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Abstract : This paper proposes a new hardware architecture for 

fuzzy logic controller. In place of MAX-MIN inference module and 
COG defuzzifier the FLC is replaced by read-modify-write 
operation and Coarse-to-fine search algorithm respectively. The 
accuracy and cost of proposed fuzzy logic controller is obtained by 
read-modify-write operation and speed of operation is increased 
by Coarse-to-fine search algorithm that considers both 
membership values and span of membership function in 
calculating the crisp value and division operation is eli1minated 
which was present in defuzzifier module. The FLC is partitioned 
into many temporally independent functional modules, and each 
module is implemented individually on the FLC automatic design 
and implementation system, which is an integrated development 
environment for performing many subtasks. Simulation of the 
FLC is performed in VHDL. 
 
Keywords :  Fuzzy Logic Controller, Read-modify-Write Module, 
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I.   INTRODUCTION 
 

UZZY Logic Controller is widely applied to Industrial 
process controls. For most real world control and signal 
processing problems, the information concerning design, 

evaluation, realization etc., can be classified into two kinds: 
Numerical information obtained from sensor measurements and 
Linguistics information obtained from human experts.                                                                                 

A typical FLC consists of four principal units: 
1)  Fuzzifier which converts a crisp input to a fuzzy term set. 
2) Fuzzy rule base, which stores fuzzy rules describing how the              
fuzzy systems performs. 
3) Fuzzy inference engine ,which performs  an approximate  
reasoning by associating   input    variable fuzzy rules. 
4)  Defuzzifier, which converts the FLC output to a crisp value 
for the actual system    input.   
    The control performance is more or less influenced by the 
selection of the fuzzy sets of the linguistic variables, the shape 
of membership functions, the fuzzy rule base and the inference 
mechanism and there are many approaches to implement the 
FLC in hardware which can be categorized into three classes: 1) 
general-purpose fuzzy processor with specialized fuzzy 
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computation 2) dedicated fuzzy hardware for specific 
application 3) dedicated fuzzy hardware for specific 
application.  The general – purpose fuzzy processor can be   
implemented   quickly   but it provides lower performance, 
while the dedicated fuzzy hardware requires long time for 
development but it offers high performance.  

The first consideration in the implementation of FLC is 
the choice of implementation mode, they are analog or 
digital implementation but we have chosen a digital 
implementation because it gives better design flexibility 
and easy programmability. 
The second consideration in the implementation of 
dedicated FLC is getting higher control performance and  
The third consideration in the implementation of dedicated 
FLC is reducing the hardware complexity for that we take 
the following schemes.  

Firstly, the MIN and MAX module in the FLC are 
often implemented by some tree like structures in order to 
balance the hardware complexity and the operation speed. 
However , the hardware complexities in MIN and MAX 
modules are increased by O(n.2n) and O(2n )respectively, 
where n is the number of input variables. We solve  
This hardware explosion problem by using the read-
modify-write operation based on the structure file at the 
cost of slower operation speed for that the read-modify-
write operation needs O (2n). 
Secondly Coarse-to-Fine search algorithm is designed and 
implemented to reduce the hardware complexity by 
eliminating the COG defuzzifier block as it contains 
division module which consumes space and time is 
consumed and hence speed is less. 

II.  AN ARCHITECTURE OF THE PROPOSED FLC 
The below diagram explains the MAX-MIN Inference 

module. From practical application of fuzzy logic to control 
systems, we apply some constraints to reduce the hardware    
complexity of FLC and improve the control performance of 
the FLC. 

1) The observed inputs of the FLC are crisp and 
quantized into a finite number of levels. 

2) For each input variable, the overlapping degree of 
its MF is at most two. 

3) MF’s in the output variable have a symmetric 
triangular shape. 

4) Both membership values and spans of constituent 
MF’s are used to compute an accurate crisp value. 

Implementation of Optimized Fuzzy Logic 
Controller with VHDL 
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          Fig.1 Architecture of the proposed FLC 

With the First constraint, the MAX-MIN inference can 
be simplified as a lookup table operation. Both membership 
values and index numbers of input MF’s are prestored in 
the input lookup tables, and the observed crisp inputs serve 
as the addresses for reading them. The second constraint 
implies that the n-dimensional input can activate 2n   control 
rules at most. So, the fuzzy rule base can be decomposed 
into 2n disjoint subrule bases that are operated concurrently. 
With the third constraint, each output MF is treated as a 
singleton located at the center of the MF. So, the 
computational complexity of the COG defuzzification is 
significantly reduced. The fourth constraint is needed for 
improving the control performance.  

