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Abstract. The detection algorithm of direct sequence spread spectrum (DSSS)
signals based on power spectrum reprocessing will significantly degrade in
Alpha stable distribution noise environment, in order to solve this problem, the
concept of generalized power spectrum reprocessing was proposed. On the basis
of studying the generalized power spectrum reprocessing feature of the DSSS
signals, the pulse spectrum was extracted as the detection feature to achieve
effective detection. Simulation results show that the performance of this method
have good performance both in the Alpha stable distribution noise.

Keywords: Signal detection � DSSS signals � Alpha stable distribution noise �
Generalized power spectrum reprocessing

1 Introduction

DSSS is a channel transmission technology widely used in modern communication, it
has very high processing gain. The source signal is often hidden in the noise after direct
expansion processing, the special character determines its hard to detect. At present, the
commonly used detection methods include auto-correlation accumulation [1], cyclo-
stationarity spectral correlation [2], higher-order cumulants [3], cepstrum [4], power
spectrum reprocessing [5, 6], etc. Power spectrum reprocessing can be seen as an
improved version of cepstrum, its computational complexity is slightly lower than the
cepstrum. Cepstrum and the power spectrum reprocessing is used to detect DSSS
signals, is the use of periodicity of pseudo-code components in the frequency domain
and time domain, through power spectrum reprocessing, the pseudo-time domain or the
inverted frequency domain will show up this periodicity, it becomes a useful charac-
teristics of signal detection. Thus, the advantages of cepstrum and power spectrum
reprocessing are that it can not only detect the presence of DSSS signals in the noise,
and can effectively identify the DSSS signal and normal signal.

Most of previous researches on the detection of DSSS signals employed Gaussian
distribution as the model of background noise. With the increasing complexity of
channel environment, the Gaussian distribution has been unable to effectively describe
some noise, especially some significant short-time impulse noise with large amplitude,
such as electromagnetic pulse noise, low-frequency atmospheric noise, multi-user
interference, etc. More and more researchers confirmed that the Alpha stable distri-
bution is a more effective noise model, and have done a lot of researches on signal
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processing in Alpha stable distribution noise [7–11], therefore, this article studies the
detection method of DSSS signals under Alpha stable distribution noise. Alpha stable
distribution sequence does not have a second-order statistics and above, this nature
determines the above mentioned detection methods of DSSS signals will fail. It can be
seen from the Figs. 1 and 2 that the Alpha stable distribution noise destroys the spectral
characteristics of the power spectrum reprocessing, and the corresponding DSSS signal
detection algorithm will also fail. Aiming at this problem, based on the idea of refer-
ence [12], power spectrum reprocessing is extended, and the concept of generalized
power spectrum reprocessing is proposed. It is applied to the detection of DSSS signal
under Alpha stable distribution noise and achieves good results.

2 Algorithm Principle

The generalized auto-correlation function of the signal x tð Þ is defined as:

GRx sð Þ ¼ E f x tþ sð Þf gf � x tð Þf g½ � ð1Þ

In the above formula, f xð Þ ¼ arctan xþ jH xð Þj jð Þ
xþ jH xð Þj j x, H �ð Þ represents the Hilbert

transform.
The generalized power spectrum is the Fourier transform of generalized auto-

correlation function:
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Fig. 1. Power spectrum reprocessing of DS-BPSK with non-noise
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GPx fð Þ ¼
Z 1

�1
GRx sð Þe�j2pf sds ð2Þ

Similarly, assuming that the auto-correlation function of the generalized power
spectrum GPx fð Þ is G2Rx sð Þ, its generalized power spectrum reprocessing is defined as:

G2Px fð Þ ¼
Z 1

�1
G2Rx sð Þe�j2pf sds ð3Þ

In practical applications, the generalized power spectrum reprocessing can be
approximated by the following formula:

G2Px ¼ FFT FFT f xð Þð Þj j2�� ��2 ð4Þ

It is mentioned in the reference [11] that the generalized transform does not change
the period characteristics of the spread code of DSSS signal. The generalized power
spectrum reprocessing must have similar spectral characteristics to the traditional
power spectrum reprocessing.

The noisy DSSS signal received by the receiver can be expressed as:

x tð Þ ¼ s tð Þþ n tð Þ ¼ Ad tð Þp tð Þ cos xctþu0ð Þþ n tð Þ ð5Þ

In the above formula, A represents the amplitude of the DSSS signal, d tð Þ repre-
sents the information code sequence, p tð Þ represents the spread code sequence, xc

represents the carrier frequency, u0 represents the initial phase, and n tð Þ represents the
Alpha stable distribution noise.
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Fig. 2. Power spectrum reprocessing of DS-BPSK with Alpha stable distribution noise
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Combined with the Eqs. (4) and (5), the generalized power spectrum reprocessing
of DSSS signal can be obtained as follows:

G2Ps f 0ð Þ¼ FFT N þ 1ð Þ arctan2 Að Þ
4pN2

Sa2
f�fcð ÞpTpð Þ Pk¼1

k¼�1
k 6¼0

d f�fc� k
T0
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It can be seen from the above equation that in the generalized power spectrum
reprocessing, the signal energy is concentrated at some sharp triangular pulse
sequences. Figure 3 shows a generalized power spectrum reprocessing graph with the
same noise as in Fig. 2. It can be seen from the figure that the spectral characteristics
have been greatly improved. Therefore, the generalized power spectrum reprocessing
can be used as a detection feature of DSSS signal under Alpha stable distribution noise.

