimu: (100 Set Search Text Block: Go Rel. block size:  |100 %‘Z Set
I=|
St oW X AR P o R vali
FEFOFUENLIEYYEEEe ) fosEERe |
Sourcesl Dynamics] Statics Eontrollerl ActuatorsJ FuncliunsJ Digital | Action | Communication | Simulation MJUSLJ Super | Misc | Favorites | 4| »
j [
e S L
[0 fwn . . . . . . . =
[CIECRIMINATOR] | ANASWITCH | [counTer ] 0.1 D
e e~ L
LA tobn T g o) ﬂ -~ u
[CIECRIMNATOR] | ENAFWTCH | [courrer ] 1E =
. e e LI™°F — ]
b A T g ) ﬂ a1 o
O
DISCRIMINATOR] | ANATWITCH | COLINTER 23 )
| =1 WgE
TaderL L = o FR A —s it =
|
: [DECRMnATOR] | ENATWICH | COUNTER 3.4 O
. e L™ 3
i Aol =g e ﬂ T g
. |
AHATTTCH COLNTER 45 o
. - L™= !
R 5
N " m
N [ D M ok Blocks: 23(23)5 /0T 1 selected 0 passive T =100 {0.5) EU WinFACT 7 (Full version 7.1.1.300) (C) Ingenieurbiiro Dr. Kahl

The structure above is only one possible solution. Another solution working
with less blocks eliminates the relays and multiplies the sampled signal behind
the S/H-element with the signal of the pulse generator. In this case the ampli-
tude of the pulse generator must be 1.

Related files:
MESS2.BSY
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Problem VI1.4: Measuring phase and frequency

Problem It is very simple to display frequency and phase shift of a sinusoid signal by

specification:using a scope. The disadvantage in doing so is that the time base of the scope
has to be adjusted any time the frequency of the input signal changes. In this
Problem a solution is searched for which displays frequency and phase on a
digital meter. Design a simulation structure which fulfills this requirement.

Solution: By incrementing resp. decrementing during the first half wave (ACTUA-
TOR 2) we receive a maximum and minimum value containing the complete
information we need. The offset of this triangular signal can be used to deter-
mine the phase, the peak-to-peak value for frequency recalculation. The
screenshot below shows the simulation structure.

51 BORIS - mess3.bsy
File Edit Blocks Simulation Batch Mode Optimization

View Options Help

D EH&HE P Al H @O & X MO FEELRLERFZH DA LTRSS 0L
TSimu: |1 Set | Search Tewt| J Block: E Rel. block size:  |100 ﬁ% Set

FHEREAUANTIIvINERE ] EnwEET
Snurcesl Dynamlcs] Statics EnntmllalJActuatnrsJ Functlnnsl Digital | Action Enmmun\cahnn] Simulation Drains | Uzer | Super | Misc | Favorites | Virtlnstr
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i 1 J’ 1 o
. 5 S il A o] i o1’ ] Lo o f fe
'? o ’? 'F ic| O-FF

|
|
|
[GENERATOR | 7] acTusTor z | rdmum, [l
IF=-ITDIF= M _.Q I} ]
BN : PHI < 50 GRAD J LOGICT T ] : 3 : CFLIPFLOP | =
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DL LRSS o,m,_n—..: : ITDIF=*ITEIF{E2!0_ =
O
Shift : CiYISION o : OiEoNe | .
i i i g I P * i =
” o ”-@-'lzaﬂ 1° 9 fale D"@*l‘-ﬁn"@"ﬁ m
Fhase [Degree] | FHL> 30 Deq. W00 | [ S0 0w | F] o O
[
[ a2 2 s N R 3 s =
o |
4 L‘J D
e D M b |Blocks: 30 (30)S /0T 1selected 0 passive [T =1 (0.005) EU WinFACT 7 (Full version 7.1.1.300) (C) Ingenieurblro Dr. Kahlert 1990, 2006
Related files:

Problem VI.5: Determination of a PT4-time constant

Problem The time constant of a PT1-element with the transfer function
specification:
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K

1+ Ts
1s to be determined based on the step response of the element.

