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ABSTRACT 

Spectrum sensing is a key technology to improve spectrum efficiency. In this paper, we propose a novel signal detection 
method based on Walsh transform for spectrum sensing. The main idea behind is that the received signal is transformed 
into another domain by Walsh transform and the test statistic is obtained by exploiting the feature of the useful signal in 
the new domain. The new method can perform well at low signal-to-noise rate (SNR). Simulation results show that the 
proposed method has better performance than the spectral feature detection based on power spectrum. 
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1. Introduction 

Due to the rapid development of wireless communication, 
spectrum scarcity has become an urgent problem with the 
increasing proliferation of wireless devices and services. 
Cognitive radio (CR) is an emergent technology to solve 
this problem, which can allow the unlicensed users to 
opportunistically access the spectrum assigned to the 
licensed users without harmful interference to the current 
users. Spectrum sensing is one of the most important 
functionalities of CR, which can reliably detect the exis-
tence of the user on the current bands.  

In general, there have been several popular signal de-
tection methods for spectrum sensing such as energy 
detection[3], coherent detection (matching filter) and 
feature detection[4,5]. Energy detection is commonly 
used, as it doesn’t require prior knowledge about the 
correlation structure of the primary signal. However, the 
energy detector requires perfect information for the noise 
variance to properly perform the detection. If a pre-set 
pattern of primary signals is known to the receiver, the 
coherent detector is usually applied. The above two ap-
proaches are simple and effective, but they cannot detect 
weak signals at very low signal-to-noise rate (SNR). 
Feature detector is usually used when some information 
of the transmitted signal is priori known. The spectral 
feature detector based on power spectrum of the signal is 

one example of the feature detectors, which exploits the 
unique spectral pattern of a specific signal to detect its 
presence. The spectral feature detector outperforms the 
energy detector and the coherent detector.  

In this paper, we study a feature detector based on 
Walsh transform. Firstly, the received signal is processed 
by Walsh transform, that is, the signal is transformed into 
another domain. Then, the test statistic is obtained by 
exploiting the feature of the useful signal in the new do-
main, which is compared with the threshold to decide the 
presence of the useful signal. The new method is appli-
cable to signals with rectangle envelope and robust to 
white noise. The main contribution of this paper is that 
we introduce the principle of how to improve the per-
formance of signal detection and propose a novel practi-
cal method which has much better performance than the 
spectral feature detector. 

The paper is organized as follows. In section 2 the 
system model is introduced. In section 3 our method is 
described, and the performance is analyzed. In section 4 
the new detector is simulated and compared with the 
spectral feature detector. Section 5 concludes the paper. 

2. System Model 

As the goal of detecting primary user (PU) signals is to 
ascertain their presence or absence in the licensed fre-
quency band, it is usually formulated as a binary hy-
pothesis testing problem. It is assumed that the modula-
tion type and the symbol rate are known, 
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where 0 ,H  represents the absence of the PU signal 
( )x t  and the received signal  contains only addi-

tive white Gaussian noise (AWGN) with zero mean and 
variance 

( )r t

2 . 1H  stands for the presence of the PU 
signal in the band, and  consists of the primary sig-
nal 

( )r t

( )x t  corrupted by noise . The baseband signal ( )n t
( )x t  is formulated as 

( ) ( ) ( ),n T b
n

x t a t a g t nT




           (2) 

where n  is the symbol sequence, a ( )Tg t  is the rectan-
gle envelope of symbols,  is the symbol period. bT

3. Proposed Algorithm 

Feature detectors usually have good performance for the 
reason that they exploit the typical feature of the PU sig-
nal which is different from that of noise. For example, 
the spectral feature detector makes use of the feature of 
the signal in frequency domain. In order to improve the 
detection performance, the received signal needs to be 
transformed into other domain, in which the feature of 
the PU signal is more obvious. When the transformation 
is orthogonal, if the obtained nonzero coefficients of the 
PU signal after transformation are less, i.e., the PU signal 
can be represented by less components of orthogonal 
functions, the feature of the PU signal in the new domain 
is more obvious. Then for the detection of signals whose 
baseband signals have rectangle envelope, we introduce 
the Walsh transform to process the signal, which is also 
an orthogonal transformation. 

