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1. Klasszikus fuzzy
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Egy pelda

* A hallgatdsag (E.G. M.Sc. Students taking
,Fuzzy Theory”)
A Az univerzum: X
1 0 1 1 0 il 1

“Kinek van jopgositvanya?”
A subset of X = A (Crisp) Set
e x(X) = karakterisztikus fliggveny

.+ “Kia jo autovezet6?”
w(X) = tagsagi fiiggvény

0.8 04 0.2

FUZZY halmaz
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A fuzzy elmelet torténete

Fuzzy sets & logic: Zadeh 1964/1965-
Fuzzy algorithm: Zadeh 1968-(1973)-
Fuzzy control by linguistic rules: Mamdani & Al. ~1975-

Industrial applications: Japan 1987- (Fuzzy boom), Korea

Home electronics

Vehicle control

Process control

Pattern recognition & image processing

Expert systems

Military systems (USA ~1990-)

Space research

Applications to very complex control problems: Japan (Sugeno) 1991-
E.G. helicopter autopilot
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Fuzzy rendszer altalanos vazlata

Observ{on'

‘| Defuzzification

module

Degree Fuzzy
of .
: » Inference
matching :
. engine
unit
\ S

base

/i

Action
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Nyelvi szabalyok

IFX=ATHENY=B

A is the rule antecedent, B is the rule consequent
Example: ,IF traffic is heavy in this direction THEN keep the green light longer”

If x=Atheny=B "fuzzy point" AxB

If x=A;theny =B, i=1,...,r "fuzzy graph"

Fuzzy rule = fuzzy relation (R;)

Fuzzy rule base = fuzzy relation (R), is the union (s-norm) of the fuzzy rule relations R;:

Fuzzy rule base relation R containing two fuzzy rules A;— B;, A,— B, (R, R))
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Hrexy (% Y) = "&X(ﬂRi(x,y) (X, Y)) Hr. oy % Y) = MINC 225 o (X), 225, (Y))
more dimensional case:
HR (% X 1o XY) (Xps Xg 005 X5 Y) = MIN( Ha (x) (X)seees K, (x) (X,), Hg (y) (¥))
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‘Fuzzy kovetkeztetd mechanizmus
(Mamdani)

* Ifx;=A;;andx,=A,;and...and x, = A ;theny = B,

The weighting factor w; characterizes,
how far the input x; corresponds to the
rule antecedent fuzzy set A;; in one

dimansion

The weighting factor w;

characterizes, how far

the input x fulfils to the
antecedents of the rule R;
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The conclusion of rule R; for a given x observation is y;



VL SZECHENYI [INSZEGHENYI
N/ 1UDOMANYOS EST e




|]‘ SZECHENYI

EDZSMENT KOZPON

Fuzzy rendszerek: pelda

I I I I I [ I | | | | !
CoLD HARM HaT Ly MEDILIM HIGH
1 1
0sr- 4 05
0 | | | | | | 0 | | | | | | | | |
a0 40 50 f0 70 a0 a0 100 I 10 i Kl 40 50 f0 70 a0 a0 100
input variakle "Temperature" autput varisble “Motnrgneed“

Fuzzy systems operate on fuzzy rules:

IF temperature is COLD THEN motor_speed is LOW
IF temperature is WARM THEN motor_speed is MEDIUM
IF temperature iIs HOT THEN motor_speed is HIGH
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Kovetkeztet6 mechanizmus (Mamdani)

Temperature = 55 Motor Speed

Temperature = 555 Mntnrgpeed =436

RULE 1 A

RULE 2 —\
RULE 3 /

30 100

A
—

100

Motor Speed = 43.6
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Példa: Hernyotalpas jarmd iranyitasa
(M.Sc. hallgatdi csoport, Papai et al.)

