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ABSTRACT

This thesis presents the separately excited DC motor driven by field weakening using
fuzzy self-organizing. This fuzzy self-organizing controller suitable for plant with unknown
parameters or with uncertain system environment. Fuzzy self-organizing controller will be used
to control speed of DC motor for tuning in the suitable range. Moreover, properties of fuzzy self-
organizing controller are not complicated in mathematical process. The structure of the
controlling system consists of fuzzy self-organizing controller via microcomputer, DC motor
drive controller, speed sensor and current sensor. The control system is closed-loop.
Experimental results will obtain both cases, which consists of that level of speed at over limit the

base speed and the case of fuzzy self-organizing controller to compare with PI controller.
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andinsnnaszauamuiluaindnluiladion 4 nanhgud Geuumudeaunsi (3.6)
sup(A4) = {x eU |, (x)> O} (3.6)
A = HAoyaaalao

Y o =
sup(4) = Fwwoiaupadlamiam

=) '3 =
Henw 6 gudna1aveafled(Center of fuzzy)

o oA = = A Jd o o
Audnaveaflad Ao sfananvesilamaaviemgagavesileidunnuduauan

Hew 7 ﬁﬂLLﬁd“U’E]dW%%L%@(Crossover of fuzzy set)

' =) = 9 o W dAa [ =1 a ' oo
yautiavesfladian fe 9alan luenanduimsfiidszaua nuiluangnmau 0.5

Henu 8 ANUGIveIdan(Height of fuzzy set)

anwgeunailadian Ao szaunnudumndniiiaigege




U9 O — cut L“HG]%JE]&WW%MW( 0L — cut set of fuzzy set)

= A a o a :: Aa [y <] =2
O — cut FRUDINTTHYR A AdUFrRUEITUITN X ﬂ{lﬂllﬂ'ﬂlfﬂ_]igﬂllﬂa'lllllluﬁin;ﬁﬂ

YNNI OWINY O WouuMuAeaunIsi (3.7)

Py
~1
~—

A = {eri,u_J(:c)za} (
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3.3 msUfuamsvuadiss

FEM 10 MININUYDIHYTHAR(Equality)
=) v ow a a A a o @ w A w =
Hadam A4 wiidu Aedaa B Adedioaninnnaaluenanduiing Iaszauanuiy
a = L) 1 Y 3 a =) = P =
AuFnvesladiyn 4 MinumszauaNuuaFnvesiadmya B I WoUUNUAILAUMNITH
(3.8)

A=B e p,(x)=py(x) VxelU (3.8)

=9 I~ 1 = :
ey 11 MsiluseeesvoIHara (Contain)
= 1 = g 4 = @ [ ar - a
HAadin 4 Wurndosvoslsdiewa B naodloaandnynnad luenawfuins dmszau

o o = 1 " 1 o < a =
ﬂ']'liJL‘lJ'LJﬁiJ'l‘lfﬂ‘Uﬂ&ﬂ“ﬁ“ﬁl"ﬁﬂ A ﬁ@Uﬂ'J1‘H%‘f’JL‘ﬂ’lﬂUﬂ’ligﬂ‘l}ﬂ’ﬂﬂﬂﬂuﬁu"I‘]iﬂ"’l]’f]x‘l'W“ﬁclﬂ"liﬂ B

Bouunudaumsi (3.9)
Ac B p(x)S py(x) VxeU (3.9)

a = 4 =
HEUW 12 ’ﬂ%}ll‘WﬁliJu@'lﬁjGGW%GBL"]TG](Complement)

= o o = v w de a 7w =
apunauusveladya 4 Ao Hadan 4” Twenawduinssaiidenruanuiy

¥
AVIFNAIH

Hp(x) = 1=p,(x) (3.10)

Hena 13 gilou(Union)

o o

Avdn A giilon AeFign B @ouunudis 40B Ao Hadanluenanduing i

& o I~ = ow ay
HanFua 1w e wsnaan

By mhX) = max[p__,(x),y”(x)] (3.11)



25

=y = '3 a
HENY 14 DUIRDI LAY U (Intersection)

=1 =y o o = =t =t @ I
AFon 4 Sumotivasu Aediaa B @ouunudie ANB Ao Asxdaaluonanwdusing

2 A ¢ o a - :!.y
FalHansun Nt uauIrnALl

Hnp(x) = minfu (x), p1;(x)] (3.12)
34 ﬂ?1NﬁNﬁNﬁ%BQﬁ°ﬁ°§(Fuzzy relation)

a Qs v d ~
N 15 ANUTUNUTUDIN
o ) o s oA =y (" [ - 1 Y @ A o o
ANUFURNUTvoIdad Ao Hadavoagouay lashuanzgouauimissauaniu
= " [ =2 = n yYeo -:sy
mnFnegluyae 0 89 1 Wonuny laasil

=1 YY) o y = g
&1 Unaz V iduennndusins finoiiiod(Continuous) uaz L4, : U xV—>[0.1] 9z 14N

K= J-;J;\,(u,v)/(u,v) (3.13)

Uixl”
9y o o dan 1 & . > n o
81 Uz ¥V idlwenandunnsn lidoiilaa(Discrete) tag L UxV—[0.1] 21N

R = pp(u.v)/(u,v) (3.14)

U=’
a wa o e IS "
3.5 ﬂ'lfi‘l_]{}‘UGIﬂ1iﬂuﬂﬁ‘iﬂﬂﬂwuﬁﬂlﬂﬂﬁmm(Fuzzy Relation)

= =y a ar
NN 16 DUIADITIBAYU(Intersection)

o o o o = s @ o 1 o =1
Smuald R uaz S uanudunuivesded vuennwdunns X x¥ arszaunnuilu

]
=1 =

a = o @ ] ' w [~ a A
FUIBNVDINITOUADTIBATUIEHIN R g §  Ap mnﬂum"nmﬂuammnﬂﬁawqﬂ

35¥919 R uaz S Wouunudoaunsi (3.15)
V(x,y)e X xY: pp, o (x, ) = min(g,(x, y). tts(x, ) (3.15)

Hew 17 gilon(Union)
o £ = o w o =) o o 1 [
Amuald R uaz S iWuanuduiutvesilad vwenanduing X =Y mszaunnu

a =1 3 ' o = a A et i
L*ﬁuﬂm%ﬂﬂ;mmsgmt}mzmm R uaz S ﬁ@ ﬂTS%ﬂUﬂTﬁJL‘ﬂuﬁuW‘ﬁﬂﬂMWﬂﬂq%i%ﬂT}ﬂ



Ruaz S Wouunudlsaumsi (3.16)
V(x,y) € X x Yty (x,¥) = max(py (x. ), 45 (X, 3)) (3.16)

