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Abstract – All studies are oriented towards the concepts of joint work, mainly for economic reasons and for technical 

reasons, and enable the artificial intelligence to operate within the systems components, the cognitive radio networks 

(CRN) newly is one of the best methods to integration and management the systems that rely on spectrum sharing, 

which will enhance the efficiency and performance of the systems dramatically and will provide a significant amount 

of energy wasted and will reduce overlaps and confusion that occurs to indicate. It will allow users to make maximum 

use of wireless networks by accessing the network in multiple ways and methods. This paper investigates to 

implementing and designing a system that allows unlicensed users to work with authorized users According to priorities 

and permissions provided for in standards and within the same frequency spectrum, And then study the effect of using 

different types of modulations on the system in the presence of low signal to noise ratio (SNR) and then compare the 

results, So as to reach the system to a specific bit error rate (BER). 

Keywords – Bit Error Rate, Cyclic Prefix, Cognitive Radio Network, Digital Video Broadcasting Terrestrial, Primary 

User, Signal to Noise Ratio, Secondary User, World Wide Interoperability for Microwave Access. 

I. INTRODUCTION 

Recently, wireless networks have become the main concern of all operators, where these networks are used in 

all transactions and purchases and in the communication between people until it became a fundamental part of the 

elements of modernity and development. All countries have begun to set timetables for the use of digital 

technologies, including ground television in order to meet the growing demand by customers on the use of wireless 

networks, where all the research institutions and their head the (IEEE) began to do Studies and the research on 

how to share the spectrum between users, because it contains many privileges for users and service providers. The 

cognitive radio technology is the best way to take advantage of the white space in the radio spectrums by detecting 

unused frequencies and following changes that occur to the signal through the detection techniques and 

frequencies management among users, this paper study how to achieve this through the implementation of the 

IEEE 802 advance to work within the digital television broadcasting terrestrial OFDM for downlink PHY layer 

by using the MATLAB simulation code in order to evaluate the characteristics of the hybrid systems under the 

standard terms of use channel. To implementation and improve the coexistence between the different systems 

through use cognitive radio technology. The PHY layer supports all types of modulation and Coding schemes as 

well as CP lengths defined in the specification. The system is tested by using four types of modulation and used 

a relatively weak SNR to study the system under the worst conditions. 

The simulation mechanism is to avoid taking a large number of samples and using the small rates to send data 

because the system under construction is very complex and overlapping and needs the high-efficiency processors 

to achieve the objectives of simulation, this happens because the simulation combines all systems and algorithms 
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to work with one processing unit. Assuming that the channel is perfect and the affected only by AWGN. The 

simulation was the methodology used to investigate the system performance to represent the practical application 

of the basic concept of simulation. The additional techniques have been used in the simulation, such as the neural 

network and the borrowing techniques, and work harmoniously with the cognitive radio units. It was also taken 

into consideration that the assumptions and general structure of the system are commensurate with the systems 

classified by the IEEE. 

II. ISSUES 

Design and analysis of the system based on the mechanism of joint work system, in which the WiMAX system 

is operating within the spectrum of digital television broadcasting terrestrial through using cognitive radio 

technology. 

III. MATERIALS AND METHODS 

Designing the model of the WiMAX system by MATLAB simulation to work as a secondary user in the 

spectrum of the digital television broadcasting terrestrial through the cognitive radio network and by using the 

energy detection technique to detect the signal in frequencies. Table 1 shows the simulation settings. The settings 

used in the simulation program are shown in table 2. All results in this paper for the modulation schemes and 

coding rates have been obtained in an AWGN channel and with average of SNR is 18 average. And used the six 

different modulations order and coding rates for the purpose of data transmission. They are shown in table 3. 

Table 1. Shows the simulation settings. 

No. of case Content of the Test ( Results that can appear when testing for each case ) 

Case 1 

Probability of the primary user utilization of frequency; Frequency is not used by any users; Frequency utilization 

by the secondary user; The white frequency exploitation by secondary user; Exploitation of frequency reuse by the 

secondary user; With the activation of cognitive property. 

Case 2 
Probability of the primary user utilization of frequency; The frequency utilization by the secondary user; The 

exploitation of white frequency by the secondary user; With the continuous activation of cognitive property. 

