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Abstract — Most applications involving real world systems type-2 fuzzy sets. The type-reducer converts an interval type-
faces with uncertainties that are difficult to predict. These 2 fuzzy set into a type-1 fuzzy set. The defuzzifier produces
uncertainties can be associated to the changes in theirthe crisp output.
operational conditions due to varying load and environmental The type-2 fuzzy controller is composed by type-2 fuzzy
conditions. The main advantage of type-2 Fuzzy Logic is that it sets. As presented in Fig. 2a, in type-1 fuzzy set the
can handle with uncertainties. This paper presents the design of merﬁbership grade for each.elenlﬁent is a crisp number. The

a new current-mode CMOS minimum circuit that are used to bershio f . f f h f .
perform the inference process of the type-2 fuzzy controller membership function (MF) of type-2 fuzzy set has a footprint

chip. The proposed circuit will be compared with Yamakawa's ©Of uncertainty (FOU). The secondary MF of type-2 fuzzy sets
minimum circuit and its main parameters discussed. The circuit ¢an be uniform or non-uniform, as shown is Fig. 2b.

was designed and simulated in 0.35um CMOS technology with u u HoRTRNE

3.3 V power supply. The simulation results verified the function | ¥ FOU  1}eeeesy

and accuracy of the minimum circuit. 3
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[. INTRODUCTION

The type-2 fuzzy controllers have been used in a lary 5 y
number of applications because it can handle wit.. _ al . . i
uncertainties more effectively than type-1 fuzzy sets [1-3]. Fig. 2. Membership function (a) Type-1fuzzy set (b) Type-2 fuzzy set.
An application example of type-2 fuzzy controller in military
area is the control of the Unmanned Aerial Vehicle (UAVSI)nt
[4]. Th_e main _problem '?] the devglopment o_ff_ UAVsl IS lth mputational complexity of type-2 fuzzy sets [11-12]
operation environment that contains a significant level o ) . :
uncertainties. In this work [4] the author has compared the The FOU of type-2 fuzzy set is bounded by an upper and

performance of type-1 and type-2 fuzzy controller, showinlgWer type-1 membership function denoted fy. and He
the superiority of type-2 fuzzy controller for uncertaintiesespectively [11]. The Fig. 3 shows a type-2 inference system
applications. for a rule that has two antecedents and one consequent for the
This paper presents a new circuit for the minimum losefellowing rule: IF x; is F; and x; is F, THEN y is G. The
take-all operation. Minimum circuit has a wide range amembership function of the antecedenisxactivated by %
applications in analog fuzzy logic controllers and artificiahnd produces an upper and lower activation degreg.athe
neural network [5-10]. This paper proposes a minimumdivation degrees of the antecedentaxe obtained in the
circuit applied to a type-2 fuzzy logic controller chip. same way. The minimum of the upper and lower activation
degrees are taken, producing the uppey &nd lower (f )

The uniform secondary membership function is called
erval type-2 fuzzy sets. It is used to reduce the

Type2 Fuzzy Logic Systeam

output processing activation level.

Crisp outputs ¥
Type-reducer

Type- 2 fuzzy

Hen Cx1)

Type § reduced Hpta (x1)
A 4\ B s )
Furzy set | Hpta (XD o

outputs 1 E2)

pepia 2D min

Crisp inputs X
pp__.l Fuzzifier

h 4
Inference

Type-2 fuzzy

S|

inputs

\
"

Fig.1. Structure of Type-2 fuzzy logic controller. !
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The type-2 fuzzy logic controller (Fig. 1) consists of ¢
fuzzifier, an inference process, a rule base, a type-reduc
and a defuzzifier [11]. The fuzzifier converts the crisp input.
into a type-2 fuzzy set. In the inference engine block, the
type-2 fuzzy set activates the rule base to generate the output
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Fig. 3.: Type-2 Fuzzy Logic Inference for one rule.
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In this work we propose a structure of minimum circuit In order to solve this problem, this paper proposes a
based on Wilson current mirror. The minimum circuit hadifferent topology. As the current that flow in the transistor
two inputs and one output, as shown in type-2 fuzayl,, is the minimum current, it was possible to use a Wilson
inference diagram (Fig. 3). The main advantages of tlearrent mirror, which has good accuracy to mirror this
proposed circuit are small die area, high accuracy and outputrent to the output.
resistance higher than the circuit proposed by Yamakawa [9].