=Y - LY o o =
Heny 18 11519 UU0InNUTUNUT AwB(Fuzzy relation projection)
o g . v = [ y o
Amuald R = {((x.p), gy (x.p)|(x.y) e X x Y idlo X, ¥ ilusrdoiiioalisondy
¥
Y93 R Uu Y gnienudail

projRont = Jsup R(x,»)/y (3.17

s
i

A = d A . P A
sup 0 supremum WUMIMIAIGIgAID X, 1 dluaihaetiio

- = ] 1,00 y o a wa
dio X, ¥ dlus liaeiiios 190 {ian1s Max unu supremum

184 19 Total Projection VUANNFURUT R
Amuald R = {((x,y),;JR(.‘c,y))|(x.y)E XxY} Total projection UM R 79 8731

= =) v o
ANV UANTNFIAVDIANUTUNUD R

projRon X = {(x,matxyk(x,y))/(x.y) e XxY}

projRonY = {(y, ma.xx/uk(x,y))/(x,y) e XxY} (3.18)
total. proj = {(x,y),max max p,(x,y)/(x,y)e X xY}

a o . 5 .
HENU 20 m‘i‘UEJ‘IUL‘JJH‘V}Nﬂ'iz‘UBﬂ{Cylmdrlcal extension)

= & = Y ' v w =
msveuilunsanszuen Ao maverwilada lganuauius o

[ - | o a o = 3 5
Svuald Filufasgaauuonanduins ¥ nsvenotunsinszuonvyod F Uu X x ¥

[~ ' = b o o =] a "o w
WuaveaRouALNINNA (1)) € X x ¥ FatlszAuA UL AIFNINY 4, (y) aqueraaly

ﬁllﬂﬁ{’;l (3.19)
ce(F) = J';z,, (M /(x.y) (3:19)

A=Y
a oo v w d .. .
3.6 mﬁﬂEmi'wC]Hi‘I»!‘U?Nﬂ’a"mallwuﬁﬁcﬁéﬁ(Composmon of fuzzy relation)

o o & o d v o o
fuald Py uaz O (n2) Wuanudsiusnnenanduins X 1 Y uagvn ¥



1) Z awdien
a o g @ @ o' PR =3 &
A15A0N INTFU Unualn Po Q Wluanuduiusiu X x Z09s (x.z) € Po Q Neoile

i ; b it ol . <
i pe Y ptnatineniladnge (x,y) € Puag (y,z) € Q ﬂmﬁﬂﬂugﬂm 3.1

[A>Z]

q. a o v @ =
gil‘n 3.1 M3noN INTTUUDIANUAUNU S Wy
#8134 21 Max—Min Composition
5 iiw o o o = o w =
Max-Min Composition YOINNUFUNUTATE P(x,)) uaz 00,2) WuanudFuwusAed

P o Q luenawduins X x Z goilowilsidunnuiuaudndalusunii (3.20)

Hpoo(%,2) = mair;u'n[ﬂp(x, V) o (%, 1)) (3.20)
Taoh (x,z) € Xx Z
813 22 Max—Product Composition
Max-Product Composition ¥8IANUFUNUTHYF P(x,y) uay O, xiluanudusius s

P o O lwonanduiing X x Z gafiowdlsdduanuilumnindsluaunsi .21

Hp.o(x.2) = max{p, (6, 1)ty (x. 3] (3.21)

Iﬂuﬁ (x,z) EXx Z
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3.7 mulsaenIaAn(Linguistic variable)

e 23 AulsaInIAAN(Linguistic variable)

o a a a Y = o g ° 4 & o ::’ a
Fulsdaniadn Ae sausiamsasmuanidufmuuyed  Faswadugnio

¥
= o ar 4 o = a o @
TaeAsdre luenandunntvesaulsasniganiiu
mimnuanuaiavesiualsdsniadn wldiilu (X 7.0 M)

@ a a a 1 =] = g 3
= funlsdandaan wu AuE, gungil uau

X
Y a’: o l 9 =1
T = waveeaunalsnaviuavueaduds X wu {9, thunaie, 52}
v.a o o v
U = 10nawadunwnsued X 1 [0, V]
v o - 1 T
M = anNUTUNWUIUDS T ugaza

Hen 24 voUIlAVIA T AINITAN(Linguistic Hedges)

ar a a a o a wa & 1A _ = = é
Yo UAYDIAUsAInIaan Ae MURTANITIvLILAIAINIaAn I oVl 49

uadu

1 c!‘ ol o = =Y 3 c{d
Concentration  UUAIUVHIONAATZAVANUDUAUITNUDIFUIBFANIHUA NUAIY
¥ '
Wuaudnmeluaaissunsgnumniy daaasluaumsn (3.22)

Swuald 4 Suilasee waluenandining X lashix € X
CON(A) = fopw o) = [ @] (3.22)

CRRURRTC:AT
"Very"4 = [;1_4(x)]2

"Very,very"A = [;Arﬂr(x)]4

"Plus"A = [u,(x)]

1.25

=~ 1l - A [ = = 3 4 =
Dilatation  tiudlIuveeRmuszauanuiuaundnvesauiFnnarnuanianuniy
v i
aiFnnolueaiosuiesaiumniy aauaasluaunsn (3.23)

o [~ = q @ o o a‘
Siuald 4 Sufadaa waluenandunins X leohx € X

DIL(A) = My (X)) = [r“a(x)]oj (3.23)
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AIDUIIBY

[}1_4 (x)]o.s
[,uA(x)]D b

"Slightly" 4

1l

"Minus" A

) ' o - o = a a qs: o o
Intensification !ﬂuaﬁu“Uf.l’lfJﬂLWﬁJﬁZﬂ“Llﬂ’J'mJlﬂUﬁl]’]“]]’ﬂ‘ﬂ'ﬂﬂﬂu‘]ﬁlfﬂﬂ\?ﬂ‘l.lﬂﬂﬁﬁgﬂﬂﬂ"«nj\l

o3 a o 1 Y = a a 3 aa [ =]
WUFNFIANUINAIT 0.5 1AL ﬁﬂﬁgﬂﬂﬂ?"lulﬂ‘l—.!ﬁlﬂﬁﬂ‘ﬂ@dﬁiﬂ“lfﬂﬂﬂﬂuﬂ'ﬂwﬁgﬂﬂﬂ'ﬂiﬂﬂu

AUFAANTBENN 0.5 Auaad luaunIsh (3.24)

2giin) Jor 0< u,(x)<0.5

“intensify" A =
‘ 1-2[1- g, ()} for 0.5% g, (x) <1 (3.24)

3.8 ﬂﬁzwmﬁmuﬁ%Q(Fuzzy proposition)

¥

L4 ' a wa 1 a Y] Y
Uszwail Ao donnuuaasteminnuiimuguanianieminavesing vie daunls

lagn)snile

o o a A 3 yorm
Henw 25 JszwarWasaaI(Atomic fuzzy propositions)

d a A = 9/ wa = s =y a s -

Ysgnniuuuadiae Ao donnuuaasguauianafladuesdulsasniaan i

sHupudsannIsh (3.25)

