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Abstract 
In Wireless signals and Radar signals where power, real estate, speed and low cost are tight constraints and 

Doppler tolerance is not a major concern biphase codes are popular and FIR filter is used for digital pulse 

compression (DPC) implementation to achieve required range resolution. Disadvantage of low peak to sidelobe 

ratio (PSR) of biphase codes can be overcome by linear programming for either single stage mismatched filter 

or two stage approach i.e. matched filter followed by sidelobe suppression filter (SSF) filter. Linear 

programming (LP) calls for longer filter lengths to obtain desirable PSR. Longer the filter length greater will be 

the number of multipliers, hence more will be the requirement of logic resources used in the FPGAs and many 

time becomes design challenge for system on chip (SoC) requirement.  

This requirement of multipliers can be brought down by clustering the tap weights of the filter by kmeans 

clustering algorithm at the cost of few dB deterioration in PSR. The cluster centroid as tap weight reduces logic 

used in FPGA for FIR filters to a great extent by reducing number of weight multipliers. Since kmeans 

clustering is an iterativealgorithm, centroid for weights cluster is different in different iterations and causes 

different clusters. This causes difference in clustering of weights and sometimes even it may happen that lesser 

number of multiplier and lesser length of filter provide better PSR.  

In this paper few sample optimum biphase codes have been provided in tabular form with their optimum 

sidelobe supression filter (SSF) with optimum lengths and minimum multipliers to achieve low sidelobe level of 

-35 dBto -40 dB and have been compared against PSR achieved without clustering.Clustering is used in FIR 

filter for pulse compression and its effect is seen on peak to sidelobe ratio. This is being a genericmethod for 

FIR filters to reduce number of multipliers can be extended to other similar applications. 

IndexTerms— Digital Pulse Compression (DPC), FIR filter, range sidelobes, sidelobe suppression filter(SSF), 

range sidelobe reduction, Kmeans algorithm, clustering, centroid, biphase codes, peak to sidelobe ratio (PSR). 

 

I. I INTRODUCTION 
Even though biphasecodes are used for digital 

pulsecompression in radars and wireless applications 

for quite some time and various methods have been 

suggested in literature to reduce their peak to 

sidelobe ratio, still designer struggles to achieve low 

peak to sidelobe ratio for biphase codes in the 

absence of readily available sidelobe suppression 

filter design methodology and its efficient 

implementation method. In applications where 

system is supposed to be built on a single chip in 

order to meet the specifications of real estate, power, 

cost and speed, each and every module of the system 

has to be efficient implementation wise. Efficient 

implementation of DPC has been suggested in [4] for 

13 bit barker code but it is quite exhaustive to group 

the multipliers when SSF length increases and 

inefficient grouping of multiplier weights causes 

severe degradation in PSR, achieved with linear 

programming. So a method has been evolved to 

achieve optimal solution, taking care of all the 

constraints. Kmeans is an algorithm finds application 

in image processing for clustering of data, has been 

used to provide solution to cluster the multipliers 

used as tap weights for efficient implementation and 

without much degradation in PSR. 

Iterative Kmeans algorithm causes difference in 

clustering of weights in each iteration and sometimes 

even it may happen that lesser number of multiplier 

and lesser length offilter provide better PSR. 

Optimum length of SSF with minimum multipliers to 

achieve minimum PSR is desirable. However when 

all the multipliers will be implemented, there will be 

no deterioration in PSR achieved with linear 

programming provided overall design fits in the 

FPGA. This approach is useful in applications where 

System on Chip (SoC) via FPGA is supposed to be 

realized or in applications where design is being 

finalized for ASIC for bulk production, so logic 

required for each module ofsystem should be 

minimum. 

 

II. RANGE SIDELOBE SUPPRESSION 

FOR TWOSTAGE APPROACH 
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Range sidelobe suppression in DPC for biphase 

codes can be achieved by single stage mismatched 

filter or by two stage approach as shown in figure 1. 

Paper provides solution for two stage approach and 

optimal SSF filter design. 

Multiplier weights for single stage filter can also 

be achieved in similar manner. 

 
 

Sidelobe suppression filter is designed in two 

steps. In first step its multiplier weights are obtained 

by linear programming. In next step multiplier 

weights are grouped together by kmean clustering 

algorithm to bring down multipliers requirement. 

Multiplier weights obtained offline can be stored in 

memory to be used as shown in figure 2 for column 3 

of table 2 with 6 weights. 

 

III. DESIGN STEPS OF SSF 
Linear programming 

In step one linear programming technique 

ofoptimization is used to compute filter tap weights 

for binary phase coded waveforms. 

 

Transmitted binary code, 

 

Ci = ± 1 ,1 ≤ i ≤ N. 

 

Pulse compression filter output, 

 

Oj,1 ≤ j ≤ 2N–1. 

 

Sidelobe suppression filter tap weights, 

 

Sj,1 ≤ j ≤ M , M ≥ 2N–1. 

 

Ci = 0 if i <1 or i > N. Similarly, Oj= 0 if j < 1 

 

orj > 2N–1. 

 

To obtain the tap weights for SSF constraints can be 

given 

as below. 

 
 

Where p is the max sidelobe level for the code 

atcompression filter output. The objective function to 

bemaximized in equation (1) is the mainlobe 

response oftransmitted waveform centered in the 

filter weights.Equation 1 is having linear objective 

function with Mvariables and more than M linear 

inequality constraintsand can be solved by simplex 

algorithm of linearprogamming. 

