
 
 

 

  

Abstract—Based on the prominent characteristic that the 
delay-multiply signals of the direct sequence spread spectral 
(DSSS) signals are periodical signals, the paper proposes an 
efficient method for the detection of DSSS signals: the detection, 
symbol period and chip width estimation of DSSS signals based on 
delay-multiply, correlation and spectrum analysis. The computer 
simulations show that the method can not only fit the need of the 
low signal to noise ratio which is quite common in the detection of 
DSSS signals, but also can give the estimations of the symbol 
period and chip width in a simple way. Especially, the proposed 
method can give an exact estimation of the symbol period by 
increasing the processed sampling data when the sampling rate is 
fixed, which is very important for the detection of DSSS signals. 
 

Index Terms—Correlation and Spectrum Analysis, Delay- 
Multiply, DSSS signals, Enhancing Detection Based on FFT, 
Symbol Period and Chip Width.  
 

I. INTRODUCTION 
DSSS communication is widely used in military 

communication and modern commercial communication for its 
good traits, such as noise-like, low power density spectrum and 
low probability of intercept. Since the application of DSSS 
communication the detection of the signals has been an 
important content for the detection of communication signals. 
In order to achieve the detection of DSSS signals in a good way, 
the paper, after researching on the periodicity of the 
delay-multiply signal of DSSS signals detailedly, proposes a 
good method for the detection of the DSSS signals: the 
detection of DSSS signals based on delay-multiply, correlation 
and spectrum analysis.  
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II. THE PREPROCESSING BASED ON DELAY-MULTIPLY 
Generally, the baseband form of the DSSS signals may be 

written as: 
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Where }1,1{ , −∈kj cd , jd  is the date sequence, sT  is 

the period of a date symbol, kc  ( 1,,1,0 −= Nk L ) is the k-th 

chip of the spread spectral pseudo-random sequence, cT  is the 

duration of the chip, cs NTT = , N  is the length of the spread 
spectral pseudo-random sequence, )/()( cTtrecttg =  is the 
chip waveform. 

In formula (1), )( td  is random, )( tc  is pseudo-random/ 

periodical, if we do cT -delay-multiply on )( ts  shown in (1), 
there is 

)()()()()( ccs TtctcTtdtdtu −−=           (2) 

For formula (2), because there are )()( cTtdtd −=  for any 

data symbol except for the first chip, )( tu s  may be looked as 
the baseband signal corresponding to the periodical repetition 
copy of the relative transform sequence of the spread spectral 
pseudo-random sequence, in which the value-taking of 

)( tu s  is identical for all of the data symbols expect for the 
first chip. 

Even more, if we note the relative transform sequence of the 
spread spectral pseudo-random sequence as: 

],,,[ 1100 −= NxxxC L
v

                     (3) 

Where 00 cx = , 1−⋅= kkk ccx , 11 −≤≤ Nk .  
Then the relative transform sequence corresponding to the 

data symbol jd  will be:  

[ ]11011 ,,),()(0 −−− ⋅⋅⋅= NjNju xxcdcdC L
v

      (4) 

As such, )( tu s  shown in formula (2) may be looked as the 

signal which is generated by the repeating of 0uC
v

. For such a 
periodical signal, for cs TT >>  if we ignore the difference at 
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the beginning of every data symbol, then )( tu s  will be a 

periodical signal, whose period is sT .  
In the above analyzing, we assume cT  is known. In actual 

detection of DSSS signals there is commonly no prior 
knowledge of cT , and such, if we do delay-multiply ( dt 0< ) 
on )( ts  shown in formula (1), the results will be as follows:  

For cd Tt << 0 ,  
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The sequence corresponding to the signal )( tu s′  shown in 
formula (5) is the interleaving sequence of the relative 
transform sequence shown in formula (4) and an all 1 sequence. 
It is also a periodical signal except that there exists random 
when t  falls into ),[ dcc tTjNTjN +⋅⋅ .  

