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Abstract - The VHDL-AMS based genetic optimization of fuzzy logic controller for movement control systems is discussed here. 
The designs have been carried out in the digital domain with HDL. The basic components of the fuzzy logic controller are designed 
using VHDL-AMS. The proposed work focuses on control of speed with respect to input parameter such as Alignment & distance 
with triangular membership functions. This is beneficial for autonomous systems which increases traffic safety and the capacity of 
a pre-existing road infrastructure. Here distance and tracking control method has been used, which enables a number of 
autonomous systems to work together.. A case study applying this novel method to an movement control system has been 
investigated to obtain a new type of fuzzy logic membership function with irregular shapes optimized using Genetic algorithm for 
best Performance. This paper presents the movement control of vehicle application, the fuzzy control approach and the design 
using high-level synthesis. 
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I. INTODUCTION 

 
 The geometrical shapes of the fuzzy logic 
membership functions are obtain by using VHDL-AMS. 
VHDL-AMS is used for the modeling and simulation of 
the FLC and its underlying movement control system. 
VHDL AMS is also used for the Multi-level, Multi-
domain and Mixed signal modeling for supports analog 
and digital Modeling. The geometrical shapes of the fuzzy 
logic embership functions are irregular and optimized 
using a genetic algorithm (GA). In this optimization 
technique, VHDL-AMS is used not only for the modeling 
and simulation of the FLC and its underlying active 
suspension system but also for the implementation of a 
parallel GA directly in the system test bench. 
 Human friendly “if-then rules”. These set In 
automotive systems, the electronics with embedded 
software typically controls some mechanical components 
like airbags, anti-blocking systems for the brakes or 
active wheel suspensions .These systems usually cover at 
least two physical domains, electrical and mechanical. 
Sometimes hydraulic, magnetic, thermal components are 
also included. Each of these domains uses a different 
design language and simulation environment.[1] The 
appearance of VHDL-AMS has made it possible to 
incorporate components of different energy domains in a 

single model, because VHDL-AMS supports modeling of 
electrical and non-electrical systems at various abstraction 
levels.[2]VHDL-AMS is a HDL designed to support 
hardware modeling at various abstraction levels in mixed, 
electrical and non-electrical physical domains using 
mixed, digital and analogue components.[3]Fuzzy logic 
controller’s are very effective in the control of processes, 
where the transfer function of the system is undefined, but 
the control action is defined in terms of simple of rules 
describing how the system performs are called the 
knowledge base of the fuzzy controller. A fuzzy inference 
engine is responsible for making fuzzy decisions based on 
given inputs and knowledge base by taking into account 
the contribution of each rule. For the real world, the crisp 
inputs are first converted into fuzzy inputs (fuzzifier) and 
then from fuzzy value to crisp value (defuzzifier).[4] This 
paper presents the design and implementation of a digital 
Fuzzy logic controller using VHDL-AMS The design of 
principle components of fuzzy logic controller such as 
fuzzifier, inference engine, knowledge base and 
defuzzifier using VHDL-AMS is presented.[5].A genetic 
algorithm is an optimization method based on natural 
selection . It has been reported to optimize various 
features of a fuzzy controller. For example, a GA was 
used to optimize the decision-making rules for fuzzy 
controllers The GA  is used to optimize not only the 
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vertices but also the geometrical shapes of membership 
function of FLC..  
 
1.1. Design Phase Lock loop & (ADC/DAC) module 
using VHDL-AMS.Phase-locked loops (PLL) have many 
applications in the communications world. The main 
purpose of a PLL circuit is to synchronize an output 
oscillator signal with a reference signal. When the phase 
difference between the two signals is zero, the system is 
“locked.” A PLL is a closed-loop system with a control 
mechanism to reduce any phase error that may occur.[6] 
Figure 1 shows a block diagram of  a PLL.fig.1.1show the 
result of PLL l including each block of PLL. ADC 
accepts the analog signal and convert it to the 
corresponding digital 3 bit output The ADC accepts the 
analog signal and convert it to the corresponding digital 
value. The ADC used here gives 3 bit output. The digital 
output of this converter is given to the fuzzy controller for 
processing fig 2 & fig2.1 is show the3 bit  output of 
ADC&DAC.[7] 
 

 
Fig.1.Block Diagram of PLL. 

    

 
       

Fig.1.1out of Phase lock loop module. 
 
 

 
 

Fig.2 out of ADC module. 
 

 
 

Fig.2.1 out of DAC  module. 
 