X is A (3.25)

Tash
ar = a a (] < =
X = aunlsandaan @y Ausd, gungll
. ey [~
is = puantavesmay
A4 = sdsndadnniodadasa

o o = e
e 26 Y5z WaUWsBHAU(Compound fuzzy propositions)
=t oo 3 " o, 3 & 4 a w y
Usennidesanay o Usznoidadaoinue 2 dszwaiaull Fuvouiudroduiou

A197 U “AND” “OR” waz “NOT” iludu
[ : =) =) o v w = = o o owa w dy
Ysznnifaduey oy ldnuanuduiusiad Tasimdgianisaei

AIUU
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S A Y i o a wa e 4 @ ) ~
dsennifidoudae “AND " lFdalgnans Asadumesiondu awaailuaunish

(3.26)

XNis AAND Y is B
Hang(Xy) = min[p,(x), p: ()] (3.26)

s A 3 3 o = va s s
Usznaufioudae “OR” ldanljuamsidaagiion

Xis A ORYisB
(X p) = max{p (x). 4.(¥)] (3.27)

S A = iz @ a wa = 7 =)
Ysewnifioudao “NOT ™ ladrquamsaeunamuavesiadasa

X is NOT A
pi(x) = 1= p(x) (3.28)

3.9 ﬂ{]%@&ﬁ“ﬁéﬁ(Fuzzy rules)

= =)
e 27 NYUoIHars

Ed

= 3| . & ' o
nguasiled Wudoanuuuuiifenly deeglugluvuves IF-THEN @il

IF (fuzzy proposition) THEN ( Juzzy proposi!ion)

15
IF Xis A THEN Y is B

Tawi
E = ! = Y Ao '
X is AdluaauionluvesngiiFonidn Antecedent

= [ o A '
Y is B iiudmdeasivionadwiunangisundi Consequent

1N 28 NMITOUNAAYL

= —

E=Y = s =) ‘é = as ':; ar =
MSBUNAITY e n1aAnuruInguesilad Faiina1edt uan lAsuanuiion Ao

FBnsounamaunlda lag Prof. Mamdani [14]
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fnualin
IF {FR) THEN (FP,)

Wlunguesila®d Tao FP, Fuanuduiusiadluy = X, x.x X, FP, du
anuduiusiesaly ¥ = ¥ x..x ¥, uazx uazy Wudaunlsdeniadn Tu X was ¥
AN
Mamdani Implication: gnanaiiuanuduniusilad 0 lu x xy deifladdunmiuanin

Fauaaaluaunisn (3.29)

py(x.y) = min[(uy, (). f (V)] (3.29)
190

IL[Q(.\‘.J.}) = ﬂ/-‘;;(x)x.u;-';; (») (3.30)

3.10 ﬁ?ﬂ?ﬁﬂuﬁt’ﬁﬁ(Fuzzy controller)

a A 1 dy g Y 3 e
Fanuauiadina il sfludinivguuuuldgunnug(Knowledge base) 150

o = 3 = o A y
Uszaumssinndidoansy Wunguiomumalumsaiugu sewisondiniunu Adnio

& o ~
HHIN “Gl’Jﬂ’JUﬂllW“H“HLLU‘iJﬂ”luﬂ’J'IlJ‘g” (Fuzzy Knowledge Base Controller: FKBC)

3.10.1 Tnssrdavesdimuguiaduuugiunnug

Tnseadraves FKBC wxilsenoudsdndiiay 4 daull1] faaaslugi s2
8 ‘W“ﬂ?ﬁﬂm‘ﬁuIﬁJﬁ]ﬁ(Fuzziﬁcation module)

2. A3 (Knowledge base)

3. amﬂmﬁu“g(lnf&rcnce engine)

4. ANy FWiAYU(Defuzzification module)



' = 3 a ' . s
AanuzraInszuIuns I uAARUS Adynuauaniiudafud

Auasuaalalsiu

| | | |
I | | |
| | | |
I - o ! I [
-  usiuealaiwdy | : ;
| | | I
I ! [ A '
| I | |
I | | |
I | | |
" A I | I
| ! | |
- HaaWiAty : B Suilaisud R AVaWIATY < E
I |
‘ . l '} b e {
! WaaWiadulnma , ! AvaadiAduluna :
| i K ! N 4
»
FIUANNS
] 3
FIUTDUR

P ¥ o -
3‘1]7] 3.2 Iﬂ?\?ﬁﬁ'lﬁﬂlﬂﬂﬁ?ﬂ?ﬂﬂu’wcﬁ“ﬁ

an 7] . . ) o 0 w [
3.10.1.1 WadHingulnga(Fuzzification module) Ysznoualvasnlizneudia 2 aiu
=)
10
3 Qs . . o ¥ o = a a ) = o
M3upsuoa lary¥u(Normalization) M¥u1h wavumnavessuilsounanseaaydma

1 v @ 1
THegluanavousnandu M Eved1UNITAILAY

oy r o ° 1 “ 1 a a a a o Y
@ HinTu(Fuzzification) v wasusangalsuaniiduadddisavesduilsaniue

TufiuAsdan Taofidregizning o fa 1

o 1 =

d o
3.10.1.2 guAnuiad (Knowledge base) 1sznoudisesndsznouding 2 A Ao
1 ! A g o o a a 1 o w d
giudoya dudwiduilsdFuanuiluamsnvosiladion Anonnnduring uazaina

1 g Y o W = o o @
a199 N4 lunsuesuea lawdu uaz Auesven lasasdy
g | “ { 2 ' . -
giung Hudminungnldlunsaruguszy Feeglugives JF-THEN

Fie < process stare> THEN (conn‘o! ou!puf)

3.10.1.3 gmﬂmiucﬁl(fnfcrcncc engine)

A4

a d £ A - 3/ A Y & o Ad w A
sumlasus gnldivestungladluguanuiiemaoasy aeiivaiiseaei
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. aa a o ciy 3 o a wa Z
3.10.1.3.1 Max-min_method 350159 UtWOLITUFLVLN %&’1%61’3‘1];]‘1.!?17’115 min N3

A o d s ! A v 4 4 9 o 3/
wouloanuvestsewainuuisd  ludmdou lvusnguaasngdees ldseauanuduyes
Y 3 a a wva 1 ' o g
doagdlundaznguaglddlfianms max  lumsswdmdeaglusazngdideiuiuy

doaglgaiiofia] daaaaluaumsi 3.31) uaz U0 3.3

(W) = maxmin(B,, i, (1)) (3.31)
k
Taod
d o <] o o o a
() = HarFunnuidlumndnvesteagdndniniinmssumlesudg
& = szAUANUANYEINgN k
ty = Wansuanuumndnvesdoagillungh