 

Kmeans algorithm 

In step two k-means clustering [10] has been 

used to getcentroid to be used as tap weight. K-means 

is a two-phaseiterative algorithm to minimize the sum 

of point-to-centroid distances, summed over all K 

clusters. Thus, the first phaseis thought of as 

providing a fast but potentially onlyapproximate 

solution as a starting point for the secondphase. In 

second phase points are individually reassigned 

ifdoing so will reduce the sum of distances, and 

clustercentroids are recomputed after each 

reassignment. 

 
 

To achieve approximately -40 dB PSR via optimum 

solution in terms of minimum SSF length and 

minimum multipliers exhaustive search is done for 
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biphase codes mentioned in table 1 and few 

optimized results are tabulated in tables 2-4. 

Hardware implementation of sample SSF has been 

shown infigure 2. 

 

 

 
 

It can be noted from table 2, that for odd lengths 

of SSF, multiplier weights are symmetrical on both 

sides of middle tap weight while for even length of 

SSF, multiplier weights may or may not be 

symmetrical on both sides of middle tap weight. 

Hence, for 25 and 85 bit codes mentioned in table 1, 

SSF weights have been provide for odd SSF lengths 

up to middle tap weight in table 3. 

 
 

IV. SIMULATION RESULTS 
Figure 4(a) and 4(b) shows range vs magnitude 

plot for 25 bit biphase code for 85 tap SSF for LP and 

LP &kmeans based SSF respectively, figure 5(a) and 

5(b) shows range vs magnitude plot for 83 bit biphase 

code for 219 tap SSF for LP and LP &kmeans based 

SSF respectively. Figure 4(c) shows compressed 

pulse widths at the output of LP vs LP &kmeans 

based 85 tap SSF for 25 bit code, it can be seen 

thatcompressed pulse width doesn’t change with LP 

andkmeans based SSF. Figure 5(c) shows 

compressed pulse at the output of LP vs LP and 

kmeans based 219 tap SSF for 83 bit code, same can 

be noted from figure 5(c) too that compressed pulse 

width remains unchanged with LP &kmeans based 

SSF. 
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V. CONCLUSION 
Biphase and polyphase codes will never be out 

of fashion in DPC, irrespective of radar history as 

they are foundation stone of DPC. In applications 

where Doppler tolerance is not a major concern 

biphase codes are preferred over polyphase codes for 

their simplicity. Fast Convolution is preferred over 

FIR filters for digital pulse compression in radars for 

computational advantage for longer codes and range 

gates in digital signal processing. However for FPGA 

based implementation of matched filter along with 

SSF for longer biphase codes, poses constraint over 

logic resources used. The proposed optimization 

solution paves a way to reduce hardware in the 

current generation of radar where multiple 

simultaneous beams are formed. Multiple 

simultaneous beams in radars play important role, 

especiallyin difficult to detect and multi target 

environment. This method of reducing number of 

multiplier is applicable to polyphase codes too. But 

polyphase codes do not have choice to improve PSR 

using longer length SSF; code length and 

incorporation of window at receiver determines PSR. 

Achieved PSR deteriorates a bit because of 

clustering. 

 

REFERENCES 
[1]  Jaemo Yang, GitaePyo, Choul-Young Kim, 

Songcheol Hong, “A 24-GHz CMOS UWB 

Radar Transmitter WithCompressed Pulses” 

IEEE Transactions on microwave theory and 

techniques, vol. 60, no. 4, Apr 2012. 

[2]  Matthew A. Ferrara, “Near-Optimal Peak 

Sidelobe Binary Codes”, IEEE Conference 

2006. 

[3]  ManishaSanal, R. Kuloor, “Realization of 

Binary Phase Coded Pulse Compression 

Techniques with Ultra-Low Range 

Sidelobes”, International Radar Symposium 

India, Dec 2003. 



Jineshwar Nyamagoud Int. Journal of Engineering Research and Applications             www.ijera.com 

ISSN : 2248-9622, Vol. 4, Issue 11( Version 1), November 2014, pp.102-108 

 www.ijera.com                                                                                                                                108|P a g e  

[4]  Bicocchi, R., Bucciarelli, T. and Melacci, 

P.T., “Radar sensitivity and resolution in 

presence of range sidelobe reducing 

networks designed using linear 

programming”, The Radio and Electronic 

Engineer, Vol. 54, No. 6, pp 244-250, June 

1984. 

[5]  Zoraster, S., “Minimum peak range sidelobe 

filters for binary phase coded waveforms”, 

IEEE Trans. On Aerospace and Electronic 

Systems, AES-16, No. 1, pp 112-115, 

January 1980. 

[6]  Ackroyd, M.H. and Ghani, F., “Optimum 

Mismatched Filters for sidelobe 

suppression”, IEEE Trans. On Aerospace 

and Electronic Systems, AES-9, No.2, pp 

214- 218,March 1973. 

[7]  Rihaczek, A.W. and Golden, R.M., “Range 

Sidelobe suppression for Barker Codes”, 

IEEE Trans. On Aerospace and Electronic 

Systems, AES-7, No. 6, pp 1087-1092, 

November 1971. 

[8]  Chen, X.H., “A new algorithm to optimize 

Barker code sidelobe suppression filters”, 

IEEE Trans. On Aerospace and Electronic 

Systems, AES-26, No. 4, pp 673-677, 

January 1990. 

[9]  G. E. Coxson and J. Russo, “Efficient 

Exhaustive Search for Optimal-Peak-

Sidelobe Binary Codes”, IEEE Transactions 

on Aerospace and Electronic Systems, Vol. 

41, No. 1, pp. 302-308, Jan 2005. 

[10]  Richard O. Duda, Peter E. Hart and David 

G. Stork, “Pattern Classification”.,Ch 10, 

John Wiley & Sons Inc 2001. 

 

 


