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Abstract— In proposed method a new binary phase coded 

pulse compression code is introduces. The binary sequence 

in introduced method is generated by using Chebyshev 

polynomial. Peak side lobe level (PSL) and Merit Factor 

(MF) are the two main measures to decide performance of 

pulse compression code.   Chebyshev polynomial generate a 

real valued sequence with  better autocorrelation and cross 

correlation properties hence these codes produces 

suppressed side lobe  at the autocorrelation function (ACF) 

of matched filter  due to received signal. Reduction in side 

lobe level signify the optimum value of PSL and MF hence 

these code produces optimum result for radar pulse 

compression.  
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I. INTRODUCTION 

Pulse compression [1] is a digital signal processing 

technique [2] used in Radar. In limited peak power radar, 

Pulse compression provide the energy of long pulse while 

simultaneously maintaining range resolution of short pulse 

[3]. Modulation at transmission and Matched filtering at 

receiver are used for pulse compression. In radar system to 

enhance the range resolution for better precision (location 

characterization) short pulses are used but transmission of 

these short pulses reduces the average transmitted power[1] 

due to which a multifunctional radar like surveillance radar 

having limited mode of operation so it is often desirable to 

increase pulse width for enhancement  of SNR at the output 

of matched filter while  simultaneously maintaining high 

range resolution. Pulse compression technique is used in 

radar to achieve desire objective. In pulse compression  one 

can utilized the fact that SNR at the output of matched filter 

depends only on the total transmitted power  not on the 

presence of modulation so in   pulse compression either  

frequency or phase modulation is used to increase the 

bandwidth of long pulse  to get the high range resolution. 

Phase coded pulse compression waveform  provide better 

range resolution than linear frequency modulated[4] (LFM) 

pulse compression waveform because in LFM,  to 

compensate the side lobes  level windowing is used which 

will broad the main lobe so range resolution may disturb. 

Binary phase pulse compression techniques are better than 

polyphase phase pulse compression techniques because the 

complexity in designing of filter for polyphase pulse 

compression code   is greater than the binary phase pulse 

compression code [5].   

A. Binary Phase Pulse Compression 

Binary phase pulse compression [1] is a digital method for 

pulse compression in which a transmitted pulse of duration 

T is subdivided in to N number of pulse each having 

duration τ. In this technique phase of each pulse is changing 

in accordance with a binary sequence while maintaining the 

same carrier frequency for each sub pulse. The change in 

phase is either 0° or 180° in accordance with binary 1 and 0 

in the sequence respectively. binary phase coded waveform 

is shown as figure- 1. 

 
Fig. 1: Basic binary pulse compression waveform. 

At the receiver end the output of matched filter i.e. 

ACF due to transmission of binary phase pulse compression 

wave form contain number of time side lobe uniformly 

distributed both sides of main lobe as shown in figure-

2.These side lobes act as self clutter for radar system 

operation and effect the operational perfection of radar 

system. Peak side lobe level (PSL) with respect to main lobe 

and the ratio of energy in compressed peak to the total 

energy in side lobe (MF) are the two main parameters to 

decide the efficiency of a code. Barker introduce a binary 

phase code with unity side lobe level but the length of 

barker code is limited [6] .  In some radar application larger 

length code is required to enhance the SNR, for this purpose 

by using computer search programming longest code of 

length 28 with side lobe level 2 was developed by Turin [7] 

and Linder[8] and code of length 51,69 and 88 with side 

lobe level 3,4 and 5 respectively developed by 

Kerdock,Mayer[9]. 

 
Fig. 2: Graphical representation of ACF 

Chebyshev polynomial [10] generate the sequence 

up to maximum length as desired in radar communication 

and having optimum values of PSL and MF. 

B.  Chebyshev Polynomial: 

Chebyshev polynomial introduce a cosine mapping method 

which produces a real valued arbitrary sequence having 

good autocorrelation and cross correlation property [11]. 

