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A study on an Anpalytical Approach to the Derivation of Fuzzy PI
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ABSTRAGT

Fugzy logic control(FLC) has been studied
extensively and has bheen applied in various
applications. The most popular control strategy
takes the Fuzzy Proportional-Integral{FPI) form.
While systematic methods have been developed
to derive the {fuzzy rules and membership
functions, the choice of the scaling factors
remains an open problem. In this paper, an
analytical FPI scaling factor determining method
is derived, based on the functional equivalence of
the PI and FPI controllers. Simulations have
been carried out with a brushless DC motor
drive system as test-bed, the obtained results
have verified that the derived method is
applicable to both the initial choice and further
tuning of the FPI scaling factors.

1. NE

A 2 A A o= bt S-Ean)d) H g5 o))
do. BE AAZZANZNFLC)= dutAon
AR FIEE Ay ¢ PR Ao FAS P
#HA getd s AEZ F5 gl ulEks, FLC
g HAsIE] A gy FAs Nag Ass T
A EE FLCY deivielE ZAsE Aol
QA Al fleld, @ ® A selvE= AR
3% AA WP aeln ¥z 4@ 289
scaling factor5® FAECH

FAA FLCE olzet A9 8E o957 9
B xAHo|n AFAY AR BEF g A4

Hola geh 2N oA AAMHEL TAHe

- 460 -

=

= HolA gl

B A A AlaY ALEsE oj4dy 9
& PlAo7]12] 4<%} FPI scaling factor$} )
738 u¥3dly, FPI scaling factord] H9%
AR o2 Fie BHE e ueTAaL
g 3Rvh PIgE FPRIA) 7o) gk aoF 4w
=, PIst FPIAiol7] di&t 5704 S Z1&%, FPI
scaling factore wE&gdh 2dx, =l 4
o= AgdolAg dsle F29 HAgA AlAg
A% ¥ scaling factor?] G3E S Felsd
o BoZ AH® TS J2E e RYIEe
A= g dsle BAE Alojuis A3
stk

2 AAes Wle] eulEe o e dF =4
o

2. Pl = FPI "o

21 Pl Ho7| 7=
71E9 Pl AenEEe g 2 oit 4
tEeE g

PI: 2kt 1) =l R)+Mu( b+ 1) 4]
Au(k+1)= K de( k) + K, T.e k)

= TR MR/ T A K D] @

e(k) = svpv, svE kK A FZH A 23
HE 7R pvs k WA 439 AR =2
A2l E&¥gkeld

de(k) = elk)—elk— 1) BZHeel T4
Lzbe] WIS e,

u(k) = AojAzolar Aulk+1)e wh)e) Z7t
ok, agln Ky K+ 22 viEgd A8 A9
ot}



22 Fuzzy Pl Moi7l T2
A9 e(ke) Jde(b)E #H=
G839 2o B Ao ArEs

o,

M52 o g,
02 FHE # 9

[ w(k+1) = wl®+Julk+1)
sulk)+ K, T.CUE+L) (3)
CUlk+1) = f[ K.elk), K. de(k ] 4)
oArlel M, f & A dngFenrE Frd
A Ve a8z "E,KCQ,KCH—‘:— zz}
94, ex9 Wi, ¥ s o FPI

scaling factorse] o

Knowlcdq
Bazs
u Inlerance .

L._(L ’K_ + Enaino

'
‘ (24

Ke %Process out,

J2 1. OR] PI Mo ¢
Fig. 1 Fuzzy Pl control scheme

Hiol7| c[Apelst Scaling
Factors w £

3. FPI &

A71R FEAA] U AA S8 FAE 5
Ak 708 #A Qo wreld dmE B4
& & Uthll) waA A nse e B &
EgRe BN S3el Qo A FFH nall
ke, b BA oiFE HolEE B 1a 2

X1, FPI HHE 23t 77}%] Sl 7%
Table 1. A 7-term rule table for FPI contreller

=

i) N M3 Z0 PS = =]

[N =] ~NB =3 R [0} NS (A= pd e

kA [WI=] ~NBE [NV} NS | NS Z0 PS

NS NB [N1=] NS NS 20 Ps P

0
R

zZo NE N NS | Z0 S P F=

PS5 1 ¥ NS 20 Ps . PS FBE (=1

P NS el P3 F3S PNV PE =

=] Z0 PSS PSS FrA P i FB2 P2

A4 1S AAHAY, Ao M= 27e
e LI R I S - F EE T !

