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Abstract 

 

This paper deals with different types of polyphase coded signals in terms of their 

correlation properties. The (Frank, P1, P2, P3 and P4) polyphase codes and the Iterative 

Reweight Least Square(IRLS) procedure were used in this work. Each polyphase code is 

used as a parameter to (IRLS) procedure and this work is accomplished using MATLAB 

software. Additive White Gaussian Noise(AWGN) is introduced in the assessment made to 

the codes that are adopted in this paper. The Peak Sidelobe Level (PSL), the Integrated 

Sidelobe Level (ISL) and the Signal-to-Noise Ratio Loss (SNRL) criteria are used to 

evaluate the performance of polyphase codes. It is found that, the P3 code is the best code  

in terms of (PSL and ISL) criteria within an acceptable (SNRL) when using IRLS 

procedure. When use AWGN=10dB and for the range P=N till P=N+174, It is found that, 

PSL of P3 improvement approximately 33dB and ISL of P3 improvement approximately 

29dB, but SNRL is equal approximately 2dB. 

Keywords: polyphase codes, Iterative Reweighted Least Square Procedure, Sidelobes, Peak 

sidelobes, Integrated sidelobe, Signal to Noise Ratio Loss.  

                                                                                                           

مختلفة رشحاتم ملإشارة متعددة الأطوار باستخداإخماد الفصوص الجانبية ل  

 

 الخلاصة: 

 

    البحا  رااةاا ااا ات دتةامر  داا ات اوااا تاا التتادد  دتةامر اتلا اا ئمتلاا تروبراةو الت ائ داا   دا   ا تناول  ي

                           لاق التولدا    دح اةتةملت ل يقا (P1, P2, P3, P4 and Frank). التد اا المتةمر  اتل اا التولدا  اةتةمو

 ااتل ا التد اا دتةمر  لكل  د   دا (Iterative Reweight Least Square procedure) د زلني د ئع  ك اا

 لاضااو ا ض ضااو  دااا ااا ت (MATLAB)ئ اااود  الم  ااح لتلااس ئوةااترماج ئاا اد  دكت ئااا ئ ةااترماج ارتلاات الاا 

(Gaussian)  ئةاا   البدضااو  الاا  التااد اا الم ااتةملا  ااث  اارا البحاا   ل اا ة دة  ااا ا ضاال  ااد   ي اا  اةااتةمو
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 د ات ى ا ابا (,ISLالمتكودلاا ) د ت ى الدرا   ال وابداا (,PSLل التث  ث )د ت ى اقر   ص جوابث ),حمرااالم

داا   P3   اد    اث اقال د ئاع  كا ااي دا زلن( الا  ا ضال (ل رلنو  ث الم  ح  ( (SNRLات وا  ال  الض ضو  )

اناااااااامدو  ل (SNRLات ااااااااوا  الاااااااا  الض ضااااااااو  ) دقب لااااااااا لن اااااااابا د اااااااات ى ( لئقدماااااااااPSL,ISLاو دااااااااا )

 ح انت  ق يباو  P3لال PSL لجام ان ا    (P=N+174 الا    P=N )داا P كون دمى ا ل  AWGN=10dBاةترمدت

33dB,   لان اISL  للP3  29, ح نت  ق يبوdB  للكاSNRL  2.  ولي  ق يبوdB 

 

1. Introduction and Literature Survey 

 

Mismatched filter technique is applied to the codes in order to reduce the sidelobes of 

compressed polyphase-coded signal around the mainlobe, and consequently increase the 

detection of the received signal. This is done by means of maintain the mainlobe and only 

reduce the sidelobes. In 1982 B. L. Lewis and F. F. Kretschmer[1] were presented two new 

polyphase pulse compression codes (P3 and P4) and efficient digital implementation 

techniques. These codes are very Doppler tolerant and that can provide a large pulse 

compression ratios. The P3 code is not precompression bandwidth limitation tolerant but is 

much more Doppler tolerant than the Frank or P1 and P2 codes. The P4 code is a rearranged 

P3 code with better precompression bandwidth limitation tolerance. In 1999 A. J. Zejak, et. 

al.[2] propose a novel method for a potential range resolution improvement, based on the 

received signal oversampling and the mismatched filter design. In the synthesis of the 

mismatched filter with improved resolution an algorithm for maximal sidelobe suppression 

has been used. This idea can be applied in high resolution radar and sonar design. 