     

II. FUZZY LOGIC UNIT 
 
 In this section, a brief description of design of fuzzy 
controller for movement control system is presented. 
Typical FLC consists of fuzzifier, knowledge base, 
inference mechanism and defuzzifier as shown in 
fig.3The input to the controller is scaled to normalize the 
input values in the domain [0,1] and then crisp output of 
the defuzzification block is scaled back to the normal 
range. The implementation specifications of the FLC for 
movement control system are as: no of input variables =2, 
no of output variables = 2, no of fuzzy sets per inputand 
output variable = 7, no of bits per input and output 
variable = 8, no of bits for degree of membership function 
= 8, slope of membership function = 07. The inputs to the 
FLC are crisp and for each input variable, the overlapping 
degree of its membership function is at most two. 
Membership functions in the input and output variables 
have triangular shape. A fuzzifier and defuzzifier parts of 
a fuzzy control system can be captured in VHDL-AMS as 
these parts perform complex arithmetic operations.[8]      
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Fig. 3 Block Diagram of Fuzzy Logic Unit 
 
A. Fuzzification 
 
 The first component in the FLC is the fuzzifier that 
transforms crisp inputs into a set of membership values in 
the interval  [0,1] in the corresponding fuzzy sets.[8] The 
membership function shapes are typically triangular, 
trapezoidal or exponential. In this paper, triangular 
membership function shapes are used. Fig.2,3 show 
triangular membership function for alignment and 
distance with 8-bit center points in the interval [00,FF]. 
Alignment and Distance input has the following fuzzy 
sets The fuzzification module takes the crisp data and 
converts it into equivalent fuzzified data. The module 
consists of three signals viz. data, membership and fuzzy 
data.The signal, data takes the crisp value. This crisp 
value is nothing but distance i.e. output from the 
autonomous system. The Data is of three bits. So it can 
take any value from 000 to  111.fig 3.1show the 
membership function of the fuzzifier block . The input is 
compared with starting point and the center points of each 
fuzzy sets. The membership function shapes are typically 
triangular, trapezoidal or exponential. In this paper, 
triangular membership function shapes are used. Fig. 3.2 
Show the out put of Fuzzifier module. alignment and 
distance with 8-bit center points in the interval [00,FF]. 
Alignmentand Distance input has the following fuzzy sets 
minimum membership .   

 
 

                      Fig 3.1 Triangular Membership Function. 

        

 
                                  

Fig.3.2 output of fuzzifier module. 
 

B. Fuzzy Inference 

 The knowledge base of the fuzzy controller consists 
of a database of linguistics statements (rules), which 
states the relationship between the input domain fuzzy 
sets and output domain fuzzy sets. For a system with two 
inputs, Alignment and Distance and Two outputs, each 
having seven fuzzy sets. A maximum of 4 rules can be 
active at any time with triangular membership functions 
for Distance and Alignment. The min-max inference 
method uses the min operator to find the minimum 
membership degree between the two inputs (rule's 
antecedent) resulting from rule conditions and the rules 
are finally combined by using the or operator and 
interpreted as the max operation for each possible value 
of the output variable To implement fuzzy inference, 
Linguistic labels are assigned to the two active 
membership degrees coming from the fuzzifier for each 
input variable by the linguistic label module.  
The output from the module is the membership degree of 
each active rule along with the linguistic label of the 
fuzzy subset. The next step is to find the minimum 
membership between the two antecedents of each active 
rule and the rule consequent. The minimum module 
compares the antecedents of each active rule and outputs 
the minimum membership degree. This whole process is 
executed sequentially for all the four active rules. 
 
C  Fuzzy rules base. 

 Fuzzy logic controllers, due to their ability of 
handling uncertain and complex systems, are also used in 
the vibration isolation systems .The inputs to the FLC are 
the velocity (vs.) and acceleration (as) of the seat. The 
fuzzy relationship of the input and output variables are 
represented by three linguistic variables: positive (P),zero 
(Z) and negative.(N).With these linguistic variables, a set 
of nine fuzzy rules is developed. Rule base module 
consists of three signals, namely difference, integral and 
control. This module takes two inputs viz, difference & 



K. K JAJULWAR et al: GENETIC OPTIMIZATION OF FUZZY LOGIC CONTROLLERS 

IJSSST, Vol. 10, No. 4                                                                                                ISSN: 1473-804x online, 1473-8031 print 22

integral. These are the fuzzified outputs of fuzzification 
module. Rule base module consists of 49 if then rules. 
These if-then rules have been constructed, considering all 
possible combinations of difference and integral. 
According to the values of difference and integral , one of 
the 49 rules gets executed, which generates the control 
output signal. Following are the outputs for different 
combinations of difference and integral.fig.4 & 
fig4.1show the output of the rule base block with desired 
value of different rule base table.   
 

 
 

Fig 4  Table 1. Fuzzy  rule  base. 
 
 

 
Fig. 4.1 Output of Fuzzy rule base Block 

  

D. Defiuzzificaiton Module 
 
The last step is the defuzzification and the final output is 
determined by weighted average (Fuzzy Mean of 
Maximum) of all contributions of the output sets i.e. the 
output can be obtained by summing the product of center 
points from rule base table with the calculated 
membership degree of the antecedents of each active rule 
divided by the sum of calculated membership degree of 
antecedents. A maximum of four rules apply for 
Alignment and Distance inputs shown in fig. 2 and 3. 
  The final output Left wheel speed and Right wheel 
speed is realized as follows: The block diagram of 
Defuzzification .where A and B, represents the 
membership value for Alignment and C, D represents the 
membership values for Distance and the terms M1, M2, 
M3, M4 are the maximum values of the output 
membership function. In ormalization method fuzzy 
binary value of fired rule is provided to the 
Defuzzification block. The defuzzification block will give 

the range of crisp value of the fired rule.fig.5 show the 
block diagram of Defuzzifier  block &fig 5.1 show the 
out put of defuzzifier block. 
 

