
ADVANCES in NATURAL and APPLIED SCIENCES 
 

ISSN: 1995-0772   Published BYAENSI  Publication 
EISSN: 1998-1090             http://www.aensiweb.com/ANAS 

2017 June 11(8): pages 567-575            Open Access Journal 

 

ToCite ThisArticle: P. Radhika and Dr. A. N. Jayanthi., Quickest and Efficient Spectrum Sensing in Cognitive Radio 
Networks. Advances in Natural and Applied Sciences. 11(8); Pages: 567-575 

 

Quickest and Efficient Spectrum Sensing in 
Cognitive Radio Networks 

 
1P. Radhika and 2Dr. A. N. Jayanthi, 
 
1Assistant Professor/MCT,  PPG Institute OF Technology, Coimbatore, Tamilnadu, India. 
2Associate Professor/ECE, SRIT, Coimbatore Tamilnadu, India. 

 
Received 28 March 2017; Accepted 7 June 2017; Available online 12 June 2017 
 

Address For Correspondence: 
P.Radhika. PPG Institute OF Technology, Coimbatore,Tamilnadu,India.  
E-mail : radhikappgit@gmail.com 

 
Copyright © 2017 by authors and American-Eurasian Network for ScientificInformation (AENSI Publication). 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

 
 

 
ABSTRACT 
Background: Spectrum sensing is the key enabling technology for cognitive radio networks. In cognitive radio systems, information 
is transmitted and received over multiple dispersed bands using dispersed spectrum utilization approach whereas information is 
transmitted and received over a single band using whole spectrum utilization approach. Objective: The main objective of spectrum 
sensing is to provide more spectrum access opportunities to cognitive radio users without interfering with the operations of the 
licensed network. Hence, recent research has been focused on the interference avoidance problem. Moreover, current radio 
frequency (RF) front-ends cannot perform sensing and transmission at the same time, which inevitably decreases their 
transmission opportunities, leading to the so-called sensing efficiency problem. To avoid this problem, quickest detection is 
applied to frequency spectrum sensing in cognitive radio systems. Distribution change in frequency domain is detected for 
vacating secondary radio networks from licensed frequency band.  Results: . A successive refinement based quickest detection is 
proposed to tackle the problem of unknown parameters of primary radio signal. Cooperative quickest detection is used to enhance 
the performance of quickest spectrum sensing in secondary radio systems without data fusion centers.. Conclusion: Performance is 
evaluated using theoretical analysis and numerical solutions. Simulation results demonstrate that the proposed spectrum sensing 
algorithm is capable of achieving improved performance over existing techniques by drawing a good balance between 
performance and operational complexity 
 
KEYWORDS: Spectrum sensor, dispersed spectrum, cognitive radio users, interference avoidance, radio frequency,  sensing 
efficiency  

 

INTRODUCTION 

 

TODAY’S wireless networks are characterized by a static spectrum assignment policy. Recently, due to the 

increase in spectrum demand, however, this policy is faced with the spectrum scarcity at particular spectrum 

bands. On the contrary, a large portion of the assigned spectrum is still used sporadically leading to under-

utilization of the significant amount of spectrum. The limited available spectrum and the inefficiency in 

spectrum usage make it necessary to develop a new communication paradigm to exploit the existing wireless 

spectrum opportunistically. Cognitive radio technology is proposed to solve these current spectrum inefficiency 

problems. A cognitive radio is designed to be aware of and sensitive to the changes in its surrounding, which 

makes spectrum sensing an important requirement for the realization of cognitive radio networks. Spectrum 

sensing enables unlicensed users, referred to as cognitive radio (CR) users, to adapt to the environment by 

detecting unused spectrum portions without causing interference to the licensed network, referred to as the 

primary network. The main objective of spectrum sensing is to provide more spectrum access opportunities to 

CR users without interference to the primary networks. Since cognitive radio (CR) networks are responsible for 

detecting the transmission of primary networks and avoiding interference to them, CR networks should 

intelligently sense the primary band to avoid missing the transmission of primary users. Thus, sensing accuracy 
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has been considered as the most important factor to determine the performance of CR networks. Hence, recent 

research has been focused on improving the sensing accuracy for interference avoidance.  

