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Abstract. The cyclic spectral density function is a linear transformation that
satisfies the principle of linear superposition. Based on this property, a new
method for parameter estimation of multiple satellite signals is proposed. Firstly,
the linear superposition characteristics of the cyclic spectrum are introduced. On
the basis of this, the spectral characteristics of the mixed satellite signals are
analyzed. According to the corresponding relationship between the cyclic
spectrum line of multi-signals and the signal parameters. Finally, the parameter
estimation of mixed signals is achieved indirectly through the method of
detecting the line in specific cyclic frequency section of cyclic spectrum. The
simulation results show that the new method has good performance under
Gaussian noise.
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1 Introduction

Parameter estimation for signals is widely used in civil and military affairs, especially
for space electronic reconnaissance, which is one of its core technologies. In the aspect
of aerospace electronic reconnaissance application, the modern battlefield environment
is complex and changeable, and the complex background environment, such as enemy
interference, weather factors, and electronic interference of multi-type weapon equip-
ment, which makes it possible that the intercepted satellite signals are mixed in two or
more signals. Most of the existing signal parameter estimation methods are for single
signal, which are no longer applicable for multi-signals, the existing methods of
parameter estimation for multi-signals include cycle spectrum, high order cumulant,
etc. [1–4], cyclic spectrum is not only insensitive to Gaussian noise [5–8], but also has
linear superposition characteristics, which can represent the individual characteristics
of this mixed signal very well.

The cyclic spectrum of the signal has discrete spectral lines at its cyclic frequency.
By using the correspondence between the cyclic frequency and the signal parameters,
the parameters of the signal can be estimated by extracting and analyzing the corre-
sponding cyclic spectral line features. In addition, the cyclic spectrum of the mixed
signal is equal to the superposition of the cyclic spectrum of each sub-signal compo-
nent at the corresponding cyclic frequency. If the spectral line characteristics at the
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cyclic frequency of the individual signal are analyzed, the other signals are equivalent
to noise and will not affect the parameter estimation of the signal.

2 The Cyclic Spectrum Characteristics of Mixed Signals

Cyclic statistics are an effective tool for processing cyclostationary signals and have
been widely used in signal processing. The cyclic spectrum is one of the important
concepts, which can be used to describe the stationary characteristics of signal circu-
lation while effectively suppressing noise. In addition, cyclic spectrum also has
superposition and signal selectivity [9].

If multiple signals are independent of each other, then the cyclic spectrum of the
mixed signals of these signals is equal to the sum of the individual signal cyclic
spectrum. It is known from the definition of the cyclic spectrum that the cyclic spectral
density function is a linear transformation, so it satisfies the principle of linear
superposition. Taking the mixing of two signals as an example, the cyclic spectrum
formula satisfies:

Saax1 þ bx2 fð Þ ¼ aSax1 fð Þþ bSax2 fð Þ ð1Þ

In the above formula, Sax fð Þ represents the cyclic spectrum of signal x, a represents
the cyclic frequency, f represents the spectral frequency.

The cyclic spectrum of the signal is not zero only at its own cyclic frequency.
Therefore, the cyclic spectrum has signal selectivity, or mixed signals with different
cyclic frequencies have separability on the cyclic spectrum. For example, the cyclic
frequency of signal x1 and x2 are respectively a1 and a2, then:

Sa2x1 fð Þ ¼ 0

Sa1x2 fð Þ ¼ 0

(
ð2Þ

In addition, considering the cyclic spectrum of the mixed signals after the two
signals are superimposed, the following results are obtained:

Sa1x1 þ x2 fð Þ ¼ Sa1x1 fð Þþ Sa1x2 fð Þ ¼ Sa1x1 fð Þ
Sa2x1 þ x2 fð Þ ¼ Sa2x1 fð Þþ Sa2x2 fð Þ ¼ Sa2x2 fð Þ

(
ð3Þ

The above analysis also has similar conclusions for the superposition form of
multiple signals. The above properties of cyclic spectrum make it suitable for multi-
signals processing. These properties are also the theoretical basis for the study of
satellite multi-signals parameter estimation algorithms based on cyclic spectrum.

Taking the commonly used BPSK and QPSK signals in satellite communication as
an example. Assuming that the received signal is a mixed form of these two signals,
combined with formula (1–3), the cycle spectrum of the mixed signal can be obtained
as follows:
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In the above formula, fcb and fcq respectively represent the carrier frequency of
BPSK and QPSK; Tb and Tq denotes the symbol period of BPSK and QPSK signals
respectively; Qb and Qq respectively represent sinc functions corresponding to BPSK
and QPSK signals; Eb and Eq respectively represent the average power of BPSK and
QPSK signals. Figure 1 gives a more vivid description of the cyclic spectrum char-
acteristics of mixed signals.