3
o = o =] LY o wa
3.10.1.3.2 Max-product method 3nmsowmeisuduuuil  wzldanlgianms = =

(product) lumsduwdindu[20] uazld@lfians max lumssandeasivesngaien
3/ o ! A ' s = ! A 3w a wa
Ay daumsiyen Tossznalsewoinuuiad ludiudou lvvesngesladlgianis

. A ' ' e o o P
minn30 product oo13laot1anie  dwaaluaunsi (3.32) waz i 3.4

Hy(u) = mfrx(ﬁk * 1, (1)) (3.32)
Tao#
() = srsusnudiumngnvesdoagndeiniimsdumesud
B, = szduanuduveIngi k
sy ) = snduanuiluaundnvesdeagilungh &

3/
s a o =1 Y o a wa s
3.10.1.3.3 Sum-product method 3pmsduelsuduUDT 14 Arfidams <« Tu
a = ot ] = o ad 1 Y 1 Y
MIDUNAIATY  1BUABINVIT  Max-product upnssadoagueengsiee oz 14a7

UUAMs sum denaaalumunisi (3.33)

(98]
(%)
(%)
—

Hyp(u) = Z/BA * piy (1) 3.



IF AND

THEN

P

iz ()

> ™

~

Y

<

1 a o
510 3.4 msdueisunTuUY Max-product

3.10.1.4 aﬁﬂ‘ﬁ?ﬁ‘hﬂfu(Defuzziﬁcation)

aa U o i ' o a = = L4
Adladindy Hmhiulassszduanuiumndneesdeasuii ldannmstumlesus

'
-]

ar = 1 a o & o " aa = o @ 3
adpuudumnaddiea suiluaimni 1l ldlumsaruguszuude 1 35msafagiladuiiu
¥
Hviaeisasae 11i
A Lo U = a Y 1w
3.10.1.4.1 Center of Gravity 50 Centroid Mviuaa1n Idannisailad valdiminy u,
4 g P A o4 4 v 7o ‘fl = ) '
Fuusrguinareiuf - Fnasvaqudleianduanuumngnvesteajlveunazng

4 o = o
Fadruan ldanaunisi (3.34) uazgln 3.5
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I,uﬁ(u).udu

U, = (3.34)
! j,uB (u)du

° q ¥ & 4
ﬂﬂ’iuﬂlﬁ B A0 HAVDUDINNH

3

a v o d o
M N AUYNVDIDNAWTUWNTN D IANA

=1 1 r—'i'l 4 =) aay o
u, Ao M lannnmsadalind

Uy = {L(.le)udrw J‘Sb(.Sza)cz’zr+ L(“;Jjudu+

f 5 (.S)udu + £5(1’ = 5)udu + .[: Bl E(S - H)“d“}

+{£(.3u)du + vrb(.3)du + J:ﬁ[“—;deu + f'j(,S)du +

fs (u—=3)du+ L du + f(S - z.r)du}

=49

i

4 e

0.5 —

0.3 a

| | I | -~ u
|
o 1 2 3 4 /5 8 7 8

g‘ij‘ﬁ 3.5 N5ANYEHIATUIS Center of Gravity

oy dy =] a o o @ =1 a o
3.10.1.4.2 Center of Sums S3msnasnandeinsiifendunnuduauznildnn

3
Yt 24

= o = o & ° @ & o Y aadd ' o v
ﬂWiﬂutwﬂlﬁucﬁungUUuﬂu FIVEUIWITAIUAUUNY “]5\37”1?7'.]'51! ﬂu?ﬁﬂkﬁ') A1 u, ﬂWﬁ?mllﬂ

1INANMSs (3.35) uaz3Uhn 3.6
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_[”Z; I/.t du

y = - (3.35)
Iz u du
Amuald ¢ Ao wavaae1Ana
11 f0 MNTAUBABAANFUINTNIADIANA
u, fo A lannnsadagiingy
19819
_[“Z (u)du = I w(0.25u ) du + fO Sudu + f( ~0.25u + 2) udu
4 f(O.Su—3)udu+ E (f0.5u+5)ua'u
ut | w8
0.25 +0.5—| +0.25—
3 o a2 316
2{3 § 5 Lo ,u3 10
| =y | —0.5—
Jie 2 8 3|8
=33
jz u ciu = I (0. 251.r du + fO Sdu + Jj( O.25u+2)du
+ f(O.Su—B)dzH _C (-0.5u+5)du
1;2 2 6 u? 8 8 w10 10
=025—| +0.5u| +025—| —u| —0.5—| +5u
2 |o 2 206 |6 5 |8 8
=3
4w =33/5=656
B,
1}
05— I e e
" LA— vl L . u
0 9 2 3 4 5 6 7 8 ] 10
Uy=686

51 3.6 NM3ANBTAATUIT Center of Sums
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% o Ve = = 4
3.10.1.4.3 Mean of maxima 130 Middle of maximum mwuﬂﬂm"lsé’fmnmm%cﬁcﬁ“lﬂﬂ

Y 1w A ' P a & an w = a 7w o a
TN u, A9 AURABUBITUITN Fetarszauanuiluansnludanduanuitluandn

< = & o I =i
vaawdaidunils aunsam lénnaumsi (3.36) uasuaasliimudegili 3.7

n
2
)

m

(3.36)

U,

o q.¥ = a da o =i a o o B
fmuald  u  fle aungniiimszduanuilumndnveunanaitlumnia

] o a ad o ) s o =
m fo ‘D'I'L!’J‘uﬁ"iﬂ‘ﬁﬂ‘l’mﬂTi$ﬂUﬂ"ﬂm‘ﬂuﬁ’iﬂ‘h’ﬂ‘UENLéﬂGWimﬂUﬁLN

f28814
(6+7)
2

I
a
n

u, =

05—

Qd=

gﬂﬁ 3.7 msﬁﬁm%ﬂmifﬁ%‘ Mean of Maxima
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A9 ausafiuam 1dan aun1sa (3.38) - (3.40)

e(k) =y, — y(k) (3.38)
ce(k)=e(k)—e(k-1) (3.39)
Au(k)=u(k)—u(k-1) (3.40)

o q ¥
Amua i

' o ]

I = msmmmaqmzuwmsﬁﬁmms
1 4 =
v(k) = AUDIMWAVDINTEUIUNITITY

k = aIMIgudyLIN(Sampling time)

msutariavadInnuiled zdredaiuaulfauesmInIuauuuuEy launs
= o @ o
Aguuuuiadezdmuannuduiuivinnguazeyuuuuumsagivinmeg ldvika

(Generalized Modus Ponens; GMP) Tavfimualddiuvesion luiaznaagleglugilvedd

wlsaaniaan

3.11.1 NN TIUY Proportional(P-like FKBC)

aumsheTuIedInIUaNYa P uuUIANAD

u=kpe (3.41)