In [3], three different detection methods are investigated: matched filter detection, energy detection, and 

feature detection. While the matched filter can perform coherent detection, energy detection is a non-coherent 

detection method that uses the energy of the received signal to determine the presence of primary signals. 

Feature detection exploits the inherent periodicity in the received signal to detect primary signals with a 

particular modulation type. In order to mitigate the multi-path fading and shadowing effects, cooperative 

detection methods among multiple CR users are proposed in [4], [5].  

All these detection methods are based on the transmitter detection to determine if a signal from primary 

transmitter is locally present in a certain spectrum through the local observations of CR users. Unlike the 

transmitter detection, a direct receiver detection method considers the location of primary receivers by 

exploiting the local oscillator leakage power of the primary receiver [6]. Although all these efforts enable CR 

users to enhance the sensing accuracy, the hardware limitations of CR users introduce a new critical issue on 

spectrum sensing. Ideally, to avoid interference to the primary users, CR users should monitor the spectrum 

continuously through the radio frequency (RF) front-end. However, in reality, the RF front-end cannot 

differentiate between the primary user signals and CR user signals [7]. While feature detection is known to be 

capable of identifying the modulation types of the primary signal, it requires longer processing time and higher 

computational complexity [8]. With energy detection, mostly used in the spectrum sensing, CR users are not 

able to perform the transmission and sensing tasks at the same time. Thus, due to this hardware limitation, CR 

users necessitate a periodic sensing structure where sensing and transmission operations are performed in a 

periodic manner with separate observation period and transmission period. In this structure, CR users should 

stop their transmissions during the sensing time to prevent false alarms triggered by unintended CR signals. 

Recently, a dramatic increase in demand for ubiquitous wireless services has been straining the already 

limited and scarce radio spectrum, especially on those standardized for legacy voice and data transmission. This 

leads to awkward situations where outgoing calls fail despite of having full signal power in the handset as well 

as the inability to access WLAN (Wireless Local Area Network) services despite of sufficiently strong wireless 

connections. The main reason for these situations lies in the shortage of spectrum resources associated with the 

corresponding devices. On the other hand, a large portion of licensed spectrum has not been explored and 

utilized, which causes a significant number of spectrum holes [2]. According to statistics provided by the 

Federal Communication Commission (FCC), up to 85% of the licensed spectrum is not used in certain 

geographical areas, such as rural areas and thin population areas. Even in the areas with high population 

densities, there is still 15% of the licensed spectrum being underutilized. Therefore, FCC decided to deregulate 

the spectrum for increasing broadband usage rates. This deregulation opens a door for the unlicensed use of 

licensed spectrum and consequently opens the door for research in the area. As such, it has attracted extensive 

extensions from both industry and academia on how to utilize the temporarily released spectrum in an efficient 

and opportunistic manner. Cognitive radio (CR) [1], [2] has been consequently proposed to solve the 

inefficiency in spectrum assignments of legacy static radio. Various definitions for CR have appeared in 

different circumstances. According to [3], cognitive radio is an intelligent radio with the capability of access 

radio spectrum resources by exploiting the radio environment for user-centric communications. Therefore, in a 

radio communication system, the nodes equipped with the CR can opportunistically gain access to an already-

licensed spectrum band, such as any television (TV) bands within 30MHz-3GHz, to fill in the spectrum holes. In 

this sense, these nodes act as ”secondary” users relative to the licensed (or ”primary”) users. Since CR can 

efficiently increase the spectrum utilization, it has attracted lot of attention and has become a promising solution 

to the spectrum shortage problem. 