G(s)=

Solution:  Different solutions do exist. One variant is to differentiate the step response
and determine the maximum of this function, 1. e. the initial gradient of the step
response. This value is K/7. Thus the gain K also has to be determined to let
this method work correctly. This can be done by determining the maximum of
the step response as shown below.

51 BORIS - zeitkon1.bsy
File Edit Blocks Simulation Batch Mode Optimization O View Options Help

NEdaEdE>» a1 N> X HESHFEDRTR2AZX DA LTI 0°
TSimu |10 Set Search Teut: M Elock: M Rel block size:  |100 ﬁz Set
FEREFLETLIEWYBEEE ) EnyEEDe
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e
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e [ D i o |Blocks: 8 (8) 5 1T 1selected 0 passive T=10 (0.1) EU WinFACT 7 (Full version 7.1.1.300) (C) Ingenieurbiro Dr. Kahlert 1930, 2006
e —

The second method is to determine the time when the step response reaches the
value K(1-1/e):
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5. BORIS - zeitkon2.bsy CEx
File Edit Blocks Simulation Batch Mode Optimization O View Options Help
NEHeEdBE> a1 H>Qd & XL HEEFORTE2HZFT WA LTAHS 0°
TSimu |10 Set Search Teut: E Elock: E Rel. block size:  |100 ﬁz Set
S e W o B ) e ;
EEEEEMElsF R EELDEEEY-S-E |
Snurcesl Dynamics] Statics EnntmllalJActuatnrsJ Functinnsl Digital | Action | Communication | Simulation  Drajng | Uzer | Super | Misc | Favorites | Virtlnstr
Time constant determination (method 2) : =
|
O
]
]
]
. ]
[TIME CONST ANT =
i} 0
]
|
|
O
O
S O
1 L[J =
e[S D M o |Blocks: 6 (6) S /1T 1selected 0 passive T=10 (0.1) EU WinFACT 7 (Full version 7.1.1.300) (C) Ingenieurbiro Dr. Kahlert 1990, 2006

This method only works if the gain K of the PT1-element is already known
beacuse it has to be considered in the discriminator.

Related files: ZEITKON1.BSY

ZEITKON2.BSY

Problem VI.6: Evaluation of optical cuts [11]

Problem

A simulation circuit is to be found which analyzes optical cuts saved in SIM-

specification:files. First the cut profile has to be sent through a band-pass filter; afterwards

Solution:

the amplitude spectrum of the cut profile as well as minimum, maximum and
mean rough depth have to be determined.

The band-pass filter is realized by a TRANSFCT-block combined with a PT1-
element. The structure is as follows:
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[ BORIS - Oberfl.bsy

Eile Edit Blocks Simulation BatchMode Optimization O View Options Help
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e = o
C -
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e [ O 4 55 Blocks: 11 (1) S/ 1T 1selected 0 passive [T =320 (0.1) EU WInFACT 7 (Full version 7.1,1,300) (C) Ingenieurbiro Dr, Kahlert 1990, 2006

Related files: OBERFL.BSY
OBERFL.SIM

Problem VI.7: AID-conversion by the dual slope method [11]
Problem A BORIS simulation structure is to be found which demonstrates an A/D-
specification:conversion based on the dual slope principle.

Solution: The screenshot below shows an appropriate simulation structure.
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EL BORIS - ad_ums.bsy

File Edit Blocks Simulaton Batch Mode Optimizaton View Options Help
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Me (£ O I 25 Blocks: 18 (18) 5 /1T Oselected Opassive [T =4.1 (0.00%) EU WinFACT 7 (Full version 7.1.1,300) (C) Ingenieurbiiro Dr. Kahlert 1330, 2005

Related files:
AD UMS.BSY

Category VII: Digital technology

Problem VII.1: Cyclic dual counter

Problem For test purposes a digital net with three inputs shall take all possible states.
specification:Design a digital circuit that fulfills this requirement using only one generator.
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Solution:

Related files:

The generator is used as a clock generator und thus must be set to the pulse
mode. Its output signal is connected to the clock input of a JK-flip flop working
as a frequency divider (J- and K-input set to HIGH). The flip flop output is con-
nected to a second JK-flip flop which also works as a frequency divider.
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ZAEHLER.BSY

Problem VII.2: 2 bit adder

Problem

An adder for 2 positive 2-bit-binary numbers has to be designed. Consider all

specification:possible transfers. The result has to be a 3-bit-binary number. Afterwards

Solution:

change the circuit in such a way that the result is representd as a 2-bit-binary
number with overflow flag.

