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Abgtract : A brand-new two-dimenson PID fuzzy controller, fuzzy Pl +fuzzy ID, is proposed. By comparing the
illustration of the fuzzy Pl and fuzzy ID, the smilarity of the two corresponding fuzzy control rulesis ensured. The
theoretical analysis shows that the PID fuzzy controller possesses the feature of nonlinearity besdes that of the
traditional PID. The smulation research result shows that its control featureis better than that of the traditional PID

and fuzzy PI.
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: (Kol T)A%e(n) ,
u(n = u(n- 1) +Au(n.
PID e(n Ae(n A?e(n)
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' : 3 PID
[1] PID 3.1
[2] PID D, :
, fuzzy Pl +fuzzy ID : u(n = u(n- 1) +Auw(n +Aw(n,
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(BIBO) Aw(n = KAe(n + > K Tse(n) ,
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Bue(n) =2 KTe(n + (Ko/ TIA%e(n). (2)
AU(K) = GAw (k) + GAw(k). (4)
(3) 1 PID 3.4
, FC1 FC2 . FCl 4 3
fuzzy Pl + fuzzy ID . r(kt) ,y(kt) ‘A) e< 0. <0, Aw <0:B) e<0, & >
; 0, Aw =0;C e>0,e& <0, Aw = 0;
e(kt) , ec(kt) D) e>0, e >0, Auw > 0.
ed (k) ; A u(k) . R
L1 <0, ed=<0
( ), A) <0, ec<0 4-{--§ Ty 2) <0, 2420
o mestecoe T3
D BB EFCI ’ T 4 e>0,ed>0
R — D) e>0, ec>0 4« R
o | 0 "
kD) o(hh! : 3
m FC2 4 3
) 1) e<0,ed <0
, , Aw <
R 42 i 3F C2 0;2) e<0,ed >0,3) e>0,ed <0
""""""""""""" 2 3 ,
1 PID , Aw=0;4 e
3.2 >0,ed >0 , )
e(kt) , Aw > 0.
ec(kt) ed (kt) .
G,G,&
Ge(kt) = G(r(kt) - y(kt)), FC1

Geec(kt) = Go(e(kt) - e((k- 1))/ T,
Ged(k) = G(ec(kt) - ec((k- 1))/ T.

(3
cy(kt) ,r(kt) k
e(kt) , ec (kt)
ed (kt) [- L,L].
(N) (P
2(a)
Gye(kt)
Aul(kf)= Gpec(kt):
L0 L Au(kt) -L 0 L Goed(kt)
(a) HNZZ B MR (b) %A & R B AL
2
3.3
FC1 FC2 A w (ki) ,
Aw(kt); G, Gy
3 ,
N (2D (P.-L,0,L

2(b)

R1l: if Ge(kt) isN and Geec(kt) isN,
thenA w (kt) isN;

R2: if Ge(kt) isN and Geec(kt) is P,
thenA w (kt) is Z;

R3: if Ge(kt) isPand Geec(kt) isN,
thenA w (kt) is Z;

R4: if Ge(kt) is Pand Geec(kt) isP,
thenA w (kt) is P.

FC2 :

R5: if Ge(kt) isN and Goed(kt) isN,
thenA w (kt) isN;

R6: if Ge(kt) isN and Goed(kt) is P,
thenA w (kt) is Z;

R7:if Ge(kt) isPand Ged(kt) isN,
thenA w (kt) is Z;

R8: if Ge(kt) isPand Ged(kt) is P,
thenA w (kt) is P.

