LIBLEZ 0|&8t Clo|L}e] AlAEIe] HX| MO

Fuzzy Control of Dynamic systems
Using LIBL(Linguistic Instruction Based Learning)

2 FAY, o ALY, Y A,

o 240

“'Dept. of Control and Instrumentation Engineering,
Changwon National Univ.
9 Sarim-dong, Changwon 641-773, Korea
e-mail: JSJOH@HITEL. KOL.CO.KR
“Dept. of Nautical Science,
Mokpo National Maritime Univ.
571-2 Chukyo-dong, Mokpo city 530-729, Korea
e-mail: gkpark@quagga.kaist.ac.kr
“Agency for Defence Development
P.O.BOX 18, Chinhae 645-600, Korea

Abstracts

LIBL(Linguistic Instruction Based Leamning) is an
effective leamning algonthm for fuzzy controller
which interpretes and uses natural language of
human. The possibility of application of the LIBL
algorithm to the fuzzy control of dynamic systems
is investigated in this paper.

Rise time, percent overshoot, and steady state
are proposed as suitable meaning elements for
dynamic systems. A supervisor is able to give "
higher-level lingwistic instruction” to the leaming
algorithm through these three meaning elements.

Simulation results for a DC servo motor show
the validity of the proposed algorithm.

1. A&

BA Mol HA AY o9 §8o2 NH
F5Hol Adol B A+ FofF9 styojtt
(1, 2). A Aej D3] THojoMo A
E AA", o8y & & A

A Aeole FHL AYF Aol(natural
language)& AH83tthE Holth Aol E Az
3 uisE B3 AAe ¥53e AW A &
Y o0& 79 ggnd @Y MY ¥
& Aol ¥ Wy gy de ou &

Aste A2 RE f¥ulo) A (Supervisor, SV)
9] o] AAE HYsiy o] FF TFa S Y
gt} ol 11X o] T FHL U] A&
ol#jat= $HE AT QX olu] £ 73t Y
€ AN Aol 23t A& A S WE
o] ¥ 4 Q17| wWFojr}

AA Aol AHET A7k 3 W] 7]
3 AZE #A g WEQ LIBL (Linguistic
Instruction Based Leaming)2] 7Hd o] 8 AlZ}-5(3,4]
of o) AM<ts Ao LIBLE Truck Backer-Upper
A A", Helicopter simulators 2] 7]-7%3 A|AH]
(Kinematic System)oll -85 9t}

LIBLA M= did Al289 A% AAE ad
3 sEulol Ao Ao A A E A Bt uik
(Meaning Element)®] A¥3} A= o3l ou|L &
Gt & AARlY S FAAA 5+ A= F
A% Hrr A9 AR wiel MY Fo% 24
ojc}.

¥ =8oA = LIBLS tojuy] AA”e] A
43171 AT HAT ouis W b F3S AA
stglen ol tholuY AJARle HA] Ao
g A% B & Yol B + Atk

=139~



2. gojuy] AARE 93 LIBL
2.1 toly] Al2"lg 9% LIBLY T4

AREHQ thol Y AAFE LIBLO) A 83
A 9o 292 Fig 1 @t}

A A
A #% ko] H
o) 31 ax
' uwa
o #) A
27 AA AR\ ‘
e L [ 9gue g |
B} 3
ETE=
- /gt‘s @—r
T }
111017] module

Fig. 1 Dynamic System®ll % 8% LIBL

Y sd79 g3y

A2Ee] S BT ¥ EA4T fuulolA
€ B53 9u)9) o] AAE T AAH
ST AL 27 olo] Ul A2HE 23l
ulol Mol ol AN FBs FAL ou] s
A& Bohulo] BA Aol F3L AHBLE

A +PE = AFHeE AL £Yit=
pPoz XY 49 vEY £34 LE 74
A toluy AAHE A AL Aols)
tholibe) Ala®lo] oo] sFaAT