« Kis ,Marsjard” jarml, amelyik tereplemezen mozog
* Rogzitett alapallomas e€s mozgo jarma

« Alapja egy jatektank

 Iranyitoja asztali PC, amelyen C# .NET szoftware fut

* Ajarmidvet Mamdani fuzzy iranyito vezerli, utkereseés es
akadaykerulés szintjén is
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== Mars Base GUI
Camnera contrals | Map controls | Settings ?" Simulata " 1 Shape Deteclor]

Step size: 1.56 om Zoam: 256,00
[ Let | [Reset | [ Right | ﬁ)
Origo position: (0,00 m; 0,03 m)

i Set path i[ Set origin

] [ Load map ]

[ Clear path ] [ Stop

] [ Start ]

Mouse position: [-0.52 m; 0,82 m)

""" D' Lot [ Collision Detectars
ﬂ - H ] Position Lights
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A mozgo egyseg
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‘ Map controls | Settings? | Simulator | U Shape Detector |

Tesztelés
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LBX

[ Select Source ][ Start ]
]

[ Select Format ] [ Stop

SetFPS

I Set Size

[] Joystick

(e

[[] Callision Detectors
Position Lights
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Egy masik pelda: Vasuti menetrendi eltérésekbdl adodo

problemak feloldasa
Africon 2009, Héray, Ro0zsa et al.

e Az allomas

=

A2 2 18 Wi 25

| C1
4 | v | P Fip
3
12
Al y 17 13
B g 11
StP | I | ¢z
7
10 15
i 5 D
14 |

St

Station
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A vizsgalt vonatok menetrendi adatai

Dir. to to to to to to to to to to
Departures [Line A|A]|JCl| A|]C2]|] A|Cl A B A
= |tran | FA| F5 | F6 | F7 | S23 | S24 | S25| F9 | S26 | S27
Arrivals Platt. | VII [ V | VI | VIl | I I v | VI Il V
U Waiting| 0:10( 0:10{ 0:10{ 0:10] 0:15] 0:15| 0:15] 0:10 | 0:15 | 0:15
Dir. | Line | Train|Platf.| Time|8:11|8:28]8:19|8:43| 8:47 | 8:48 | 9:25| 9:42 | 9:45 | 9:48
from | C2 | S2 V | 7:17 | 0:54
from A F2 VI| 7:20 0:59
from | C1 | S3 |(lI 7:2310:48
from A F3 VI| 7:26
from A S4 V | 7:40 0:39
from | C1 F4 VII| 8:09 | 0:02 0:10 0:38] 0:39
from A S5 |l 8:10 0:09 0:37]0:38
from D S6 |l 8:11 0:17(0:08(0:32| 0:36] 0:37
from | C2 F5 VvV | 814 0:14 | 0:05 0:33(0:34
from A F6 VI| 8:17 0:11] 0:02 0:30] 0:31
from B STl 8:20 0:08 0:23| 0:27] 0:28
from| C1 | S8 | IV [ 8:31 0:12]0:16|0:17 | 0:54
from D F7 VII| 8:41 0:02 ( 0:06| 0:07] 0:44
from | C2 [ S9 (Il 8:43 0:04(0:05]0:42| 0:59
from E F8 VI| 8:49 0:36( 0:53 | 0:56 | 0:59
from B S10| V | 8:52 0:33| 0:50 | 0:53 | 0:56
from A S11| V | 9:10 0:15 0:35 | 0:38
from E S12 |l 9:34 0:11 | 0:14
from| C1 [ F9 VII| 9:40 0:02 | 0:05 [ 0:08
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A csatlakozasi probléma parameétereinek
tapasztalt értékei

* CT —connections time
* |ID—-incoming delay
* OD —outcoming delay

ID tfmin] OD tfmin]

CT tfmin] appr. zero | AZ 0 appr. zero AZ 0

very short | VS| 1...2 verysmall [ VS| 3.5 small SM 2.4
short SH| 4...8 small SM| 8...11 medium M 6...8
medium M |10...15 medium M |14...19 large LA ]10...15
long L |18...25 large LA | 22...27 very large VL | 12...15
very long |VL| > 30 very large | VL | >30 very-very l. [ VVL] 14...15

re evaluate | RE i
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A konfllktust feloldo szabalybazis

Outgoing delay for departing trains (OD;). Rule base S;:
(Slow train, normal weather)

Delay of arriving Connection time categories CT [min]
train ID [min] VS SH M L VL
1...2 | 4...8 |10...15[18...25] >30
AZ <15 0 0 0 0 0
VS 3...5 M SM 0 0 0
SM 8...11 VL L M 0 0
M 14...19 | VVL VVL VL L 0
LA | 22...27 0 0 VVL VL 0
VL > 30 0 0 0 VVL RE




A konfliktust feloldd szabalybazis

e Level 2

Rule base S, of delays for departing trains

Number of Biggest OD; on the grounds of S;

occurencies AZ SM M LA VL | VVL
1 AZ SM M LA VL | VVL
2 AZ M LA VL | VVL | VVL
3 SM M VL VL | VVL | VVL
>4 SM LA VL | VVL | VWL | VVL
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2. Szabalyinterpolacio
(kozos kutatas, Dr. h. c. Prof. Hirota K., Hosei U. & TIT;
M.Sc. €s Ph. D. projektek)
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A dimenzidoszam atka™ a fuzzy iranyitasban

If there are k input state variables, and in each there are (max)

T terms, the number of rules covering the space densely is
r=T¢

How to decrease this expression?