 

2. Polyphase Codes 

    

Polyphase coded waveforms consisting of more than two phases may also be used in biphase 

coded waveforms. The phases of the subpulses alternate among multiple values rather than 

just the 0  and 180   of binary phase codes [3].  

 

   2-1. Frank Code  

 

The Frank code is derived from a step approximation to a linear frequency modulation 

waveform. Hence the length of Frank code is equal to N², where N is the number of phases in 

polyphase codes [4]. The phases of the Frank code is obtained by multiplying the elements of 

the matrix A by phase (2π/N) and by transmitting the phases of row1 followed by row 2 and 

so on.  
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              A  =                              …(1) 

 

The phase of the ith code element in jth row of code group is computed as [4] 

 

             Q(i,j) = (2π/N) (i-1) (j-1)                                                               …(2) 

 

where i and j ranges from 1 to N. The output of Matched Filter under zero Doppler, Frank 

code with length equal to 100 is given in Figure (1). 
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Figure (1)Frank Code for length 100 

 

2-2 The P Codes[3]: 

 

The P1 and P2 codes are modified versions of the Frank. The P3 and P4 codes are derived by 

essentially converting a Linear Frequency Modulation (LFM) waveform to baseband. These 

tend to be more Doppler tolerant than the Frank, P1, or P2 codes.  

 

2-2-1 P1 Code:  
 

P1 code has been derived from step approximation to linear frequency modulation waveform. 

The P1 code has N2 elements and the phase of ith element of the jth group is represented as 

 

             Q(i,j) = - (π/N) [N - (2j-1)] [(j-1) N + (i-1)]                                                …(3) 

where i and j are integers ranges from 1 to N. The length of the resulting code or compression 

ratio is  N2  [5]. The output of Matched Filter under zero Doppler, P1 code with length 100 is 

given in Figure (2). 
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Figure(2) P1 Code for length 100 
 

2-2-2 P2 Code:  
 

   The P2 code has N² elements and the phase of ith element of the jth group is represented as 

 

             Q(i,j) = (π/2N) [N-2i+1] [N-2j+1]                                                                …(4)   

                     

where i and j are integers ranges from 1 to N. The value of N should be even in order to get 

low autocorrelation sidelobes. The length of the resulting code or compression ratio is  N2 [5]. 

The output of Matched Filter under zero Doppler, P2 code with length 100 is given in Figure 

(3). An odd value of N results in high  autocorrelation sidelobes.  
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Figure (3) P2 Code for length 100 
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2-2-3 P3 Code: 
 

P3 code has been derived from linear frequency modulation waveform. The phase sequence 

of the P3 signal is given by [6] 

 

             Q(i) = π/N (i-1)²                                                                                            …(5) 

 

Where i varies from 1 to N, and N is the compression ratio. Another two well known 

polyphase codes are P3 and P4 codes unlike Frank, P1, P2 codes, the length of P3 and 

P4codes can be arbitrary [6]. The output of Matched Filter under zero Doppler, P3 code with 

length 100 is given in Figure (4). 
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Figure(4) P3 Code for length 100 
 

2-2-4 P4 Code: 
 

   The phase sequence of the P4 signal is given by 

 

             Q(i) = π/N (i-1) (i-N-1)                                                                                  …(6) 

 

where i varies from 1 to N and N is the compression ratio [4]. The main limitation for 

implementing the P3 and P4 codes by a structure that implements a Frank code is that the 

compression ratio must be a square of integers. The output of Matched Filter under zero 

Doppler, P4 code with length 100 is given in Figure(5). When the P3 and P4 codes are 

derived by an Extended Frank code, the length of P3 and P4 polyphase codes length can be 

choose arbitrary [7]. 