3= A AT Foulo] A 9ke] djste] 9
§ BEAQ Aol AAE HAHI AT Aew)
2% SJuin o] AN UGS AAH
& oujzo] A o] AAE HHT} cho]
vul AAEe Ao AAY 45E AYHE
A5 A1 ZtRise Time), 289 E (Percent Overshoot),
44 Ell(Steady State)s < <Ju]+=2 F3c}

Aol @ A48
AEE Aol AY 9 B AYs

o #ujulelMe] xA Aol B e wo
F& PRtk A2H A% #¥ubelxz

A 9 Hh AAG £ UAEE JRE AT
oh. Ay Aol BAIgle] AAF o] o]H 24&
A8kl o]H AH S A FYL +YR=AE
wadsin], fA AN AL AAHe HEF
T ANE 9 £ YT Yo U™ S
AR =" 2% 9¥S g

712 AR g uyo) g ey 3
Al FrolAd Hrb 13 LS AT A Y3} A7)
2AE I AYeozw FTHJY Frt 73 14
AL Julirt GAHY ou)te] 27 R 1
Aol MF3t= 2% F<(Membership Function)
= 493ty Yt F3L A= Aot A
7] 2HE AT AL o] AAe] wa} ol
& AYste ojgA £3F AAsE A}
Al 3k AHoz HA =8 3 dAAe] Y
I Aoz RE A=t

AN AR A7) 2R

guizE A2 AFL H ¥ 5 UAs
7 5o AP, ojujs M = £ A
A 37 e A () o gaste
B Am () e e Aoz Roud A
Hog W ouls M o] FAZro)T FHut

ol del AX( Li b 4oAzt e o
u| g,

L = Amg(-) m

2 #45e) Atk

A7 2RARE Bk FHe) o3 AR
FEAS A 739 FAY] AUAIIZA
A2RY A7) 24E SRV FARY 7]
=L

Au~ = oMAui + MOD X VV, (2)

gol ool &, A7A AU = 94 73
o] AR MOD (MODified value) + H7}
Aol o 224, W & 33 dAR AU

Aoz e ZHAAEE 715 A (Weighting Factor)
ojt}.

—140—-



2.2 Thol g AlA”e] ofn] a9
S PR

dujzE #uuiolNe AolAAE WAzt
A5 LBLOl He)E dejg ol tholiy A
289 9 Nadlel $% ARNE VUY 4 3
= A2/, 2M4E, AAHE 27 ooz
m, My ms 2 degc

goltu A2He $7 WA AT sv
o} Qo] A& ool BT

L'_ = [‘o]%]_s]_]:}- %‘a-% 7H}‘"‘_ﬁ‘/‘]_9_.J

HI

7ol oule M & e Zo| 2E

MRS AYE AR

Am,(—)
m, —e Am,(0)
Am, (+)

thojuty A AR §H ARE AT 7

wpol M o) Qo] AN L )= Aagte) oujs
g vil2 o tiBE Fl oujao] AW Y
S AYozs Mol Figas #lulol

Ao Ao A A L Y2 Brsts] 4% oujse

Rise Time
Overshoot
Steay State

System

Performance

Y

|Linguistic Instruction l—

e

Macroscopic

Answer about Mn :

(no, opposite, no)

Ask about Mn \
{Resister about Mn l
( Meanig Element (Mn) )
O

Rise Time Decrease
YES

>
Fig. 2 A4 14 & 92 dvizo] A9 2y

Overshoot Increase
Steady State Following

AGS Ad9si= AYS AEeict fojulojA et
o] tizE s Fu] HolHM oJujio HFYgL
Amp (=) | Amy (=) = Amg(+) o)z HAHB
Qujso AFE 7] AT AAH zZ+ AR
5l o] A= YES, NO, OPPOSITE®]Z}H= 3

7HA e digE ¥+ A 7} @ v
Table. 19114 AT}
Table. 1 ©#io] 2juj
o] A4 W&
YES AES ouis AY A9
NO ALY oujio:= B8
OPPOSITE | A&Y oujt o] vt A3 A4

