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요  약 
특징 검출 기법은 원하는 신호에 대한 부분적인 정보가 수신단에 알려진 상황에서 정확도 높은 검출이 가능한 기법으로 알려져 있다. 

이러한 방식의 검출 기법은 잡음이 강한 환경을 위해 제안되었다. 사이클로스테이셔너리 검출은 인지 무선 시스템에서 스펙트럼 

검출 기법의 하나의 예이다. 그러나 이 기법은 원하는 신호에 대한 많은 양의 정보와 처리 시간을 요구한다. 반면, 에너지 검출 기반

의 스펙트럼 검출은 단순한 기법으로 널리 알려져 있다. 그러나 에너지 검출은 잡음의 영향을 많이 받으며 이로 인한 검출 오류가 

많이 발생하게 된다. 본 논문에서는 에너지와 사이클로스테이셔너리 기반의 기법을 결합하여 검출의 정확도를 높이는 한편 계산량

과 처리 시간을 감소시키는 기법을 제안한다. 2단계의 문턱값을 이용하여 사이클로스테이셔너리 기법의 복잡도와 처리시간을 단축

하여 시스템의 전송 효율을 증가시킨다. 시뮬레이션 결과 에너지 기반 사이클로스테이셔너리 검출 기법은 신호 검출에 소요되는 

시간을 상당히 감소시키는 반면 시스템의 성능을 향상시킴을 보여준다.
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ABSTRACT
Feature detection is recognized as an accurate spectrum sensing approach when the information of the desired signal is partly 
known at the receiver. This type of detection was proposed to overcome large noise environment. Cyclostationary detection 
is an example of feature detection in spectrum sensing technique in cognitive radio. However, the cyclostationary process 
calculation requires a lot of processing time and information about the designed signals. On the other hand, energy detection 
spectrum sensing is widely known as a simple and compact spectrum sensing technique. However, energy detection is highly 
affected by large noise and lead to high detection error probability. In this paper, the combination of energy detection and 
cyclostationary is proposed in order to increase the accuracy and decrease the calculation and processing time. The two-layer 
threshold is utilized in order to reduce the complexity of computation and processing time in cyclostationary which can lead 
to the improved throughput of the system. The simulation result shows that the implementation of energy-based 
cyclostationary detector can help to improve the performance of the system while it can considerably reduce the required 
time for signal detection.

※ 이 연구는 서울과학기술대학교 교내연구비의 지원으로 수행되었음.
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접수일자 : 2016년 9월 22일, 최종게재확정일자 : 2016년 9월 26일

I. Introduction

Spectrum sensing is deployed widely in wireless 

communication to detect the presence of the signal [1]. It 

is popular with non-licensed and licensed bands in order 

to efficiently share the frequency resource. There are 

plenty of approaches of spectrum sensing. Cyclostationary 

based method is one of the feature detection approaches. 

This detection method is a highly accurate approach in 

which the receiver has a partial information about the 

desired interference. In real applications, better performance 

of the system is achieved by considering the modulation 
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algorithm, pulse shaping and packet format of the received 

signal [2]. Furthermore, cyclostationary based scheme is 

an approach in spectrum sensing that allows to detect the 

interference from different sources. The cyclostationary 

detection in cognitive radio is considered to be a solution 

to improve the energy detector.

However, the cyclostationary based method may take 

long time for processing a received signal. Furthermore, 

cyclostationary detection process also needs a lot of 

computations at the receiver side, therefore we need to 

consider the cases in which this approach is suitable for 

application [2-4]. In this paper, we consider an addition of 

an extra energy-based detection before cyclostationary 

detection. With this approach, the accuracy and simplicity 

of the detection can be improved with the combination of 

energy-based process and cyclostationary. The result of 

the simulation demonstrates that the energy-based detection 

process requires significantly less time than that of the 

conventional cyclostationary detection. The remaining part 

of this paper is organized as follows. In section II, the 

description of the system model is presented. The main 

idea of the energy-based detection is discussed in III. 

Simulation scenario and results are shown in IV and V, 

respectively. Finally, conclusions are given in section VI.

