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Analog CMOS Implementation of order
weight Average operator for fuzzy logic

controller chip

K. Gheysari , A. Khoei , Kh. Hadidi, M. Mokarram

Abstract-The family of Ordered Weighted Averaging
(OWA) operators, as introduced by Yager, appear to be very
useful in multi-criteria decision-making (MCDM) and It
provides a general class of parameterized aggregation
operators that include the min, max, average operators. In
this paper, we present Analog CMOS implementation of
OWA operator in current-mode and 0.35 pm CMOS
technologies for the first time. The proposed circuit has high
flexibility and programmability and accuracy .We simulated
our proposed design in 49 level HSPICE simulation software
and its results show that this block can be used in analog fuzzy
logic controller chip (FLC).

Index Terms-order weight average operator, CMOS
implementation, current mode, fuzzy logic controller chip.

I. INTRODUCTION

Yager[2] introduced the order weight averaging(OWA)
operator to provide a method for aggregating multiple
inputs that lie between max and min operators. The OWA
operator provides a general class of parameterized
aggregation operators that include the min, max, median
operators. It is also useful for modeling different kinds of
aggregation problems [1]. The researchers propose many
extensions and applications in the areas of decision making,
expert systems, data mining, approximate reasoning ,fuzzy
system and fuzzy control, neural network
[10][11][12][13][14][15]. This operator is in the class of
mean operators, it is idempotent, monotonic and
commutative. The OWA aggregation operators allow us to
adjust the degree of "anding" and "oring" easily and
implicitly in an aggregation stage. Furthermore, their
structure admits easy semantic interpretation using
linguistic quantifiers [3][4]. Using these operators we can
allow a decision making to specify linguistically their
agenda to aggregate a collection of criteria and then
provide a formal implementation of this agenda.

In this paper, we present analog CMOS implementation
of S-OWA operator in 0.35 flm CMOS process. Our design
can be used in fuzzy logic controller chip for aggregation
problem instead of min or max block.

This paper will be structured as follows; In Section II we
will describe the fundamentals of order weight average
operator; In Section III we will describe the S-OWA
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operator; In section 4 we will implement S-OWA in CMOS
technology: In section 5, we will show the simulation
results of our proposed circuit for two input S-OWA
operator.

II. ORDER WEIGHT AVERAGE OPERATOR

An OWA operator of dimension n is a mapping denoted

OWAw = Rn
~ R that has an associated n -dim vector

W = [WI W2 ... wn]T such that [2][1]

I. Wi E [0,1] 2. Li Wi =I

And where

F(ab a2"",an) = wlbl + w2 b2 + ... + wnbn (1)

Where bi is the i th largest element in the collection

ai' a2' .. " an.In particular the largest OWA operator

results is the smallest "OR" operator Max, while the
smallest is the largest "AND" operator Min. OWA operator
provides an aggregation type operator that always lies
between the "AND" and the "OR" aggregation.

III. S-OWA OPERATOR

It is noted that different OWA operators are
distinguished by their weighting function[5][1] . Yager and
Filev [5] introduced two family ofS-OWA operators.

The 'orlike' S-OWA operators are represented by :

F(aJ,a2, ...,an) = aMaxi(aj) + 1..(I-a)~)aj) (2)
n .

1

The 'andlike' operators are represented by :

F(al, a2 ,..., an) = pMinj(a j ) + 1.. (1- P)L (aj) (3)
n .

1

Therefore these operators allow easy adjustment of the
degree of 'anding' and 'oring' embedded in the aggregation
by a and f3 parameters. For two fuzzy sets A and B we

have,
(I-a)

flAuB(x) = a x max(flA,flB) + -2-(flA + flB) (4)

flAnB (x) = a x min(flA, flB) + (1- a) (flA + flB) (5)
2

Where a is a constant parameter in the range [0,1] and it
sets with the defined bits in our CMOS implementation of
OWA operators. These bits can be defined by a set of
switches or by an external memory. These bits are inputs of
the multiplier and divider circuits.
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IV. ANALOG CMOS IMPLEMENTATION OF ORDER WEIGHT
AVERAGE OPERATOR ITS

The nature of fuzzy variable systems requires extensive
parallelism which makes analog circuits well appropriate to
proceed high-speed numerous inferences and also limits the
problem of error accumulation. Analog CMOS
implementation of fuzzy logic controllers (FLC) performs
in two modes of voltage and current [19]. It turns out that
current mode is a practical choice for the input-output
interface requirements of these circuits [19].These current
mode basic logic cells exhibit good linearity which can not
be easily achieved in voltage-mode, and lead to fuzzy
integrated systems which are globally smaller than in
voltage-mode, then we selected current mode for
implementation of OWA. One important issue to consider
while designing multiple-input operators is its complexity
as a function of the number of inputs N. A naive approach
to design aN-input T-Norm or T-CoNorm consisting in
building a binary tree by cascading 2-input operators is
given by [6] [7]. However, while the complexity of the
circuit is O(2N-I), the total input-output delay grows
proportionally to log2 (N) [8]. In [9], a method to avoid

binary trees, Multiple-Input T-Norm (MIN) and T-CoNorm
(MAX) operators is suggested, but the proposed topologies

have O(N2
) complexity. Whereas the input capacitance at

each input is proportional to the number of inputs N .Thus,
when N becomes large enough, the performance in terms of
circuit sizes, current consumption and total delay decrease,
compared with a binary tree with the same number of
inputs. Recently researchers of analog fuzzy controller chip
usually use min or max operators for T-Norm and T
CoNorm, but in [20] it is shown that these operators have
undesirable behavior and OWA has better performance.
Consequently, using OWA in Analog fuzzy logic controller
chip can results better performance. In this paper, for the
first time, we implement OWA operator in standard CMOS
process.