ELEEREEE

SYS: 45N B2 Amr(5) N FRe
SV : NO(H&F oujiot= @71 Qi)
SYS: SHIHES a( Amy (=) yazrte 9

SV : YES(HE% ujto] S HY T}
SYS: AAAE) Ams(+) Y2 AMErte 9
SV : YES(A &% ou)io AHFS H¥Y3ic)

A9 Aol ANE ojnj ol ofs
L, = (Am, (=) and Amg(+)) (3)
2 s4ac &
ou) 29 H7} FHL VY A2 WA 28
ABoz 748G ok UHE Fi Heso]

A Yulto] w2} ZjE A 49 Hib 33 YA
A& Agsto] YA FHPrimitive Rule)e] F2

: Small e |
iMedxum S NMI
Blg |

Am,‘( )

Fig. 3 A¥g oujio] o Hrl 73 74 el

J

—141-



2 32 MOD MODified value)S 7733
F£ 48L& Y% oS Eo] 9o AL
g3 g Amy (=) (Overshoot T22)+= Fig.3
I Ze i FAE = ok 43S HA
2L A% 24 o2 433 Holz)

(D) If Am, (-) is small, then MOD is NS
(2) If Am,, (=) is medium, then MOD is NM
(3) If Am,, (-) is big, then MOD is NB

ot e Yoz Zbzhol HHxoelzl on]
ao izt HYrb 43 & ’é’dﬂt} 7} oujigo
AA ZE) Q) YWHAE AAsE AL YUt 2
o] tholuhE] AJAFRS] T 741‘:& $HEE o
sl M, o] AL (0 20%)], "= & AT [0 2sec)]
mg = RAAAEAY 2AES QYo R Fo
[0 0.1 &7y A WL E HI

Ag=eA m(=) o omag ART #
Hulolx o] ¢lo] Ao Wist MOD g& A
stz s chojyu AjaHle] HHME oH|FE
%0S)E YYo=z o th3} go] ARG

fiyrs(MOD) = min(p,, (%0S), 15 (MOD)

. MOD(ttp(MOD))

MOD = -
> (Hurs(MODY)
A7 M, Ha(MOD) = 5 124 2% o
mv
R s oy
\IWTNS [BAP R [P |
7 3| #2 \
N #3 Au, \
l ; :
NS #0 | Auy, \
LE %uz Aud| Au,of Auyy| Au § Aug Au,
ps [\ [ ]I/ [aw,
AW
ﬂPM A Au, #1
PB /| #4 [Ay,
m.7 # N: group number

Fig. 4 713 742 S ol &

Table. 2 2 3o thgt 753
j Tl 2 & Group ] Au I 4 1
2,4 1
./ ¥, #4
6,8 0.2
¥ #1, #3 L3 !
! ' 57 0.2
9,10 1
¥ 40
11, 12 1
Zl l:}(QE{’(Smgleton)'-‘ —]U]“'}U‘] Hwrs (MOD)

Coanes $ARd 224l sl A
A 44 A Fouch

%'7}%2131-‘?—51 A48 |7t MD = 9@
Al 3o FA4dE HA =g Aejrle FAR
& FAY Pliype HA A1 AL @ BT
ArEHQ holuty] AlARY FEHE FHTIe A
4% 13719 YA #3 S Fig 49 Bo]Y AlAH]
o] $9= thEste 570 A A B Rule group)
< AR%56]. Az HAEE ozl oujief o
B MOD 52 #ojulo]A 9] Qo] el &A™
o] At ol HEHRT oujiel FHo|
A ZF A1 AT AHE Ao]y]) dAA A
A% AES g8 oE PHow ARE ¢ A
W 2 =FedAMe AR §H A Y AAH
o] e 2zkel ¢ 3ol Wl itk Aol ¢
o] 35 HU3] A&t Fig 49 do] AAst
At