Taen k, = Proportional gain

uanalvoglugiveanguesilad 1Adsil
If e(k) is (antecedent) then u(k) is (consequent)

3.11.2 M uguATUVY Proportional-Derivative(PD-like FKBC)

AuNINOTAINIVANTIA PD LULIANAD

w=koe+ ke (3.42)
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laoi  k, = Proportional gain

k, = Derivative gain
q 9 ¥ SL Y dy
naad oy lugivesnguesilad laasil
If e(k) is (antecedent) and ce(k) is (antecedent) then u(k) is (consequent)

3.11.3 §InIUANHYTUUY Proportional-Integral(PI-like FKBC)

A = o ) =
FUMINOTUICAINIVANTUA Pl LUDALAD

u=kpe+k, [edr (3.43)
Taoi k, = Integral gain

¥
uansldoglugiunsnguesiladldaadl

If e(k) is (antecedent) and ce(k) is (antecedent) then Au(k) is (consequent)

3.11.4 ﬁ’imuﬂuﬂmé’ﬂmu Proportional-Integral-Derivative(PID-like FKBC)

aumshefueAInIuAUYaA PID LUUIANAD

u=kye+kye+k, [ed (3.44)

¥
o o

uanslveglugivosnguosilad ladat

If e(k) is (antecedent) and ce(k) is (antecedent) and Se is (antecedent)
Then Au(k) is (consequent)
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Merbership function
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Rule no. e \ ce Qutput Reference
1 P i Z P Points a,e,i
2 Z N N Points b,f]
3 N Z N Points c,g.k
4 Z P F Points d,h.]
5 Z N Z Setpoint
6 P N P Range A.E
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Parameter Rating
Rated armature voltage 70 Volt; 13 A
Rated field voltage 80 Volt; 1.6 A
Rated power 700 W
Rated speed 1000 r.p.m.

5.1.2 !ﬂéﬂﬂﬁﬂ%ﬂﬂ'JHJL%'J‘a'?]lILSﬁ&ﬂ‘ig!!ET
- Encoder L1ag Hall sensor

5.1.3 wiemladlWlvhnszuaady
- AC Transformer 70 volts

5.1.4 nsesnieusaduliihnssuaadn
- AC Power supply 220 volts

5.1.5 n3eaileTamalviih
- Digital storage oscilloscope 60 MHz
- Multimeter

5.1.6 Traamalvlvh

- Resistor pack 30 Ohm.
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Abstract: This paper demonstrates how Robust Nominal Model Following Control (RNMFC) motivated by the
adaptive model following concept is developed and proposed in this paper. The control structure of RNMFC is quite
different from and much simpler than those of adaptive model following control schemes. RNMFC has three main
features: the use of a nominal model of the plant as a reference model, the design of a model controller which fulfills
the reference tracking requirement and the inclusion of a simple PID correction mechanism which copes with all
dynamic deviations of the real plant from its nominal model. With its robust control structure, RNMFC separates the
reference tracking and robustness fulfillment into two independent problems. The results illustrate the robustness of
RINNMFC that can be manipulated parametric uncertainty of motor servo system.

Keywords: Model Following Control, PID control, robustness

1. INTRODUCTION

Robust  Nominal Model Following Control
(RNMFC) motivated by the adaptive model following
concept is developed and proposed in this paper.
Adaptive Model Following Control (AMFC)[1,2-5] is
proven to be an effective and preferred control
strategy[6,7]. Although adptive model following control
theory has been well developed, the simplification of
control structure and the relaxation of strict assumption
still need further research. In recent yearsmany efforts
have been made to the selection of appropriate reference
model and the elimination of requirement for full state
information which is usually difficult to acquire .The
control structure of RNMFC is quite different from
and much simpler than those of adaptive model
following control schemes. RNMFC has three main
features: the use of a nominal model of the plant as a
reference model, the design of a model controller which
fulfills the reference tracking requirement and the
inclusion of a simple PID correction mechanism which
copes with all dynamic deviations of the real plant
from its nominal model. With its robust control structure,
RNMFC separates the reference tracking and
robustness fulfillment into two independent problems.
The results illustrate the robustness of RNMFC that can
be manipulate parametric uncertainty of motor servo
system.

The paper is organized as follows. In section 2 we
present RNMFC scheme and in section 3 present
controller architecture. Numerical examples are given in
section 4.

2. ROBUST NOMIMAL MODEL FOLLOWING
CONTROL SCHEME

Perfect model following is an ideal case of model

following control systems[5]. In fact, due to parameter
variations and load disturbance in the real plant, the

89-950038-5-5 98560/06/310 © 2006 ICASE

asymptotic model following based on adaptive ideas is
more practical.  Generally, an AMFC system includes
a reference model which prescribes the dynamic
behavior of the model and reflects the expected
performance of the controlled plant, and an adaptation
mechanism which generates a correction signal to force
the plant to follow the model.

Since it is not easy to select an appropriate reference
model which matching conditions of AMFC scheme,
one may wonder why not to directly use a nominal
model of the plant as a reference model. This question
has in fact motivated the development of the underlying
RNMFC. Certainly, the direct use of the nominal
model of the plant as reference model requires great
revolution of present architectures of AMFC schemes.

7 +i é_ ) Mode!

Controller

Nomiral Y
Model

Plant

Correction
{  Mechanism
(PID)

Fig. 1 Principle block diagram of RNMFC scheme.

Fig. 1 shows the principle diagram of the proposed
RNMFC scheme. The block nominal model denotes a
mathematical description of the plant in the nominal
case and acts as a reference model in the system. The



model controller is designed from the nominal model
and it can be any type of controller. The model
controller has two tasks. One is to ensure a desired
reference output trajectory y, for the plant to follow

which satisfies all performance specifications required
by the designer, and the other is to provide part of
control input for the plant. The correction mechanism
generates an additional correction signal so that the
output of the real plant can still follow the desired
reference output trajectory in the presence of modeling
EITOrs.

In principle, the correction mechanism can be of any
type as long as it guarantees asymptotic model
following. As aforementioned [16], the adaptation law
developed by means of hyper stability theory is very
complicated and quite time-consuming in the
implementation and it may also introduce poorly
matched initial values of controller parameters. In
order to reduce the computation in the correction
mechanism, well-developed conventional control
techniques may be employed. A simple PID
correction mechanism is here adopted.

A. Asymptotic model following conditions

Assume that the plant parameters are unknown but
constant or slow time-varying. The input-output
relationship of the plant can then be approximated by a
transfer function with a variable parameter vector. The
reference model, the plant and the PID correction
mechanism are represented in terms of transfer
functions as shown in Fig. 2, where G,(s), G,(s,v)

and G,(s) denote the transfer functions of the

reference model, plant and PID correction mechanism
respectively, and v is the parameter vector of the
plant.