It is assumed the duration time of the received signal 
 is T, but in order to making the derivation simple, 

we regard T as 1. The signal  which is integrable is 
capable of being represented by a Walsh series defined 
over the open interval (0, 1) as 

( )r t

( )r t
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where the coefficients are given by 
1

0
( ) ( , ) ,kc r t WAL k t d  t
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           (4) 

and the Walsh series  is derived from ( , )WAL k t
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where t and k are the arguments of the function expressed 
in binary notation. 

The obtained coefficients  form a vector C, { }kc

0 1 2[ , , ,...]C c c c  

which can represent the signal  in the new domain. 
Figure 1 shows an example of BPSK baseband signals 
with rectangle envelope and Figure 2 shows the obtained 

vector of the BPSK baseband signal after Walsh trans-
formation. From the figures it is illustrated that the BPSK 
signal can be represented be limited components of the 
Walsh functions. 

( )r t

Then, assuming that the vector of the signal ( )x t

( )

 is 

ideal  which is normalized, the following correlation 
formula can be applied to detect the presence of 
C

x t : 

1

0

,

H

T
ideal

H

S C C t





              (6) 

where S is the teat statistic,  is transposition opera-
tion and t is the decision threshold. If S is greater than the 
threshold, 1

( )T

H  is decided, i.e., presence of the signal 
( )x t ; otherwise, 0H  is decided, i.e., absence of the 

primary signal. 
In practical application, only discrete signal can be 

dealt by computer, so we consider the performance of the 
detector based on discrete Walsh transformation. As-
suming that the total sample points of the receiver signal 

 is  and that the oversample ratio is m, the ob-
tained points after discrete Walsh transformation is also 
N. When there is no noise in the signal, the signal can be 
represented by 

( )r t N

N m  components and the coefficients 
are 0 1[ ... ]N m . However, when there is only noise 
in the signal, the total N coefficients are nonzero. Since 
the transformation is orthogonal, the energy after the 
transformation is the same as that before the calculation, 
so we can obtain 

c c c

2
0( | ) ~ (0, )S H N m  and 

2
1( | ) ~ ( , )S H N E m , 

where E is the power of the PU signal ( )x t  in the re-
ceived signal. Then, the probability density function 
(PDF) of S can be expressed as equation (7), 
 

t1
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Figure 1. Example of BPSK signal. 
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Figure 2. Obtained  after Walsh transformation. { }
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Then the false alarm probability can be derived, 
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where 
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Similarly, the detection probability can also be ob-
tained, 

1 1 1

.
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From the above equations, the probability of false 
alarm can be calculated for a given decision threshold 
from equation (8), which can also be used to obtain the 
threshold if the probability of false alarm is constrained. 

4. Simulation Results 

In this section, the performance of the proposed detector 
in the present paper is compared with the spectral feature 
detector in [4] through simulation.  

The baseband signal used in the simulation is BPSK 
signal with rectangle envelope. The symbol rate is 
2 MB  and the sample frequency is 32 MHz . A couple 
of numerical experiments are carried out and a block of 
received data with 10240 samples is generated to calcu-
late a decision result for every experiment. 

Figure 3 shows the variation of probability of detec-
tion with probability of false alarm for BPSK when SNR 
is -18dB. The probability of detection decreases as the 
probability of false alarm falls. When the false alarm 
probability is given, the proposed method has higher de-
tection 

Figure 4 illustrates the effect of SNR on the probabil-
ity of detection for BPSK when the probability of false 
alarm is 0.01. It is showed that the probability of detec-
tion decreases as SNR falls when the probability of false 
alarm is fixed. When SNR is given, the proposed method 
has higher detection probability. 

 

Figure 3. Probability of detection versus probability of false 
alarm for BPSK when SNR is -18 dB. 
 

 

Figure 4. Probability of detection versus SNR for BPSK 
when the probability of false alarm is 0.01. 

5. Conclusions 

In this paper, a feature detector based on Walsh trans-
form is proposed, which exploits the feature of the signal 
after Walsh transformation to decide the presence of the  
useful signal. It has been proved that the proposed detec-
tor performs better than the spectral feature detector at 
low SNR by the simulation results. In addition, the pro-
posed method is low in complexity, which makes it typi-
cally suitable for real time spectrum sensing in cognitive 
radio system. 
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