Fig I. shows the block diagram of the proposed design
for two input S-OWA 'andlike' operator. The parameter of
S-OWA (n) can be tuned electrically. Output current (lout)

in fig I is shown by equation 9. This current is similar with
the equation 5 :

lout == aMin(Ib I 2 ) + (I-a) (II +12 ) (6)
2

Fig. 1. Block diagram of S-OWA 'andlike' for two input

A. Input current duplicator and Scale factor circuit

We use the current mirror circuit which is shown in the

figure 2, to generate two currents (Ii~) and lin' The

current li~ is generated by changing the width of

transistors as shown in the figure 2.

Fig. 2. Input current duplicator and Scale factor circuit

B. Maximum Circuit

This circuit finds the maximum current between input
currents. Maximum circuit is shown in the figure 3. We can
use a different type of maximum circuit instead of it. We
use multiple inputs maximum circuit in [18].

C. .Minimum circuit

By applying Demergan'slaw, it is easy to transform a
MAX operator into MIN operator by a simple
complementation of their inputs and outputs.
Implementation of complement circuit can be easily
obtained by subtracting the current from I ref.

II == I ref - II

Fig. 3. Maximum Circuit
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IV. SIMULATION RESULTS

Fig. 5. Divider circuit

In standard applications, this circuit is usually used, thus
providing a set of binary-weighted currents, which can be
controlled digitally by means of switches to produce any
combination of them. We can improve this circuit by using
a decoder for set of switches. In this way, a digital word
specifies the connected and opened switches.

We used HSPICE software for simulation of the
(7) proposed circuit. We selected three cases for simulating the

two input S-OWA operator "andlike". Figure 6 shows the

(8) simulation result of the circuit for a = 0.5 and /2 = 5pA

and /1 increases from 0.5pA to 10pA linearly. Figure 7

shows the simulation result of the circuit for a = 0.75 and

II = 4,uA and 12 increases from 0.5,uA to 10pA linearly.

In figures 6 and 7 dashed lines show the theory results. We
see from these figures that the difference between the
theory results and simulation results is very small and this
difference between theory result and simulation result is
considerable for big a (nearer to 1) because of the
multiplier and divider circuits use wider transistors to
generate high current, and wider transistors because of
channel length modulation can not generate the expected
current of the theory results [21]. Figure 8 shows the
simulation results for changing a from 0.1 to 0.9 and

II from 10,uA to 0 and 12 from 0 to 10,uA .

Then
k~1 O<m<1

a = k x m 0 < a < 1 (9)

Figure 4 and 5 show the multiplier circuit and divider
circuit, respectively. The principles of operation of the
multiplier and divider circuits are same and we multiply or

divide the input current by changing the aspect ratio (Wh )
of the transistors. In here, we briefly describe the principle
of operation of multiplier circuit. More description can be
found in [21].

In figure 4, the transistors have a size ratio of either

(w,lrJ=l, (1jf)=2, (w,lrJ=4, ... , (1jf)=2n
-

1
• In this

D. Multiplier & Divider Circuit

In the Most reported CMOS divider circuits, transistors
operate in weak inversion mode , consequently those
divider circuits exhibit poor transient performances. On the
other hand, some implementations of dividers in strong
inversion mode feature a complex signal interface. For
instance, in [16] a current-input voltage-output divider is
presented in which an additional fully differential current
to-voltage converter however, at one of the divider inputs is
needed. In [17], another current-input current-output
divider is proposed. In this device, one input current must
be supplied twice to two different nodes of the circuit,
while the other input is a floating current source. In
digitally programmable Zero-Order TS's controllers, a
typical approach for implementing the consequent
singletons of the rules consists of using current-mode D/A
converters

In our design, we use two sets of switches for definition

of a. The states of switches SO,Sb" "Sn-l define the

multiplication factor (k) and the switches
Bo,Bb ... ,Bn- 1define the division factor (m). We can use

equations 7 and 8 for k and m, respectively.

k=(So +SI·21 +S2 .22 +",+Sn-l ·2n-1)

(Bo +BI .21 +B2 .2 2 + ... +Bn- I .2n- I
)

m=---------------
2n

way, the current produced at the different output branches
is progressively multiplied by a factor of2.

V. CONCLUSION

Order weight Average (OWA) operator has better
behavior than min and max operators for aggregation
problem. In this paper, the S-OWA was implemented in the
current mode CMOS process for the first time. Simulation
results show the proposed circuit can be used in analog
fuzzy logic controller chip (FLC) instead of min or max
circuits for aggregation problem.

Fig. 4. Multiplier circuit
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Fig. 6. Simulation results of two input S-OWA operator "andlike" for

a == 0.5 and 12 == 5j.1A and linear incremental of I} from

0.5 j.1A to 10j.1A

Fig. 7. Simulation results of two input S-OWA operator "andlike" for

a == 0.75 and II == 4 j.1A and linear incremental of I 2 from

0.5 j.1A to 10j.1A
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Fig. 8. Simulation results of two input S-OWA operator "andlike" for

linear incremental of a from 0.1 to 0.9 and II from 10~A to 0 and

12 from 0 to IOIlA
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