1. Decrease T
Sparse rule bases, rule interpolation (Ko6czy and Hirota, 1990)

2. Decrease k
Hierarchical structured rule bases (Sugeno, 1991)

3. Decrease both T and k
Interpolation of hierarchical rule bases (Koczy and Hirota, 1993)
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SYMBOLIC EXPERT CONROL

|

FUZZY CRI/ MAMDANI CONTROL

!

FUZZY INTERPOLATIVE CONTROL
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‘ —  Erett
‘ =) cretlen
‘ P27 (s4rga)
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A linearis interpolacio alapegyenlete
és ennek megoldasa B*-ra

R,=A —B,, where 4 < 4" < A,
R2:A2_>Bgy Bl'<B2

D(A',A):D(4',4)=D(B',B): D(B',B,)

inf{B,} _ inf{B,} sup{B,} . SupiB,.}
A (A, A) - Ao (A A) o (AL A) du (A A)
1 1 Sup{B,}=——+ 1

A, (A A d, (A, A) Ao (AL A) Ay (A, A)

inf{ B} =
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d(x',T) d(X.T,)

Fundamental Equation of Fuzzy Interpolation
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Szabalyinterpolacio

—

Duration of green light:
f(x) ,Long”

,Middle”

,ohort”

P

Traffic intensity

1

v
o

LI | X " ,weak” ,Average” ,Heavy”
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A linearis interpolacios modszer
eredménye nem m|nd|g értelmes

Al
H-A I | | I P
I I\ dIL(AT,A%) | NdiLax,a2) [ 1 1
r< | > g I
[ |i I
I I I
I \ / I / I
I 1 I
| T -
> X
d1UCAT, A%) dI1UCA* A2)

Bl B* B2

My

i | | L

| I \diL®B1,B* Ams*,az) o

T - ot B
| | )
| | |
| | |
| | I
T T s

diu(s1,B*) diuB*,B2)
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Pelda abnormalis eredmenyre

KH interpolation

alpha

60 80 100

Qutput space
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K/idositott interpolacio — az el6z6
pelda helyes megoldasa

Modified KH interpolation

1 T T
08
06
04r
02r-
0 I
_20 0 20 40

Input space

alpha

alpha

Qutput space
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Egy ujabb példa: Nyomkovetes automata targoncaval (AGV)
(Ph. D., Kovécs)

e,. the distance between the guide path and the guide point
Guide Path Guide Point o: the estimated momentary path tracking error
~ / Guide Zone
(—=— V, is the contour speed of the left wheel

i Vg is the contour speed of the right wheel

Speed: V =(V +VR)/2

L L ﬂ’ Steering: V4=V, -V
I

Rules describing the steering (V):
If e, =A;;and 6 =A,;then V=B,

i} Rules describing the speed (V,):
Ife,=A;;and d = A,; then V, = B,

D:'iﬁving Centre
An example rule:
If the distance between the guide path and the guide point (e,) is Positive Middle
and estimated path tracking error (5) is Negative Middle then the steering (V) IS
Zero and the speed (V,) is Middle
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Nyomkovetés automata targoncaval (AGV)
(folytatas)

Fuzzy partitions for the linguistic variables:




d NL
eV
NL
NM PL
Z
PM PL
PL

NM Z
PS

PL

NS NS

PL

NL
PS
NL

PL

NL

NL
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d NL
eV
NL
NM
z S
PM




3. Hierarchikus fuzzy
szabalybazisok
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A dimenziészam atka” a fuzzy iranyitasban
r=T¢

If there are k input state variables, and in each there are (max)

T terms, the number of rules covering the space densely Is

How to decrease this expression?

1. Decrease T
Sparse rule bases, rule interpolation (Ko6czy and Hirota, 1990)

2. Decrease k
Hierarchical structured rule bases (Sugeno, 1991)

3. Decrease both T and k
Interpolation of hierarchical rule bases (Koczy and Hirota, 1993)
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Hogyan csokkentheto k ténylegesen?