3.5
, 20 (1C1-1C20) ,
4 , 1-20
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1 8
Ggeciil Gped(e) RU R5(1) R/ R6(U2) R3/ R7(U3) R4/ RB(4)
ic18| ici12 | icit |1c17 Une/ R3 U e/ RO
L IC1,I1C2 M Ne M Ne Une/ R7 M redl RB
1C4 [ic3
IC13 IC10 o3 jcq Ml RL M e/ R3
IC5 1C2 > ' M Ned/ RS Hine M ned/ R7 Hre
-L|1ce IC1 |z Ge(kt)
IC14 1C9 Mrnee/! RL M pel R2
IC7]1C8 15,16 Mned/ RS M ped/ RE Hee Hee
-L
IC19 [ IC15 | IC16 |1C20 MRl R2 Hne! R4
IC7,1C8 L
4 Hne/ R3 U o/ RO
IR\ 0 0 Hned/ R7 U roal R4
G| e(kt)| <G| elkt)] =L
IC11,IC12 0 H e 0 Hre
Go| ed(k) | < G| e(k) | <L
IC13,IC14 0 0 M ke Hre
IC1,1C2,1C5,IC6; o
M pec/ M nee/ RA
G| e(k) | <G| e(k)| <L IC15,IC16 0 U rea/ RB 0 U nea! RB
G| elk)|< G| ed(k)| <L IC17 0 0 0 1
1C3,I1C4,IC7,IC8; 1C18 0 1 0 0
G| e(kt) | =1L IC19 1 0 0 0
G| ec(kt) | ,Go| ed(kt) | L 1C20 0 0 1 0
1C9,1C10,I1C13,IC14; Auw(kt) =
G| elk)| <L 0, IC18,1C20:
G| (k) |,G| ed(k) | = L L, IC17;
IC11,IC12,1C15,IC16; - L, IC19;
= L[Ge(k) + Goec(kt) ]
Gl e(k)| =1L L2(2L kt(; - "t) . 1C1,1C2 ,1C5,1C6:
G| ec(kt) | ,Go| ed(kt) | =L - G| e(k) |
L +
IC17 ,1C18 ,IC19 ,1C20. LiGe(k) + Ge(i)] -
o 2L - & e |)  C3ICA.ICT Ics;
[Gec(kt) +L]/2, 1C9,IC10;
Larsen B "
[Ge(kt) +L]/2, IC11,IC12;
Zadeh 1] ” l,l ”
. [ Goec(kt) - L]/2, IC13,I1C14;
L ukasiewicz “©or
. [Ge(k) - L]/2, IC15,IC16.
’ (10
. FC2 1-20 A w (k)
Ue = [Ge(k) + L]/2L,
Huwe = [L - Ge(kt)]/2L, A (k) =
Hr +Hne = 1; (6) 0, IC18 ,1C20:
Mec = [Geec(kt) + L]/2L, L. IC17:
UN&:[L'GD&(kt)]/ZL, 'L,IClg,
Mec +Mne = 1; (7)
LIGe(k) + Ged()] |~ | |c5 1C6:
Hro = [Goed(kt) + L]/2L, 2(2L - G| e(k) |)
= - : L[Ge(kt) + Ged(kt)] }
Hnea = [L - Goed(kt)]/2L LIGe(l) + Ged (0] |3 o4 17 IC8:
Mrd +Mnea = 1. (8) 2(2L - & | ed(k) |)
[Ged(kt) +L]/2, IC9,IC10;
[Ge(kt) +L]/2, IC11,IC12;
[Goed(kt) - L]/2, IC13,IC14;
AU = + + + (9)

M1 +H2 +H3 +Ha

[Ge(kt) - L]/2, IC15,IC16.
(11)
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3.6 PID
AU(KT) = GA w (k) + GA (k). (12) 1) PID :
(12), 9x9< 81 PID Ke, Ki , Ko
IC1,IC2,IC5,IC6 IC3,IC4,IC7,IC8 e(kt) ,ec(kt)  ed(kt) ,
e(kt) ,ec(kt)
1) ed (kt) PID
G| ec(kt) | < G| e(kt) | €L, PID
G| ed(k) | < G| e(kt) | <L, 2) ce(kt) ,ec(kt)
ed ( kt) Ke
_GulL[Ge(kt) + Goec(kt) ]
AU =560 - 6 e 1)
G,L[Ge(k) + Ged(k)] 43 3) -e(kt) ,ec(kt)  ed(kt)
2(2L - G| e(kt) |) L Ki
2) ,
G| e(k) | <G| ek)]| <L, ce(kt) ,ec(kt)  ed(kt)
G| e(k)|< G| ed(k)] <L,
Gy, L[ Ge(kt) + Geec(kt) ]
A =
V) =00 - 6 e 1) 3.7
GyL[Ge(k) + Goed(k)]
202L- & ed(k) ) ¢ ¥
3) 1)
G| elk)| <G| e(k)| <L,
G| ed(kt) | < G| e(k) | <L, 1
I I | e I (9 = 605+1e,805 (18)
_GuL[Ge(k) + Grec(kt) ] 5
AU(K) = 2(2L - Go| e(kt) |) PID
G,L[Ge(k) + Ged(k)] 15 PID
2(2L - G| e(kt) |) 16 % PI
4)
G|ek)|< G| e(k) | <L ﬁ
Glelk)] < G| ed(k)| <L 1.2 o
_GuL[Ge(k) + Ges(kt)]
AUl = 2(2L - G| e(kt) |) 0.2} f
GyL[Ge(k) + Goed (k)] - .
2(2L - & | ed(kt) |) (16) 025 4 8 12 16
1): t/lOZS
Au(n = Keec(kt) + Kie(kt) + Koed(kt) , 5
G LG T. = 20. PID (
Ke = 2L - G| e(k)|)’ ) Kp=0.3,K =0.095, Ko = 2.1. PID (
GulLG|+GL12LGD ):GD:O.ZO,GIZZ.O,GD:Z.S,C':Ml:1,Gu2:
K =201 - G| ek) ) 1,L =1. PI( ): G =0.43,G =1.5,G,
_ GU?LGD = 1,L = 1
Ko = S0L - G| e(k) )" (17) 2)
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24

400
s(s+ 10) (s + 20) °

6 , PID
PID , ,
PI ,

G(9 = (19)

1.8

Ts = 0.001. PID (
) :Kp=9,K =40Ts,Ko =0.5 Ts. PID (
)G 1.6,G =0.008,&% =90.0,G, = 100,
G, =100,L = 1. PI( ): G =0.1,G =
0.0001,Gy = 100,L = 1.
4

fuzzy Pl + fuzzy ID
; e(kt) , ec
(kt) ed(kt) . PID

PID , . PID

PID
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