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n-Input 7-Output System
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y = f(x1, %2, %3, , Xp)

1. Mathematical Equation

Difficult to remodel
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Neural Networks Local Minimum Problem

2. Paramater Distrbution
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How Many Layers Needed?

]ﬁ:{} Low Designability
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n-Input 7-Output System
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Rule NO.1

Rule NO.2

Rule NO.3

Rule NO.r

If X4 isAll and x2 isAlZ and X3 is 13"
If X4 isAZl and x2 is A22 and X3 is 53"

|f Xl isA31 and XZ is A32 and x3 is 33"

Ii Xl isArl and XZ is Arz and x3 is Ar3 .

°,theny is Bl‘
°,theny is BZ'

*,then p is B3.

*,then y is Br'

3. A Set of Fuzzy IF-THEN Rules + a Fuzzy Inference Engine + a Defuzzifier




(7 Inputs) (1 Output)

vo—ry

x20—>

X A O— If x, ~ —6 and x, = —6 ,then y= 0

3 f Y |t ~—6and x;~0 then y~ —6

X O > X1 ana x; ,then y

4 ' If x, ~ —6 and x; = +6 , then y = 0

) Ifx;,~0 and x, = —6,then y~ —6

xn LIfx;, ~0 and x, =0 [ theny=0
lfx; ~0 and x; =+6  then y= +6
If x, ~+6 and x, = —6 ,then y= 0

”'InPUt I'OUtpUt SySte Ifx;, ~+6 and x, =0 ,then y= +6
,|fx1 ~ +6 and x; = +6  then y~ 0

0
i Construgted with 9 Independent Rules
0 - e N’ l
xl \\"'+6
AN P8 y High Describability
TT (Flexible)
+6 X =8
—6 0 +6

X2
Input-Output Characteristics of 2 Input-1 Output System

3. A Set of Fuzzy IF-THEN Rules + a Fuzzy Inference Engine + a Defuzzifier



Fuzzy Memory (Fuzzy IF-THEN Rules)

RuleNO.1 If X7 is A;; and Xy is Ajpand x5 is Aj3+ - -, then yis By. | A
RuleNO.2 If X4 is A i i s i Label
. 1 isAy; and X5 is A22 and x5 is A23 ,then y is BZ' \,_

Rule NO.3 If X7 is A3; and X, is A5, and X is Azz+ -+, then y is B3. A Shape of Membership
Rule NO.r if X, isArl and X is Ar2 and x5 is Ar3 © + +, then y is Br' N Function
(M Inputs) - (1 Output)
x] C
x2 O
X, 00— _ —, Defuzzifier

3 ! . >
X, . Fuzzy Inference Engine | p (Center of Gravity) y
X O—

n-Input /-Output Fuzzy System



Fuzzy Inference
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_dAT
dt

: e AT
Air Conditioning 7Y
: i“ —_— @ 0
Dial
z(-1to1) Room Temperature T
Rule1 It Target Temperature T,
ZR Error T-T,=AT
5 s> AT
Rule2 1

R

Fuzzy IF-THEN Rules
Rule1: If 4Tis ZR and y is PL, then z is NL.
Rule2: If 4Tis PL and y is ZR, then z is NM.
Rule3: If 4T'is PS and y is NS, then z is ZR.

Fact

. ATis +2.5°C and y is -1°C/min

Conclusion :

v

v

\ AN

zis 7?7

PL: Positively Large
PM: Positively Medium
PS: Positively Small
ZR: Approximately Zero
NS: Negatively Small
NM: Negatively Medium
NL: Negatively Large

A

1

> 7

-0.2
Center of Gravity
(Weighted Average)
>5C,

z==——

1
n
S.
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i=1



!nowledge Acquisition in the form of Fuzzy IF-THEN Rules
and Execution of Fuzzy Inference
—Trailor Truck Back-Up Control—




Trailer-Truck Back-Up Control

Difficulty in Trailer-Truck Back-Up

% Steering Wheel Control ; opposite direction to ordinary cars

® Straight
® A little bit turn to left




Trailer-Truck Back-Up Control

Difficulty in Trailer-Truck Back-Up

% Steering Wheel Control ; opposite direction to ordinary cars

% Response of Trailer to Truck Movement ; significant delay
Low speed — easy turning of steering wheel

|

difficult detection of timing for quick turn

High speed — easy detection of timing fc

i

difficult turning of steering wheel

% Clutch/Accelerator/Brake ; The uncontrollable state,
nonlinear action-effect “Jackknife state”, must
be avoided.