Research on CR faces challenges from the broad range of available spectrum. Radio frequency (RF) 

hardware for CR should be capable of turning to any part of multi gigahertz wide bandwidth. Therefore, such 

hardware devices require an extremely high-speed analog-to-digital (A/D) converter to detect a weak signal, 

which might be infeasible. The Physical (PHY) layer design issues related to this have been addressed by Cabric 

et al. [4]. In addition, reliable detection on the presence of primary users is also a crucial problem in a fading 

environment, where figuring out whether a channel is free or in deep fading is hard. A commonly used energy 

detection method can be adopted to detect the presence of an 

Unknown signal in noise. However, it is often not sufficient for determining whether the primary user is 

indeed present. Therefore, a number of feature detection techniques have been proposed to differentiate noise 

energy from modulated signal energy. The main disadvantage of feature detection methods is that they require a 

much longer observation time than that taken by the energy detection method, as well as being computationally 

complex in comparison [5].Since the major research problem on PHY layer dealing with how to correctly and 

quickly detect the existence of primary users and spectrum opportunities have not been solved, it is important to 

design an efficient spectrum sensing algorithm so that the CR can improve the sensing performance by control 

the detection timing while taking the aforementioned PHY layer issues as design constraints. There are several 
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issues associated with the design of spectrum sensing algorithms on the Medium Access Control (MAC) layer. 

They are enumerated as follows: 

 

1) Timing: 

An important design issue to consider is the timing of spectrum sensing. Proactive sensing can obtain 

spectrum information before the CR needs an idle channel at the expense of higher overhead than that by on-

demand sensing [11]. On the other hand, with ondemand sensing, the CR senses the spectrum when it has a 

chunk of data that needs to be transmitted. Since the chunk of data cannot be launched until the CR finds one or 

multiple idle channels, it may introduce spectrum sensing delay. 

 

2) Efficiency:  

Another important spectrum sensing design issue involves determining how many channels to go through in 

each sensing. Since each channel across the whole spectrum may or may not be accessible at a moment, the 

more channels the CR senses, the better chance the CR can obtain the spectrum access with desired quality. 

Conversely, given the size of data to be sent as well as a given bound on the latency of both sensing and 

transmission, a lengthy sensing process reduces the time left for transmission, which subsequently reduces the 

chance of successfully delivering the whole chunk of data. Furthermore, a lengthy sensing process will 

Certainly consume more energy at the station. Therefore, a spectrum sensing algorithm that determines the 

length of a sensing process in the presence of time and/or energy constraints is highly desired. 

 

3) Reliability: 

Reliability of CR spectrum sensing refers to the ability of the CR on minimizing interferences in the 

spectrum access, where spectrum sensing serves this purpose in gaining channel status before accessing the 

channel. Since reliable spectrum detection is still an open issue in the PHY layer design, spectrum sensing And 

control signaling is expected to take an important role in reliability enhancement. 

 

4) Computational complexity: 

The issue of computational complexity determines the feasibility of a CR spectrum sensing algorithm. In 

general, solving complicated optimization problems which leads to significant delay and energy consumption 

may not be feasible in the CR design.  In this work, we consider the application scenario of information 

gathering in a full-loaded licensed GSM band and unlicensed ISM band, where the CR tries to access other 

available licensed bands, such as TV bands, to exchange information with neighbor peers. By assuming no 

central controller standby, secondary users equipped with CR form an ad-hoc network. Thus, the problem 

tackled in this paper is on CR spectrum sensing without perfect knowledge of PHY layer. We aim to undergo a 

detailed design and develop a CR spectrum sensing algorithm which is adaptive to the dynamic change of 

spectrum opportunities. The proposed solution answer some of the critical questions, such as when to start and 

stop the spectrum sensing and what strategy to take in the data transmission and rate selection so that an 

individual CR can get the channels that optimally fit its desired performance requirements. More specifically, 

the proposed spectrum sensing algorithm can minimize the sensing and transmission time through a knowledge-

based reasoning approach, in which an optimization problem is formulated, based on proactive fast sensing and 

channel quality information. Simulation is conducted to demonstrate the effectiveness and efficiency of the 

proposed algorithm. In this paper, we focus on the area of non-cooperative, stand alone MAC spectrum sensing. 