Ⅱ. System Model

A single carrier is utilized to transmit the modulated 

signal from the transmitter to the receiver. Moreover, 

channel is assumed to experience the additive Gaussian 

white noise. The signal, using fixed modulation method, is 

transmitted over the channel. The mission of the receiver 

is to detect the presence of the signal in the channel. The 

receiver has to accurately make decision before the 

transmitter starts to access the channel and transmit data. 

The overall block diagram for the system model is shown 

in Fig. 1.

Fig. 1. Block diagram of detection procedure.

In this paper, we assume that the channel noise can be 

calculated at the receiver. The experiment is done for 

different SNR scenarios, then the probability of detection 

is compared to the conventional detection approach. In the 

simulation procedure, the strength of the received signal is 

calculated first, then it is calculated in frequency domain. 

The cyclostationary process is detected by autocorrelation 

of the received signal with its shifted version.

Ⅲ. Energy-based Threshold Selection

The SNR is assumed to be calculated at the receiver, 

and the SNR at the receiver has to be higher than a 

threshold before we start the cyclostationary detection. 

The noise power is assumed to be unchanged during the 

data communication. If the signal over noise ratio is larger 

than one, cyclostationary detection will be initiated. The 

signal energy is first calculated and compared with the 

threshold. If the received energy is below the threshold, 

the receiver will decide that there is no signal transmitting 

over the channel. Otherwise, if the received energy is 

larger than the threshold, the cyclostationary detection 

part examines the received signal to confirm that there is 

the signal in the channel. As a result, the rate of wrong 

detection and false alarm are decreased. Furthermore, the 

processing time is also reduced due to the quick decision 

even when SNR is low. The overall detection process is 

summarized in Fig. 2.

        

Fig. 2. Detection procedures with two-layer threshold 

check.
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Ⅳ. Simulation Scenario

The simulation focuses on the performance comparison 

of cyclostationary and energy-based cyclostationary detection. 

The most important part is the processing time for each 

detection. As the first step, the signal with noise is sent 

to the receiver and the signal is assumed to be 

interference. The receiver is supposed to detect the 

interference and avoid transmitting over the channel. The 

wrong detection depends on the strength of the noise in 

the channel. In other words, it may be caused by too much 

noise at the receiver or when the signal is too weak. The 

main goal of the simulation is to analyse the effect of high 

noise on different receivers.

V. Results

In Fig. 3, the energy-based cyclostationary detection 

outperforms the cyclostationary with fixed threshold for 

all SNR ranges. The probability of detection based on 

SNR provides better detection performance of the detection 

especially when the SNR is low. In Fig. 4, the required 

processing time for energy-based and fixed-threshold 

cyclostationary detection is compared. The energy-based 

approach takes less time to make decision than the 

fixed-threshold detection for all cases. In addition, the 

performance of the detection remains the same even with 

a bigger noise level environments. Table. 1 describes in 

detail on how many times the cyclostationary detection is 

used in order to detect the signal. It can be shown that the 

energy-based cyclostationary detection requires less 

calculation process than the cyclostationary detection with 

large number gap.

SNR (dB)
-25 -20 -15 -10 -5 0

P
ro

ba
bi

lit
y 

of
 D

et
ec

tio
n

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Cyclostationary Detection
SNR-based Cyclostationary Detection

Fig. 3. Comparison of detection performance for varying SNR.
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Fig. 4. Comparison of probability of detection for varying 

SNR.

SNR(dB)

Relative processing time

Energy-based  

Cyclostationary Detection

Conventional

Cyclostationary Detection

-25 21 70

-20 3 70

-15 0 70

-10 0 70

-5 0 70

0 0 70

Table 1. Comparison of relative processing time for detection.

VI. Conclusion

The energy-based cyclostationary detection helps to 

reduce the processing time and maintain the performance 

of the detector. Simulation results in various scenarios 

confirm the benefit of the energy-based cyclostationary 

detection in terms of detection performance and processing 

time. This detection approach can be deployed in a system 

with low-cost processor while keeping the accuracy level 

of the detection procedure. 
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