% Driving View ; unsymmetrical



Trailer-Truck Back-Up Control

Examination for Driving Liscence

A

\ Road
, — Garage

Target Line



Trailer-Truck Back-Up Control

Control Objective :
- Follow the target line from various initial state.

Conditions :
- Backing up at constant velocity.
- Control front wheel angle only.
- No Back-and-Forth Driving.

Trailer

Target Li

Design of 3-input 1-output controller

d=0
&=0
A =10

Front Wheel Angle

d ——
g > SOR > G
) —— Network (Steering Wheel Angle)




Design and Operation of a Controller for
Traller—Truck Back—Up

1. Generating learning vectors and evaluation

Difficult for Human Beings

Sampling of learning vectors (at random)

Evaluation of learning vectors

Proposed Method
Fuzzy Inference based EvaluatiorJ

2. Learning mode of SOR network

(The controller is automatically established
by unsupervised learning)

3. Execution mode of SOR network

(The controller produces the adequate output in
accordance with the input signals)



Learning Data Acquisition and Evaluation
SOR (Self-Organizing Relationship) Network

Time Step
B 7N Time Step
d(1) (t+1)
Randomly
- Trailer-Truck d(t+1)

(Model) 'C> O(t +1)

Learning

Vector Calculation of

Evaluation Value

SOR Network
(Learning Mode)




Kinematic Model of Semi—Trailer

-Mass, inertia, and friction, etc.
are neglected.

* No sideslip of tires is assumed.

X

e - N

0.63m 0.50 m

Target Line

v-At-tan ofi]

Htruck [l + ]‘] = Htruck [l] +
Ltruck
0. . li+1]=6,.. [i]+ v-At-sin gi]
- Ltrailer

o~

¢[i ] gtruck [i ] o gtrailer ]

. R , O,raiter 1L T 1+ O, ier |1
xtrailer [l + 1] = xtmiler [l_ TV At " COS ¢[l] COS e [ 2] o [ ]
6. .li+1]+86,... [i]
. _ . . . trailer trailer
ytrailer [l + 1] - ytrailer [l]+ v At " COS ¢[l] *Sin = 2 =
o - Front wheel angle of truck (rad)
0,.ier - Trailer angle against target line( rad)
0, - Truck angle against target line (rad)

¢ - Angle between truck and trailer (rad)

X . xdirection coordinate of trailer (m)

trailer *

Y wraiter -+ Y direction coordinate of trailer (m)

Liuc -+ Wheel base of truck (m)
I‘trailer .

At: Sampling interval (sec)

Wheel base of trailer (m)

v: Backing up velocity (m/sec)



Evaluation by Fuzzy Inference

Antecedent Part of Fuzzy If-Then Rules
State of Trailer-Truck at ¢+  (4(¢),6(¢),d(¢))

Consequent Part of Fuzzy If-Then Rules,

Evaluation Value for I/O relationship of target system.

(Evaluation value is calculated based on decrease of error between ¢ and ¢+1)

Evaluation Value E {E,,E,,F,}

tanh(A¢,AB,Ad)

a

E =

Ag =p(e) (e +1)
. A0 =|0(c) |0 +1)
Ad =|d(t)-|d(t+1)

a=0.6Max




Evaluation by Fuzzy Inference

If @is PS, 6is ZR and d is PL, then Evaluation is calculated by E,

0
NL [NS [ZR [PS | PL Grade
PL NS 40|ZR _PS PL
PS
PL ZR Eb
NS
NL
PL Ed
PS Ep L Fo |E9 | 35 25 5 0 25 35
PS ZR
NS 7
NC | E¢ [ Ea ke
PL Ed
ps| Eo |Ed [me |E®
ZR ZR Eo
NS o Eo
| B0 (gl B4
PL Ed
PS| o Eo | £9
NS ZR
NS for Eb
NL | 28 [Za
PL
PS
NL ZR Eb
NS
NL

If-Then Rule Table and

[deg]

Number of Rules: 5X5X5=125

The rule table means
that which variable
should be decreased in
each situation.