The reason is that it is often not possible for different CRs with different underlying technologies to cooperate 

with each other in many application scenarios. The remainder of this paper is organized as follows. First, related 

work is discussed in Section II. The system model is presented in Section III. The proposed spectrum sensing 

algorithm is described in Section IV. Simulation results are provided in Section V. Finally, conclusions are 

drawn in Section VI. 

 

II. Related Work: 

There has been several algorithms design for the purpose of non-cooperative CR spectrum sensing. In [11], 

two modes of MAC-layer spectrum sensing, reactive and proactive, and the corresponding tradeoff between 

these two modes were introduced. An energy-efficient mechanism was developed to determine the mode of 

sensing, while a sensing-period adaptation mechanism was further proposed to find the optimal sensing period.  

In [6], a framework of Partially Observable Markov Decision Process (POMDP) with unknown transition 

Probabilities were proposed to determine which channels to sense.  In the state-of-the-art algorithm proposed by 

Jia et al. [10], the hardware limitations, namely, the constraints on sensing and transmission, were taken into 

consideration in the design of the CR spectrum sensing algorithm.  

The sensing constraint used in the proposed algorithm stipulates that the sensing capacity is limited 

although the spectrum opportunity is all over the spectrum range. The transmission constraint used in the 

proposed algorithm defines the limitation of bandwidth and fragmentation. Therefore, the tradeoff between 
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spectrum accessing opportunities and spectrum sensing overhead is formulated as a stopping problem, which 

decides whether or not the sensing process should continue.  

The underlying concept behind the proposed spectrum sensing algorithm is similar to that by proposed in 

[10] but with a number of important improvements. First, the CR identifies the portion of the spectrum to finely 

sense based on fast sensing results, which are based on the busy channel index responded by the intended 

receivers. Second, based on the prior information obtained from the proactive fast sensing scheme, an optimal 

number of fine sensing is estimated subject to time constraints. It is different from the algorithm proposed in 

[10], where the CR obtains the optimal number by going through all the sensing stages without knowing the 

prior optimal number or time limitations. Third, instead of artificially truncating the sensing process to K stages, 

the estimated number determined by the proposed algorithm may be more reasonably closer to the global 

optimum. Fourth, we classify up to seven quality classes of available channels to further help the CR determine 

whether to continue the fine sensing process by comparing the expected throughput upper bound gained in the 

next move with present throughput.  

As such, the optimal range of channels to finely sense is Determined using a combination of proactive fast 

sensing and channel quality information as priors. The simulation results show that the proposed algorithm can 

be easily implemented with minimized overall latency and outperforms this state-of art algorithm.  

 

III. System Model: 

Prior to describing the proposed spectrum sensing algorithm, it is important to first provide a general 

overview on the system architecture, the channel access model, and assumptions in the study. 

 

A. Network Architecture: 

In a heterogeneous network shown in Fig. 1. 

 
Fig. 1: Cognitive Radio Network Architecture a), many different wireless access technologies, e.g., IEEE 

802.11, GSM, and TV broadcast, may coexist.  

 

Users of these technologies form primary user networks, and the infrastructure corresponding to each 

primary user network are not required to allow for spectrum sharing with other networks. Users equipped with 

cognitive radios are considered as the secondary users to these networks. In general, a secondary user (with CR 

capability) needs to look for network resources in other networks (a user in its own network is primary) when it 

cannot obtain service in its own network. For example, the secondary users attempt to detect free spectrum on 

400-800MHz Ultra High Frequency (UHF) TV bands, (the possible frequency bands for the CRs in a near future 

[4]). These secondary users form a network in an ad-hoc manner in situations where emergency and time 

sensitive information gathering is required, such as during rescue operations after nature disasters or operation 

in an unknown adversary field. In our network model, this wireless ad-hoc network is denoted as the secondary 

user network, as shown in Fig. 1. b). 