Binary sequence can be generated by using proper threshold 

process. The binary sequence obtained after threshold 

process also having good autocorrelation and cross 

correlation property. Mapping is a iterative method  which 

produces optimal result after completion of multiple 

iteration. Algorithm initiated by setting a proper value of 

initial seed and degree of polynomial. The next sequence is 

calculated by using Chebyshev function [11] given in 

equation (1), algorithm is executed until the required length 

real valued sequence is obtained. Binary sequence is 
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generated by using threshold function given in equation (2). 

The binary sequence used at modulator and generate an 

analogous waveform like BPSK. 

Xn+1=cos(αcos
-1

(xn))                                         (1) 

Where x represent the seed and α represent the 

degree of chebyshev polynomial 

Equation (1) is used to generate next value of a 

chaotic real valued sequence depends on previous value. 

  {
        
        

                                             (2) 

Θ(x) is threshold function. Equation (2) is used to convert a 

real value sequence in to respective binary sequence. 

II. NEW BIPHASE CODE DESIGN 

PSL and MF are formulated as follows. 

Suppose B = (b1  b2   b3…………………bL) 

Where L is the length of binary sequence. 

The ACF of matched filter is given by equation no (3). 

ACFk(B)=∑       
   
                                                   (3) 

K=0,1,2……………..L-1 

Equation (3) signify ACF of matched filter is not impulsive 

in nature, i.e. 

ACFk(B)=0 when k≠0                                                    (4) 

The equation (4) signifies that side lobe present in 

ACF of matched filter. 

ACF0(B) known as main lobe i.e. output due to 

desire signal. Merit Factor is define as the ratio of energy in 

compressed peak to the total energy in side lobe 

Mathematically- 

MF=
    

 

 ∑     
    

   

                                                      (5) 

PSL is define as the maximum peak side lobe value 

in all available side lobe 

Mathematically- 

PSL=max|(ACFk(n))| when k≠0                                 (6)                                                                 

PSL(db)=20log(PSL) in db                                        (7) 

Based on equation no (6, 7) the algorithm can be 

executed in following manner, 

 Set the initial seed x (1)=x0. 

 Specify the length of sequence say L. 

 Next  seed is generated by Cosine reoccurrence 

polynomial 

X (n+1)=cos(k*cos-1x(n)) 

Where x is seed value and k signify degree of polynomial 

The seed obtained in step 3 is a real valued number so, 

 Set a threshold =Θ,  to convert it in to binary 

 If x(n) ≥ Θ ,then b= binary 1 

 Otherwise b= binary 0 

 Merit Factor and PSL values due to code b is 

calculated by equation no.(5)and (7) 

 Step 3 to 5 repeated for different initial seeds ie 

x(1) in to the limit x ϵ (-1 ,1) 

 In the end of simulation best code based on MF are 

obtained. 

III. RESULT 

The simulation for new binary phase code is done for the 

following parameters: 

Initial seed is x(1) =.01 to .03; 

A=L/2; 

Where L is length of sequence. 

Θ=0; 

Where Θ is threshold value.  

The algorithm is run multiple time by set the initial 

seed x (1) = 0.1 to0.3 with increment of .0000001.The 

optimum result is shown below. 

Simulation is done by setting above parameter and 

value of   MF and PSL are obtained by using equation  (5) 

and  (7) respectively.   

Code 

Length 

Merit Factor (in 

dB) 

Peak Sidelobe level (in 

dB) 

20 17.8 11.2 

50 11.1 -15.1 

100 8.2 -15.7 

200 6.3 -18.1 

500 4.1 -19.9 

700 3.4 -20.5 

1000 2.9 -21.9 

1200 2.6 -22.8 

1500 2.4 -23.2 

2000 2.3 -23.6 

Table- 2 MF and PSLR value for new optimum binary code 

IV. CONCLUSION 

 The simulated Result shows that with increment of code 

length the PSL performance of new binary phase code is 

also improved. At the same time it will provide high 

compression ratio since the compression ratio is directly 

proportional to code length .New biphase codes are 

available in any length 
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