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Variable Universe Adaptive Fuzzy Logic Controller CMOS Analog
Chip Implementation

SHAN Wei-wei JIN Dong-ming’ LIANG Yan®
(1. National ASIC System Enginering Research Center , Southeast University Nanjing , Jiangsu 210096 ;
2. Irgtitute o Microdectronics, Tsinghua University , Beijing 100084, China)

Abgract: The conventiona adaptive fuzzy logic controllers are usudly too complex for analog circuit implementation. To
solve this problem ,an orrline adaptive fuzzy logic controller and its gpplication in the control of nonlinear system are studied ,whase
universe can adgptively change along with the changing of the input variables. Its CMOS analog chip is designed and fabricated. A
novel peaky-triangle membership function is propaosed to redize the input variable universe part. For the output part of VA.C,the
absolute value of the integral of the input variable is used. The other parts are current-mode minimization circuit and a COG (center
of gravity) defuzzification circuit. All the above circuits and a whole system were implemented under 0. ¢/ m CMOS standard tech-
nology. Their test results show that they fulfill the function of the variable-universe fuzzy logic contraller.

Key words: CMOS andog circtit ;fuzzy logic controller ; adaptive control ; membership function circuit

[4.5]
(RO
- A/D D/IA
K flips(flips
ARLC ., [6]
(Variable Universe Fuzzy Logic Controller
) . VA.C) )
(ARLO) ;
[1 9] , (61
) VA.C , AC
’ 3 y .
AR.C , 7] Verilog- HDL VA.C
ASC FPGA (131, , Duffing

:2008-02-25; :2008-04-18



914

2009

VA.C

0. 4 m QVIOS
VA.C VA.C AC
AC
+2.5V
VA.C
2
2.1
[6]
a (0<a<l),
1(b) ,
er, 1 1(a)
3 NB ( ) ZE( ) PB
( ), 1(b
1 H Expand 1 H
NB PB NB PB
<P L — A@A :
E 0 E Contract  “3)E, a(x)E
(a) ()
E1 ZRErEE
2 1 , X1
=[- B, EB].X=[- B, BE], Y=[- U,
ul {A} {Bi} {v} X1 X2 Y
y
(1) , ap
[6].
X(x) =[-0a;(x) E0i(x) E],(i=1,2) (1)
Y(x1, %) =[ - B (x1,%) UB(x,%) U]
R X1 A X By
Vi, Ferc (2, A
B; X1 X2
G

Ma(x) He(x)

Fvrc (3,

a(x)
B(Xl‘Xz)-

IHZ(“AI(Xi) He(x2)) - v IHZCiyi
inZUA‘(Xi) Mg (x2) inZCi

Furc(x1, X2) B (X1, X): Ferc(xa1(x1) , %0 2( %)) (3)
2.2

(2

Forc( X1, X2) =

[6]
(4) a,
B,
B
B : (5) : K
P P2 Lyapurov
P 1261

a(x) =1-Aep(- k) ,0<A <1,k>0  (4)
B =1 K[, (prxa®) + pr () @ +B (O] ()

(4) a(x)

(6) ZE
0 zE .
1-Aep(- kd) when| x| <6
o, (x) = ,0<A <1,k>0,i=1,2 (6)
1,when| x| =6
6.2 .03, axa,
x/ o (x),
M(xa(x)).
H(xa(x), 2 ,a
(x) =1- 0.65exp( - 4%)
M i (%) M (xa(x))
(PVIF)
(1 RVF M (v
0.8 Il
£ ool )
E o4 o et
= |\ S " — P @)
02t
£:0 35 0.0 5
i ln;fnx L

B2 a(x), R=FHY R B R BN R I3 R B R 3



5 avos 915
(x), Y =4. , :
[_M@V'M(Kwﬂ oz
Mo (x)= X2= Xo (7) (2vFO |, (AMFC) s
0, de (SVIFO) NB,
, 2 ZE PB 6
) 9
VA.C (min) , 842
9 (DERUZ) .
Y (Integrator) (Abl ute) ,
2.3 VA.C
(8 Dufing VAC CIMCO.¢m , 4(b)
, X1 = X X2 X1 , PAD 1. 05mm x
, VA.C 1. 05mm. , +2.5V.
) X1 X T
r(t). e =r(t) - x(t) ZMFC PMFC ZMFC
&= VR.C VR.C E min min min
(0. it
X1= X, % = - 0.1% - % +1200st + u(t) (8) 8 ’E . tnin -
] 4 g x, -IE min min min
—n()
1t
Y \NB ;;: PB g
gln|»n|» 0
SENIBARREZ
N Y2 ;Nﬁ]/sé 8§ 10 QLLL
(a) BUBIFE BN % (b) it R Zx YW LY
B3 s
e [-22], & [-1.1],
u [ -3,3], 1(a)
) 2 ZE
M (x/a
(x)) .VR.C B K 5m
p.  Lyapurove pr = pp =5 ) SRR
3(a) , Yi- Yo -3,-3,0,-2,0,2, B4 VFLCHURH B G5 BRI B IRy
0,3,3. (b, x1 ,
(x1,%) =(2,2) , 14 PVIEC
0.03. [2] , CA.C. out
: a o ,
6 , 15 3.2
0.1. VALC MEC PMEC  SVIFC
[2] 5( a) (81 : AVIOS
3 ., NMOS , o= g -
31 VAC (Tvna + Tns)
4(a) VAC : 2 1 : ©) : Ko =H pCoW/ L.