Architecture of the proposed FLC hardware consists of 
MIN module, inference module, and MAX module. The 
Defuzzifier module is divided into two modules coarse and 
fine and implemented using search algorithm. 

A.  Min Module  
Assume that the universe of input variable xi is [lxi, 

uxi], where lxi and uxi are the minimum and maximum 
bound of xi respectively. Then all input are uniformly 
quantized into 2p intervals accordingly. Similarly, the MF’s 
of fuzzy terms in the input variables xi can be quantized  

 

into 2q levels, so that each quantization level has a value of 
1/2q  . Let Nxi fuzzy terms of the input variable xi be{Tx 
1,Tx 

2,…….,Txi 
Nxi} . 

Each term Txi
j (j=1,2,……,Nxi) can be represented by a 

pair of the MF and index number as (Mxi
j,Ixi

j). Since the 
overlapping degree of input variable s limited to 2,Nxi, 
fuzzy terms of xi can be divided into two disjoint term sets, 
Txi

o and Txi
e  as Txi

o = {(Mxi
j,Ixi

j) | j=2.k-1, k=1,2,…, Nxi/2 } 
Txi

e =   {(Mxi
j,Ixi

j) | j=2.k, k=1,2,…, Nxi/2 } 
So, the FLC with n input variables requires 2.n input  
lookup tables where each lookup table consists of two 
parts, MF table and ID table. The required bits for storing 
the membership values in the MF table are 2p.q . The 
required bits for storing the index values in the ID table are 
2p.log2(Nxi/2).q, since each fuzzy term in the individual 
term set can be identified with lod2(Nxi/2_ bits) . In order to 
balance the hardware complexity as well as operation 
speed. However, the hardware complexities for the MIN 
and MAX operation are increased explosively by O (2n) 
and O (2.2n), respectively, where n is the number of the 
input variable. We solve this hardware explosion problem 
by using the read-modify-write operation. The read-
modify-write operation needs O (2n) registers to perform 
MIN and MAX operation. 
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Fig 2. Circuit diagram of the MIN Module. 
 
 

In order to reduce the hardware complexity, we propose 
the read-modify-write operation where modify means a 
MIN operation . It needs only 2ⁿ  registers to perform the 
read-modify-write operation . This implies the reduction of 
hardware by O(n) . The  read-modify-write operation  for 
the MIN operation is done as follows. Initially , the 
contents of  2ⁿ registers set to the maximum value(FFH) 
that a membership value can have. We need n read-modify-
write cycles to complete a MIN operation, where the input 
variable n is involved in the read-modify-write operation 
during the ith cycle. The ask which occurred during only 
the ith cycle is explained , since it is the same for all cycles. 
The content in the first register is read and compared with 
the clipped membership value of an input variable xi. The 
smaller one between two values is written back to the first 
register. This operation is repeated up to the 2ⁿth  register. 
One point here to remember that the frequency of reading 
the odd and even MF lookup tables alternatively is 2ⁿ-I 
during the ith cycle. Consider n=2 as an example. The 
order of referencing x1 is   x1

e,x1
e,x1

o,x1
o   during the first 

cycle. The order of referencing x2
e,x2

e,x2
o,x2

o  during the 
second cycle. So, it takes n. 2ⁿ the read-modify-write 
operation to compute a MIN operation.  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B.  INFERENCE MODULE 
 

 
                             
Fig.3  Circuit diagram of the Inference Module 
 
In the case of n-input single-output FLC, a fuzzy rule base 
can be treated as the n-dimensional cell array where each 
cell C(x1,x2,……….xn  )has the output index number 
Iy(x1,x2,……….xn  ) corresponding to the consequence in 
the specific control rule R (x1,x2,……….xn  ). Since 
overlapping among the fuzzy terms in the input variable are 
eliminated by separating the fuzzy terms into two disjoint 
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fuzzy sets with the odd and even index numbers, 
respectively. 
The fuzzy rule base can be decomposed into 2n subrule 
bases as 
Ro,o={ C(i,j)| i = 2.k-1Λ  j = 2.l-1 } 
Ro,e={ C(i,j)| i = 2.k-1Λ  j = 2.l   
Re,o={ C(i,j)| i = 2.k  Λ  j = 2.l-1 } 
 Re,e={ C(i,j)| i = 2.k  Λ  j = 2.l   } 
            

