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ABSTRACT: 

 
           In this paper Modified Genetic Algorithm is implemented 

using Verilog. The main benefit of execution using Hardware 

based Modified Genetic Algorithm is quickness over Software 

based methods. The Planned architecture is an efficient design as 

it identifies the set of polyphase sequences with good correlation 

properties. The Suggested Algorithm is blend of Genetic 

Algorithm and Hamming Scan algorithm.  
Key words:  Autocorrelation, Discrimination factor, Poly phase 

codes, Genetic algorithm, Hamming scan Algorithm MGA, 

Radar signal. 

 

I. INTRODUCTION 
       The elementary purpose of radar is to spot the presence 

of an object of interest and deliver information regarding 

the object’s location, motion, size and other constraints. 

The first task is named as problem of target detection and 

the second one is denoted as parameter estimation. For 

accurate detection a radar needs a large peak signal power 

to average noise power ratio, So/No, while target’s return 

signal. Therefore, for good detection most of the radars 

transmit long-duration pulses to attain high energy, since 

transmitters are characteristically functioned near their peak 

power limitation. For improved range resolution, radar 

desires short pulses. These contrary requirements of long 

pulses for detection and also short pulses for range 

accuracy in extents prevented radars to perform 

simultaneously carrying out both functions. 
    As radar enlargement progressed, prominence changed 

from purely execution of things to work to execution of 

things work in an ideal or near ideal manner, new 

impressions came into existence that set the foundations of 

waveform design as a central part of radar system 

improvement. For the period of Second World War, 

Woodward stated that the pulse which is transmitted might 

be intended to be as wide-ranging as necessary to happen 

the energy requirements of the arrangement and later 

detectability had been fulfilled, with wide band modulation 

information the range resolution situations could be met by 

changing the transmitted signal. This practice is stated as 

pulse compression.  
      Equally the analog and digital pulse compression has 

been effectively exploited for accomplishing best results. 

Range resolution with low chance of capture can be 

completed by retaining multiple digital phase codes of 

superior length having good auto correlation and cross 

correlation properties. 

     Changes in phase can also be used to increase the signal 

bandwidth of long pulse for purposes of pulse compression. 

A long pulse of duration T is divided into N sub pulses 

each of width τ. An increase in bandwidth is achieved by 

changing the phase of each sub pulse since the rate of 

change of phase with time is frequency. In multiple target 

environments it may be significant that the distribution of 

the time side lobes of phase coded words is different from 

that of linear FM pulse compression. The time side lobes of 

linear FM are maximum immediately adjacent to the main 

lobe and decrease with distance from the main peak unless 

some unusual form of tapering is used. This is not generally 

true for phase codes. Depending on the class of phase code 

considered, the side lobes may be fairly uniform, or they 

may actually exhibit a tendency to be relatively low near 

the main lobe. A common form of phase change is binary 

phase coding. 

II. POLYPHASE PULSE COMPRESSION 

SEQUENCE DESIGN   
 

    Pulse compression [1-3] enables radar to use a long pulse 

to accomplish high transmitted energy   at the transmitter 

and allow the receiver to use the short pulse for high range 

resolution.    Hypothetically, in pulse compression, the code 

is balanced onto the pulsed waveform amid transmission. 

At the receiver, the code is utilized to consolidate the signal 

to accomplish a high range resolution.   

        The aperiodic autocorrelation function (ACF) of 

sequence S of length N is given by,   
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The polyphase sequence of length N bits is denoted by a 

complex number sequence [4-5]. 
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Where   n)(m  is the phase of nth bit in the sequence 

,which lies between 0 and 2π.  If the number of specific 

phases available to be selected for each bit in a code string 

is M, the phase for the bit can only be selected from the 

following admissible values: 
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For example  for four phase sequences, M = 4, the values 

of {1, 2, 3 and 4} will be 0, π/2, π and 3π/2 respectively. 

For Eight phase sequences M = 8, the values of {1, 2, 3, 4, 
5, 6, 7  and 8} will be 0, π/4, π/2, 3π/4, π, 5π/4, 3π/2,  and 

7π/4 respectively. 

Considering a Eight  Phase sequence S with code 

length of  N, one can  represent the phase values of S by the 

following 1 by N phase matrix:

   )N(    ),....3(      ),2(     ),1(S mmmm      …  (4)       

where the elements in the matrix can only be selected from 

the phase set in (3).  

       A usual approach to design Eight Phase sequences with 

good correlation properties is to numerically search the best 

8 Phase sequences by minimizing a cost function, that need 

to meet the design parameters. For the design of Eight 
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Phase sequences used in communication and in the Radar, 

the cost function is calculated based on the sum of square 

of autocorrelation side lobe peaks. Hence, from (1) the cost 

function can be represented by,  
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        The minimization of cost function in (5) generates a 

eight Phase sequence. In this optimization we have 

minimize the autocorrelation sidelobe energy.  

 

Discrimination Factor 
    The Discrimination factor is defined as the ratio of 

amplitude of main peak of the auto correlation to the 

absolute maximum amplitude in the side lobes [6].                                                    

     Discrimination is used to extent whether a coded signal 

is Good or Poor. This means that a code with high 

discrimination is a good code while a code with low 

discrimination is poor code. The discrimination measures 

how the main lobe signal is different form the peak side 

lobe level. Thus it gives the measure of goodness of the 

given coded waveform. 