 

B. Channel Model: 

In the ad-hoc network, there is no central controller and each secondary user senses the spectrum before 

transmission. We assume that a common channel is reserved by manufacturers for control message exchanging 

which occurs after spectrum sensing. Therefore, the channel initiation and the transmission of control messages 

are performed on the common channel, named as common control channel. Data transmissions occur on 

detected available data channels. Since multiple free channels can be used in data transmission, an Orthogonal 
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Frequency Division Multiple Access (OFDMA) system is taken as the underlying multiple access approach. In 

this Study, a channel is a subcarrier in OFDMA system, and is categorized into seven different modulation 

schemes with the corresponding transmission rates, respectively, according to the perceived Signal to Noise plus 

Interference Ratio (SINR) of the channel. Since the performance of spectrum sensing is the main focus in this 

study, the data transmission rate is defined as the information bits carried by a set of sub-carriers in OFDMA 

system per second, and the expected throughput of interest in the study is the upper bound of the throughput that 

can be achieved immediately after spectrum sensing without Considering the delay of processing MAC 

protocols. 

 

C. MAC Layer Spectrum Sensing: 

In our MAC layer spectrum sensing model, we assume that both sensing and data transmission cannot be 

processed simultaneously. Each secondary user detect the presence of primary users independently of each other 

by performing spectrum sensing. Nodes equipped with cognitive radios have two stages of spectrum sensing. 

According to the IEEE 802.22 specifications, the first stage of spectrum sensing is to perform fast sensing using 

energy detection over the entire spectrum scale. Such sensing is also known as fast sensing with relatively a high 

speed and little cost. The second stage of sensing is in place when a transmission demand arrives, which is also 

known as fine sensing. With the knowledge of which portion of spectrum to scan obtained from the fast sensing, 

the CR MAC performs fine sensing on each channel one after the other to identify the corresponding channel 

conditions and applicable modulation schemes for the transmission request. It is seen that the fine sensing 

process is performed on-line after the arrival of the transmission request. Thus, it is critical to determine when to 

start and terminate the fine sensing, as well as how to select the transmission rate, which will be addressed in the 

proposed algorithm presented in the following section. 

 

IV. Proposed Spectrum Sensing Algorithm: 

The proposed algorithm for CR spectrum sensing using knowledge-based reasoning can be described as 

follows. When performing the fine sensing process, the CR scans over the set of channels to determine channel 

conditions and availability. Since the fine sensing process is performed one channel after the other, the CR 

terminates the sensing process when it feels satisfied with the already found channels for the transmission. In 

other words, the more channels the CR senses, the more likely the CR can obtain better channels, which lead to 

a better transmission rate and consequently a higher throughput. However, if the CR scans too many channels 

during the fine sensing stage, the overall transmission time will be significantly increased, which impairs the 

overall throughput. Even for transmissions with a loose delay constraint, undergoing a long fine sensing process 

will certainly increase the probability of unsuccessful transmission due to the time sensitivity of the spectrum 

sensing results. Therefore, the optimal number of channels to sense should be such that the total transmission 

time T (i.e., fine spectrum sensing time Ts plus data transmission time Ttran) is minimized. Mathematically, the 

problem can be formulated as follows: 

Min{T|T = Ts + Ttran}              (1) 

subject to: 

T ≤ Tmax               (2) 

The total time consumed on spectrum sensing in the second tage, i.e., fine sensing, is given by the following 

expression: 

Ts = nt                (3) 

Where n is the number of channels to be finely sensed and t is the time consumed by doing fine sensing to 

each channel. Since BPSK (Binary Phase Shift Keying) is the slowest modulation, the upper bound of the 

expected data transmission time can be expressed as follows: 

Ttran ≤ D              (4) 

Rbpsk        

where D denotes the data length which is known by the source, and Rbpsk is the data transmission rate of 

BPSK. The data transmission rate in the OFDMA system can be determined by the number of modulation 

symbols Ns, number of available sub-carriers k, and sample time τ . Therefore, the data transmission rate of 

BPSK in terms of information bits per second can be expressed as follows [13]: 

Rk = Nsk τ              (5) 

  

Notice that k is the number of available sub-carriers obtained by the cognitive radio after t times fine 

sensing. Assume that each sub-carrier is independently available with prob q; therefore, k has a binomial 

distribution with parameter q and the expected value nq: 