 



Journal of Engineering and Development, Vol. 16, No.3, Sep. 2012  ISSN 1813- 7822 

347 
 

0 20 40 60 80 100 120 140 160 180 200
-60

-50

-40

-30

-20

-10

0

No. of Samples

F
ilt

e
r 

O
u
tp

u
t 

in
 d

B

 

Figure (5) P4 Code for length 100 

 

3. Iterative reweighted LS (IRLS) procedure: 

 

   The main aim of the mismatched filtering is to form the desired shape of the filter output. In 

this case the desired shape is, as a rule, a Dirac pulse at the output of compressed filter [8]. 

   Definition: suppose the sequence  s = (s1,s2,…..,sN)ᵀ  which can be complex, and have to 

find the coefficients of desired (FIR) filter x = (x1, x2, …, xM)T. The expression then for the 

filter response (or convolution) Ψ =  (Ψ1,Ψ2,…,ΨN+M-1)ᵀ forms the set of linear equations 

which may be presented in matrix form  

 

             S x = Ψ                                                                                                  …(7) 

 

Where 

  

                   …(8) 

 

If it is chosen that the filter response Ψ be equal to the pulse sequence  so that 

 

              δ =                                                                                             …(9)                                               
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Then the set of (N + M - 1) linear equations with N unknown xi will form 

 

              S x =                                                                                                       …(10) 

   

The relation for least square (LS) filter coefficients estimation can be found which 

approximates the filter with ideal response [8]. 

 

LS:    x = (Sᵀ S) -1 S                                                                   …(11) 

 

   To avoid nonlinear problems in minimax filter design, we proposed the iterative reweighted 

LS (IRLS) procedure which can be used for real as well as complex codes. Using this 

procedure we can obtain minimax filter coefficients [9].  

Iterative procedure: 

 

              X = (Sᵀ R  S) -1 S R                                                         …(12) 

 

   where x are the estimated filter coefficients, and S is the signal matrix, having a constant 

value during the iterative procedure; its structure for the oversampled sequence is as shown in 

matrix form (8) where Si = ( Si1,Si2,. .. ,SiN) is the matrix formed from the series {Sn}. In 

Equation (12) R is a Diagonal Matrix called the weighting matrix that is equivalent to the 

Identity Matrix except for the middle element which is zero [10]. The desired autocorrelation 

function which corresponds to the filter response  is labeled , in the design of the improved 

resolution filter, and is also equal to the Dirac pulse [2]. 

 

4. The Performance of Sidelobe Suppression Techniques 

  

The following measurement are often used to quantify the performance of range sidelobe 

suppression techniques: 

 

4-1 Peak Side lobe Level 

 

   The peak side lobe level (PSL) of the Autocorrelation Function (ACF) can be defined as [11]   
  

              PSL = 10                                                 …(13) 

 

where k is the index for the points in the ACF, R(k) is ACF for all of the output range side 

lobes except that at k = 0, and R(0) is the peak of the ACF at k = 0. 
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4-2 Integrated Sidelobe Level 

 

   Integrated Sidelobe Level (ISL) of the ACF can be defined as [11] 

 

              ISL = 10                                              …(14) 

 

 

4-3 Mismatch Loss 

 

   The Signal-to-Noise Ratio Loss (SNRL) is expressed in decibels as the ratio of the peak 

output value of the mismatched filter y peak, mismatched, relative to the peak output value of the 

matched filter  

y peak, matched , as follow [11] 

 

              SNRL = 20                             …(15)     

 

 

5. RESULTS 

 

This section show the result of (PSL, ISL and SNRL)-versus-P with and without noise effect 

and (PSL, ISL and SNRL)-versus-SNRi. 