916 2009
lo= |$i‘;‘ Ko(Vi- Vi) IS Ko- (Vi - Vi) 2 when 7(a) ( )
V;>0 ,Vol<O0,D1 A2 ,
| Vi- V| < 215 K, ,"+TforV, <V,and' - "forV, > V,, (9) Vo2 = Vi- R2/ R1. \Vi<0 ,Vol>0,D2
v, -
D L i ] “ -‘ i o e
’-QEJ‘ =RJRL|VI], RL=R2 Vo2 = | Vi .
g " V- () (© 7(b) , (-0.8v,0.8v) ,
R2 R2 R2v
J A 4 I Fed
- @ © m%;ﬁ' ’H}L Bl
@ 1 y:05vidv )" |
BS R=f0 S0RBER BB (a) B () PMFC;(c)ZMFCi(d) (@) Bt (b) WK
SMFC;(e) Gaussian MFC Ay il 1% 45 51 B7 Sax{E
Vy+ = V. =0 5(h) , 3.4
2 Mpue(x) VA.C
Vay 0 , : , 8 . [9] ,
(-1v,1v) V. = Vs, Vs 8
=0.2V , 5(c) Z (a) , ,
V. =0.2V, Vys = Vg 5(d S ,
. , | Vws - V.| =0.3V, o .
5(e , CA.C. out 0.
: 8(c) , 8(b)
3.3 4(a) VALC
(5, o Ms1-Ms4 ,MI1- M4
8(c) ,
, 6 My M , Vart
(a). Ver Ve Ver Vi .
. (10) , (11) , K= CoW L. Ve. 0
6(b), Vi 10KHZ(- 0.2V, o= 1y- I+ 13- la= K (Ves- Vo.) - (Vys - Vo) (12)
0.2v) Vig=0 8(b) (2)
’ . n
, V.
Vy+ Vi, Veri
Vo= - 'J‘J’t{l/u‘ +MZJ DT + v(to) (100 G- : :
CJ R R W
[9]_
V. Rl — —
V: R2 v, aZK' G- (% - Vo _O=>V°_izc"y'/izc' (12
3.5
kS 1c VA.C 10mw,
(a) 186 (b) WiRE: ,
M6 Bl X1 (-0.2V,0.2V) VALC
5

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



avios 917

(b) ZBUMI Lk

Ys,
200flips, . 3
(a) yl y9 -
0.5V,- 0.2V ,0V, - 0.2V ,0V,0.2V 0V,
0.2v 0.5V, X1 X
-0.5V 0.1V 0.5V
VA.C
9(a),
9(b)
4
AR.C
5
=3
iioo {g_
. 3
x,%) x/v 0505
(a) WAL R () FRAS ) i i
B9 VFLCHL R 7R Gt % H it T
, ARC
.VA.C CVICO. @i m ,
[1] ASIC
, 0.8m
2 1 50 ARC
4.59s, 37.6mf. [3] FPGA
4952 . A/D
D/ A : VA.C
, A/D DIA
) 1. 05mm x 1. 05mm.
VA.C
ARC

[1] JouJd M ,et d. An adgptive fuzzy logic contraler :its VLS| ar-
chitecture and applications[J] . |IEEE Trans. VLS| Syst. ,2000,
8(1) :52- 60.

[2] Mehrdad Hojéti ,et a. Hybrid Adaptive Fuzzy |dentification and
Control of Nonlinear Systems[J]. |[EEE Trans. Fuzzy Syst. ,
2002,10(2) :198 - 210.

[3] Juang C-F et a. Temperature Control by Chip-lmplemented

(GF 3737

B8 RN a5 ] A% it & v B

Adaptive Recurrent Fuzzy Controller Designed by Evolutionary

Algorithm[J]. |EEE Trans. Circuits Syst. | ,Reg. Papers,2005,

52(11) :2376 - 2384.

[4] | Baturone,et d. Mixedsigna VLS| design of adgptive fuzzy
systems[A]. |EEE World Congress on Computational Intelli-
gence[ C] ,Anchorage,USA ,1998:25 - 30.

[5] . VLSI [D].

,2005.

[6] .o J1.

(E ) ,2002.32(2) :211-223.

[7] W W Shan et a.VLSI implementation of a self-tuning fuzzy
controller based on variable universe of discourse[J]. Lecture
Notes in Computer Science,2005,3613(2005) :1044 - 1052.

[8] J. Choi ,et a. A Gaussian syngpse circuit for analog VLS| neu
ra networks[J]. |EEE Trans. VLS| Syst. ,1994,2(1) :129 -
133.

[9] , . CMOS

[31. ( ) ,2008,48(7) :1198 - 1201.

SHAN Weiwei ,et a. Anaog circuit on CMOS for low power

fuzzy logic controller[J].Journa o Tsinghua University Sci-

ence and Technology ,2008,48(7) :1198 - 1201.

,1982 2008 12

,1942

Email :jdnrime @snghua. edu. cn