The first 2-bit-number maybe 4,4, the second B,B,. Then the sum
C,C, = 4, A, + B, B, is calculated as follows:
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C, =(A4, ~ABy)# (4, #B,)

The overflow flag is given by:

Thus we get the following simulation structure:
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Related files:
ADDIERER.BSY

Problem VII.3: Code conversion Gray code -> Dual code

Problem A control unit that gets information over a sensor with a 3-bit gray code is to be
specification:connected to the PC. The PC has to visualize the current state of the sampling
process in dual code. Design a corresponding conversion circuit.

Solution: Itis g,g,g, the value in gray code and d,dd, the corresponding dual value.
The table below shows the conversion rules:
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Gray Dual

92 91 9q | dp d1 dg
0O 0 O 0O 0 O
0O 0 1 0O 0 1
o 1 1 0O 1 0
0O 1 0 0O 1 1
1 1 0 1 0 O
1 1 1 1 0 1
1 0 1 1 1 0
1 0 O 1 1 1

From this table the following logic can be concluded:
dy =g
di =g #8

This corresponds to the following system structure:

1 BORIS - Graydual.bsy |Z”E|E|

File Edit Blocks Simulation Batch Mode Optimization o View Options Help
B = P Pad ol A >@0 & XL R ART e FEHF A AR
TSimuw |7 Set Search Text] Go| Black: E Rel. block size: l_jz
Nt u-t H, S FRT P R =] S oo pmm
FEFEALERE L EBRWEBE=8 m % & =) =
Sourcesl Dynamics] Statics] Contloller] Actuators] Functions] Digital ] ActionJ Communication] Simulation  Draine |User ] Super I Mizc ] Favc 4 | »
- m
3-bit Gray code -> Dual code conversion ]
|
= T — R - S -
1
B R :
— —{F g
; | =
. . . H
KO
B E ol O
1o :
e . . . ™
: g
O
D
4 » —
e [ D M ok |Blocks: 10 (10)S /1T 0 selected 0 passive T =7 (0.001) EU WInFACT 7 (Full version 7.1.1.300) (C) Ingenieurbiiro Dr

Related files:
GRAYDUAL.BSY
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14 Sample collection

Problem VIl.4: Pulse width modulation

Problem

A structure is to be designed which converts an analog input signal x(z) with

specification:an amplitude between 0 and 5 to a pulse width modulated signals with a

Solution:

frequency of 1 Hz.

The input signal is sampled with 1 Hz and connected to a comparator which
compares it with the signal of a saw-tooth generator which also works with 1
Hz. The greater the amplitude of the analog signal, the logner the output of
the comparator keeps HIGH-level.

5 BORIS - Pbm.bsy (=13
File Edit Blocks Simulation Batch Mode Optimization

NEHSEBER P a1 >0 & XL HSHR DR L FEFEAA D
TSimu: |10 ﬂ Search Text| E Block: E Rel. block size: j“/, J

View Options Help

HERHAUEPUEL0EEml oy osDe

Sources] Dynamics] Statics] ControllerJ Actuatols] Functions] Diigital I Action] Communication] Simulation  Drains |User ] Super ] tisc ] Favc 4 | »

==

T
{1 y-t

") (o . ===
_ MRS H
131 [ |
SAWTOOTH | COMPARATOR | ’ |:|

1
o} - =‘.§> o} o [
o
]
Pulse width modulation E
|
|
|
e [E) D 4" &b Blocks: 5(5)5 /1T 0 selected 0 passive T =10 {0.01) EU WinFACT 7 (Full version 7.1.1.300) {C) Ingenieurbiiro Dr

The screenshot below shows the PWM signal for an input signal which in-
creases linear from 0 to 5:
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& YTPLOT
Settings Measurement PID OQutput 2

Bl ++ B0 KH- &EFaE

Related files:
PBM.BSY

Problem VII.5: Digital filter of second order [13]

Problem Determine the step response of a digital filter with the z-transfer function
specification:

0.0582+0.1164z"1 +0.0582272
1-1.4409z71 +0.6737272

G(z) =

for a sampling time of 0.1 Use a simulation step size of 0.01 and a simulation
length of 3.