my: Rule{#2, #4},
m,,: Rule{#1, #3},
my: Rule{#0}

Table. 22 %€ F3o A 715H W &

o] g3t U 3 FAFO 0] FZk(Shifting
Value)& ATty & =FelM AT 7} ou]

zofl gt W Wi | W 2 Table 200 et
Uy gk ouls Amy (=) o A W, =

Bon A =1 M, 806,=02 o)t} HFHoz o
A FH FARE 4 o o3 3Rt

-142-



3. AlEHOld % e ¥

3-1. Algd ol g AAH
%L HA Ao 73

2 AFoA= LIBLE 2319 tho]u}y AAH]
Ql A uEel] Hg3T ABao) Mol o3 F
NS AEZH AR Y AAHS sty
gl wHES]Z MS-150 DC ME EEoJ
o A" Aos|E AT DC MR RE A
A8 AL E Y o EZHHY AEL F
71= 10ms% $oh

G (o = 19004

»(8) = 5+ 4.6689) @)

4 @9 DC ME ZEE Astr] A% pI-
type A Ao}zl i} Zo] 4T

if e is [Linguistic value] and Ae is [Linguistic value]
then Au is [Linguistic value]

u(k) = u(k—1) + Au(k)

RE g2 wWHPo] ik AoJgl(Linguistic
value)2 7719 A 4% R AL Ao
ANAde] $FE 43t 13709 WA F3 &
AR 8. NEHOIHAE A AHgd HAY
9l FARY £4 e W FAHE HA Ao 4
o Fig5 , Figed Zon HA 39 o o
3 g

e D€ Np [ ww [ Ns [ ze [ ps | pu |
NB r3
NM r1
NS ril
ZE rl ré | ri0 | r13 | ri2 | r8 rd
PS r9
PM rs
PB rl

FA HE | rl| 2 | 13 rd | r5| r6 | r7 | r8

Singleton

0.71-0.6(-0.6 [0.36/0.4 |-0.4|-0.50.36
value

A HE | 9 (r10 | rll |r12 |rld

Singleton

0.2-0.3{-0.30.14]0.0

value

Fig. 5 ¥4 Ao} 13

NM NS PS PM BB BNMNS ZE PSPM P

1l

' I I
-1-0.6 -0.200.20.61 -
Fig. 6 e, Ae ¥ Aucl Wi¥ £&%

Table. 3 ®|#] AHo}~]2] Truncation Level
2 Scaling Factor

Truncation Level | Scaling Factor
e [-0.5 0.5] 2
Ae [-1 1] 1
Au [-1 1] 3

e ¢ is PB and Ae is ZE then Au is PB
o eis ZE and Ae is PB then Au is PM
o ¢ is NB and Ae is ZE then Au is NB

tlo]}g] AjAg)o] Pltype A A|oj7]o] 4
29 HeE AA E9AQ @& Truncation
Level S 33 HAl A¥ezr zdHY ZF &Y
#jo] 0|5 Scaling Factorgol 93 w#3 9 ]
HA g A £ =FoM A8T Truncation
level @ Scaling Factors< Table. 3o A3
Epdit}.

32 #Hulol Ml o] ZAof TE B
o Agold W3 B4

QA Aol 9Tt AJARY] §HE T ¥ F
E 9 A4 &7t EFARS HAckFig 7).
B Aol dos 139 THelAM ol AF
o] HME L A

1 85 13T ES 344 1)

sEulo] Al Ao} AAE guiiE FIH o
w3 gol] #HH s}

L, = (Am,(-) and Ams(-))

Qo] A Aol st 3 1AL Table 474 &
th o] £A3d F3ol AT AEH)H $F A
e 2WGES A4 SAol AA /A H

+& 2UY%EFg 7).