 

5-1 Zero padding effect on IRLS Procedure In Noise Free Case 

 

Figure (6) shows the PSL-versus-P, P is a Filter length (P=N+ zero padded) and zero padded 

from (0 to 200). It shows the behaviors of the IRLS procedure when it is applied to five 

different polyphase codes in noise free case. While, Figure (7) shows the ISL-versus-P 

behaviors of the IRLS procedure when it is applied to five different polyphase codes in noise 

free case. Moreover, Figure (8) shows the SNRL-versus-P behaviors of the IRLS procedure 

when it is applied to five different polyphase codes in noise free case. 
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Figure (6): PSL-versus-P behavior of the IRLS procedure when it is applied to 

five different polyphase codes. 
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Figure (7): ISL-versus-P behavior of the IRLS procedure when it is applied to 

five different polyphase codes. 
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Figure (8): SNRL-versus-P behavior of the IRLS procedure when it is applied to 

five different polyphase codes. 
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(9-a)P1 code, SNRi=10dB.                       (9-b) P2 code, SNRi=10dB. 

            

   

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

 

 

 

 

 

 

 

 

 

 

 (9-c) P3 code, SNRi=10dB.         (9-d) P4 code, SNRi=10dB. 

 

 

 

 

 

 

 

 

 

       

                     (9-e)Frank code, SNRi=10dB. 

 

Figure (9): The normalized magnitude output of the IRLS procedure. 
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5-2 Zero padding effect on IRLS Procedure with Noise effect 

  

   Figure (9) The normalized magnitude output of the IRLS procedure. when it is applied to 

25-bit to five different polyphase codes, zero-padded=100. 

 

5-3 Zero-padded effect on IRLS Procedure with Noise effect: 

 

To introduce noise in the assessment of codes, the initial state of the simulator noise generator 

is unified with all tests. This is necessary for the comparison of the codes under test.    

    Figure (10) shows the PSL-versus-P behaviors of the IRLS procedure when it is applied to 

five different polyphase codes with SNRi equal to 10dB. While, Figure (11) shows the ISL-

versus-P behaviors of the IRLS procedure when it is applied to five different polyphase codes 

with SNRi equal to 10dB, Moreover,   Figure (12) shows the SNRL-versus-P behaviors of the 

IRLS procedure when it is applied to five different polyphase codes with SNRi equal to 10dB. 

   

   Figures (13), (14), and (15) show the PSL-versus-SNRi behavior, ISL-versus-SNRi 

behavior, and SNRL-versus-SNRi behavior of the IRLS procedure with filter length = 200 

when it is applied to five different polyphase codes with different SNRi. 
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Figure (10): PSL-versus-P behavior of the IRLS procedure when it is applied to 

five different polyphase codes with SNRi=10dB. 
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Figure (11): ISL-versus-P behavior of the IRLS procedure when it is applied to 

five different polyphase codes with SNRi=10dB. 
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Figure (12): SNRL-versus-P behavior of the IRLS procedure when it is applied 

to five different polyphase codes with SNRi=10dB. 
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Figure (13): PSL-versus-SNRi behavior of the IRLS procedure with filter length 

= 200 and when it is applied to five different polyphase codes with different 

SNRi. 
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Figure (14): ISL-versus-SNRi behavior of the IRLS procedure with filter length = 

200 and when it is applied to five different polyphase codes with different SNRi. 
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Figure (15): SNRL-versus-SNRi behavior of the IRLS procedure with filter 

length = 200 and when it is applied to five different polyphase codes with 

different SNRi. 
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 6. Conclusions 

 

1. In Noise Free case, the (Frank, P1, P2, P3 and P4) polyphase codes and IRLS procedure is 

used to observe the relationship between filter length (P) and The Peak Sidelobe Level (PSL), 

the Integrated Sidelobe Level (ISL) and the Signal-to-Noise Ratio Loss (SNRL) criteria.       