-

The rules can be merged
according to the situation
as shown.

~

The rule table is symmetrical

\about a point.

/

¢

Practically, about 16 rules
should be considered.



Evaluation by Fuzzy Inference

Complementary Membership Function —— 2X2X2=8 rules activated

0
NL [NS | zR [Ps|[PL Grade
PL NS 410[ZR _PS PL
PS
PL ZR Ep
NS
NL
BL Ta
PS Es To |28 | 35 25 5 0 5 25 35
PS ZR = Grade
NS $ A
NC |24 [ Ea e
BL ~ | Ed
ps| Eo |5 [Ee | £®
ZrR 7R Ep
NS E® E®
B8 [ Ed
PL Ed
FS £ Es - Grade
NS ZR |
NS E® Ep
NL | 28 [Z2
PL
PS
NL 7R Ep
NS
NL

If-Then Rule Table and

Example of Inference Process -

Fact :
¢is 4.0, Bis45.0and dis 1.0

Conclusion:
g Wt i) B+ (s + )y + (s + i+ 1 + 1) By

8
Z H;
i-1

The Evaluation Value is a
weighted average of the
activated rules.



Evaluation by Fuzzy Inference

0

Avoiding Jack-knife State

NL [NS [ZR |PS |PL

PL

PL
PS
ZR
NS
NL

E¢

PS

PL

PS

ZR

E¢

Ed
7o | £0

NS

NL

Eg

Ep

E¢

Ed

ZR

PL

PS

Eo

ZR

Ed

Ea
70 Ee

E¢

NS

NL

Eo

Ee

Ta | £

Ee

| %= EGEJ

4

NS

PL

PS

Eo

ZR

Ed

Be | ¢

NS

Feo

NL

Ed

E¢

NL

PL

T4

PS

ZR

NS

NL

L

E4

-150 -90 -30 0 30 90 150 [deg]

Grade

Rule Table and Membership Function




Evaluation by Fuzzy Inference

0
NL NS | ZR [PS [ PL Grade

PL

PL NL NS q0lZRPS PL
PS
d [ZR Eb
NS | |

NL Turning to

| | | | |
[ | [ | |
| | | | |
| | |

the target direction
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Rule Table and Membership Function



Evaluation by Fuzzy Inference

0
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Rule Table and Membership Function




Evaluation by Fuzzy Inference

0
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Rule Table and Membership Function




Condition of Computer Simulation

SOR Network (Batch Learning)
Number of Learning Vector: 94=6,561

3IN 1 OUT

Number of units: 25 X 25=625

Parameter of Neighborhood Function: r 25 -0.25

Value of Attractive Learning Rate : o« 1.0-0.01

Value of Repulsive Learning Rate : s 0.1->0.005

Radius of Repulsive Field: 7- 0.1

Learning Iteration: 200 a,=1.9° +=0.6x(¢ .0 .d

ax? “max? 7 max )

Decay Rate: 30.0 a, =

Range of Variables
-180° <0 <180°
-45°< 9 <45°
—4.0m<d<4.0m

-30°< 0 <30°

Target Line




Desirable I/0 Relationship Obtained by Learning of SOR Network




Practical Experiment

Overview of the Experiment System An Example of the Practical Experiment

PC
[ Controller ) (0) RIC

(Execution Mode of | Proportional
SOR Network) | System

Md,0,¢)

Motion Capture System

i

( E/CCD Camera s I
Colored Marker Initial State of the Trailer-Truck
?/ONﬁ || 0=135° $=0° d=25m
NG "/

N\ == e