—143—



Table. 4 3¢ 13 ¥ 443

FYHE(r1] r2 [ r3 | rd| 5|6 | 7|18
Singleton

0.71{-0.7/-0.6 {0.6 /0.4 {-0.5|-0.5]0.5
value
T2 HE |9 {rl0 [rll jri2 |rl3
Singleton

0.2(-0.2(-0.2]0.2 (0.0
value

Table. 5 3§ 23 ¥ ¢33

FHWE (el | 2 {3 | rd| 5| 16 | 7 | 18
Singleton

1.0]-1.0({-1.0 |[1.O ]0.7 |-0.9[-0.9 0.9
value
3 WE (9 |r10 | ril |r12 |r13
Singleton

0.1/-0.1|-0.1(0.1]0.0
value

Dash(;) Line: Pnmitive Rule
Dashdoli-) Line: Learning 1
Solid{-) Line: Leaming 2

z TIME(sec) *
Fig. 7 3t&¥F A2d 39 24
2. ¥ 235 A A1)

A 23] HAME FSAT oAz 45
g5y AuutolAe] o] Ak oju2E
Bl e} Zo] sl4s ot

L, = (Amg(-))

olo] A Ao 9T A F32 Table. 59 2
th o] £A38 F3of 2T AEHoH §H A
H- AsATe AA T2 HIASE BAUAY
( Fig. 7.

4. 4 &

AZre] FFHHY Ao} AANE HIBLE T A
2¢ ¥ g &3EE LBLE T53d thol
v A ARl g Aojo] H &3 B =¥
o= troluy AARE AT YulLz FEA
H, 2HFE, AFAHE AU YA
o] £ AT Fr S AMASUT. A E
#Hold A} AtE Ly F> FuutolAg
o] AAE oldiste] olo] Y¥E T HAAE W
5 AUt o= LBLO] AMRI|FY &FE
tholuty] AJAHRIO] mA] Ao} 3 Agel A
4 & de 78T HAS guiztd. 19y
2 a3 Art vk A8 HA =571 57 A5
Me B 7tA siE s ojof & HAZL Hol Ut

A, Alg=oldo] ofd strsjoleto] A H
A4S Y MY THo] o]FolAMof T} o]
£ 93t A Hardware-in-theloop A & A
280l 45 Aok =X, g Fejo AA
ol 23t= BE A4S WEAII A8
Alo] 3o & &9 oyt Aok wtA ¥
A AHgE Aol 73] TAE wosty I A
& FH3te] AT Ao F3E Mz A U
+ Wges gy Fo] wHsojof g}

References

[1] Z.-Y. Zhao and M. Tomizuka and S. Isaka, "Fu-
zzy Gain Scheduling of PID Controllers," IEEE
Trans. Syst. Man and Cybemetics.,vol.23, No.5,
pp 1392-1397, 1993.

{2] Li-Xin Wang, Adaptive Fuzzy Systems and Con-
trol, PTR Prentice-Hall,Inc, 1994.

[3] G.K. PARK and M. SUGENO, "Leaming Ba-
sed on Linguistic Instruction Using Fuzzy Th-
eory,” J.of Janpan Society for Fuzzy Theory and
Systems, vol.4, No.6, pp. 1164-1181, 1992.

[4] G.K. PARK and M. SUGENO, "An Approach To
Linguistic Instruction Based Leamning,"Intemational
J. of Uncertainty, Fuzziness and Knowledge-Based
Systems, vol.1,No.1, pp.1956 1993.

[5] Dimiter. Drankov, An Introduction to Fuzzy
Control, Berlin Heidelberg, Spnnger-Verlag,1993.

[6] M. SUGENO, Fuzzy Control, Nikkan Kogyo
shinbunsha, 1988.

[7] C. C. Lee, "Fuzzy Logic in Control System Fuzzy
Logic Controller-Part 1,11, IEEE Trans. Syst Man
and Cybemetics.,vol.20, No.2, pp 404-435, 1990.

[8] M. SUGENO (Ed.), Industrial Applications of
Fuzzy Control, Amsterdam, North-Holland, 1988.

—144—-