Solution:  The digital filter is realized using unit delays z ™' as follows:
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L BORIS - D_filter.bsy (=13
File Edit Blocks Simulation Batch Mode Optimization o View Options Help
NEHSEBER P a1 >0 & XL HSHERDREL FEFEAA S
TSimuw: |3 Set | Search Text: E Black: E Rel. block. size: ’_j %
y-t Yyt H wy Al =T =] . m
HEPE AU BN EEE2E I g
Sources] Dynamics] Statics] ControllerJ Actuatols] Functions] Diigital I Action] Communication] Simulation  Drains |User ] Super ] tisc ] Favc 4 | »
[GeEmeReTOR |~ ] o :‘ m
iy — - | Digital filter of second order 2
I Digital filter of dord -
oo . ot o 0z ' []
[ i 5 I o -
SUR H
. e . . o ]
TUM [ UnmTDELAT | i UNTDELAT OUTPLT TRLOT
3 1+ [o] 3
e — LT . 3 e 1 ——t =
MER S | : *IT_.G:?-. ' 'E - m © Bi=EE O
: . . . . : At
gt m
= J| . . . . . . . . = . . . .
a0 gy -
e [F D 4™ o |Blocks: 12 (12)S /1T 0 selected 0 passive T=3 (0.01) EU WinFACT 7 (Full version 7.1.1.300) {C) Ingenieurbiro Dr

You get the following step response:

& YTPLOT
Settings Measurement PID OQutput ?

Hiag++E2ned- &&aF

1: OUTFUT

0.0 0s 10 s 20 20

[
n

Related files:
D FILTER.BSY
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Category VIIl: System identification

Problem VIIl.1: Identification based on the step response

Problem The step response of a plant with input x(¢#) and output y(¢) is measured as
specification: fy]1ows:

File Approximation o1 5 Measurement Help

Qéd i+ A5 | o 3

Measurement
1.06 : T 2.0
1 vt
1.04- /’ :
: 1.5

1.02 A

1.00- / 1.0

0.98- [
0.96- [

7

0.04-] / - 0.0

0 1 2 3 4 5 6 7 8 9 10
Time t

WinFACT 7 (Full version 7.1.3.13) (C) Ingenieurblro Dr. Kahlert 1990, : |Actually selected: 100 measured values in t = [0, 10]

The input signal is represented by a dashed line, the output signal by a solid
line. Determine the transfer function of the corresponding model.

Solution: The model is determined by using LISA. The numerator order is chosen as
m =0, the denominator order as n =2 . We get the following result:
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File Approximaton OQutput Save Measurement Help

D @HPRED &3 K 03

Model
1.06 - 20
] J—
x(t) 3 /‘_—"--
1.04 e al
// 15
1.02 Ve
1.00 // 10
0.98 / [
-05
0.96- ﬁ
!’ |
p ’, L
0.94 == -0.0
0 1 2 3 4 5 6 7 8 9 10

WInFACT 7 (Full version 7.1.3.13) (C) Ingenieurbiiro Dr. Kahlert 1990, : Actually selected: 100 measured values in t = [0, 10]

The corresponding transfer function 1s

0.873

G(s) = > .
s°+04415+1.282

Related files: SPRUNG_X.SIM
SPRUNG_Y.SIM

Problem VIII.2: Identification with harmonic input signals

Problem For a plant the following courses of input signal x(¢) and output signal y(¢)
specification:,re measured:
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File Approximation O