’Divide and conquer” algorithms/ Sugeno’s helicopter

Hierarchically structured rule bases with locally reduced variable sets
State space: X = X; x X, x...x X,

Parfftioned subspace: Z, = X; x X, x..x X, ,k; <k

n : [1={D,,D,,..D}, LD, = 2,

=1

In each D; a sub-rule base R; is defined, reduction works if in each
sub-rule base the input variable space X; is a sub-space of

%0 = Ky X Ko X X Ky







‘ Hierarchikus fuzzy szabalybazis

In these cases complexity is still O(T¥), as the size of R, is O(T) and
each Ri’ 1 >0, 1s of order O(Tk'kl), SO O(Tk1) X O(Tk-kl):O(Tk)

In some concrete applications:
In each D; a proper subset of {X, ;,....X, }can be found so that each
R, contains only k ;< k — k, Iinput variables = if

max {k}=K <k -k,

then the resulting complexity will be, O(T*™) <0(T*)

Often it is impossible to find IT so that k; < k —k,, i=1,...,n
because such a partition does not exist.
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D [1 :{Dy D21 D3}
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A hierarchikus szabalybazis csokkentese
(—3i: X, =X 1Z,)
R,(z, €Z,): Ifzyis D, then use R,

If z, is D, then use R,

If z, is D, then use R,

Rz, €Z,|X1Z,):
Ifz, iISA, thenyis By,

Ifz, iIsA,, thenyisB,,

Ifz, isA, thenyisB, |
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A hierarchikus szabalybazis cstkkentése (folyt.)
(3i: X, =X/Z,)
R2(22' eZ,|X1Z,): Ifz, isA, thenyisB,,
If z, IS A,, thenyis B,,

Iz, isA,,, thenyis B

2m,

R(z, €Z, |X1Z,): Ifz,
Ifz.

ISA,, thenyis B,

=)

ISA,thenyisB,,

=

Ifz, isA,, thenyisB
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Hierarchikus dontés

X,.. X LEVEL 0

LEVEL1

X". . .Xjkl

b1 ctrdor- dion s ie-dii €{Kg + 1K}
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szabalybazisban
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A dimenziészam atka” a fuzzy iranyitasban

If there are k input state varlables and in each there are (max)
T terms, the number of rufes L[overlng the space densely is

How to decrease this expression?

1. Decrease T
Sparse rule bases, rule interpolation (Kd6czy and Hirota, 1990)

2. Decrease k
Hierarchical structured rule bases (Sugeno, 1991)

3. Decrease both T and k
Interpolation of hierarchical rule bases (Ko6czy and Hirota, 1993)
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PROBLEMA(i)

Partition I'T usually does not exist because it is not possible to separate the areas of
influence for the subsets of variables — ”Sparse partition” ®

X;

®={D, D, D}, Z, -0 =
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PROBLEMA(iia)

The elements of partition ® are usually not crisp sets as the influence of each variable
subset is fading away gradually when getting farther from the core @ “’Fuzzy partition”

X2 A

D, —

A

={D,, D,,D;}, Z, —USUpp(Di) + D
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PROBLEMA(ii)
The elements of partition ® are usually not crisp sets as the influence of each variable

subset is fading away gradually when getting farther from the core = “Fuzzy
partition” ©

X3

3
®={D,,D,,D.;}, Z, —| Jcore(D,) = &

i=1
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Problems: ‘ G
No disjoint classes of X, can be distinguished

Fuzzy values for X, are known

How to resolve this?




.,5’, -v‘.‘r~ ‘SZECHENYI [INSZECHENYI |
‘TUDOMANYOS EST o EGYETEM

‘

Interpolation of rules + rule bases

Possibly different subsets of variables
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Interpolacio a hierarchikus szabalybazisban

Algorithm:

1.Determine the projection A, of the observation A™ to the subspace of the
fuzzy partition [1. Find the flanking elements in IT.

2.Determine the degrees of similarity (reciprocal distances or dissimilarities)
foreach D; in II. These will be w..

3.For each R, where w0, determine A", the projection of A* to Z.. Find the
flanking elements in each R..

