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Abstract—The capacity of predicting spectral occupancy in cognitive radio networks offers the 
possibility of developing better policies in channel assignment to secondary users, according to the 
predicted spectral opportunities. This work develops a prediction model to determine and exploit spectral 
opportunities while avoiding the continuous search for channel availability in cognitive radio networks. 
The proposed scheme creates an availability prediction matrix for every available channel in the GSM 
band that includes their times of availability. By using this information, there is a potential to improve 
channel allocation policies. The model contains two processes: the first one performs a training process in 
order to prepare the prediction algorithm so that it can make more reliable predictions and the second 
one uses the logistic regression algorithm to estimate the availability in every available frequency which 
can be profited by secondary users, who intend to start transmissions. Measurements were made for 
average bandwidth, average delay and prediction error. The results obtained were evaluated with real 
spectral occupancy data in the GSM frequency band. The developed model shows a low prediction error 
which enables optimal channel assignment mechanisms, hence minimizing failed handoffs through the 
channel occupation of primary users. 
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I. INTRODUCTION 

Cognitive radio is defined as a “radio system that knows its environment and can dynamically and 
autonomously adjust its radio operation parameters” [1]-[3] and offers a solution to the current problem that 
communications face which is the scacrcity in the available spectrum. However, there is a low use of the 
spectrum in some bands while some bands are completely saturated. To deal with this issue, the study on 
cognitive radio network (CRN) began whose advantages would allow a more flexible use of the spectrum 
therefore optimizing the already limited resources in wireless networks. This would not only avoid the rigidness 
in the current assignment of the spectrum but would also improve the quality of the service offered resulting in 
higher spectral efficiency. 

The generated spectral opportunities allow a non-licensed user, a cognitive radio user or a secondary user (SU) 
to use a channel from an available licensed band until the primary user (PU) takes over that channel. Other cases 
include a decrease in the quality of the channel taken by the SU, the interference from a SU with the PcU’s 
activity and the mobility of the SU leads him to an area out of coverage. Under these considerations, the SU 
should release this channel and search for a new one which is known a spectral handoff [4]-[6].   

The method to avoid or minimize the interference on a PU is to force the SU to perform a handoff or change 
of channel before the presence/arrival of the PU is detected. This reduces the degradation of the channel quality 
so that the transmissions of the PU are not affected by the opportunistic use of the spectral resources on behalf 
of the SU. To generate these handoffs before the PU’s arrival, a model is proposed to predict the spectral 
occupancy by estimating the possibility of a PU’s arrival which would optimize the channel assignment process. 

The present work is structured as follows: section 2 presents the related work, section 3 describes the 
development of the model, section 4 shows the results, and section 5 finishes with a set of conclusions. 

II. RELATED WORK 

In [7], the research focuses on how the increasing use of services inside a vehicle (cellphones, GPS and radio 
signals) has become a concern in terms of security. On that matter, the authors propose a system that detects the 
driver’s distraction and adapts the vehicle to mitigate such distractions. To develop this system, the use of 
Support Vector Machines (SVM) was proposed to develop a real time approach for the cognitive distraction 
using the driver’s ocular movements. The data was collected from a simulation with ten participants that 
interacted with the system while driving. These data were used to train the SVM and logistic regression models 
with the purpose of investigating three different characteristics: how was created the distraction, which data 
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entered the model, and how was the input data summarized. The results show that the SVM models were 
capable of detecting the distraction with an average accuracy of 81.1% surpassing the logistic regression model. 

In [8], a two-stage cognitive process is proposed with the purpose of learning from the capacities of the 
physical layer under different channel conditions which leads to an optimization of the package delivery in a 
multi-antenna radio. In the first step, it learns the characteristics of the available techniques and in the second 
step the configuration is defined according to the radio’s goals and channel conditions. A design is proposed 
based on the Bayes rule which will be used as a baseline for future comparisons. In this work, the Naïve Bayes, 
Semi-Naïve Bayes and binary search models are studied since they offer several learning techniques and 
optimize the design used as a reference. It requires the estimation of fewer parameters but sacrifices 
optimization in terms of performance to save speed and memory. 

In [9] the authors mention the main goals of cognitive radio (CR) pointing out that one of them consists on 
improving the inefficient use of the spectrum. It also states how cognitive radio can dynamically perceive the 
spectrum to gather information. Such gathering can be used to describe spectral opportunities as well as 
determining the future occupancy of the spectrum. In the work developed by the authors, binary time series are 
used to characterize and predict the occupancy of the spectrum. The deterministic and non-deterministic 
occupancy data is then examined showing the results over both scenarios. 

In [10] the self-regressive linear approach for binary time series is adopted to study the performance in the 
prediction of the channel occupation based on the spectrum measurements carried out in a synchronized fashion 
in four different places. Through the modeling, the dependence of the adjacent frequencies in the frequency 
domain is factored. The order of the model is selected in terms of the measured residual magnitudes and the 
Akaike information criteria, by tabulating the results and considering the time of observation for each location. 
The performance of the proposed linear system is compared with the Markov chain model in continuous time 
for one of the locations. 

In the research carried out by [11] the objective is to improve the detection probability using the regression of 
binary decision-making obtained from individual cognitive radio nodes between the primary user and the 
cooperative center of spectrum detection. It is an innovative technique that adds upgrades to the probability 
system using the deterministic nature of propagation loss from long distance radio in a distributed detection 
center. The simple model of Log-distance path loss is considered in this work and the Log-normal shading effect 
is assumed. The established framework can be extended to other variations and combinations of path loss 
models. It can also implement an advanced pattern of adaptation techniques. 

In [12] the importance of the efficient use of the spectrum is pointed out due to the omnipresence of wireless 
technologies that are currently at disposal. The detection of the spectrum is a key stage towards an efficient use 
of the spectrum. The detection of energy is a fast and simple method to detect the spectrum but its accuracy is 
limited by the dependence on a threshold value. This article describes a new detection method for spectrum 
energy in real time using the logistic regression classifier. The implementation is performed using USRP and 
GNU-Radio, and reaches 98.6% accuracy in classification with a dataset collected over the commercial FM 
band. 

III. METHODOLOGY 

Fig. 1 shows the block diagram of the proposed prediction model. The first block called “Spectrum 
occupancy database” includes real occupancy data corresponding to the GSM band (824 MHz - 874 MHz). This 
block is the input for the spectrum data processing that has the task of defining the occupancy or availability of 
each channel in the GSM band according to the false alarm probability equation. 

The rectangular area corresponds to the proposed model that consists of two algorithms (1) Logistic 
regression algorithm and (2) Channel assignment prediction. The first method’s function is to train the algorithm 
for a ten-minute period through the use of training variables such as PSINR, availability and average availability 
time. This leads to the calculation of parameters known as cost and gradient which are necessary to adjust the 
predictor. The second method assigns the channel occupancy by setting “1” and “0” which outputs an 
availability prediction matrix regarding the bandwidth.  
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