P(X = k) ={n K} qk(1 − q)n−k                (6) 

The available sub-carriers are the channels that are both available at transmitter and receiver. Therefore, the 

available channel can be used by a transmission pair if the following two independent conditions are satisfied: 

1) C1: A specific channel is free at the transmitter side. 
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2) C2: There is no hidden terminal for a specific channel. Therefore, the parameter q can be expressed as 

follows: 

q = Prob (C1) Prob (C2)              (7) 

The probability of a channel to be free can be expressed as follows: 

Prob (C1) = θ               (8) 

Where θ = P (noise < threshold). The probability of the second condition is hard to estimate because the 

transmitter has no knowledge of the channel condition at the receiver side, while the estimation can be 

performed at the transmitter. As mentioned earlier, in the first stage of fasting sensing, the CR node gains the 

knowledge on which channels may be currently occupied by their neighbors. Therefore, this proactive fast 

sensing information can be used as a prior to limit the range within which the optimal number of channels is 

determined, thus significantly reducing sensing overhead. Whenever the transmitter sends a transmission request 

(CH REQ) to the receiver on a control channel, the receiver responds with a CH RSP packet through the same 

channel with attached channel information of its neighbors. The channel information of neighbors is a list of of 

channels {CHRx I } that have been detected occupied on the first stage of spectrum sensing. At the same time, 

the transmitter has its own results of fast sensing. By comparing with received index of channels, the transmitter 

determines which portion of the spectrum can be chosen. We denote the value β as the element number of 

{CHRx I }, and β_ is element number of {CHRx I } in the range of the spectrum to be finely sensed. This 

information can therefore be used by the transmitter to approximate the probability of hidden terminals for a 

specific channel as: 

ε = β/n                (9) 

Therefore, the probability of the second condition can be expressed as follows: 

Prob(C2) = 1−ε              (10) 

Substituting Eqn. (10) and Eqn. (8) into Eqn. (7), we get the following: 

q = θ(1 − ε)             (11) 

Since the transmission rate is a linear function of k , according to the Eqn. (5), we can conclude that the 

probability of the transmission rate also has a binomial distribution with parameter q and the expected value nq. 

PRk = Prob{R = Rk} ={n K}qk(1 − q)n−k (12) 

Therefore the average transmission rate of BPSK is given by: 

R = €_n k=0 RkPRk = €_n Nsk  k=0  τ     qk(1 − q)n−k                            (13) 

= Ns   nq    τ  = F(n)  

Substituting Eqn. (3), (5), and (13) into Eqn. (1), we get the complete formulation as follows: 

 n = argminn {nt + D F(n) } T ≤ Tmax         (14) 

The CR transmitter applies Eqn. (14) to determine the estimated number of channels to be finely sensed by 

the cognitive radio, where the most conservative modulation scheme (i.e., BPSK) is assumed in the 

transmission. So far, we have presented how a CR estimates the optimal number of channels for being finely 

sensed based on the limited information received from the PHY layer through proactive fast sensing. Based on 

the obtained n, one approach to the fine sensing process is to perform the fine sensing process n times with 

respect to the fast sensing prior information. However, this approach can still be costly due to accuracy issues 

associated with the fast sensing process. To further improve efficiency, we alternatively propose a 

knowledgebased reasoning approach that takes advantage of both fast sensing and channel quality information 

as priors. With the proposed knowledge-based reasoning approach, the CR MAC is equipped with intelligence 

and knowledge to determine whether to commit to sensing the next sub-carrier one after the other. The proposed 

knowledge-based reasoning approach can be explained by an analog of ”seashell collection” on a beach: 