III. Hamming Scan Algorithm 

 
 The Hamming scan algorithm is a classical 

optimization algorithm [7-8]. It searches in the close area of 

the point in all directions to reduce the cost function and 

has fast convergence rate.  This algorithm mutates element 

of sequence one by one in order to search locally. The 

Mutation is a term generally used for the changing of the 

structure of a gene, resulting in a variant form that may be 

transmitted to subsequent generations, caused by the 

alteration of single base units in DNA, or the deletion, 

insertion, or rearrangement of larger sections of genes or 

chromosomes and here used for a change in an element in 

the sequence. But disadvantage of this algorithm is to trap 

in local minima. 

IV. GENETIC ALGORITHM 
    GA technique, introduced by John Holland demonstrated 

efficient and powerful tool to find ideal or near optimal [9].  

The main advantage of the GA algorithm over the 

traditional “greedy” optimization algorithms is the 

competence to avoid becoming confined in local optima in 

the course of the search process.; GA generates a 

population of results and spread over operators which are 

genetic such as crossover and mutation to develop the 

solutions so as to find the finest one/ones. But the 

constraint of GA is rate of slow convergence. Simple GA 

experiences from long convergent courses and occasionally 

includes in a local optimal answer that additional or fewer 

limit its applications in practice.  

V. Modified Genetic Algorithm (MGA) 
          To overcome the shortcomings of the common 

genetic algorithms, Modified Genetic Algorithm with 

multiple populations and dynamic parameters has been 

developed. The new algorithm is designed to carry genetic 

operations out on each population separately and change 

the operational parameters dynamically. Modified Genetic 

Algorithm is suggested as a statistical procedure for 

obtaining imprecise results to combinatorial optimization 

glitches [10-12]. The suggested algorithm is a mixture of 

both Genetic algorithm (GA) and Hamming scan algorithm.  

VLSI ARCHITECTURE FOR MODIFIED 

GENETIC ALGORITHM (MGA): 
  The VLSI architecture for the implementation of MGA is 

shown in Fig.1. The VLSI architecture for the 

Implementation of MGA consists of mainly the Random 

Number generator, crossover Module, Mutation Module, 

and fitness function evaluation module [12]. 

 

 
Fig 1. Block Diagram of MGA 

 

 
 

                   Fig 2. VLSI Architecture for MGA 

    Fig. 2 shows the VLSI Architecture of MGA.  The 

outputs of each block such as Crossover, Mutation and 

Hamming scan modules are implemented.  Four and eight 

phase sequences are synthesized using this architecture. 

The synthesized sequences have good correlation 

properties.  

CIKITUSI JOURNAL FOR MULTIDISCIPLINARY RESEARCH

Volume 6, Issue 4, April 2019

ISSN NO: 0975-6876

http://cikitusi.com/72



RTL SCHEMATIC: 

 
                    Fig 3. RTL Schematic of MGA 

        

Fig.3 shows the RTL schematic of four Phase Sequence 

using MGA in which TRNG means Random Number 

Generation and the design has blocks of Multiplexers, 

Hamming Module and Fitness Function 

    

VI. SIMULATION RESULTS 
      Four phase and Eight phase sequences have been 

synthesized using MGA which is implemented through 

Verilog. In this paper sequences are designed from length 2 

to 100. Some of the synthesized results are presented in this 

paper. The synthesized results show good autocorrelation 

properties and has better Discrimination Factor. Fig.4 

shows the screen shot of four phase and 4-bit synthesized 

sequence. 

. 

Four Phase Sequence: 

    Alphabets of Four Phase Sequence are taken as: 

 1   is represented as   001, 

-1   is represented as   011 

  j   is represented as   101 

 -j   is represented as 111 

 

Optimal Sequence obtained is: 0010011100010000 

 

 

 
 

Fig 4. 4-bit four phase pulse sequence using MGA 

 

Eight Phase pulse sequence: The eight phase sequence is 

encoded as: 

0001    →  +1, 0011   →   -1, 0101    →   j, 0111    → -j, 

1001   → 1+j, 1011→ 1-j, 1101  →  -1+j, 1111  →   -1-j 

    
Fig 5. 13-bit Eight Phase pulse sequence using MGA 

 

   Fig.5 shows the Eight phase synthesized sequence of 

length 13. From the above figure, the optimum sequence 

that is obtained through the simulation of 13-bit Phase 

Sequence using MGA through Verilog is mentioned below 

 
000101110011010100010101000101010001010100110111

0001 Desired 13 bit Eight phase sequence:    1  –j  -1  j  1  j  

1  j  1  j  -1  –j  1  

Peak Side Lobe Level = 1  

 
 Fig.6 shows autocorrelation function of Eight Phase 

synthesized Sequence of length 100, having Discrimination 

Factor, 22.2. 

 

 

 
         Fig 6. Autocorrelation function of Eight Phase 

Sequence of length 100 

                                Table –1 

Discrimination Factor of eight phase synthesized sequence 

of Sequence Lengths varies from 2 to 100. 

N 2 6 8 10 13 36 49 81 100 

DF 2 4 8 10 13 21.2 23.1 21.3 22.2 

 

 :  
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Table 1 shows the Discrimination Factor of eight phase 

synthesized sequence of Sequence Lengths varies from 2 to 

100. As shown from the results synthesized sequence have 

good correlation properties. 

VII. CONCLUSION 
      

      A resourceful VLSI structural design for making 

exhaustive search for the identification of the best pulse 

compression sequence was implemented for the design of 

four and eight phase sequences used in radar and 

communication for considerably improving system 

performance. Optimization algorithms such as genetic 

algorithm, evolutionary algorithm etc. can be applied to 

reduce the time. An effective approach based on Modified 

Genetic Algorithm and a good evaluation criterion is 

presented for the design of four and eight phase code sets 

that can be used for radar systems for significantly 

improving performance of the system.  
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