4. Determine the sub-conclusions B* for each sub-rule base R..

Replace the sub-rule bases by the sub-conclusions in the meta-rule base R,
and calculate the final conclusion B™ by applying w; as degrees of similarity.
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Interpolacio a hierarchikus szabalybazisban
pelda




Alkalmazasok

* Intelligents tavkozlesi felugyeleti rendszer
(LINECom Ltd., supported by Ministry of
Education, YEUR 450.000)

* Internetes allaskereso és kinalo rendszer
(Solware Ltd., supported by Ministry of
Education “EUR 170.000)

* Intelligens kozlekedesi lampairanyito
rendszer, egyszerl keresztezodes,
uthalozatok
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ntelligens idOjarasfigyelo alkalmazas (Mobil tavkozles-
felugyelet - Linecom Ltd.)
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— OPERATOROK




Intelligens allaskereso
(Solware Ltd.)

Arbitrary variety of hierarchically structured
features is possible

Degree of relevance, importance can be given
by number or pictorial representation

Various fuzzy connectives can be used for
combination

Verbal input is transformed into fuzzy
membership functions



" 'SZECHENYI [INSZEGHENYI

)/ TUDOMANYOS EST AR i

Peélda

e “At least HUF 300.000/month expected”

/

300.000
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Peélda

* Applicant for job has zip code 96xx
* Job location has zip code 111x

~0-20° Gyér

Nlh 209 ~O'15,
%‘ Budapest
M1

1h 20°- 1h 55° = “quite far but daily commuting is possible”
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Forgalomiranyitas

* Detecting traffic situation with sensors (e.g.
camera, inductive loop)

* Determining proper action suitable for the
traffic situation handling using available
information

* Intervene using traffic lights or other tools
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A szituacio
Queue length
(count of vehicles) Waiting time
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ElsoO valtozat

& H-dupla keresztezodés

| || D Oiabiak || = opcisk || = statisetika |
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Kulonbozo6 esetek
Road mtersectlon Road rallroad mtersectlon

I. .Ill.

~RaDDD

g u
’ I ‘--.---- ana a --
°

* complex intersection - railroad has always priority
* different lanes by direction « High railroad traffic (suburb situations)

More, connected intersections

* very complex situations
» importance of using interpolative and
hierarchical methods
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A hagyomanyos es a fuzzy iranyitas osszevetese

Maximum length of queues

Maximum waiting time

Max lengh of queue

Max. waiting time

with high traffic »
distributed equally in the = - —e
different directions i w
W 200
20 7, \ /
Maximum length of queues Maximum waiting time
Max. lengh of queues Max. waiting time
160 1400
. . . . 140 1200
if the traffic is large in |, g oo
one particular i : o
direction ne—————
1I I3I I5I I7I I9I 11 18 15 17 19 ! ’ ° ! gTin: 181 AT
—— commertional —— fuzzy —— conventional —— fuzzy
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Forgalomszimulator (masodik verzio,
M.Sc. Project, Hajdu)

Graph based roadnetwork °

model

Cellular automaton based
road segments

Online changeable traffic
control per junction

O-D matrix based traffic
generation

Maps stored in XML format
Graphical User Interface

Scriptable scenarios for
programmed simulations

Data visualization online or
offline with JFreeChart
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nagy

Scriptfile nagy. sc Outputfile m

Keresztezddés szerkesztése - €5

Utvonal blokk
start: [of



| \SZECHENYI

Problems

Local information is not sufficient
Detecting traffic congestion

Creating green waves Is a target
Priority handling (vehicles, routes)
Handling of the pedestrian traffic lights

Utilizing the timing component of the traffic
control
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Effects of the sorrounding junctions

* Traffic light's
importance is affected
by nearby traffic lights'
traffic

* Adjacent junctions
share information with @
communication

Gerjesztd
hatas




Egy erdekes és komplex alkalmazas
Intelligens robotok kontextusfuggo fuzzy
kommunikacioja (Gedeon, ANU és Ph. D. téma,
Ballagi)

* Emberek kozotti kommunikacio
« Kevés informéciobol sok minden rekonstrualhato

 Hasznos lehet ennek a kiterjesztese ember-gép és
gepek kozotti kommunikaciora is
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|\/|I a fuzzy kommumkamo’?