This paper is divided in the following sections: section |

presents the minimum circuit proposed. The section 1y (] (L) b o Min Cireuit Tout
presents the device simulation results, and finally, in secti foposed Mn ~irewt
4 the conclusions of the work are presented. l
Il. PROPOSED MINIMUM CIRCUIT _|I‘VI1 M2"_ M?|"_
- R —= - b
The current-mode minimum circuit ( Fig. 4) was propose 3 - ] I
by Yamakawa [9]. This circuit is expressed by boundec L M3
difference, which is a fundamental fuzzy logic function. ﬂ
lout = MIN(lx, ly) = IxO(IxOly) (1) 4'“”3 MTH M?H
—= ‘ * } F | =
I -1 I > K ) il )
— Se 4 L L
where: |, @1, =4 % 7 x Ty e
0 sel, <lI, {7 1 F

The bounded-difference can be implemented with curre
mirrors and MOS transistor connected as diode. As example, Fig. 5. The proposed minimum circuit.
consider that,I> .. In this case, the currentwill be drained ] o o
by transistor M, and therefore the current in both transistor The Fig. 5 shows the proposed minimum circuit. The
M; and M will be null. Then, the output current, is given ~current of transistors Mand M is always the minimum
by I If 1, > 1,, the current,Iwill be mirrored to the transistor curent and it is mirrored to the output. §f4 I,, the current

M., and the current in both transistor, Bhd M will be I,- |x Will be drained by transistor Mand M, as a consequence
l,. Then, the output currenty is given by = [l — (I - ,)], the current in both transistorssMnd M will be null. Then,
that represents the lowest current injected in the circuit.  |x current will be mirrored to the output current, Iif I, > 1,
the current J will be mirrored to the transistors Mind M,
Current mimor PMOS with mirror rating 1:1 and the current in both transistorsMnd M will be Iy - |,.
Then, the output currenty), is given by the mirrored current
I 1e(] Nin Cireuit o ly,. The output resistance of the proposed circuit is expressed
& as
L J L J L J Rout D r‘ds7 (g m7rds (3)
e rHFJ—M mh e R g
‘J? j| |F T| ‘r m The output resistance of the proposed circuit is higher
’ than the output resistance of Yamakawa’'s circuit. With
Fig. 4. Minimum circuit proposed by Yamakawa [9] higher output resistance, the load effect of the proposed

circuit is minimized.

The Yamakawa's minimum circuit (Fig. 4) was
implemented based on simple current mirror. The main IIl. SIMULATION RESULTS
problem of this circuit is the accuracy. Due to the channel The operation of the minimum circuit has been simulated
length modulation). and the difference of drain-sourceysing Mentor Graphics simulator and 0.35pm AMS model.
voltage of the transistors Mand M, the output voltage has The dimensions of this transistor were calculated based on
an accuracy error [13]. This accuracy error of simple currefie AMS model and the nominal current of 10pA.
mirror can be explained by the expression below: The Fig. 6 shows the first simulation result of proposed
minimum circuit. The current;lhas a constant value 10pA
and lo is the minimum current between the curreptnid |.
W () The output error is 1,3nA which results a dynamic behavior

DsL with accuracy of 99,9%.
The Fig. 7 shows the second simulation of minimum

This accuracy error also happens in the secongafd circuit. In this case the input currenti$ a sinusoidal signal
Mg) and third current mirrors (M and M) and is with amplitude of 5pA, DC offset of 5pA and frequency of
accumulative. In addition, this circuit presents a low outpu§.5 kHz. The minimum output of knd | is shown in Fig. 7.
resistance given by: by The two tests verified the functionality of the proposed
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minimum circuit and both simulations presented higfihe Fig. 8 shows the simulation result of Yamakawa’s circuit
accuracy ( 99,9%). for I, equal 10pA.

. N The I current of Yamakawa’'s minimum circuit has
B presented a discrimination error. This error is given by the
difference between the smaller currenf) @&nd the actual
output current J,; [13].

-] IV.CONCLUSIONS

This paper proposed a new current-mode two input one
output minimum circuit designed in 0.35um CMOS
technology. Compared with Yamakawa's circuit, the
proposed minimum circuit has the following advantages:
-Higher output resistance: The output resistance of the
proposed circuit is between 10 and 100 times higher than of
the previous circuit. The high output resistance reduces the
load effect.
S L. A - High accuracy: the main cell of the proposed minimum
circuit is the Wilson current-mirror, this current mirror
Fig. 6. First simulation result of the proposed minimum circuit. reduces the difference of drain-source voltage, so the
discrimination error caused by the channel length modulation
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a Jrm L is reduced. The accuracy of the proposed circuit (99,9%) is
 Js 10 times higher than the Yamakawa’s circuit simulated with
AL‘LM the same technology and parameters of the proposed circuit
’ﬂr and despising the discrimination error.

Through the circuit simulation results obtained, in AMS

700

CMOS 0.35um technology, it was observed the functionality
of minimum circuit. In addition the simulation shows that it
can be very useful as t-norm minimum inference circuit in the
type-2 fuzzy controller chip.
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Fig. 7. Second simulation result of the proposed Minimum circuit
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Fig. 8. Simulation result of Yamakawa’s Minimum circuit.
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