For cdc TtT 2≤< ,  
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In a certain sense, the signal )( tu s′  shown in formula (6) is 
the baseband signal corresponding to an another relative 
transform sequence of the spread spectral pseudo-random 
sequence which is like the relative transform sequence shown 
in formula (4) in some way. Although the signal is more 
complex than the signal shown in formula (2), it is a 
quasi-periodicity signal for that there shows randomicity only 
in the first chip and part of the second chip for every data 
symbol. Especially, when cd Tt 2= , there shows randomicity 
in the first-two-chip for every data symbol, and the 
corresponding relative transform sequence is just 

[ ⋅⋅⋅⋅= −−−′ 1021 (),()(0 jjNju dcdcdC
v

 ),() 11 cdc jN ⋅⋅−  

]12 ,, −′′ Nxx L  , 2−⋅=′ kkk ccx , 2≥k .  

For cdc TNtT )1(2 −≤< , although the delay-multiply 
signal is much more complex than the delay-multiply signal 
shown in formula (2), formula (5) or formula (6), and the 
periodicity is weaken with the increase of the time-delay dt  
( cdc TNtT )1(2 −≤< ), the delay-multiply signal has 
periodicity to a certain extent and the characteristic of the signal 
structure is similar to the signal shown in formula (6). 

Especially, in some sense, the delay-multiply signal of the 
signal shown in formula (1) is absolutely random or just alike 
the original DSSS signal only when dc tTN <− )1( . Thus, in 
theory, we can get periodical signal by doing delay-multiply 
operation on DSSS signal ( dt  is less than cs NTT = ).  

 

III. THE AUTOCORRELATION OF THE DELAY-MULTIPLY 
SIGNAL 

For the delay-multiply signal of the DSSS signals possesses 
classical periodicity, and by doing autocorrelation we can 
reveal the character of a periodical signal[2,3], we discuss the 
autocorrelation of the delay-multiply signal of the DSSS 
signals in this section. Especially, for the sake of simpleness, 
here we only do some analysis on the autocorrelation of the 
delay-multiply signal of the DSSS signals with several distinct 

dt .  

First, when d ct T= ,based on the discussion of section II, we 

know the delay-multiply signal of the DSSS signals is the 
signal corresponding to the periodical repetition of the relative 
transform sequence 0uC

v
, and the autocorrelation may be 

expressed as follows[1,2]:  
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Where n  is the sum difference between the “-1/0” elements 
and the “1” elements in the relative transform sequence 0uC

v
, 

commonly, Nn << .  
From formula (7), it is clear that the autocorrelation of the 

delay-multiply signal is a periodical function and it will show 
obvious peak when the autocorrelation time delay parameter τ  

is equal to cNT  (or sT ) or its times when d ct T= . 

Next, when 0  / 2d ct T< < , from section II, we know the 

delay-multiply signal of the DSSS signals is the signal 
corresponding to the periodical repetition of the interleaving 
sequence of the relative transform sequence shown in formula 
(4) and an all 1 sequence, and especially, the duration of any 
element of 0uC

v
 is dt , the duration of any “1” elements of the 

all 1 sequence is c dT t− . And the autocorrelation of the 

delay-multiply signal may be written as:  
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Third, when / 2  c d cT t T≤ < , the autocorrelation of the 
delay-multiply signal shown in formula (5)  may be written as:  
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From formula (8) and (9), it is clear that the autocorrelation 
of the delay-multiply signal of the DSSS signals will also show 
obvious peaks when the autocorrelation time delay parameter 
τ  is equal to cNT  (or sT ) or its times when cd Tt << 0 . 