— & -3 -2 =1 0 1 2 3 €
—ce ce
~du du

DB 2, FPI YUEE HaE E PR
Fig. 2 MF definition for FPI input and autput
variables

2 Weolx HeolE, dxtg oy 4= 77, MF 9
2 E 1, Mamdani® max-mn FF 94 1

, HlF RIS e A BA AN E AlEEd e
?{z‘% Heolss FA8 &+ it

dow
=
‘l

B2, 1CHAe 29 Holg
Table 2. A 7-level MF matrix for the fuzzy variables

=]
-3 ‘ —z [ —1 0 1 2 3
-3 -3 -3 -3 -3 -z —1 e}
-2 -a -3 -3 -2 -1 o} i
i 1 -2 —; —lw -1 a 1 1
Gy 70 -2 ) -1 -1 o] 1 1 .
1 —17 7—717 -“O 1 z z b=t
2 -1 - o 1 2 A a ;7
c) 0 1 a2 a 3 a 3

E 2404 CU=t EQ, CEQAFele]l A 43
Heolg o 4 g

g T PEQ,CEQE A8
< gAY, @EQ, CEQ7 T

&9 EAE 2ETE A% 2 4 At

< < (EQ+ CEQ) (6)

(LQ_EC_EQ) < QEQ, CEQ)

5 4BE TA

- 461 -



E = K, elk (7)
CE = K, ek 8)
A (G Ay fste] A5 RS o] &t

W o0ed g e 9 & ol
Tﬁ(-@i@%@i‘f@) < i+ 1) &
Dkt D) = TRl Kol B+ K, detR)] ()

At 1) TR0
Agas 98 A

JaAY, D e A8 BE & Ao,

7 ac | KR Kotk

T(‘K:e(k) + K,)Ag(k) = TXK cu[Kee(k:) + Kce‘f‘l'g(kﬂ

) < TEAR+ K460

A5 e(hst JelHS BEE AFE WL,
FPI scaling factor®t PI ©|5 Apole] @A 7 &
o Ze Hez 43 F ghrh

K1£ KGKL'u S ZKZ

K Te s KoK, < 2K,/T. )
AzlelA Pl ol 582 4y P_J HE R o) 4
sled ZHA o2 HeE o]z 7] o

G KE 92 YAn s

K, = S

I{; ZKﬁ * Cz')_o;- (11)

0:1710-“]\:" W opy Wy jﬂa‘s KT—E_ Z‘};L} Fi '@Zﬁ?l}
Zopd piEnAlolAe mAZ Fas AA4E D
A, AR BEL B3 o)k
Ko K, srge] Foldud, H1OE AHE34
o5 %e EASY] $8iA, 3709l scaling factorF
oA Fhtel &g AFsE Ao LaFd 2 B
gom AUNE d8at K, K. K, $ES A
A4E g .

AL Hel fARA eIz, &) MBS ¢g
dizFEel wazh vk dalel Ao, scaling
[actor?] 2ur8 W H3L E5d 3omw =
27 gt diA o2 gcaling factory] &7)g&

210yl =1sre] A% ¢ gleh

4. FP! Scaling Factors 2F AlA g Sdtol
st AlgEgo)d &

% 32 BLDC ¥ % A2 & vholof e
o}, ol Aol AswlE FPL &5 Aojr) e #E
Hol FZ2 7lzz & W Hoz FAEAD
Aol A=EE 3719 supsystem F, AAYE Ay
B, BLDCRE, 2d1 F5& 7148 Raz 4
=itk

=S/Ha
HBHA

YL
~

, A

k]
1 '
vdl
RUpLY=k 1)
o
I‘?
[OD\ IHOD

ﬁg

8 3. ReREe ®HA Aol 7o
Fig. 3 Overall system control scheme of BLDC motor
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