 Ellentmondo éertelmezések:

— A pontos informaciok hianya: akar
katasztrofalis felreertések

— LIFE: hasznaljunk fuzzy elemeket a
hatekony és gyors kommunikacio celjabol
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Negative pelda (The University of Montana Rural
Institute, Flaherty )
* Ernie, az Uj igazgato zartkordve nyilvanitja a penzigyi

kérdések targyalasat es megtiltia az igyen kave es
pogacsa biztositasat a cégnel
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‘Thelma, az egyik igazgatohelyettes arra
gondol, hogy a ceg penzuqgyi helyzete
megromiott
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Negativ pelda

A hianyzo hiteles informacio helyet
feltételezések és félelmek toltik be, ami
teves kovetkeztetesekhez vezet
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Pozitiv pelda (LIFE, Terano & al.)

* Director Tanaka receives a new secretary, Ms. Sato, on
Monday. When Mr. Tanaka returns from lunch, he calls Ms.
Sato and the next conversation follows:

— 'Ms. Sato, | would like to have a cup of tea.’

— 'Yes, Mr. Tanaka. Do you prefer hot or cold tea?’

— 'Hot tea, please.’

— 'Do you prefer black or green tea?’
— 'Give me black tea.’

— ‘Do you need sugar?'

— 'No sugar, please.'

— 'Any milk to the tea?’

— 'No, thank you.'

* So, Ms. Sato prepares the tea according to the request.
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* On Tuesday, after lunch the director calls Ms. Sato again.
— 'May | have a cup of tea?’
— 'Yes, Mr. Tanaka. Black tea, again?’
— 'Yes.'
— 'No sugar, no milk?’
— 'Exactly as you say.'
* Now fewer questions led to the same action by the secretary.
 On Wednesday, when Mr. Tanaka arrives, he does not say anything but
— '‘May I?’
— 'The usual tea?'
— 'Yes.'
* On Thursday, when the director comes in after lunch, Ms. Sato asks him:
— 'May | prepare your usual tea?’
— 'Yes, thank you.'
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* One day Mr. Tanaka arrives from
lunch and Ms. Sato asks the
everyday question:

— 'May | prepare your usual tea?’

e This time the answer is:
— 'No, today I prefer coffee.”
— 'Do you drink it long or short?”
— 'Short please.’
— 'Any sugar?’
— 'No, thank you.'
— 'Any milk?’
— 'Yes, some milk, please.’




\SZECHENYI | [[NESZEGHENYI |

TUDOMANX( 1F teay | em FGYEIEM |

* Another time Mr. Tanaka requests
a glass of mineral water after
drinking his (otherwise not too
frequent) cup of coffee. This
brings in a third option in the
codebook of Ms. Sato, concerning
cold drinks after lunch (and
possibly after the coffee).

* The codebook might never be
completed, it should be
continuously adapted.
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Asztalok rendezése (LIFE)

large oblong (O

U shape (U) T shape (T) rows (R)

* directions are described by N, E, S, W

* the sides of the tables are always parallel with the N-
S and E-W axes
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* The group of autonomous intelligent mobile robots are supposed to solve
transportation problems according to the exact instruction given to the
Robot Foreman (R,). The other robots have no direct communication links
with R, and all others, but can solve the task by intention guessing from the
actual movements and positions of other robots, even though they might
not be unambiguous.

By By

]
[]

[ ]
=l |
-

HEN
HEN
HEN
HEEN ||
HEEE L]

Hl

]
o ||
]

®

[+]
e %
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Robot-helyzetek

* two robots are needed for pushing or turning a table

* ateach side of the tables, two spaces are available for the
robots manipulating them
— P “counterclockwise position”

— P Stands for “clockwise position”
— R denotes the robot in question

N

-,
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* three essentially different combinations:

— Cy: “shifting combination”, when two robots (R; and R,)
are side by side at the same side of the table

— Cic: “counterclockwise rotation combination”
— Cqyy: “clockwise rotation combination”
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C.r; and Cqp, are both essentially three robot combinations,
where either R; and R, are attempting a shift and R3 positions
itself to prevent it, or R, and R;/ R, and R; are starting a
rotation and R; and R, prevent it, knowing that the intended
move is wrong from the point of view of the goal
configuration

Ry

e
N 3

CSTl CSTZ

3




 Example:

— arobot (R,) is taking up a P position at the East
side of a table

— robot (R,) is the nearest free robot that will go to
the same table to help
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X11
X
* X12
X21 X221
X X .
X X222
X223
Xo3
X31
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Ms. Tanaka tudastara

SC
0.3
0.00 ‘
milk
S e sugar 1.00 Seo
‘ . sparkling
0.00 |milk 0.00
' 0.00 000 ()short ® ()
green ‘ 0.00 gfill 0.00
Sugar (O " oo ()
‘ 00 cold . water oke
black ") " i
hot ' coffee _ ‘
. ( )o.08 .

