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ABSTRACT 

 
In this paper different VLSI architecture of fuzzification have been studied. We focus our study on 
some parameters such as speed of operation, adaptability to different application domains, Accuracy, 
flexibility, Configurability, application, and programmability. Several criteria for the classification of 
fuzzification are discussed. It is observed that there is a scope for further improvement in terms of 
speed and low area and different method of implementation. Further, from the study it is seen that the 
design emphasis should be more on mixed-mode implementation of this function to support this data 
with both analog and digital systems.  
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I. INTRODUCTION 
  

 Membership function is the key element in fuzzy signal processing. The MF generator is one of the 
basic blocks in the input stage of fuzzy controllers. This block is responsible for assigning continues value of 
fuzziness, ranging between zero and one to its crisp inputs. This provides a nonlinear relation that measures 
the compatibility of an object with the concept represented by a fuzzy set [1]–[3]. fuzzy set provides a 
convenient point of departure for the construction of a conceptual framework used in ordinary sets, and, may 
prove to have a much wider scope of applicability, particularly in the fields of pattern classification, 
information  processing, statistical process control etc.[4]. Essentially, such a framework provides a natural 
way of dealing with problems in which the source of imprecision is the absence of sharply defined criteria of 
class membership. The type of representation of the membership function depends on the base set. Piecewise 
linear membership functions are preferred because of their simplicity and efficiency with respect to 
computability. Mostly these are trapezoidal or triangular shaped that are defined by functions and three 
parameters. However, for some applications, the modelling requires continuously differentiable curves and 
their smooth transitions, e.g., normalized Gaussian Function, Sigmoidal Function, and the Bell Function.  
 Recently researchers focus on microelectronic design of membership function. Various hardware 
technics has been produced. The digital and analog techniques constitute the two existent approaches for the 
hardware realization of fuzzy systems. The features of these techniques make ones more suitable than the 
other in specific applications. The digital approach has a high degree of programmability, but it requires of an 
analog-digital and digital-analog converters for the interaction with the physical variables that the system 
works with, besides this turns the system into an array that occupies a considerably great amount of space. In 
the contrary way, the analog arrays count with a higher degree of difficulty to be programmed, but in terms of 
space occupation they are more effective arrays because of the reduced number of transistors necessary. 
Analog systems are preferred for its higher processing velocity and its reduced power consumption. 
Nevertheless, they present certain disadvantages in comparison with the digital systems, the lack of facility to 
use CAD (Computer Aided Design) tools for its design, and its mayor sensitivity to noise and distortion. 
Digital systems must struggle with a lot of problems to minimalize the calculus time and the area 
consumption [5]. Therefore, investment has been done in the research of methods that allow the solution of 
these problems, without the necessity of the development of dedicated hardware that needs to be adapted for a 
spedific problem [6]-[7]. This diminishes the functionality of the digital systems and highlights the necessity 
to develop fuzzy systems that operate in analog form. This article reviews various implementation of 
membership. 
 

1. Various Implementation 
 

The researchers have developed various membership function for the fuzzy processors they have developed. 
The design of a membership function depended on the particular application their fuzzy processor is being 
applied. The following subsection discusses various membership function generator developed by researchers 
keeping in mind the application of their fuzzy processor. Giustolisi et al [8] have proposed a Switched 
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Capacitor MFC. The Switched Capacitor (SC) technique appears to constitute a good compromise between 
speed, accuracy, area and efforts design. Their design can produce just triangular shapes.an offset insensitive 
is the performance of their design. Still by using these techniques, we can design improvement circuits to 
produce different shapes.fig.1shows block of their design. 
 

 
 

fig.1: The Membership Function Block [8] 
 
 In most practical analog VLSI neural networks, flexible tuning of function parameters is a must due 
to the inherent learning/adaptive characteristics of neural networks. Taher et al [9] have designed a 
programmable Gaussian/Triangular function generator for menthened purpose. The circuit can be configured 
to realize any of the two functions. They claim that using MOSFETs working in the strong inversion mode, in 
which the canter, width, and peak amplitude of the dc characteristics of both functions can be adjusted 
independently.fig.2 shows circuit implementation of their work.  
large area consumption is The main disadvantage of their circuits. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2:Gaussian/Triangular function generator circuit implementation [9] 
 

Operational transconductance amplifiers (OTAs) have important building blocks for various analog 
circuits and systems. Depending on system needs, an OTA can satisfy many design requirements, especially 
when the speed of systems is important. An OTA can take advantages of both the voltage-mode and current-
mode circuit operations since it is essentially a voltage-controlled current source. In addition, operation speed 
of an OTA is superior to that of an operational amplifier, so that it is suitable for implementing high-speed 
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fuzzy systems. Ansari et al [10] have designed analog VLSI circuits for generating neural activation function 
and fuzzy membership function based on OTA as shown in fig.3. they have released both Trapezoidal and 
Gaussian shapes from their design. low power consumption and small size are advantages of their circuits. 
Disadvantage of mentioned circuits is lack of programmability and lack of producing of various shapes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3: OTA-based membership function circuit [10] 
 
 Hassan et al [11] designed a proportional–integral–derivative (PID) like fuzzy controller for the 
industrial applications. The fuzzifier control process in their architecture is performed by using two fuzzifier 
blocks, for each input variable. The fuzzifier unit comprises of three modules, memory module, inverter and 
incrementer, as shown in Fig.4. The memory module works as a look up table and stores membership values 
and active fuzzy set number. The incrementer is used to increment the sequence number of first active fuzzy 
set to obtain second active fuzzy set. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4: Structure of Fuzzifier block[11] 
 
 Landolt [12] designed analog fuzzy rule circuit based on a network of MOS transistors exploited as 
linear resistive elements. He found that when the weight of that rule is zero, the power consumed by a given 
rule is nearly zero. 
 By removing either N1 or N2 in Fig.5 while keeping transistor dimensions and bias current level, an 
S-shaped or Z-shaped membership function circuit is obtained . 
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Fig.5: Bell-shaped membership function. right) schematic of a membership function circuit and a single controlled resistor  
left) normalized function plot[12] 

 
Orcioni et al have designed a circuit to operate in strong inversion due to the less critical effect of 

statistical variations of technological parameters and shorter delay time, but it can operate in weak inversion 
as well, with an evident reduction of power consumption. The cascade configuration of their base cell as 
shown in fig.6  increases the DC performances of the n-type current mirrors, while a modified cascade  
configuration has been used for the p-type current mirrors to allow the circuit to operate with a 3.3V supply 
voltage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Membership function circuit[13]. 
 
Conclusion 
 
 In this paper, a review of the VLSI implementation of membership function circuit has been 
performed. The methods and approaches adapted by different researchers for the realization of membership 
function has been thoroughly studied. we specially focus our study on different methods of implementation of 
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membership function. The study has shown that design emphasis should be more on programmability of MFC 
as they deal to support rule base by analog and digital systems. Also to achieve high speed and low power 
with perfect matching with digital environments, it is better to design analog circuit with mixed-mode 
properties for membership function generator. 
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