1 Y
() o 15 (s)
+
92 Y.(5) =
+ (s Gp () P
e,(s)
G,(s)

Fig. 2 Simplified diagram of RNMFC scheme in terms
of transfer functions.

Asymptotic model following conditions for the
proposed RNMFC scheme are stated as follows:

Theorem: The plant output  y, (f) asymptotically
follows the model output y,_ (t) if

(1) the model and the plant do not include any poles in
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the right half plane and on the imaginary axis with an
exception at the origin,

(2) the closed loop system of the plant is stable if the
same PID correction mechanism is taken as a feedback
controller,

(3) there is a limit on the output of the model controller
when the time approaches infinity, i.e.

lim (1) = k (1)

where k is an arbitrary constant.

Proof:
From Fig, 2, it follows that

7.(8)= G, ($)U,(5), @)
1,(5) =G, (s,W)[U,(5)+ G, (s)e, (5], 3)
2,(8) = X, (s) - 1,(5) )

Hence, the transfer function of the generalized output
error ¢,(s) to the model input U, (s) is

() G,(5)-G,(s5v)

U (s (5
L (8) ]+GP(.S‘,V)G“(S)
Condition (1) implies that
D, (s)=5"D. (), ©)
D,(s,%)= "D’ (s,) ™

where n is integer equal to or larger than zero (note

that the plant and its nominal model are supposed to
have the same number of poles located at the origin) and

D; (s) and D; (s,v) are stable polynomials.

Equation (5) can then be expressed in terms of
polynomials stated above as

e,(5) _ D (s)[D,(s,Y)N,(s)- D,(s)N,(s,v)]

Un(s)  Da(8)ID,(5,V)D, (8)+ N, (5,)N, (s)) i

The closed loop system formed by the plant and the
same PID correction mechanism as the feedback
confroller is shown in Fig. 3. Its closed loop transfer
fimetion can be written as

Y(s) N, (5,V)N,(s)
7 (5) " D,(8,9)D,(s)+N,(s,V)N,(s)

&)

Because D, (s) is a stable polynomial, it can be

seen from (8) and (9) that the dynamics of the
generalized output error ¢, in the RMFC scheme has



the same stability property as the closed loop system
formed by the plant and the same PID correction
mechanism as shown in Fig. 3. If the closed loop
system as shown Fig. 3 is stable, the dynamics of the
generalized output error e, in the RMFC scheme must
be stable.

From (8), it follows that

limse, (s)= lm D, ()P, (s, () = D, (sIN (s,v)]

11— sU(s)(10)
¢ D (D, (s,v)D,(s)+ N (5,v)N, (5)]

Considering condition (3), one can rewrite (10) as

timse, ()= tim AL, CN )~ Dul N, &I, oy (511
e DL OID, WD)+ N, N (5)]

For the PID-type correction mechanism

de
)
dT+Tda?

t
Uy = kpa| ey +-ﬂ‘ﬂ(j)ey

(12)

a

Thatis, D,(s)=T,(s) Hence

(13)

i‘z_:‘nu se,(s)=0

+:

G,(s)

G)ﬂ (s,v)

4
v

Fig. 3 Feedback control system of plant with PID
correction mechanism as controller.

From conditions (2) and (3) and Eq. (8), there must exist
a limit on the generalized output error e, (f) when f

approaches infinity. Therefore,

{1;2 e,()= {_l_??g se,(s)=0

(14)

3. STEP DESIGN

The control system design RNMFC can be done in
two main features: First, is design nominal model and
Second, is design PID correction mechanism.

In the preceding section of this chapter, We have seen
that nominal model controller design by nominal model.
Therefore design by not to consider Uncertainty plant
and in changer load motor bus is design controller for
aftain stability in tracking signal reference.

To be for design controller PID Correction will be
condition to the theory in section 2 by the theory to give
system controller attain following Nominal Model of
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strict. Therefore design classical such as root locus or
frequency domain can be have design difference
controller nominal model to be worst case the plant in
design due of duty PID correction to concern directly
reduce standard division to nominal model in the plant.

The design to part independent between nominal
model and PID correction indicate disturbance
according both. Such as, this method is well for robust
controller design nominal model.

4. SYSTEM MODELING EXAMPLE

This pant in example is DC servo motor controller by
relationship show armature voltage and speed shaft
motor. Transfer function transform is (9]

Ep 3.6

Tps+1 0025 +1

Gp, ()= (15)

Where K is ratio to enlarge closed loop system

servo and T is time constant motor by transfer

function is plant nominal model.
Therefore design controller nominal model to choose
Analytical Design . Transfer function transform is

24
GC1 =0.32714+—+0.0s (16)

s
Where G, is transfer function nominal medel control.

Afterwards is transfer function controller can be
consider is feedback controller type PID by consider
worst case plant. When to determine worst case plant is
time constant and ratio to enlarge closed loop system
nominal model with plant. Transfer function transfer is

Ky 2.96
Tps+1  0.85s+1

Gp, (s,4) an

Thus, design by Analytical Design. Transfer function
transfer is

6000

8

G

o =108.5+ ——+0.65
2

(18)

Therefore from Fig. 1 Principle block diagram of
RNMFC scheme. We have seen  new structure
RNMFC in Fig. 4 as the design under Uncertainties
conditions in the plant. The main results are listed as
follows.

1) The plant output asymptotically follows the model
output under some conditions

2) The robust control loop is stable if and only if the
feedback control system of the plant with the robust
loop control as a feedback controller is stable.

3) The model controller and the robust loop controller



cane be designed independently. The design of the
model controller is based on the nominal model of the
plant. The design of the robust lcop controller can be
converted to the design of an equivalent feedback
controller for the worst case plant.

0.327]+E+0.,
s

0.02s+1

Plam

]08.5+@+0.55'
s

Fig.4 The structure RNMFC in the design under
Uncertainties conditions.

InFig. 5, Fig. 7, Fig. 9 we show results experiment of
the closed loop system by PID controller .Input as feed
PID controller is sine, sequence, pulse. And in Fig. 6,
Fig. 8, Fig. 10 we show results experiment of the closed
loop system by RNMFC controller. Input as feed
RNMFC controller is sine, sequence, pulse. The results
indicate that significant robustness characteristic
improvement with respect to plant uncertainties in the
response by proposed technique is accomplished.

2006/83/24 P——uy» Horml
Stopped 604 3 143/ Insdiiv
T RRTE 5

Fig. 5 Response system form PID to input sine.

112

97

200603/29 1o Hormal
Stopped ] 10kS/5 100nsde

T mirz 108 33

Fig.6 Response system form RNMFC to input sine.

20066324 ———————— ULl
Stopped 1728 INS/s  Ansdli

3
T Rae 10 07

Fig. 7 Response system form PID to input sequence.