In addition, it can be seen from formula (4) and Fig. 1 that the cyclic spectrum of
mixed signals has symmetry. In the following paper, for the convenience of calculation
and discussion, it only targets at (a� 0; f � 0) region.

In the zero cyclic frequency (a ¼ 0) section of the cyclic spectrum, taking into
account the common spectral characteristics of these two signals, that is

SaBPSKþQPSK fð Þ ¼
Eb

4Tb
Qb f � fcbð Þj j2; a ¼ 0

Eq

4Tq
Qq f � fcq

� ��� ��2; a ¼ 0

8>><>>: ð5Þ

Fig. 1. Cyclic spectrum of mixed signals
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As can be seen from the above equation, when f ¼ fcb or f ¼ fcq, the above formula
obtains the maximum value. Therefore, the peak values are searched at the zero cyclic
frequency (a ¼ 0) section of the cyclic spectrum, and the frequencies corresponding to
the peaks are the carrier frequency estimation values of the two signals, as shown in the
Fig. 2.

In the f ¼ fcb or f ¼ fcq section of cyclic spectrum, considering the common
spectral characteristics of both signals, formula (4) can be simplified as

SaBPSKþQPSK fð Þ ¼
Eb

4Tb
Qb

a
2

� ���� ���2; a ¼ n
Tb

Eq

4Tq
Qq

a
2

� ���� ���2; a ¼ n
Tq

8>><>>: ð6Þ

It can be seen from the above formula that, except a ¼ 0, the spectral section
obtains the maximum value at a ¼ 1

Tb
and a ¼ 1

Tb
. Therefore, the maximum value is

searched in the f ¼ fcb or f ¼ fcq section of cyclic spectrum, and the frequency cor-
responding to the maximum value is the symbol rate estimation value, as shown in
Figs. 3 and 4.

Fig. 2. The zero cyclic frequency section
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3 Description of Algorithm

According to the above analysis, the parameter estimation steps of the mixed signal are
as follows:

(1) Calculate cyclic spectrum of the received signal;
(2) Search for peaks in the zero cyclic frequency section of cyclic spectrum, and

frequencies corresponding to peak are the carrier frequency bfcb and bfcb;
(3) Search for the maximum value in the f ¼ bfcb and f ¼ bfcb section of cyclic

spectrum respectively, and the frequencies corresponding to the maximum values
are symbol rate bRbb and bRbq.

Fig. 3. The f ¼ fcb section of cyclic spectrum

Fig. 4. The f ¼ fcq section of cyclic spectrum

Parameter Estimation of Multiple Satellite Signals Based on Cyclic Spectrum 511



4 Simulation Analysis

In order to verify the effectiveness of the proposed algorithm, this paper evaluates the
performance of the proposed algorithm by using MATLAB. Signal parameters are:
sampling frequency is 60 MHz, carrier frequency of BPSK signal is 10 MHz, symbol
rate is 2 Mbit/s, carrier frequency of QPSK signal is15 MHz, symbol rate is 3 Mbit/s.
The normalized root mean square error is used as the evaluation standard. The
parameter estimation results of the mixed signal are as follows (Figs. 5 and 6).

Fig. 5. Estimation results of carrier frequency

Fig. 6. Estimation results of symbol rate
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From the above simulation results, it can be seen that in the whole range of SNR,
the carrier frequency estimation is better than 1% when the SNR is larger than −5 dB,
and the symbol rate estimation is better than 0.1% when the SNR is larger than −6 dB,
indicating that the algorithm has better estimation performance under low SNR. In
addition, the symbol rate estimation performance is better than the carrier frequency
estimation. The reason is mainly that the symbol rate is estimated in the cyclic fre-
quency domain, and this area is not sensitive to noise.

5 Conclusion

In this paper, a parameter estimation algorithm for mixed satellite signals based on
cyclic spectrum is proposed, and the effective parameter estimation of mixed signals is
realized by using the linear superposition of cyclic spectrum and the potential corre-
spondence between the spectral lines in different cyclic spectrum sections and signal
parameters. The simulation results prove the validity of the method. At the same time,
the method in this paper can be extended to multiple signal mixtures, with a wide range
of applications.
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