In addition, when 2c d cT t T< < , based on the discussion of 
section II, we know the delay-multiply signal of the DSSS 
signals is the signal corresponding to the periodical repetition 
of the interleaving sequence of 

0uC ′

v
and 0uC

v
.  The 

autocorrelation of the delay-multiply signal will take 
peak-value when the autocorrelation time delay parameter τ  is 
equal to cNT  (or sT ) or its times. In particular, when 

cd Tt 2= , the delay-multiply signal of the DSSS signals is the 
signal corresponding to the periodical repetition of the relative 
transform sequence of 

0uC ′

v
, and the autocorrelation may be 

written as:  
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Where n′  is the sum difference between the “-1/0” elements 
and the “1” elements in the relative transform sequence 

0uC ′

v
, in 

general, Nn <<′ .  
With formula (10), it is clear that, when cd Tt 2= , the 

autocorrelation of the delay-multiply signal is also a periodical 
function and it will show obvious peak when the 
autocorrelation time delay parameter τ  is equal to cNT  (or 

sT ) or its times.  
All in all, the autocorrelation of the delay-multiply signal of 

the DSSS signals is a kind of periodical function and it will take 
peak value when the autocorrelation time delay parameter τ  is 

equal to cNT  (or sT ) or its times. In the detection of the DSSS 

signals, we may ponder to achieve the detection by the means 
of delay- multiply and correlation analysis.  

 

IV. THE CHARACTERISTIC OF THE DELAY-MULTIPLY SIGNAL 
OF DSSS SIGNAL IN NOISE CONTEXT 

In the above analysis we show the theory base to detect 
DSSS signal by delay-multiply and correlation analysis when 
noise is absent. In actual detection of DSSS signal, the signal is 
polluted by noise, so to detect DSSS signal by delay-multiply 
and correlation analysis we need to analyze the characteristic of 
the delay-multiply signal of the noise-polluted DSSS signal.  

Commonly, the noise-polluted DSSS signal may be 
expressed as: 
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Where )( tn  is zero mean noise which is irrelevant to jd  

and kc .  

Do delay-multiply operation (Commonly, sd Tt << ) on the 
signal shown in formula (11), we have 
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Where +−−=′ )()()()( ddn ttcttdtntr )()( tdttn d−  

)()()( dttntntc −+ . 
For formula (12), first, )( tu s′  is a periodical signal 

(quasi-periodicity), second, jd  and kc  are irrelevant to )( tn , 

and )( tn  is irrelevant to )( dttn −  when the bandwidth of 

the non-cooperative receiver front end is no less than dt/1 , so 
)( trn′  is a zero mean band-limited white gaussian noise 

process, it is irrelevant to )( tu s′ . Such, in some sense, )( tu  
is still a periodical signal, and we can find its characteristic by 
correlation analysis.  

 

V. COMPUTER SIMULATION 
To test the feasibility of the theory analysis, here do some 

simulations on a DSSS communication signal whose spread 
spectrum pseudo random sequence is "-1,-1,-1,-1, 1,-1, 1,-1, 1, 
1, 1,-1, 1, 1,-1,-1,-1, 1, 1, 1, 1, 1,-1,-1, 1, 1,-1, 1,-1,-1, 1" which 
is derived from the original polynomial 1)( 5 ++= xxxp . In 
particular, when the signal to noise ratio is -10dB, the 
simulation results under the environment of Matlab are shown 
in Fig.1 (Fig.1.a, Fig.1.b and Fig.1.c are corresponding to the 
results of 2/cd Tt = , 4/3 cd Tt = , and cd Tt =  respectively). 

 

 

 
Figure 1. The autocorrelation of the delay-multiply  

signal of the DSSS signal 

With Fig.1 it is clear that the autocorrelation of the delay- 
multiply signal of the DSSS signal does show obvious 
correlation peaks when the time delay parameter τ  is equal to 
the symbol period or its times, and the space of the correlation 

peaks is equal to the symbol period sT . So, in the detection of 
DSSS signal, we can achieve the detection by examining the 
presence of the correlation peaks, and especially, we can 
estimate the period of the data symbol at the same time by 
examining the space of the correlation peaks.  