Whenever a person encounters a seashell, the person can either collect it or not, and for any seashell that is not 

collected, it can never be considered again. In the scenario, the person has little knowledge on what kind of 

seashell will be encountered next, and does not know how far he should walk to encounter the next seashell 

because the tide may wash seashells ashore or take them away any time. Therefore, the person needs to make a 

decision on whether an encountered seashell should be collected or not based on limit information and 

observation after each move. In our case, the person is the CR, the seashells are spectrum resources, and the 

ocean tide represents the dynamic status of the sub-carrier availability. To determine whether to proceed the 

next sensing, the CR evaluates possible outcomes before taking the next move. Every spectrum sensing move 

may yields to possible results: an available channel is obtained or nothing at all. Either result sets up a chain of 

reactions on the subsequent movement. If an available channel is obtained, the CR has a chance to improve its 

transmission rate according to Eqn. (5) at the cost of the spent sensing time. If the sensed sub-carrier is not 

available, the CR simply wasted the time spent on the sensing, where the probability of failure in the data packet 

transmission within Tmax is increased. Mathematically, a spectrum offer Xj is obtained in the jth time of 

sensing, where Xj is a set of identical and independent random variable with cumulative distribution function F, 

which is also known as the profile function of the spectrum. The spectrum offer from the jth sensing is given by 

the following expression: 

Yj = €_k     Xj – jC           j=1                    (15) 
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  where C is cost function of each spectrum sensing and is a function of time: 

C ∼ g(t)              (16) 

The expected return of the next move is given by the following: 

¯ Yj+1 = p€[k_+1 j=1 ]  Xj−(j+1)C]+ (1−p)[€k  j=1] Xj−(j+1)C]       (17) 

Which can be calculated at the transmitter, and p = θ. Therefore, as long as the expected return of the next 

move satisfies the following condition the CR can continue sensing the channel: 

¯ Yj+1 > Yj             (18) 

Eqn. (18) is equivalent to: 

pXj+1 − C ≥ 0             (19) 

This equation can be simply interpreted as that one more sensing should have an expected marginal return. 

Otherwise, the fine sensing process should be stopped. In term of time, Eqn. (19) can be rewritten as follows: 

D ≥ D  + t Rj    Rj(1 + p)          (20) 

 

We can interpret Eqn. (20) as that the CR precedes if one more sensing can make up the cost of time 

spending t through the increased transmission rate. Eqn. (20) serves as the ’reasoning’ process, by which the 

transmitter makes decision on its next move to achieve satisfactory throughput. To take channel quality 

information into account, sub-carriers are classified into seven classes with a corresponding spectrum sensing 

threshold. By assuming any transmission will be at the maximum possible power, we can get the seven SNR 

levels. This prior information can further help the CR determine whether to continue the fine sensing process by 

comparing the expected throughput upper bound gained in the next move with present throughput. With the 

proposed knowledge-based reasoning approach, we expect the sensing cost can be further reduced compared 

with that when just the optimal number of fine sensing is determined off-line as the proposed algorithm adapts 

with the changing environment. We will empirically verify the effectiveness of the proposed knowledge-based 

reasoning approach through simulation shown in the next section.  

 

V. Simulation Results: 

In the simulation, we first compare the performance of the proposed spectrum sensing algorithm with 

knowledgebased reasoning and that without knowledge-based reasoning. The case with knowledge-based 

reasoning applies Eqn. (20) and may stop the fine sensing when the condition is not met, while the case without 

knowledge-based reasoning finely senses all the n channels. Next, we compare the performance of our proposed 

spectrum sensing algorithm with the stopping algorithm proposed in [10]. The experimental parameters used in 

the simulation can be summarized as follows. We adopt 0.31ms [14] as the symbol size τ of the OFDMA 

system, and 92.5ms [15] as the fine sensing time. We assume that the length of data is uniformly distributed 

from 0 to 2048 bytes according to IEEE 802.16-2001 and IEEE 802.11 specifications. Sub-carriers are classified 

into seven classes with a corresponding spectrum sensing threshold. By assuming any transmission will be at the 

maximum possible power, we can get the seven SNR levels. The cognitive radio adjusts its modulation schemes 

according to these levels. In our simulation, the actual modulation scheme does not have an impact on the 

results, as we are only interested in the number of symbols Ns taken by each modulation scheme. Therefore, we 

list the Relationship between SNR levels and the number of symbols in Table I [13] (where the relationship can 

be varied with different specifications or modulation technologies), which is taken in our quantitative analysis. 