2006-03-24 = L]
Stopped 1220 ins/s

Insfiv

CETCOI TS

A

4 F

Fig.8 Response system form RNMFC to input sequence.



2006/03/24 e i0e. HOPRAL
Stopped MS/s

2897 1nsiti

TC Fains 108 33

4

Fig. 9 Response system form PID to input pulse.

2086,,03,24
Stopped

Normal

[T
] InSss

TEhaina 10k 13

2097 1nzdiie

o

Fig. 10 Response system form RNMFC to input pulse.

5. CONCLUSTIONS

In this paper, metive a principle by robust controller
with a method robust nominal model tracking control a
method as mentioned motive Adaptive Control but
structure  differently distributed architectures. It is
revealed that the proposed method is very effective in
the robustness characteristic enhancement of the
distributed confrol systems in the presence of plant
uncertainties.
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Abstract: This paper presents the algorithm for speed control of a separately excited de motor (SEDCM) drive with
fuzzy self-organizing. The objective is to design the system that can leamn, increase, reduce and modify rule in
knowledge base or rule base to suit the case and set response within acceptable area. The concepts about state analyze
and performance measure are used to determine the modification rule in the knowledge base. The structure of fuzzy
self-organizing controller consists of self-organizing control, de chopper and speed sensor devices. For the control
method, the close loop speed techniques are applied. The fuzzy self-orpamizing algorithm is experimented by
controlling the speed of separately excited dc motor. The rules of fuzzy self-organizing with separately excited dc motor
1s to see response when load is changed.

Keywords: fuzzy, self-organizing, separately excited dc motor

1. INTRODUCTION

Generally, D.C. motors are used in many industrial o ¥R AT ﬂ M
plants. In particular, separately excited de motors have Y

many applications. A separately excited dc motor drive o = i (1)
system 1s commonly operated with torque control. ¢ L m

Close-loop drive is used for speed control or position dp

control, and require feedback speed signal from the v, st N fﬁi (1b)
pulse encoders or tachogenerators. Because of these dt

facts, the use of a transducer which limited its work can de
adversely affect stable performance of the motor. T, = ki =T +J—=

<
If

(lc)

This paper presents a separately excited dc motor drive )
with fuzzy self-organizing. We analyze the stability of 2 s ad
speed by using gradient descent.

2. MODEL OF A SEPARATELY EXCITED DC while,e_is the rotor speed(rad/s). The voltages I and
MOTOR ¥, are the armature and field voltage(V).The resistance

A separately excited dc motor shown in Figure 1 is one R, and R, are the armature and field resistance (Q2). The

of the most commonly used dc motors. It can be

represented by equation 1 as follow: current j and J |, are the armature and field current(A).

The inductance L, and Lf are the armature and field
inductance(L). The constant £,, k, is the motor constant,
J is the inertia of motor (Kgm®), B is the damping coe-
fficient (Kgm’s™). The torque T, and T, are the load

torque and motor torque(Nm).

From equation (1), it follows that:

V-E() = ®+sL) @

E(s) = K go(s) ©)
T (5) = KgL(s) @
Figure 1. Separately excited DC motor T (5)-T.(s) = (B+sl)axs) )

978-89-950038-6-2-98560/07/$15 @ICROS
1316
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Equation (2), 1t follows that:

File = AORACENAOR RO

(Ra+SLa) 1+‘[a_l,‘

T = L,, /R., 15 electrical time constant of armature

Equation (5), it follows that:

T,6)-T,6)  [L,6-T,6N/B
(B+s)) I+7 s

@(s) = )]

t = J/B 1s mechanical time constant of armature

From equation (2) - (6), can be written in block diagram

as shown in figure 2.

Figure 2. Block diagram of SEDCM

From figure 2 if the speed is changed speed @(s)
because of V,(syand T (s), it follows that

G (s) G.(s)
= ! E (5+ £ T ®
1+ G ()H () ° 1+ G, ()H,(s) £
while
(I/R ) 1/B
G(s) = —(&, )( ) (8a)
1+sz‘a 1+
H(s) = K¢ (8b)
G,(s) = Q8 (&)
1"'”.,.
-KE¢° IR
Hz{s) = e b 8 (Sd)
1+srﬂ

From equation (8)if not consider T, (), it follows that:

@ (s) - Kx¢ (9)
V,(s) KK ¢*+R B(l+st X1+ st )
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But z « ¢ always, we can then cut partof 7 .
It follows that:

K
G1(‘y} = s = Jﬁ
Vi(s) KK ¢"+R B+sR Br_
k
= L (9a)
1+ sz
while k». = Steady state gain
L Equivalent constant
and
RB
R R (9b)
KK.;:? +RB "
K ¢/B
k = .¢— (9¢)

then T KT
From figure 2, when i (5) =0, 1t follows that:
a)(_v) B K‘¢I‘B i k

s (10)
1,(s) 1+ ST 1+ ST

Therefore, from equation (9a) and (10), it follows that:

I() _ L) w) _ s, kK i
V.(s) w(s) V,.(s) K‘(MB (1+ st )
K».\(l"'”m]
- I+srﬁ|

which can define as follow:
k

k= "' 1la

) K¢IB (Hle)
K

k= _f (11b)

m2 B

ko= k k. (11c)

km’kmi 'kmz = Equivalent constant

3. DESIGN OF A SEPARATELY EXCITED
DC MOTOR CONTROLLER

The control system design consists of :
- The structure of separately excited dc motor drive
with PI controller
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- The structure of separately excited dec motor drive
with fuzzy self-organizing controller

3.1 The structure of a separately excited dc motor drive
with PI controller. It follows that:

u = Ke+K [edt 12

while
= Proportional gain

K = Tntegral gain

Encoder

Figure 3. Block diagram of DC motor control by
using PI controller

3.2 The structure of a separately excited dec motor drive
with fuzzy self-organizing controller as shown in figure
4.

Putof fizxy controller with
=iorguinng

Speedvalus,
refence

Speedvalus,
mesim

Figure 4. The structure of a SEDCM drive with fuzzy
self-organizing controller

The structure of a separately excited dc motor drive
with fuzzy self-organizing consists of:

3.2.1 Fuzzy controller uses A-function for input and
fuzzy singleton for output. Inference uses max-product
composition, defuzzification uses center average
defuzzifier. While knowledge base consists of 49 rules.
This part control fuzzy system and keeps all rules used
for speed control sending choice of editing rule.

3.2.2 Choice of rule should edit is to reduce control
signal in starting period. Thus, group of rule should edit
is the rule of both input are error and rate of error

102

through starting period as shown in figure Saand 5 b.

