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Abstract 

The periodic estimation method of the PN sequence in DS Signal is researched. It is 

hard for traditional methods to estimate PN period of DS/SS accurately in the condition 

of low Signal-to-noise ratio. On the basis of the traditional spectrum reprocessing and the 

cepstrum method, a PN period estimation method which has integrated serial average 

with spectrum reprocessing and the cepstrum are put forward to solve this problem and 

meet the requirements of lower Signal-to-noise ratio. The simulation results show that, 

when the period of PN sequence is estimated accurately, the cepstrum method has better 

estimating performance than the spectrum reprocessing method, and the spectral 

estimation method has lower Signal-to-noise ratio tolerance after improvements.  

 

Keywords: DS/SS, Periodic estimation of the PN sequence, Serial average method, 

Spectrum reprocessing, Cepstrum 

 

1. Introduction 

DS signal buried in noise propagation, making it difficult to distinguish with noise, has 

obvious immunity and anti-interception nature [1-2]. Since it produces, people have been 

looking for the detection and parameter estimation methods. Pseudo code estimate of 

signal is one of the parameters of signal estimate, but also a necessary prerequisite for the 

completion of other parameters, providing the necessary data for post-processing. The 

higher-order spectral method in the literature [3] mentioned a larger amount of data to 

achieve an accurate estimate of the pseudo-code period, and it is susceptible to noise, 

remains to be improved to work at lower SNR. Correlation accumulation method in the 

literature [4] used delaying auto-correlation to detect, convergence rate is slow in low 

SNR and is also susceptible under noise. Pseudo-code cycle estimation algorithm based 

on second-order distance in the literature [5] mentioned, which determines the accuracy of 

the estimated initial phase error estimate greatly affected by the noise. 

These pseudo-code cycle estimation method under low SNR conditions are difficult to 

estimate pseudo-code cycle exactly, This paper studies the problem for this estimate, Put 

forward a set of pseudo-code cycle spectrum estimation method which combines two 

times spectroscopy, average method and cepstrum wears. The method improved based on 

the traditional spectrum estimation method and its advantage is that it can successfully 

reduce the Signal-to-noise ratio tolerance of pseudo-code cycle estimation. 

Firstly, this paper described the traditional method of secondary spectrum and 

cepstrum, then the key to make a deep analysis on set average method theory of improved 

method, and finally simulated, estimate and analysis for the improved method. 
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2. Theory About Spectral Estimation of DSSS Signal Pseudo Code 

Period 
 

2.1. Traditional Secondary Spectrum Theory 

The auto-correlation function (ACF) of the DSSS signals s(t) can be expressed as: 
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Where,  ta  is the information code,  tc is the PN code, and they are independent 

with each other, so, )()()(  cad RRR  , where )(aR  and )(cR repents the ACF of 

 ta  and  tc , which can be expressed as: 
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The power spectrum density (PSD) can be expressed as following after FFT of the 

)(cR : 
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From Formula (3) can be seen that the PSD of the PN code is scatter lines with the 

period of )/(21 cNT  . Furthermore, according to the convolution theorem, the PSD 

of the DSSS signals can be expressed as: 
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Take formula (3) into (4), and when the PSD is single, the PSD of DSSS signals can be 

expressed as: 
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Formula (5) can be simplified as: 
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From Formula (6) can be seen that the scatter lines period of the DSSS signals in PSD 

is CNT/1 , and N>>1. 

So-called traditional secondary spectrum method [6-10] is that look the power 

spectrum of the signal as the input signal to solve power spectrum again. Secondary 

method of traditional theory of power spectrum signal autocorrelation function is 
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calculated on the basis of autocorrelation function, then finds the Fourier transform of the 

autocorrelation function and gets the power spectrum of a signal. 

Concluded that signal traditional secondary method of expression can be expressed as: 
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Which 
0f can be expressed as carrier frequency, N can be expressed as pseudo code 

cycle, 
cT can be expressed as Chepstow width,  fGs

can be expressed as power 

spectrum of Direct sequence spread spectrum signals. From (7) expression we know that 

direct sequence spread spectrum signal after processing of power spectrum for secondary 

spectrum, signal energy is gathered in some of the more pointed triangle pulse, pulse 

spacing is an integer multiple of pseudo-code cycle, Gaussian white noise power spectrum 

after passing through the secondary spectrum processing do not have this feature. 