‘ cold drink
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O Mr. Tanaka arrives after lunch

tea

O\Q Mr. T. requests tea
coffee
O/O Mr. T. requests coffee

cold drink
Mr. T. requests a cold drink (water)

4

coffee cold drink

:>O/O

!
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A robotok tudastara

decision tree for R; when R; has taken up position P, at table T;:

)
not nearest
move to T,
nearest
Csr —1 Cyr

some signatures for R; depending on R;'s position P, at table T;:

Ri = (Pcw:N)
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Robotos pelda

* The actions of R. are described by membership degrees
— Mg (Stop combination)
— Mgy, (Shift combination)
— Mg, (Rotate combination)

* if R, very likely prepares to destroy an almost ready “U”
conf|gurat|on then R, will raise the membership degree p,
high (e. g. t0 0.8), and lower the other two (to 0.1 each). Then
it will follow the most likely good action and take up the
position (W, P..) for stopping the erroneous action.

------- > OR
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Masik példa

* alikely good move is increasing the degree of the
likeliness of the Shift move

* R, will move to (S,P.) at the table in question.
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Hardver robotos kisérletek

* Specialis kis robotokat épitlink

e Kész robotokat is hasznalunk

 Csak most kezdtuk...
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Elsd robot
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Szinfelismereés
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iceland liechtenstein norway
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The base idea of this example has come partly from LIFE and from real
industrial problems.

There is a warehouse where some square boxes wait for ordering. Various
configurations can be made from them, based on their color and tags.
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« Eltolas és forgatas
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B 0 a B 05 | 05 | o5 | o5 | o5
0 a ! ! 05 | 05 | o5 | o5 | 05
[C ()
- B, 0 i = B, 05 | 05 | 05 | 05 | 05
0 0 0 o 0 05 | 05 | 05 | o5 | o5
0 0 0 0 a 05 | 05 | o5 | o5 | o5
Bs B B B,
(=) (=)
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= 0 B. 0 0 o a
Rl
0 Ba a
u"\
= 0 0 i o 0
A A

' 0 o o o 0 o 0 0 o 0
0 o 0 0 0 0 0 0 0 0

Bs B @ B s @
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myproject - anyKode Marilou
Fle Edt Vew Tooks Object Format FPhx Project Help

',-”I i e 0 e ges St AL |8 o |2 s S o8 o b Defaut P s 09 o
§ Bxplorer - myproject s X] robot_fm.mphx box_green.mphx | world.mworld | Default| 4 & X|

= (5] Project 'CriDocuments and Settil | [~ |
[= L Physics (PHX) 5
@ [ robot_fm.mphx

# | @ box_green.mphx

ale &g

= worlds Box Sphere Capsule
=) Eﬁ world.mworld
1. boxo w—
«3 box1 Cylinder Ray

[ boxz
[ boxa
A rplaned
) ighto
-3 rabot_fm
-3 box4
-3 robott
3 robot2
+3 phx0
-3 phxt
-3 phxz
-3 phx3
-3 phx4
+3 phxs
-3 phxé
-3 phx7
[ boxt
-3 boxz
+3 box3
= Configurations
Default

< | 5% v z

i Messages 2 x

Loading C:\Program Files\MarilouZ009\Devices\DeviceServo.dll ... OK ~

Loading C:\Program Files\MarilouZ009\Devices\DeviceMotor.dll ... OK T

Loading C:\Program Files\MarilouZ009\Devices\DeviceJack.dll ... OK

Loading C:\Program Files\Marilou2009\Devices\DeviceAirPressure.dll ... OK

Loading C:\Program FilesiMarilou2009\Devices\DeviceDistance.dll ... OK

Loading C:\Program Files\Marilou2009\Devices\DeviceSurfaceMotion.dll ... 0K

Loading C:\Program Files\Marilou200%\Devices\DeviceLCD.dll ... OK

Loading C:\Program Files\MarilouZ009\Devices\Devicelidar.dll ... OK

Loading C:\Program Files\Marilou2009\Devices\DeviceAbsolutCompass.dll ... OK E
v

(=] Output |Messages Add | Modify % Display
Ready )

$
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RO on-board camera
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A kovetkezo eloadasunk:

2010.oktober 13.
Dr. Budai Istvan
Segitenéek. (Hogyan) segithetek?
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