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ABSTRACT

This thesis proposes implementation and application of a geno-fuzzy PI'D controller,
which is a fuzzy PI'D controller tuning automatically by using genetic algorithm. The controlled
system is then applied for controlling a flexible joint robot arm in the presence of chaotic
disturbance. According to computer simulation and experimental results, the implementation is
successfully valid. The finding indicates that the geno-fuzzy controller outperforms the manual

tuning. In addition, the controlled system is effectively able to cope with the chaotic disturbance.
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rfio Anthne
'3
y A0 101MHA (Au,,,)
= ' o " oo = = = o =
“e,.p” o mdumisdygrudanataiduuan uaz “o.p mnoiueninaniuuan vn
. ) )
nglua1sien 2.1 9214 “AND” munetia assamaasaauou (Zadeh’s logical “AND”) SMuA
¥
Tav (A A B) = min{u ,, u, | veuiadungilu 4 Yodsii
" a T a o cl" o ~ o
R1: 81 e, = ARANAIAMALIN UaY e, = MAANAIANIILIN Asilominai 1Ay gud
g " a T e o d’ '3 o 9/
R2: 81 e, = AAANDIANIININ 1Az e, = AAanaIAneay Astitomnan 1au van
A I a o d’ o 4
R3: 8 e, = MAANAIANINAY A2 ¢, = MARNAIANIILIN Ao mnan 1Ay au

[ " a P a o 4:!, s ~ Y d
R4 : 01 ep: ATHANDIANINOY LDE ¢, = MHANTIANINaUY ﬂqu561ﬂwﬂ“1ﬂlﬂu ﬁuﬂ
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o’: o = = @ Yt o o -
Tudunouvesmsmadadiindy o 1935gudna1auna (center of mass) AveTuAISN

29

MY i XMV
Au(n) = Z nput outp

> MV,

(2.9)

— = = = o
Taoh MV, ., o dundnmaduna uaz MV, A9 @113nn1ae1mne

input output

= = oo =

dmiudanuguuuuilesdiall 2 duna Ao MdyyIuAAnaIA 1Az AIBATING

3 " 3 [
A A A AdaA -

. ¥
nasunlasvesmdyaudanaia szuialdnamua 20 Auh naziifunndaumsmiounu

v
)

4 ' d '
9 fiunveaunsouta Al o Aunasgilin 2.7

Kqe,(nT)
7 4 L 4 8
1 il
5 3
2 2
-L L K e (nT)
2 2
5 3
1 1
9 6 -L 6 7

¥

3‘1;1"] 2.7 llﬁﬂiwuﬂﬂdﬂuﬂﬂjﬂﬁﬂ“ﬁWWﬂH]

Tavd1 o.p=L, on=-L 0.z =0 nazgasaumsidunsaninglh 2.7 sg'ld

K, dm+L ~K ,d(n)+1
=, N=—

i 2L r 2L
K, d(n)+L -K d(n)+L
e,.p=——-——¢ i1=———
2L 2L

a

¥ o [ e!y = d’.'
Lmzi):‘lﬂ 9 AUMITINITY 9 WUNAIU

L]

=n
=
=n.

has gl _L[Kee,,(nT)—Kdev(rzT)J
U,y (nT) = 222K Je, (n7)|]
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o ]

L|K e, (nT) - K e, (nT)]

Au_,(nT) = WU 2
pa (1) 222K e, (nT)|]
Au ,,(nT) = lz[— K ge, (nT) + L] Wi 3
1 2 4
Au, (nT) = 5[K,,.«ep (nT)—L] fiud 4
1 2 4
Au,(nT) = 5[— K e, (nT)—-L] Wi 5
1 4 4
Au, (nT) = E[erp (nT)+ L] i 6
Au, (nT) =0 Wi 7
Au (nT) = -L WUN 8
Au,,(nT) =1L ﬁuﬁ 9

2.2 nunamuuilaaile
2.2.1 mseenuuuAInILMUUUT N

- 3/ Er o o = g a o e ~ =) Y
Inssadeinguuesdanlugueaoni louuuauauasgli 2.8 widonldeglugy

Y4 TAUAUD (frequency domain) 1Ay

¢
Kr
A

U, (s)=(K, +—)E(s) (2.10)

Taohi K¢ uaz KOilusnnu waz E(s)fumdygaranaa

r(t) e(t) Upt y(t)