Measurement  Help

Q&+« e

06— N
X

Measurement
- 025
1 ‘\ /\ [ y(t)
1 : 3 E2LY LY [
04- ’f \\ /, \‘ ‘}' 3 I 0.20
] b 1 1 I [
E 1 1 g A ] 3
k 7 /l ’J' 1
02— ¥
] ; N N
1, i ’
0.0+ k '

] — 0.15
| /\ ; A o
| VLY ) \ ; / : \ i+ 00s
02 y g B i \ s
— V| J ' \ \ \i - 0.00
04 ; ‘\ ',' \\ Jf‘ \/ . N ’1’ }_0_05
-06 —:. --010
0 1 2 3 4 5 6 7 8 9 10
Time t
WinFACT 7 (Full wersion 7.1.3.13) (C) Ingenieurbiiro Dr. Kahlert 1990, : |Actually selected: 100 measured values in t = [0, 10]
The input signal is represented by a dashed line, the output signal by a solid
line. Determine the transfer function of the corresponding model.
Solution:

The model is determined by using LISA. The numerator order is chosen as
m =0, the denominator order as n = 3. We get the following result:

Approximation Output Save Measurement Help

DadPFe+8EE 0

Model
06 1 N - 025
) F N [\ L v
; - [
44— A Y 2N N - 020
] ) 4 1 ] [
] : 1 i 3 ) 5 [
] i /y: \‘ f" ‘l - 015
02 ,’ L ] ¥ 3 [
1 n ! 1 1 |
. jf ! \ 'l ){\ ‘ ! _ 010
0.0+ ‘. / W YN
] d [ } ' 1 [
l‘ 1 ‘/ ]1 1] '1 ]l [ 0.05
02 ] ) Ey ;l h 1’ A\ ,] [
3 b ) ] / B / ‘ 0.00
] ]\ 4 ‘\ ) } \\ N
04= N !’ ¥ I Y I [
K ~ L ¥ Jl’ \ \/ R ’I \_, -0.05
064 --010
0 1 2 3 4 5 6 7 8 9 10
Time t
'WinFACT 7 (Full version 7.1.3.13) (C) Ingenieurblro Dr. Kahlert 1990, : |Actually selected: 100 measured valuesin t = [0, 10]
The corresponding transfer function is
WInFACT 7 - User Manual Release 1.0
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9.02
s> +9.83s> +18.08s+9.01

G(s) =

Related files: SINUS X.SIM
SINUS_Y.SIM

Problem VIII.3: Identification from noisy signals

Problem For a plant the following courses of input signal x(¢#) and output signal y(¢)
specification:,re measured:

File Approximation i =T Measurement Help

A é&d+Eds =485 K o 3

Measurement

Xt y(®)

P

R e

-
——r—

el
e St
I

M0
1 i
h ! 1
T 4 ] T T
AR R AR '. J
4 | I| 1) .‘.1 '|I i | 1
1! 1 TR 1
1 1 v oY | 1
41 ] [} ||||IlII ! 5 1
osdi W VA IR .
T EIAREITY TR
I 0
I‘ ] ‘]Il !
1 1
-1.04 —-0.3
0 1 2 3 4 5 6 7 8 9 10
Time t

WinFACT 7 (Full version 7.1.3.13) (C) Ingenieurblro Dr. Kahlert 1990, : Actually selected: 100 measured values in t = [0, 10]

The input signal is represented by a dashed line, the output signal by a solid
line. Determine the transfer function of the corresponding model.

Solution: The model is determined by using LISA. The numerator order is chosen as
m =1, the denominator order as n = 2. We get the following result:
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y(t)

03

e —— o

o o ———

.
Il
|
.
0
\i\!
1
¥
1
1
¥
1
9

Time t

Help

Model

[0, 10]

Actually selected: 100 measured values in t

~1.08s+0.986
s2 +1777s+1025

G(s)
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Category VIII: System identification

Measurement

Save
“ =

Qutput

Approximation
0 & d|szae £

File

NOISE_Y.SIM

WinFACT 7 (Full version 7.1.3.13) (C) Ingenieurbro Dr. Kahlert 1950, &

The corresponding transfer function is

NOISE X.SIM

Related files
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