Fig.3 shows the circuit diagram of the inference 
module when the number of input variable is two. The 
inference module requires (Πi=1

n
  Nxi).log2 Ny bits to store 

the output index numbers of the consequences where Nxi  
and Ny  are the number of the fuzzy terms of the input 
variables xi and output variables y, respectively. The 
decomposition of fuzzy rule base does not increase the 
memory space for storing the output index numbers, since 
the decomposition simply divides the fuzzy rule base into 
2n  disjoint subrule bases where each subrule base requires 
(Πi=1

n
  Nxi/2).log2 Ny bits for storing its constituent output 

index numbers. 
 

C.  MAX Module 
 

2n disjoint subrule bases produce 2n output index 
numbers that represent the consequences of their 
constituent control rules about an observed n-dimensional 
input. Since some subrule bases can provide the same 
output index numbers , we need a MAX operation to 
resolve these conflicts.  
In order to reduce the hardware complexity, we propose 
another read – modify – write operation  where modify 
means a MAX operation. It needs M registers to perform a 
read – modify – write operation, where M is the number of 
output fuzzy terms. This implies the reduction of hardware 
of the proposed MAX module when the number of input 
variables is two. Here the upper 2n to 1 multiplexer is used 
to select  the 2n the minimum membership value and the 
lower 2n to 1 multiplexer is used to select one of 2n output 
index numbers .[2] 
 

The read – modify – write operation for the MAX 
operation is done as follows. Initially, the contents of M 
register sets to the minimum value (00H) that the 
membership value can have. Firstly the content in the 
register accessed by an output index number  is read and 
compared with the membership value . The greater one 
between two values is written back in the register. The  
read – modify – write operation continues until the final 
output index numbers is taken. Thus, it takes 2n cycles to 
complete a MAX operation. This sequential processing 
slows down the MAX computation time by 2n times. 
However this slowdown is not a serious problem, because 
most of the processing time of FLC is consumed in the 
defuzzier module. 

III.  DEFUZZIFIER MODULE 
Coarse to fine search algorithm is implimented using 

the blocks below 
 

A.   Coarse module 
In coarse module membership function, span of the 

membership function and term intervals are considerd 
using the components like multiplier,adder, latches left and 
right moments and area are calculated and compared and 
output of coarse module is obtained. 
 

 
Fig 4 Block Diagram of the Coarse Module 

B.  Fine module 
In Fine module membership function, span of the 

membership function and term intervals are considerd 
using the components like multiplier,adder, latches left and 
right moments and area are calculated and compared and 
output of Fine module is obtained. 
  

  
 

 
 
 
 

                                                                                                                                              Vol. 2,     233



Proceedings of SPIT-IEEE Colloquium and International Conference, Mumbai, India          
 
  

IV.  SIMULATION RESULTS 
Results are obtained using VHDL 

 

 
 
A . Simulation Results for fuzzifier block: 

 
B. Simulation Results for Defuzzifier block: 

V.  CONCLUSION 
The design of a typical fuzzy logic controller using 

VHDL is presented in this paper .This paper proposes a 
new FLC that is intended to be applied for accurate control 
and cost effectiveness. The hardware complexity of the tree 
like structure for the MIN and MAX operation was 
explosive as the number of input variables increases for 
that we propose a simple read-modify-write operation 
instead of the tree like structure at the cost of slower 
operation speed. Once the basic design of the fuzzy logic 

control system has been defined, the implementation of the 
fuzzy logic controller is very straight forward by coding 
each component of the fuzzy Inference system, MIN 
module, and MAX module in VHDL according to the 
design specifications. The availability of different synthesis 
tools for the programmable logic devices such as FPGA 
and CPLD have made it easier for the designers to 
experiment their design capabilities. By simply changing 
some parameters in the codes and design constraint on the 
specific synthesis tool, one can experiment with different 
design circuitry to get the best result in order to satisfy the 
system requirement.  
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