Therefore, the spacing between adjacent triangles by measuring pulse sequence can be 

estimated PN cycle [11-19]. Due to the power spectrum has done secondary processing, 

the e of formula (1) actually having a dimension of time. 

 

2.2. Traditional Cepstrum Theory 

The so-called traditional cepstrum is the logarithm of signals’ power spectrum which 

using an input signal to solve power spectrum again. Traditional cepstrum of signal 

expression can be expressed as: 

2

1

2

1

2
2

])()([)(

])]([[log)(










k

ckNTTT

tsFFTFFTc





                                                                          (8) 

The formula (8) shows that the signal after passing through the cepstrum transform and 

received direct sequence spread spectrum signal of pulse outputs, the interval between 

pulses to PN integer multiple of the cycle length. Therefore, signal pseudo code period 

can be estimated by the spacing between adjacent pulses.  

 

2.3. Improved Spectral Estimation Theory 

Improved spectral estimation methods include the traditional quadratic GC 

improvements as well as improvements to traditional cepstrum. Set-average method is the 

key to improved spectral estimation, the essence is to group the direct sequence spread 

spectrum signals received, and then the secondary spectrum and cepstrum is estimated for 

each set of signals completion, final estimates to group all estimates of the arithmetic 

mean value of the results as the final result. The method of set-average working principle 

is shown in Figure 1. 

As Figure 1, shows, the average law requires each group of signal set containing 

m(m>=2) pseudo code period, and the signal length of m groups is as same. Combination 

of the quadratic spectrum and cepstrum theory can be easy to know that representative of 

each set data containing the information about the signal which is existing in the sharp 

pulse, and each mixed noise set data can be considered to be statistically independent for 

each other. When these set data through m-times average, the noise variance will be 
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reduced from the original to M2 , but representatives of sharp pulse amplitudes after 

average remained unchanging, so the algorithm improves the signal to noise ratio, thereby 

improving the estimation accuracy of pseudo code period. 
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Figure 1. Working Principle of Ensemble Average Method 

Spectrum estimation based on the traditional theory, which is shown in Figure 2, and 

Figure 3, inflect the principles of two improved spectral estimation method. The improved 

cepstrum method is increased the log-processing compared with the improved secondary 

spectrum method, both processing are similarly. Taking the improved secondary spectrum 

method as an example, the working processing is as following. 

Step1: The pre-processing signal is divided into more than one group, then calculate 

the auto-correlation function of each signal; 

Step2: Using the Fourier transform of the auto-correlation function of each signal can 

get the signal's power spectrum; 

Step3: Power spectrum of each group of signal on the Fourier transform again, then get 

the square of the modulus, furthermore, get the quadratic signal power spectrum; 

Step4: Through quadratic spectrum of all group signals to linear average and peak 

searching, the PN code period can be estimated according to peak interval. 
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Figure 2. Working Principle of Improved Quadratic Spectrum Method 
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Figure 3. Working Principle of Improved Cepstrum Method 

3. Simulation and Estimation Performance Analysis 
 

3.1. Quadratic Spectrum Estimation Results 

In order to verify the feasibility and correctness of both traditional and improved 

quadratic spectrum method, using MATLAB for simulation tools to complete the 

estimation of DSSS signal PN code period. During the testing of two methods, same 

simulation parameters is select: The carrier frequency is 20MHz, information rate is 

10KHz, pseudo code rate is MHzRb 55.2 ,  pseudo-code is msT 1.0 , sampling rate 

is chipbitSa 6 , number of group 350M . Each group included 10 cycles pseudo 

code, and one period of pseudo code only modulate one bit information code. 

Figure 4 shows the pseudo code period estimation results of the traditional quadratic 

spectrum method which SNR is equal to the -9dB. From the figure can be shown that the 

traditional quadratic algorithm can get a group of distinct peak values, further calculation 

showing that the peak corresponds to the sampling points is 22952, two defective peaks 

corresponding to the sample point is 24482 and 26012, thus the peak spacing D  is 

24482-22952 = 26012-24482=1530.  

Taking the real Pseudo-code cycle length into account, and one chip concluding six 

sampling points, so true Pseudo-code corresponding points is 3.6 1530 NSaL , as 

Figure 4, shows that Pseudo-code cycle is 1530 sampling points, which is equal to 

1530/6=255 chips, can indicate the method of estimation is successful . 