Especially, by contrasting the three sub-figures in Fig.1, we 

may find that the value-taking of the time-delay dt  has 
important effect on the performance of the detection. With the 

increase of dt , cdc TtT << 2/ , the performance improves 
quickly, and the centre of the value-taking of the 
autocorrelation shifts down gradually (except for τ  is equal to 

siT , i  is an integer), in the end it stops at a certain position 
under "0" line.  

By the way, we also do some simulations on the DSSS signal 

with  other dt   ( 2/ 0 cd Tt <<   or scdc TNTtT =<< ),  the 
results show that we can achieve the detection of DSSS signal 
by delay-multiply and correlation analysis in a certain degree 
while 2/ 3/ cdc TtT <<  or 2/sdc TtT ≤< , nevertheless the 

optimal performance is gotten when dt  is close to cT . 
 

VI. THE ENHANCING DETECTION OF DSSS SIGNALS AND THE 
ESTIMATION OF THE SYMBOL PERIOD AND CHIP WIDTH 

According to the analysis of part V we know that the 
detection of DSSS signal by delay-multiply and correlation 
analysis do can achieve the detection of DSSS signal, but the 
good performance is gotten only when the value-taking of the 

time-delay dt  is close to cT . In actual detection, for there is 

usually no prior knowledge of cT , and especially bases on the 
fact that spectrum analysis can reveal the character of a 
periodical signal in a good way, we may ponder to improve the 
performance of the detection by doing FFT analysis on the 
autocorrelation of the delay-multiply signal. Fig.2 displays the 
results of the FFT of the autocorrelation shown in Fig.1 (In 

Fig.2, eF  is the sampling rate, cc TF /1=  and it is the chip 

rate, ss TF /1= , it is the data symbol rate. Fig.2.a, Fig.2.b and 

Fig.2.c are corresponding to the results of 2/cd Tt = , 

4/3 cd Tt = , and cd Tt =  respectively).  
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Figure 2. The FFT of the autocorrelation of the  

delay-multiply signal of the DSSS signal 
With Fig.2 we can find that: A. By performing 

delay-multiply, correlation and FFT spectrum analysis on 
DSSS signal we can get discrete spectrum lines, and 
importantly, the discrete spectrum lines lies in the multiples of 
the data symbol rate and the chip rate. In the detection of DSSS 
signal we can achieve the detection by examining the existence 
of the discrete spectrum lines, and especially, we can achieve 
the estimation of the symbol period and the chip width by 
examining the space of the discrete spectrum lines at the same 
time. B. Just like the detection based on delay-multiply and 
correlation analysis, the value-taking of the time-delay dt  has 
important effect on the performance of the detection which is 
based on delay-multiply, correlation and FFT spectrum 
analysis, nevertheless there exists difference: Although the 
detection performance aiming at data symbol period degrades 
with the decrease of dt  when cd Tt ≤< 0 , we can get obvious 

discrete spectrum lines corresponding to the chip rate in a quite 
large range of cd Tt ≤< 0 . So we can still achieve the 
detection of DSSS signal by delay-multiply, correlation and 
FFT spectrum analysis when dt  is much less than cT . 
Especially, by contrasting Fig.2 with Fig.1 we can find that, 
after the operation of FFT, the characteristic of DSSS signal is 
enhanced, the unexpected noise is restrained, and the 
information of the chip width is revealed, and very importantly, 
all of these make the detection of DSSS signal and the 
parameter estimation more easily.  

By the way, and quite importantly, by using the detection 
method proposed above, we can get the exact estimation of the 
symbol period by increasing the processed sampling data while 
the sampling rate is fixed.  

VII. CONCLUSION 
 The blind detection method proposed in this paper makes 

full use of the characteristic of DSSS signal, it has high 
robustness for the detection of DSSS signal in noise context, by 
using it we can achieve the detection of DSSS signal and the 
estimation of the key parameters (symbol period and chip 
width), and its application is significant for the detection of 
DSSS signal. 
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