Pl Controller H Process B
+

a =] = c.,.- a
517 2.8 szuuAIVRUELIRENA loLVUALAY



1

=g~

=}

{ oo o 2
nauMmsn (2.10) 1gmsudasuuy ludiionsuesy s = —L
+z

A
:| o >0 92

ar

¥ ¥
hlﬁ’u,flmmu"lmmﬁm (discrete virsion) A9

. &7 K7
Up,(z)z[Kp— : +1hz_I]E(z)

c

o K o = o o
fnuald K, =K = 2' war K, =KT uwagiimswisunesadniiuesu

(Z—transfom)‘lﬁkﬂu

u

(nT)—u, (nT =T)=K [e(nT)+e(nT —=T)]+ K Te(nT) (2.11)

pi

WISAUNINR.2) a0 T

u,(nl)= up,(nT—T)+TAup,(nT) (2.12)
Tauii
Au,(nT)=K e, (nT)+K.e,(nT) (2.13)
e, (nT) = M (2.14)
T
e,(nT)=e(nT) (2.15)

wnu TAu , (n) dvimlsinuvesianuquuuuiladig K, Au, 18

u,(m=u,(nT -T)+K, Au,(nT) (2.16)
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(M & 0D
=0 K
AT
i AU, (nT)
n
Z | * + U, (nT) v
- Ko Process >
+
e (nT)
1T = K, Zt

d‘. ) = n’.: =
gil‘ﬂ 2.9 ‘i:‘lJ‘Uﬂ'JUf]lJﬂi]ﬂﬂ'ﬁwblﬂlmllﬂﬁkﬂll (4]

AU, (nT)

Z

Fuzzy PI
Controller

+ U, (nT) y(nT)
> Koo 1 Process >

'y

1T > K 21

317 2.10 szuvmuguuuudedn lo (4]

2.2.2. msmladvlinsu
dnuguuuuileai leldaesdunasznoudan mdyaaranan (e, (nT)) uaz
monsmaasumlaweimdyaiudanain (e, (n7)) 1naumsn (2.15) uag (2.14)
o o = o ar = = o ar = I3 Y as -
mudwy WouilanduamnInnmduna nazilansumngmemna laaegli 2.11 uaz 2.12

AUAIAY
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ANANNTNIDIBUNA
Cve drau A ey€p Fuan
1
- L
-L L
0 ®v® (nT)

4 d o = = o
30 2.1 HenFuaunFnvesdunavosdanruguilssuuun lo4]

ANANNTNUBIBIYING

:
L 0 L €& (nT)

4 o o a [ o =) ~
5UM 2.12 HenFumnFnvesiomavesntnuguilasuuun To[4]

2.2.3 Msmwuuangue s IN lo
o -y n’: d!’ "o o o = ~ <
nmsmnuanguesiladi leriu szvuognuilenduamdnvosdunalugiln 2.11 Tau
° = - o o a [ P
vedmuangilulilauaisieih 22 vazszidenominaainflsnduamdnveseminalugili

o ~ 9 SN [ dy
2.12 uazmuanguingili 2.13 uazez ldnguesiladii lodsh
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A

. R4
Antlhwvany b ——_@_ " e

R2

I8N

51 2.13 wanovauesilgfmuanguesiladii lo4]

4; o o A
M3199 2.2 NYUBIAINIVAULUUHSTN 1o

ngil e, e, | winaiigniden
R1 p p 0.p
R2 p n 0.z
R3 n p 0.z
R4 n n 0.n

MNATNA 2.1 e, =r-yuaz e,=0-y lav

3 =

e, Ao MTYYIUAANAIA

v o

- "o

e, fin MoasTManldounilasvesmdygurdanaia
=) '
rfio Aty

y o 1019inn (Au,,)

" o [ = el L3 a
ve,.p” Mo MAwmisdyapudanmaiiuuin waz “o.p “mnuiuemiyaiiluuin an
= 4 . °
nnlumiseh 2.1 9214 “AND” muneds assnmansyuaLY (Zadeh's logical “*AND”) f11uA
¥
. ] 9y o A
Tav u(AAB)=min{u,,u,} %xumti‘luﬂgnﬂu 4 UDAU

1A roa [ q’ I's —
R1: ‘5"] Bp= FATHANDIANINUIN LA e, = AHANAIANINUIN ﬂﬂu&ﬂlﬂﬂﬂﬂqﬁl‘ﬂu UIN

]
)

VA = [ 2 '3 9 4
R2: 5’] €,= ATHANDIANITUIN LAT e, = AMHANTIANINAY ﬂﬂﬁlﬂ'}ﬂﬂﬂﬂvlﬂlﬂu AUy