Figure 5, shows the pseudo code period estimation results of the improved method of 

quadratic spectrum method which SNR is equal to the -10dB. It can be known form 

Figure 5, that peak spacing D  is 15302-13772=16832-15302=1530, which is also equal 

to the actual pseudo-code cycle N , so the estimation method of PN code period is also 

successful. 
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Figure 4. Estimation Effect Drawing of Traditional Quadratic Spectrum 
Method 
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Figure 5. Estimation Effect Drawing of Quadratic Spectrum Method 

3.2. Cepstrum Estimation Results 

Select the same parameters in the quadratic spectrum to test the estimation results in 

both traditional cepstrum method and improved cepstrum methods. Figure 6, shows the 

pseudo code period estimation results of the traditional cepstrum method which SNR is 

equal to the -10dB. It can be seen clearly form Figure 6, that the cepstrum peak line is 

9182, 10712 and 12242. Therefore, peak spacing is D =10712-9182=12242-10712=1530. 

The actual pseudo code period is 255 TRN b
 chips, and the true pseudo code 

period  sampling points is 1530 NSaL , as Figure 6 shows that Pseudo-code cycle 

is 1530 sampling points, which is equal to 1530/6=255 chips, can indicate the method of 

estimation is successful . 

Figure 7, shows the pseudo code period estimation results of the improved cepstrum 

method which SNR is equal to the -11dB.It can be known form Figure 7, that peak 

spacing D  is D =7652-6122= 9182-7652= 1530, which is also equal to the actual 

pseudo-code cycle N , so the estimation method of PN code period is also successful.  
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Figure 6. Estimation Effect Drawing of Traditional Cepstrum Method 
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Figure 7. Estimation Effect Drawing of Improved Cepstrum Method 

3.3. Estimation Performance Analysis 

In order to see the estimation performance of the method, using the same parameters 

exclude the PN code length which is 31, 255, 511, 1023 to analysis the performance of 

DS/SS signal estimation in-depth. 

Signal-to-noise ratio tolerance of pseudo-code cycle varies with the code length using 

he traditional and improved quadratic spectrum method can be successfully estimated in 

Figure 8. It can be shown that the improved quadratic spectrum method can achieve the 

lower Signal-to-noise ratio tolerance compared with the quadratic spectrum method. With 

the increasing length of the pseudo code, SNR tolerance is becoming lower and lower. 

Signal-to-noise ratio tolerance of pseudo-code cycle varies with the code length using 

he traditional and improved cepstrum method can be successfully estimated in Figure 9. It 

can be shown that the improved cepstrum method can achieve the lower Signal-to-noise 

ratio tolerance compared with the cepstrum method. With the increasing length of the 

pseudo code, SNR tolerance is becoming lower and lower. 

Signal-to-noise ratio tolerance of pseudo-code cycle varies with the code length using 

the traditional quadratic spectrum and cepstrum method can be successfully estimated in 

Figure 10. It can be shown that each method achieves the pseudo-code estimation of 

DSSS signal. Compared with the method of traditional cepstrum, the traditional quadratic 

spectrum method has a lower SNR tolerance. With the increasing length of the pseudo 

code, all of the SNR tolerances are gradually decreasing. 

Signal-to-noise ratio tolerance of pseudo-code cycle varies with the code length using 

the improved quadratic spectrum and cepstrum method can be successfully estimated in 

Figure 11. It can be shown that the final estimation results are not affecting when 
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combined with the ensemble-average method. Compared with the method of improved 

quadratic spectrum, the improved cepstrum method has a lower SNR tolerance. With the 

increasing length of the pseudo code, all of the SNR tolerances are gradually decreasing. 
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Figure 8. Estimation-Performance Curve of Quadratic Spectrum Method 
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Figure 9. Estimation-Performance Curve of Cepstrum Method 
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Figure 10. Estimation-Performance Curve of Traditional Quadratic Spectrum 
Method and Traditional Cepstrum Method 
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Figure 11. Estimation-Performance Curve of Improved Quadratic Spectrum 
Method and Improved Cepstrum Method 

4. Conclusion 

Theoretical analysis and simulation results show that traditional method can realize the 

DSSS pseudo code period. The SNR tolerances of the improved algorithms is lower than 

traditional method in the same conditions, in other words, the method of quadratic 

spectrum and cepstrum method has better performance. With the increasing length of the 

pseudo code, SNR tolerance is becoming lower and lower. Cepstrum method is better 

than the quadratic spectrum, which does not require correlation function. Cepstrum 

method is a algorithm which computational is simple, and can be used in real-time 

situations. 
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