Center of member function on error(e(nT))

Linguistic on error(e(nT)) |

Linguistic on
change e’lror(:!(n'l'))

4020100 |20 40|60 [p——-——my

Center of member
fundtion on error(e(nT))

$0|60|-60|40/[20 |00

$0|60|40|-20/00|20

! Cemelrof

50|40|-20|00[20|40 !
i member function
40(-20(00|20(40 60 T

-20(00|20|40)60 |60

0o0fj20fa0]|60|60 |60

20406060 |60 |60

B

X
Group of excite nules
at time nT

Figure Sa. Knowledge base and rules at excited time nT
in learning revolution &

Level of concentration

X NS | ZE
of rule at 0.05~, e b
) Level of concentration
S - S e of rule at 0.2

-

PM| 4.0 ['2.0 | 4.0

Level of concentration
qw&FﬁTle at 0.7

<

6.0-

B | 6.0 1
s

¥

Level of concentration of rule at 0.3

Figure 5b. Level of concentration of rule at excited time
#T in learning revolution k

3.2.3 Part of performance value is measurement of the
different of specific performance value and performance
value at measure as follow:

AOV = OV OV (13)

3.2.4. Part of self-organizing by gradient descent is to
change rule in knowledge base as [ollow.

1 2
E = o[y0)-y) (14)
atksn = amw[i@} as)
ey
while
¢ (k) = membership function of rule /
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at learning revolution &

a(k +1) = membership fimction of rule /
at learning revolution k + 1

a = learning rate

[gﬂ = differential function when

compare this with ¢,
can be calculation from equation (16)

_ A (&) xp; (ce) x (y(t)-y,,)
% (g (€)% 1 (ce))

I=1

16)

while, £ (e) is level of membership of error rule /, g, (ce)
is level of membership of change error rule /, v, is requi-
red revolution value, y(#) is measured revolution value
Calculation of learning rate can be considered by 2
reasons; performance value that measured should effect
to learming rate in each revolution and learning rate
should vary in every peniod of time as the rules that

input in each period of time will effect to the response in
different level.

o = weightx|e(nT)-c,(nT) an
while, weightis loaded value, e(nT) is error at time nT,
c_,(nT) is fuzzy sigleton of output of rule / at time n7
Loaded value is measured from performance value by
condition as follow:
If 40V <0.3 Then weight = 0.0
If A0V >0.3 and 40V <1.0 Then weight= 1.0
If 40V >1.0 and 40V < 3.0 Then weight=3.0

If 40V >3.0 Then weight = 5.0

From condition above can be shown in figure 6.
ekT)
~_ [

0.0

5.50

Figure 6. Rules in period of time #T after solve in
learning revolution &+1

4. EXPERIMENTAL RESULT

The system deseriptions of the proposed speed
controlled system are shown in figure 7.

PC-Base furzy self-

D.C. Motor drive

D.C. Motor

AD & DA card

+#

organizing by

MATLAB

Encoder

Figure 7. Demonstration plant of de motor

This experiment is searched for performance of speed
response at 1000 rpm. and response when putting
mechanical load on system. The experimental results of
the purposed speed controlled system as a fuzzy
self-organizing controller that do comparison with PI
controller

Table 1. Rating of the de motor
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Parameter Rating i
Rated armature voltage 70 Volt; 13 A
Rated field voltage 80 Volt; 1.6 A
Rated power 700 W
Rated speed 1000 r.p.m.

Figure 8. Speed response with P controller
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Table 1.
experiment

Speed, performance and

parameter on

Reference value

Number

Unit

Speed value

1000

L.pam.

Maximum width for
member function of
output signal

3.0

unit

Knowledge rate at
beginning

0.1

%QOvershoot

4.0

%

Fuizy secryganizing

spand rpm)

& 8

imma fsec )

Figure 10. Response for speed control at level 1000
r.p.m. which determine performance value at
Y%overshoot=4.0% with fuzzy self-organizing controller

Table 2. Performance value of learning which adjust
rule of each working revolution

Paformance | Rev,1 | Rev.2 | Rev.3 | Rev.4
Risetime(se)| 1.52 | 1.56 | 1.87 | 2.01
%Overshoot | 7.14 | 6.53 | 542 | 4.0
Table 3. Speed, performance and parameter on
experiment
___Reference value Number Unit
Speed value 1000 r.p.m.
Maximum width for 30 unit
member function of
output signal
Knowledge rale at 0.1
beginning
%0Overshoot 5.0 %

Fu

paed (rp.m )
g
P,

22y seltcrganizing

Figure 1. Response for speed control at level 1000

4 3
time (gesd

r.p.m. which determine performance value at

%overshoot=5.0% with fuzzy self-organizing controller

Table 4. Performance value of learning which adjust

rule of each working revolution

Paformance | Rev.1 | Rev.2 | Rev.3
Risetime(sec)| 176 | 1.81 2.02
%Overshoot | 11.04 | 7.65 5.0

Table 5. Speed, performance and parameter on
experiment
Reference value Number Unit
Speed value 1000 r.p.m.
Maximum width for 3.0 unit
member function of
output signal
Knowledge rate at 0.1
beginning
%0Overshoot 7.0 %%
Fuzzy self-organizing
140
ot
alf/
=1 I
g s f 1
8 . f],
f
w0}/ ]
% 2 : 5 & 10

Figure 12. Response for speed control at level 1000

time (sec)

r.p.m. which determine performance value at

%overshoot=7.0% with fuzzy self-organizing controller
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Table 6. Performance value of learning which adjust
rule of each working revolution

Performance | Rev.l | Rev.2 | Rev.3

Risetime(sec)| .54 173 1.96

% Overshoot | 8.27 7.82 7.0

A
1000 [ pemesmre o N ]

speed (rp.m.)

] 5 10 15 2
time (sec )

Figure 13. Response for speed control at level 1000
r.p.m. which with fuzzy self-orgamizing controller

at load 50%
1200
1000 ,-—-—A..,‘,-\/.‘,A-_-.w.'ﬂ\‘ USRS A S —
am
E
-
= 600
=
£
&
400
200
. i
o 3 it} 15 o

time (sec }

Figure 14. Response for speed control at level 1000
r.p.m. which with fuzzy self-organizing controller

at load 75%
10
f”‘\
e .\ S—
_m
)
2
3
§
P
m
gG L 0 ‘.":'1 x

tine (sec )

Figure 15. Response for speed control at level 1000
r.p.m. which with fuzzy self-organizing controller
at load 100%
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5. CONCLUSIONS

In this paper, the experiment results as test with fuzzy
self-organizing by using gradient descent in controlled
of motor speed at different level and different
performance. We find fuzzy self-organizing controller
can learn manner of system and tuning knowledge base
until it can response to following specific performance
at learning 3 to 4 revolution. and can keep stability of
system when put mechanical loaded to system at 50%,
75% and 100%. If we compare PI controller with fuzzy
self-organizing controller, we would see that PI
controller was more difficult than fuzzy self-organizing
controller because we have to find parameter and
mathematics model but fuzzy self-organizing can learn
by itself.
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