" T a ar d” a =an 9 4
R&7 f’h €,= ATHANATIAN ALY LAZ e = ATHNANATANINUIN ﬂ@ulﬂ’lﬂ?’!ﬂﬂiﬂlﬂu AUy

1 a 1a [ y o -
R4 : t?l"] e,= ATHANDIAN AU LAS e, = AMWANAIANINAY mﬁmmuﬂ‘n'lﬁxﬂu ay
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2.2.4 Mamanssvinyuvesiadi o

n’/‘ o = = o Yt o o
1uﬂluﬂﬂuﬂlﬂﬂﬂﬂiﬂ1ﬂﬂﬁﬁ%ﬂlﬂﬂm azﬂlm‘ﬁwquﬂﬂmama (center of mass) AITAUNTT

=1.

2.17
Z MI/mpur xMV,

Auln) = output
( ) ZM Vmpm

(2.17)

i a a = I'd
Taon MV, . Ao dusnneduns uaz MV, A9 duBnnIe Iy

input output

dmsuannuuuuiadilell 2 duwa Ao MdyguranaIa 1Az AIOATING

3
=

o Ve - VY A4 4 ad dda A
Lﬂaﬂuuﬂawmmﬁm@mmwa'm =19 1AM anua 20 WuUN taziNUNNTauNISIMIUNY

b

3 v ¥ ] .
9 Hunvsansoune 1aidlu o wunaesali 2.14

“

K. e (nT)
G D L D H
A A
E C
B B
-L L Kie (nT)
B B
E C
A A
F -L F G

1 2.14 uamsiuinamuavesiladi lo[4]

lauf o.p=L, on=~L ,0.z =0 nazgasaumsdunsiangiin 2.14 oz 18

Ke,(nT)+L —K e, (n)+L
_ e  N=—

LAY AY)
K (m+L _ K, (nm+L
e,p=——m———, e n=———
2L 2L

td
s

3
wazez' 18 9 aumsdnsy 9 Hunaal
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L\Ke (nT)+K e (nT 2 4
Au,, (nT)= l gl e K20 )J WUN A
22L-K e, (nT)||
LIKe (nT)Y+K e (nT F
Au, (nT) = l i€, (1) + K pe, ) WUN B
a 22L-K Je,(nT)]
1 4 4
Au,,(nT) = E[erv(n?) +1] i ¢
1 4 4
Au, (nT) = 5[K,ep(nir) +L] i D
A, (nT) = %[erv(nT) =3 Wufi E
1 o
A, (nT) = E[K,eﬂ(nT)—L] A F
Au,(nT) =0 Wi G
Au,(nT)=1 Wi H
Au, (nT) =L A1

2.3 dnuguuuuiadfivanislen
fnuguuuuisdivanis leAadlumsauswiusznhsdmnuguuuuilasdile
Y] AdA A =S oo A 3 9/ :i - o n. o
HazAINANLUUAYINA Faezlaudon wxiimihnlwdonnisianu TaeSuusnaaniugy
S A ° - 3/ -f'! o - 9 TN~1
BUUAFFNA 92T HAUNIZVIUMTIT B AINIVANLUUAYFINA THMsaouaued 14157
ahdmuuuuniladile  udnzadumaihaiiudauguuuuilesdile W
e ¥ A 1o o A ] =
mnﬂmmnﬁmmwLla“lﬁwaﬂﬂmuzagm (steady state) AN mﬂﬂszmumi"lﬂmmgﬂ‘n
© P l ~ v = o o
fmua Bludmanniziates  Amuguuuudediloszngamshau  winemyaves
1 = - c‘; 1 d d " o
nizuIumseen lWnndmanizados Asding 90 wesiuvesauthming Tasaniugu
= = o = n’: é C!y = ’,l o I
uuuAediavzinudnamis SomgieziGonnszuiumsaruguiin danunuuunilsd

fuanas leAuanalugiin 2.15 4]
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Fuzzy PI
Controller

y(nT)

Selector | Process

AU, (0T)

u PD(nT)

Fuzzy PD 38 ®
r Controller m »

31 2.15 szvumuuuuulsEiuans lef4]

dmsumaaddmuguuuilydficanisled duden(Selector) nanalugili 2.15
Whumaveangniuassnzdmiumsiauvesiiniugy uazezinslsziuanuiimfosnm
Ed
Taan
= 3 . = s o s
1. NOuInuiey (small gain theorem) (@dosnINUBIAINILAUHYTH 1o Lazilsana
svilsznuTao[8uaz(9] mudAL
v ¥
2. ANuiiafosNMUDsTUUMILANTIIHIATLBIAUEDET N WYBIA DN TAvDE