2. In Figures(6,7), the (PSL and ISL) curves for both (P1 and P2) polyphase codes are perfect 

match for each other, the (PSL and ISL) curves for both (P1 and P2) polyphase codes are 

match too and the (PSL and ISL) curves for Frank polyphase code is the best among the other 

codes.  

3.In Figure (8), the (SNRL) curves for both (P1 and P2) polyphase codes are match replica, as 

well as the relation between (P3 and P4) polyphase codes are match too and it is found that, 

the Frank code is the best code in term of SNRL (i.e. least losses) for the range (P=N till 

P=N+120); while the range from (P=N+140 till P=N+200), both (P3 and P4) are outperform 

the other codes. 

4. In Additive White Gaussian Noise case, it is found that, the P3 code is the best code in 

terms of (PSL and ISL) criteria within an acceptable (SNRL).  

5. In IRLS procedure, for odd code the filter length value must be even and vise versa (i.e. for 

even code the filter length value must be odd).  

6. The length of IRLS procedure is increasable and the performance of IRLS procedure is 

improved too. But when the filter length is increased the (PSL and ISL) are increased too, but 

this will increase in the losses.       



Journal of Engineering and Development, Vol. 16, No.3, Sep. 2012  ISSN 1813- 7822 

356 
 

 

REFERENCE 

 

[1]  Lewis, B. L., and F. F. Kretschmer, “Linear Frequency Modulation Derived 

Polyphase Pulse Compression Codesˮ, IEEE Transactions on Aerospace and Electronic 

Systems, vol.AES-18, No.5, Sept. 1982, pp.637-641. 

 [2]  Zejak, A.J., I.S. Simic, Z.T. Golubicic, and A. Petrovic, “Mismatched 

compression filter for improved radar range resolutionˮ, IEEE International 

Conference Electronics, Circuits and Systems, vol.2, Sep 1999, pp.733-736. 

[3]  Skolnik, M. I., “Radar Handbookˮ, McGraw-Hill, 2008,3rd ed.   

[4]  Sailaja, A., “New Approaches to Pulse Compression Techniques of Phase-Coded 

Waveforms in Radarˮ, M.Sc. Thesis, Electronics & Communication Engineering 

Department, National Institute of Technology, Rourkela, 2010. 

[5]  Pace, E. P., “Detecting and Classifying Low Probability of Intercept Radarˮ, 

., 2009ed ndArtech House, 2 

[6]  Yang, J. and T. K. Sarkar, “A New Doppler-Tolerant Polyphase Pulse Compression 

Codes Based on Hyperbolic Frequency Modulationˮ, IEEE Radar Conference, April 

2007, pp.265-270. 

[7]  Wang, C. and Shyu H, “An extended Frank code and new technique for 

implementing P3 and P4 codesˮ, IEEE Transactions on Aerospace and Electronic 

Systems, vol.25, No.4, July 1989, pp.442-448. 

[8]  Zejak, A. J., E. Zentner, and P.B. Rapajic, “Doppler optimised mismatched filtersˮ, 

Electronics Letters , vol.27, No.7, March 1991, pp.558-560. 

[9]  Zejak, A., E. Zentner and P. Rapajic, “Doppler optimized sidelobe suppression in 

phase-coded pulse compression radarsˮ, Proceedings Electrotechnical Conference 

Mediterranean, vol.1, May 1991, pp.480-483. 

[10]  Griep, K. R., J. A. Ritcey, and J. J. Burlingame, “Design of mismatched filters for 

pulse compression in a multiple user sonar ranging systemˮ, Signals, Systems and 

Computers, Conference Record of The Twenty-Seventh Asilomar Conference on, 

vol.2, Nov 1993, pp.1111-1115. 

[11]  Levanon, N., “Pulse Compression Sidelobe Reduction by Minimization of Lp-

Normsˮ, IEEE Transactions on Aerospace and Electronic Systems, vol. 43, No. 3, July 

2007, pp.1238-1247. 

 