For the generalized power spectrum reprocessing of DSSS signal, after a large
number of simulation analysis, the ratio of the maximum value to the mean value in the
spectral domain is used to describe the sharp pulse characteristics, and the ratio is used
as the detection feature.

th ¼ maxðG2PsÞ
meanðG2PsÞ ð7Þ

According to the simulation experience value, when the decision threshold is 25,
the effective detection of the DSSS signal under a certain mixed SNR can be realized.

3 Algorithm Step

The detection algorithm steps are as follows:

(1) Calculate the generalized power spectrum reprocessing of the received signal;
(2) The detected feature value is calculated according to Eq. (7) (In order to avoid the

influence of the DC term, the calculation here does not include the zero frequency);
(3) Decision: if th� 25, there is a DSSS signal; otherwise there is only noise.
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4 Simulation Analysis

(1) Verify detection algorithm performance based on power spectrum reprocessing.
The parameters of DSSS signal are as follows: the modulation type is DS-BPSK,
the spread code is Gold, the symbol rate of spread code is 3.84 M bit/s, the spread
spectrum gain is 23 dB, the sampling frequency is 46.08 MHz, the carrier fre-
quency is 5 MHz, the number of point is 16384. The detection results are shown
in the Figs. 4 and 5.
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Fig. 3. Generalized power spectrum reprocessing of DS-BPSK
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Fig. 4. Correct detection rate
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It can be seen from the above figure that under the framework of the proposed
algorithm, in the whole mixed SNR range, the correct detection rate and false alarm
probability of the algorithm based on the power spectrum reprocessing are both 100%.
As can be seen from Fig. 2, regardless of whether there is a target signal, there is an
irregular impact line in the power spectrum reprocessing of the received signal, which
will cause misjudgment. In other words, the influence of noise dominates the decision
process. This shows that the algorithm based on the power spectrum reprocessing has
failed.

(2) Verify detection algorithm performance based on generalized power spectrum
reprocessing. The signal parameters are the same as simulation 1. The detection
results are shown in the Figs. 6 and 7.
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Fig. 5. False-alarm probability

-15 -10 -5 0 5
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

MSNR/dB

C
or

re
ct

 d
et

ec
tio

n 
ra

te

Fig. 6. Correct detection rate
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It can be seen from Fig. 6 that when, the correct detection rate is greater than 90%,
and the false-alarm probability is not more than 1%, indicating that the proposed
algorithm can achieve effective detection of DSSS signal under a certain mixed SNR.

5 Conclusion

In this paper, the concept of generalized power spectrum reprocessing is proposed,
which solves the problem of power spectrum reprocessing failure under Alpha stable
distribution noise. On this basis, a new detection method of DSSS signal is proposed,
which extends the application range of power spectrum reprocessing from Gaussian
noise background to the Alpha stable distribution noise.

References

1. Huang, X.L., Shao, H.Z., Huang, W.: A new detection method for DSSS signal in multipath
channel. Sig. Process. 27(12), 1925–1930 (2011)

2. Liu, W.X., Peng, H., Yang, X.: A modified algorithm for bind detection of the burst DSSS
signal. Sig. Process. 29(7), 857–864 (2013)

3. Zhao, Z.J., Wu, J., Xu, C.Y.: The study on the detection methods of DSSS/QPSK signal
based on the fourth-order cumulants. Acta Electronica Sinica 35(6), 1046–1049 (2007)

4. Zhang, G.Q., Dong, Y.Z., Liu, P.X.: Detection of underwater acoustic DSSS signals using
the cepstrum method based on a power spectral density average. J. Harbin Eng. Univ. 31(7),
863–867 (2010)

5. Zhang, T.Q., Miao, P., Ma, G.N.: Period estimation of the PN sequence for direct sequence
spread spectrum in multipath environment. Chin. J. Radio Sci. 24(5), 973–978 (2009)

-15 -10 -5 0 5
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

MSNR/dB

F
al

se
-a

la
rm

 p
ro

ba
bi

lit
y

Fig. 7. False-alarm probability

Research on Detection Algorithm of DSSS Signals 753



6. Zhang, Y., Wu, H., Chen, Y.: Period estimation of PN sequence for weak DSSS signals
based on improved power spectrum reprocessing in non-cooperative communication
systems. In: International Conference on Control Engineering and Communication
Technology, Shenyang, China, pp. 924–927 (2012)

7. Chavali, V.G., Da, S., Claudio, R.: Detection of digital amplitude-phase modulated signals in
symmetric alpha-stable noise. IEEE Trans. Commun. 60(11), 3365–3375 (2012)

8. Mahmood, A., Chitre, M., Armand, M.A.: PSK communication with pass-band additive
symmetric alpha-stable noise. IEEE Trans. Commun. 60(10), 2990–3000 (2012)

9. Zhang, J.F., Qiu, T.S., Aimin, S.: A novel correntropy based DOA estimation algorithm in
impulsive noise environments. Sig. Process. 104(11), 346–357 (2014)

10. Jin, Y., Ji, H.B.: Robust symbol rate estimation of PSK signals under the cyclostationary
framework. Circ. Syst. Sig. Process. 33(2), 599–612 (2014)

11. Zhu, X.M., Zhu, W.P., Benoit, C.: Spectrum sensing based on fractional lower order
moments for cognitive radios ɑ-stable distributed noise. Sig. Process. 111(6), 94–105 (2015)

12. Zhao, C.H., Yang, W.C., Ma, S.: Research on communication signal modulation recognition
based on the generalized second-order cyclic statistics. J. Commun. 32(1), 144–150 (2011)

754 W. Yang and Y. Du


	Research on Detection Algorithm of DSSS Signals Under Alpha Stable Distribution Noise
	Abstract
	1 Introduction
	2 Algorithm Principle
	3 Algorithm Step
	4 Simulation Analysis
	5 Conclusion
	References