Aouuuriasmadiamans HmsuszruAILgUNsAAULIDATADa 1Adaaunh 2.18
x(nT +T) = Gx(nT)+ H Y u,(nT)8,(nT) 2.18
=1

= o i 1 y o a o
F3 x(nT) Hunnwesanius (state vector) Mt lideiilon (discrete) G 1HumaIndszuy
a  da o o/ L P ' a & .
uaz H WuweSndouyadmiuszuvna liaeiies Tas u ilusmdunenivay ¥ i=1
UNUMIHINUVOIIMUAUBUUATINA  uaz i =2 uNuUMINNUYeIRINIVANIU DAY
=t as d! = L o ﬂl o J Qs
Wlo & (n7) dudulsmaenssnedanziinumiy 1 iessuuiiau uazmiiy 0 mnnga
0 ' oA v Ao = ¥ b =
W szwulmamunm T Sssayiieangnldou  Tasewesldaunsn 2.
= ¢ =
ANTITHEDOINWILY BIBO 11[10]
k4 ° 4 o 2
mseonuuy lavldnswhinnlslumseenuuungadumsmugy  Taoisuainms
= ad o [ ar a — "
13130 Invsveaeminatunadaaaslugdin 2. Taoh r Wugasuthviny a. b, uaz ¢
o« | o o 4 Aa N -
UNUDIMWANIIAT t, t, LAY t, MUEIAY LaziognIn InasvosmaNuAANa AL ST UM

~ =3 )
(error-phase plane) finaaalugil 2.16 vngilszmiuisiuIuvessnanseuyAguUInaIaves


CLP10
Textbox


18

Y Yy w @ A 4 . . A4 aa

LHHUNIN Nlﬂﬁﬂﬂﬂaﬂﬁﬂﬂi303!;'Jﬂ']‘llﬂﬂﬁﬂ??%“ﬁ]ﬂzﬂﬁu'lcﬁu (transient sine wave) U930
= = a v o

Lmﬁwmmiwﬂugﬂ 2.16 11153ﬂﬂ1'3$tﬁﬂﬂ‘5’.]ﬂﬂ”lﬂ'J'IiJNﬂWﬁ1ﬂ‘i]$ﬂﬂE]Q°lMi]‘ﬂfjutlﬂﬂ'lfl‘llﬂﬂ

sewua nanslugy 2.17

Y (output)
A

; --——Pg—y’ﬁv———

iy Time(s)
310 2.16 St minaiiouniuna (4]
Ke, (nT)
L
-L L Kee,(nT)
Lv—/e

51 2.17 FamanuRanaauuszn U [4]

= I - > 9y Y ¥ Y
1ngli 2.16 wmuNdunsa@ennmmsaay lamudoans Tasovvgldnaady
# 9010 Taglidnuauuuudadianiaulleuds 9% vesruthning wazlidniugu
] o = -~ 1 — =2 1 1
uuuaEn lovhaulu 10% Aimde mmzgai 10% 53 90% vesauthnuodugiaves
1 X X A o Sy Y g & =
palavy  (dse  time)  1panINAINIUAUUUUHTERA 1N 1sAeUAUBING WAz
b [ ' L
vl ludauil wdwn 9% Aesmsinnduthmingdnga  Aniudvpuauinuedd

Ay & o ' ' s oA ! A P
avquuuuR ledaiinuae lugie 10% Mo uaervsziiouya ldmuA NIz AY
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LY d
DITVIUNTINNNWHTATTAT