The whole processing time consists of algorithm processing time Talgorithm, fine sensing time Ts , and data 

transmission time Ttran ,  

i.e., T = Talgorithm+Ts+Ttran.  

The throughput upper bound is thus given by ρ = D T (bits/ sec). Moreover, we are interested in the 

processing overhead introduced by the fine sensing, which is used to initiate a compromise between how fast the 

data is transmitted and how much cost it is spent. For the compromise, the overhead weight is defined as ζ = 

T−Ttran Ttran 

The simulation results of data rate on the proposed spectrum sensing algorithm with knowledge-based 

reasoning and that without reasoning are shown in Fig. 2 with associated optimal value of fine sensing n and 

actual number of fine sensing j are shown in Fig. 3. Although the data rate of the case without reasoning is 

almost twice as high as that with reasoning, the throughput upper bound in the former is about 40% lower, 

which is further shown in Fig. 2. In other words, scanning through all the n sub-carriers takes more than double 

the time in the fine sensing process in order to increase the data transmission rate at the expense of a significant 

decrease of the throughput upper bound. Therefore, adopting the proposed knowledge-based reasoning approach 

can greatly help improve system efficiency. The processing overhead introduced by the fine sensing process is 

used as a measure for investigating the tradeoff between data transmission rate and overhead. In Fig. 4, we 

compare the overhead weight between the cases with knowledge-based reasoning and without. It is seen that the 

overhead weight of non-reasoning is much larger than that of knowledge-based reasoning. In Fig. 5, the 

simulation result of estimated times of fine sensing is plotted with different channel conditions, which is 

determined by Eq. (7). It is observed that the estimated times of fine sensing is reduced as the channel condition 
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improves. In other words, when there is less interferences amongst neighbors, the CR only needs to sense a 

small number channels to meet its transmission requirement, which can help the CR to save time and energy. In 

the same figure, we have seen that the longer the data for transmission is, the larger Number of channels the CR 

needs to finely sense, in order to increase the probability of successful transmission by getting better and more 

channels. 

 

  

Fig. 2: Throughput Upper Bound Vs Time 
Fig. 3: Estimated fine sensing number Vs Actual 

Sensing Number 

 

 

Fig. 4: Data rate Vs Throughput Fig. 5: Over head Vs Time 

 

Fig. 6: Data Rate comparison Between the Proposed work and Stopping algorithm 
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Conclusion: 

In this paper, we introduced an efficient MAC layer spectrum sensing algorithm based on a knowledge-

based reasoning approach. The proposed sensing algorithm with knowledgebase reasoning can effectively 

realize the spectrum fine sensing, 

Where the optimal throughput can be achieved by finding a balance between the transmission times and 

required sensing cost through the utilization of proactive fast sensing and channel quality information priors. 

Simulation was conducted to verify the proposed spectrum sensing algorithm and compare it with existing state-

of-the-art algorithms. The simulation results demonstrated the effectiveness of the proposed algorithm, where 

the resulting throughput by sensing with knowledge based reasoning is almost two times higher than the case 

without reasoning as well as higher than existing state-of-theart sensing algorithms. Researchers have tried to 

develop bandwidth efficiency systems to deal with spectrum scarcity without consider the energy costs related 

to this approach. However, recent studies showed how scarcity is almost due to the static spectrum allocation 

strategies and that cognitive radio can be the way to improve the spectrum usage. Thus, green cognitive 

approaches should be investigated in order to save power consumptions, reduce interference, and improve 

battery life of customer’s devices. Most of CR literature deals with opportunistic ad-hoc networks. However the 

impact of cognitive paradigms on cellular networks should be explored. In particular, we think that a cognitive 

approach is necessary to realize the coexistence of femtocells with macrocell users .(Femtocells are low power 

access points introduced by the evolution of cellular systems to enhance indoor coverage). 
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