 
 

 

 
 

   

. 

 
III. SHAPE OPTIMIZATION OF MEMBERSHIP 

FUNCTIONS 
 
 In fuzzy logic theory, a membership function is a 
graphical representation of the input’s degree of 
participation in a fuzzy set. The geometrical shapes of the 
membership functions used can seriously affect the 
performance of an FLC. For example, although triangular 
membership functions are very basic and widely used  it 
was also illustrated that trapezoidal membership functions 
may generate superior results in certain applications. 
Here, we investigate the possibility of using irregular 
shapes of the FLC membership functions. Optimization. 
In a specific application, such irregular shapes can be 
calculated by optimization to enhance the system’s 
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performance Irregular    membership functions are 
unlikely to lead to more complex hardware 
implementations given the fact that electronic control 
units are quite common in today’s automobile design. In 
the GA optimization, each instance of the system 
represents a chromosome. Since, the centre of gravity 
method is used for defuzzification, it is only necessary to 
optimize the membership functions of the input variables. 
For each of the two input variables, N points from the 
positive curve and N points from the right half of the zero 
curve are selected as genes.  
 This is because a membership function is typically 
symmetrical about the y-axis. These points are equally 
distributed along the x-axis and their y-values can be 
adjusted between 0 and 1.The points are simply 
connected by straight lines to form piecewise linear 
membership functions.fig.6 show the Fuzzy logic 
triangular and trapezoidal membership function. 

 
 

Fig.6 Fuzzy logic triangular, trapezoidal  membership  functions 
 
- enter rational no values from a 0-10 interval 
- Enter the degree of obstacle and press enter8,Enter the 
type of obstacle and press enter8 
Duration of detection cycle ,detection time = 46.6970 
 

 
 

Fig 6.1 Optimization of the shapes of fuzzy logic membership 
 
 

IV. GA IN VHDL-AMS TEST 
BENCH(EXPERIMENTAL RESULTS IN THE GA 

OPTIMIZATION) 
 

 In the VHDL-AMS implementation, the 
chromosome is modeled as a component with4N genes as 
input parameters. In the GA optimization, the number of 
points on each membership curve N is chosenas 5. So 
there are totally 20 genes in one chromosome. The 

population size s100 chromosomes. The crossover and 
mutation rate are 0.8 and 0.01, respectively. The stimulus 
is a single sine-wave period jolt with added filtered 
Gaussian noise (GN)to reflect realistic effects of an 
uneven road surface. The sine-wave jolt is of a 10 
cmamplitude and the period of 200 ms (5 z).  
 Applying  the membership values of the input to the 
rule-base to generate the truth values of the consequents 
of the 9 rules. Fig 6.4.1 is show the 0utput membership 
function for the  detection with interval 0 to10Fuzzifing 
the output i.e. determine the membership values in each 
of the three membership functions for degree. by appling 
the selected rule in desired manner. 
 

 
Fig.7 Output membership functions for detection duration 

 
 By using MIN inference to generate new output 
membership functions. The new membership values are 
compared point wise to the original membership functions 
to get the modified output membership functions. Fig 
6.4.2 is show the optimized 0utput membership function 
for the interfacing with interval 0 to10 the output 
membership funcation will obtain by interfacing the 
fuzzifier and rule base module with the interval o to 10. 
 

 
   

Fig.8 Output membership functions for detection duration 
 

  Combining the new membership functions to form a 
single    membership functions using MAX composition 
method. In this all the newly generated membership 
function are combined with each other using the fuzzy  
OR  and the maximum possible membership value is 
chosen for each output value. Fig 8.2 is show the Final 
0utput membership function aftercompletion with interval 
0 to10. 
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Fig.8. Final output membership functions after completion. 
   
 

V. CONCLUSION 
 
 An 8-bit fuzzy logic controller with 2-inputs and 2-
output is simulated and function verification of each 
block is carried out using logic simulator. The FLC is 
implemented in by using VHDL-AMS and used in 
complex automotive systems. The design of the FLC is 
highly flexible as the membership functions and rule base 
can be easily changed. Also the length of input and output 
of the FLC can be increased to achieve better results. A 
digital fuzzy system contains logic circuits to compute the 
fuzzy algorithms, memories to store fuzzy rules, and 
generators or look-up tables for membership functions of 
the input and output variables. The proposed designs are 
programmed using VHDL-AMS &Optimized by using 
Genetic Algorithms. An attempt has been made to design 
FLC for complex automotive systems. The results have 
been verified and found satisfactory. 
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