Y 4 . . 3 aw
AIZUIIMINNNUFAAAT  (Genetic  Algorithms)  TARBULUDAITIIAUINTNIG
a - aw ¥ ° a9 3 ¥ '
5350900 (5,671 Yupeumsdiannms lagmitlidszgnaldlumsudilymni1dedsdl
a a o W & Ve o Aa
Uszdniam  Tavanwdwapiueghi  Uszannsganadogsen  sufhulszanshfuaz
b
mzauiuilynmivg q  dszmnsuaazguezgradielee  nszuaumsaadentlszanns
(population) LAAZAINNIZAVVOIANUNINEANMINVOLAYDITTM  taziHaunu Tay
THMRUTUNITMANUAN (Genetic Operation) TasMapuiangasznunizanidgane
nmaesenoy
w 4 [
NIZUIUMINIAUEMaRsazlsznouAds  MsAm@en  (selection)  NISHEW
- . a’ o . o :{ L7
(recombination) LIAZNIINAIYNUT (mutation) ﬂﬂug‘ﬂ‘ﬂ 3.1 uﬁﬂﬂﬂiaﬁiawmnﬁxmums
Y o Y z a A [
NURUFANAATHLURNTIY  TuRpLnsnIziTuINMsasalsznnssuduTaomsqy v
J 1 - 9/ 1 'ﬂ ° 1 w Y o
voulszansvuagiuilyminud ly douazilumainailszmnsuaazasdioilangu
[ - i . s - 7 o 14 o o 43’ (Y
Jaguszaen  (Objective function) w3eflansumihvune  azhilimsimuamoaivuegiv
o = y A a2 g g Y =
anvazvesdlyminizud lyv derudusauiszilumansinaey M lunuMaeuimngey
veisnaalszmnsjugnrat Taovziin dszansjurons (parent) MNAAEDNT19291INAY
1 v - ° as o n’—: vV 1
vosHaud (fitness) Uszmnsnomingmidenszgniiwauny vasnminez 1ddszyinsgu
N v u’/‘ o Y w o '
gaMany (offspring) U5z INsJugNHAINIMUAIZQNIMIRNAIOWNT (mutated) AI0AINITY
vwaily  devziilunmissadven)sznsgnuaindazin  udinahilsgnmagu
anuanunat lumuludszmnsguviom weshidlulszyns lusmesdulnide ) uag

¥ '
zusouu Tauneznufmnounmunz ay
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ahalsznnsiudu 3 Anoumnnfandudmne nummnzaumsel 18Tas T Tyumaniga
A
| " . Y
! hily
a g r v v
AU | | ; HAENS
i v
5 miﬁﬂmﬂﬂ'

Y

myadializrng ——

. lms‘:’aummnmu
ulmi

Y

v s i
1 MINAWNAUT :

= 3/ o o
514 3.1 Tnssadsnszuaumsmaiugmans

= . .
3amsununidsering (Population Representation)
1 d' =l o = = 9/ = 9/ a = o'

ADUNIZTNTANTUMTNIANUAN  2ADILUMTNTHAVDINF1IReT U129 Ing
=y 1 c:' 9/ u’: ] [ = o 1 3 ad
idoneu Tandsznshadiniuazeglurig 30 fis 50 @9 (individual) nAvIeASIITMsVETY
Tasmuan  weldlsznsndesiolszum 10 dauazldl¥anumuisoves  mskana

4:} 4 £ Y = p
(reproduction) LAZMILNUN (replacement) 1D ¥ 11150 197 D1IA1954 (real-time) 1A
:; =) = ar = 8 9 o "

mMsunundszansnselas wlenvesuan sanesny sxilumsdisiaveaas
LY A A d 3 s = . =t d‘! o " @ 9
Fulsnsetud drwsvauunluui’ (Binary code) uazazimasoudunlsuaazdudniluys
- o = L 1 Yt = e Y o 1 3/ ar o
woaiuison Tas lu sy aewlatinuise 1A imsnaaesnyn mMadsiauuLnse (Gray

3 o Yt 1 9/ a ~
code) Twavesmaminu ldannmanswanuy luwis

Vli’dd =

; . fe . 2 4 4
Tuvneninig lgmadnsauuy luusdustiaumsnainiuy - 1aUdnmadenmilan

] = 9/ ar " =y e 3/ 1 = dyl Y o
wiguly Aemsdnsianyua1959 (Real - value) FINSUNUAWAIDIN lagninaue lay
wright[13] Tasdofvasmadnswadioaiesaie lisuiludesinisudasninlas Tulailui

" o ' o 1 o
Tulnil  (phenotype) AouMIAIAMAIINTINTIThMe  Apsnisnuasanusniooay

o

aunsoi T 1Fuaeununos 14 Tnoasa wazdaioaszlums 1FaIauiumsnuauan

(Genetic Operation) AAnA1NY

aaA > e - Yo s 4 Vo a ] A
PINITNNANIUINIHUAU ﬂ’litﬂﬂﬂhﬂ‘ﬁﬂ'l‘i‘luuuﬂmﬂtlﬂ‘uﬂmﬂmilﬂ‘ﬁ INIENIILADN

9 o

Nz auszemulszaninmlunsiauveusudan sanesnu



21

¢ w dasr a . " o u
3.2ﬁammn’]mmmmzﬁaﬂwﬂmua (The Objective and Fitness Function)
¥ i
Henduthwneiuvzgnimua TavdlavSomuilymnezud Asddudhmunodlug
[ ¥
Taszaninmvetssrinsudazdn Tumsmamdmganiomgagavesilynl uiensnives

o o v = d @ W
AsnFuthvueondaniuay luwdandwsudlaumiudriagomzvelszrns wiad

v
o o 9

ATUINALD wiudlsruthwneianduavindudewdou el snsudauan

aunIsn (3.1)

F(x)=g(f(x)) (3.1

é o a 4 1 o 4 [ ]
¥ f(x)fo Handuwihvue ¢ e msnldouulasmvesilanduthninome lulvauiluay
- " a [ [ 1 o o 3/ @ o
wae  Ffe  masadamanld  duinnavesilanyudauazaeandonuiiuiuues
d‘ ar a o o o H [
szrnsgnuaiunmandslunswaalusuuesissudall vinaunsn (3.2) F,)fe a1

- ' a oA a I3 9 v w
voaWawa £(x,) Ao muszantamnau ldnntsennsunazia

f(xl)

Nina

D /&)
=1

F(x)= (3.2)

] 4 o e A
¥3 N, 70 NUIUVDITZHINININUA 1AL x, A0 MvoslszeIns
] 3
Tuvazanumunzawvesszmnsudazdniu szgniulsziumsgnidendioni
" 3 = = @ ' 7w ety
s udenwziaanuAanmanufann milenduthmuovenlsznnsitisuiiuay

19 1 o A ; = Aot ~ 3 ¥
HAZDIEANINDUNTHUA mm%mm‘sﬂamwummﬂswmmnmﬂmuﬁﬂqa ‘Ylﬂﬁ

ey s .1 - -1 w
dszmnsnumdaman luil lemanszgniden andlgmmnavuiszudla  Taonisdsvm
£ Y ' = ad A o - . o 3/ day .

Wanua Famsdsumeauadl 2 35 Ao MsManafg (scaling) Hazn15111159AN (ranking)

msmamnaaezitiumanasmiamalvg Taoldaumsdunssdsaunisng 3.3)

F(x)=af(x)+b (3.3)
H [ [ 1 ] [ ¢=' 4 H 1
Taon 7(x) Aemveslaumn F(x) Ao mMvealaualvi a Ae Avesanans wlnwes niim
Wuvan uag bilumasame (offset) Nuspanmvasiaualnudanduuin drunsvudg
- 3 = ' o o Aa ) P ' o a A
Aadu Wumsiseemnilansudhvine Uszmnsnimauaiosngaszegludaun 1

= o o 1 =5 Ao a to 5/ =i
wazazisesdauae laudalszannsadaauauniigaizegdiduganioninaunisi (3.4)
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Fitness(pos) =2 —SP+2(SP-1) 2251 (3.4)
Nind -1

A oA . A o d A e 5 A o w
Taw SP ADAINIUA DY (bias) niomvoIsannw tmses (selective preture) Pos ADAAY

" ¥
v031/523115090 i uaz Nind ﬁm‘immmmﬂszmmmﬂm

LY. | =
3.3manntaen (Selection)
o A 0’: ﬁi‘.u @ A = e o A 1 ]
nsnadeniilutuasuniasimsaionnesssuang Tnosyaadonilszannswens
waiiuiszrnsdunuuluuumiiaya (mating pool) e 14 lunsadalszansgnuaiude )
@ A a @ a8 u’r’ A 'i‘_] @ w a0 ]
mMsAmdenveuILAn sanesnuiy wlsmanumnzauduaiaadun Jszansiilona
= ' 1 3 = R A o 1
anidenithuilsznsviewimndeoiivala Uszmnsiiimnnuminzauia wwgnimuanm

v ¥ v
anuingilunzgnidonuaayainzganiulidlennaunisn 3.5)

Prob _select =

_F (3.5)
ZFitness

Tav Fifle mMuosvlauavoslszansuaazai uay Z Fitness A9 HATINUDIATH a1 ar
: a:i ar -~ 4='\ ” -& Aoy [ = oy o
nuanwunamaenly  uunfie Wo  (mating pool) FIWITNMIAMADANAIWITAIUAY

= = J L3 o o =Y ~ =7 3 7
Uszansnmezduegiu arialsz@ninmussisnisvisnunne
" - ] 1 d‘d:} d' -~ =1

Selective pressure 10 AANUIIITUYENszINTHANgATigNIden TavnlSouifioy

v v ¥
Aumumasresnnuiziiuven)sznnsignidenianua

o . Voo a " ' ] a oo ] 4

ANUAUDDY (Bias) A Arduysaivesnmuanaesznemessiuauinziiui

man T PAdmsunsaabenvosmnFnudazaa
1] " H Qs A
ATATLIY (spread) Ao Aravesmanilu i 1didsznsdmilsezgaidon
A i = ar 1 o A é [} -~ ' u’:
Loss of diversity o dadiuvesdlszrinsavila 1 lugnidenluszninsduneuves
t.u -~

M3fAIaBN

ANUNUMUUVDINITAAIEDN  (selection intensity) 7D ANRAUVDIMIAAUTUDI
52915189910 153N 13 AAADNLUVMTNITZDIAIVDY Gaussian

anulslsnuveansna@en (selection variance) Ao ANULTUIINVBINITNTZI

Frvpsmimuavelizrns naannlEIsNIIAAANILUNITNILIIUAIVDI Gaussian



23

s a ¢
3.3.1msna@entuugiinesvealaugy (Stochastic Universal Sampling)
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ABSTRACT

This paper presents a Geno-fuzzy P’ID control
system for the flexible-joint robot arm. This controller is
designed based on the parameter adjustment using fuzzy
logic and genetic algorithms. According to the
simulations, the better performance has been achieved
acquired that the robot moved smoothly and met its
required objectives.

Keywords: Genetic Algorithm (GA), Fuzzy P’ID
Controller, Flexible-joint Robot Arm

1. INTRODUCTION

Smooth movements of the flexible-joint robot arm are
depend on the controller that can indicate every specific
moment. Because those movements are non-linear, if we
use the controller which is suited the non-linear system, it
will increase the system’s efficiency [1]. Therefore, this
paper presents the fuzzy P’ID that can adjust for
appropriate parameters using genetic algorithm(GA) to
control the arm’s movements.

In general, the parameters adjustment usually is
usually modified by the users, but this method takes too
much time to obtain appropriate results. Since this type of
controller has many parameters for tuning, using GA
would be worthwhile in order to search for fruitful
results. Detail development of the controller can be found
in [2]. This paper aims to apply the method to control a
flexible-joint robot arm for smooth and accurate
movements. Next sections provides a brief detail behind
the ideas.

2. FUZZY P’ID CONTROLLER

Fuzzy P’ID controller is the coordination between the
fuzzy PI and fuzzy PD controllers, which both controllers
will process parallel to each other. Those controllers will
be proscribed by a switch that chooses which controller
will be in charged. As soon as the system starts, the
fuzzy PD controller gives the faster rise time comparing
with fuzzy PI controller [3]. Then the process will reach
the designed exchange point, the system will swap the
contro! to the fuzzy PI controller because it provides the
better output at steady state [4]. When the process
reaches the indicated point as the stabilized condition, the
fuzzy PI controller will be terminated, and if the output of
the process is not in the steady state which means lower

than 90 percents of the projected resulted, the fuzzy PD
controller will stand by to take control. For this reason
this process is called fuzzy P’ID control system.

4

Fig.1: Fuzzy P’ID Control System

3. GENETIC ALGORITHMS

Genetic Algorithms [5-7] were duplicated from the
natural evolutions. This method is efficiently applied to
the problem solving; the importance of the method relies
on how many potential members will survive as the
suitable potentials to solve problems. Each generation
will be created by population selection, and each member
has the limited potential for fitting the problems’
boundaries. Also, this method is combined with the
genetic operation, which the best result will come for the
last survived member.

Genetic  operation is consisted of selection,
recombination, mutation, and reinsertion. The first
procedure initiates with the population creation randomly,
the size of population depends on the problems. Next
procedure is determining each member by using the
objective function, or targeting function, which will not
be restricted, it depends on types of problems to be
solved. Then, there will be the inspection, if it doesn’t
find the answer; it will start creating the next generation
members by obtaining the parent members which were
selected from the fitness values. The selected parent
members will be mixed together, and then all offspring
will be mutated by using probability and then finding the
value of each offspring and then bringing 3-6 best of
them to replace the parent members as the next
generation. This will be cycling like this till it finds the
appropriate values.



The chromosome’s length has eight variables which
consisted of the fuzzy PD controller that has objected
parameters: they are Kpd, Kd, Ld, Kupd, fuzzy PI
controller, Kpi, Ki, Li, Kupi, which will give I = {Kpd,
Kd, Ld, Kupd, Kpi, Ki, Li, Kupi} by substituting the
values and the restriction of the parameters with the real
numbers and the initial value of the parameter for starting
the program. The initial parameter value is the initial
population at 30, and the maximum generated value is at
30.

Set fuzey #D Set furn Pl
paraniens S B I

Fig.2: Flow chart of the GA Program for Fuzzy P’ID
Controller

4. FLEXIBLE-JOINT ROBOT ARM
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Fig.3: Flexible-joint Robot Arin Model

The mathematical model [8] from " Fig. 3:"is shown
as these following equations

i ,é 10+ ML gsiniO, )] +%/0 ,w—0,m1=0 (N
10,0 F16,0—0 07 = uw
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In which /; is the arm’s rotational inertia, /, is the rotor
inertia of the motor, (1) is the changing angle of the arm
is angle of the motor’s comparing with vertical axis, 6,(?)
is the changing angle of the rotor of motor axis, u(z) is
motor’s torque, & is spring constant which used as the
joint of the arm, M(?) is the total mass of the arm varies
by time which is the spring joining the arm, {is the
distance from the center of the rotational axis, g is
gravity of the earth.

5. SIMULATION AND RESULTS

The simulation is the application of the fuzzy P’ID
idealistic which adjusted the parameter values suited with
the genetic algorithm in order to control the movements
of the flexible-joint robot arm from equation (1)

There are two parts in this simulation; the first part
uses the fuzzy P’ID controller which has not been
adjusted the parameter values with the genetic algorithm
as shown in table 1, the second part uses the fuzzy P’ID
controller which has been adjusted the parameter values
with the genetic algorithm as shown in table 3. Then,
comparing the results from both parts and determining the
efficiency which indicated in table 2 and 4.

Table 1: Parameter Values Acquired from the Fuzzy P’ID
Controller which has not been Adjusted the Parameter
Values with the Genetic Algorithm.

Given 1,=0.030(kgm’), I,= 0.001(kgm’), ¥ =
31(Nm/rad), Mg £ = 0.8(Nm), Set point (degree) = 100,
180, Sampling Time (Ts) = 0.01xsec

Setpoint Kpd Kd Kupd Ld
(degree) )
100 2 3 15 50
180 2 3 17 70
Setpoint Kpi Ki Kupi Li
(degree)
100 1 5 1 40
180 5 8 g 50
120 |—
100 "/_,_s_—

f H : —— tuning by GA
i t H — - luning by skillful engineer

.......................................................................
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Fig.4: The Comparison of Controlled Position Reaction
Acquired from Fuzzy P’ID Controller which has not been
Adjusted the Parameter Values with the
Genetic Algorithm. The Targeted Values = 100




Table 2: Performance of the Fuzzy P’ ID Controller
which has been Manually Adjusted Parameters by a

Skillful Engineer.
Setpoint Rise time Setting time | Overshoot
(degree) s) © (%)
100 0.2134 0.3833 1
180 0.2422 0.3553 1.16

Table 3: Parameter Values Acquired from the Fuzzy P’ID
Controller which has been Adjusted the Parameter
Values with the Genetic Algorithm.
Given, I,= 0.030(kgn’), I,= 0.001(kgm’), k¥ =
31(Nm/rad), Mg { = 0.8(Nm), Set point (degree) = 100,
180, Sampling Time(Ts) = 0.0Ixsec

Setpoint
(degree)

Kpd

Kd

Kupd

Ld

100

2.7762

31111

19.2384

180

10.7762

5.1111

19.34

Setpoint
(degree)

Kpi

Ki

Kupi

100 0.9703 0.0211 23158

180 0.9703 0.0211 25

_| — tuning by GA i
— - tuning by skillful engineer

2

1._: :Selpuinltdegraak 180

100 150
Discrete-Time("0.01sec)

Fig.5: The Comparison of Controlled Position Reaction
Acquired from Fuzzy P'ID Controller which has not been
Adjusted the Parameter Values with the
Genetic algorjthm. The Targeted Values = 180

Table 4: Performance of the Fuzzy P’ID Controller
which has been Adjusted the Parameters using the

Genetic Algorithm.
Setpoint Rise time | Setting time | Overshoot
(degrec) (s) () (%)
100 0.1663 0.3234 0
180 0.2127 0.3346 0

6. CONCLUSION

Table 2 and 4 show that the application of the fuzzy
P’ID controller which has adjusted the parameter values
with the genetic algorithm brought up the satisfied results.
The rise time and setting time are small, and the overshoot
value is significantly small. It means that this idea has
high efficiency in controlling the arm movements which
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creates the accurate and smooth arm’s movements.
Furthermore, the results shows that this idea brought up
low errors.

Performance comparison between the manually
adjusted parameters and the genetic algorithm concludes
that the genetic algorithm method provides more
precision results and less rise time than the counterpart.
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