Case 3 
Probability of the primary user utilization of frequency; The frequency utilization by the secondary user; With the 

continuous activation of cognitive property. 

Case 4 The frequency utilization by the secondary user all the time. 

Case 5 The frequency utilization by the primary user all the time. 

Case 6 

Probability of the primary user utilization of frequency; Frequency is not used by any users; The frequency utilization 

by the secondary user; The white frequency exploitation by secondary user; Exploitation of frequency reuse by the 

secondary user; With the activation of cognitive property and different type of modulation for the first case. 

IV. RESULTS 

The simulation results are presented in light of the basic assumptions. The main goal is to enable the exploitation 

of the white space within the digital television broadcasting terrestrial for unlicensed users without affecting on 

the PU and to take the necessary measures to achieve it. The common assumptions to most of the exploitation of 

the white space are as follows: the downlink transmissions at a carrier frequency of VHF (230- 174) MHz, UHF 

(470- 862) MHz the make simulation through two groups was tested Model 1&2. The Model 1 represents the 
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partial transmission (one burst) and Model 2 is represents the full transmission (two burst), any model has six 

cases for each group make certain tests so that each test represents a specific case as shown in table 1. In the 

Matlab code, the DELTA represents the tool through which all properties are activated (cognitive Radio, neural 

network, and sorting algorithm) it indicates to the existence of a permit for integrated work or lack of a permit, 

which means the independence of spectrum acquisition by the authorized user only. For example in the country 

of Sudan to the present time is not authorized any system or entity to work within the spectrum of television 

terrestrial as an unauthorized user. This section also gives a comparison between the different modulation schemes 

and coding rates used in the simulator. All results have been obtained in an AWGN channel. The write (WS) with 

results is mean the WiMAX used the frequency through the white space in TV spectrum and write (CR) means 

the WiMAX used the cognitive radio techniques to get the frequency. 

This paper has been studied in two parts: The first part is the simulation the hybrid system through the cognitive 

radio network under various condition and with added some of algorithm and equation, the second part is to 

compare the outputs of the system designed with the basic system without any additions. In the Matlab simulation 

the WiMAX system represents a secondary user and the DVB-T represent the DTV or the primary user, and the 

frequency detection mechanism used in this model is the energy detection method. 

Table 2. Shows the configuration of simulation. 

Channel bandwidth (MHz): 
7 MHz : same as TV channels 

(according to regulatory domain) 
Number of tests performed: 11 cases 

Number of OFDM symbols 

per burst: 
1 , 2 Simulation mode: Monte -carlo 

Cyclic prefix factor (G): 1/4 Code rate (CC): 1/2 ,2/3,3/4 

Additional Algorithms: 
Neural networks (NN), 
sorting algorithm (BA) 

Detection method: Energy of signals 

Modulation: 
QPSK,16QAM 

64QAM 
Fading mode: 

Frequency-selective 
fading 

Models a multipath Rician 

fading  channel with : 
AWGN Rate ID without: 1 - 6 

Number of test rounds: 30 rounds Threshold mode: Single tone 

Table 3. Modulation schemes and coding rates. 

Rate-ID Modulation RS-CC rate 

1 QPSK 1/2 

2 QPSK  3/4 

3 16-QAM 1/2 

4 16-QAM  3/4 

5 64-QAM  2/3 

6 64-QAM  3/4 

 

The method used for detection in this paper is the Energy Detection: When the primary user signal is unknown, 

the energy detection method is optimal for detecting any unknown zero-mean constellation signals. 

{
𝐻0, 𝑖𝑓 ∑  |𝑦[𝑛]|2  ≤   𝜆

𝑁

𝑛=1

𝐻1,         𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                
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Where  𝜆  is the threshold which depends on the receiver noise, figure 1 shows the architecture for digital 

implementation of an energy detector. 

 

Fig. 1. Shows the architecture for digital implementation of an energy detector. 

1. The Results of the Data Information for the WIMAX system in Transmitter and Receiver with different 

Modulations and Modes of work. 

In figure 3 the uniform color (blue) indicates that the signal is sent by one burst and the double color (red & 

blue) indicates the signal is sent by two bursts. The curves (red & blue) indicates the value of the information, 

which is represented by digital zero (s) and digital one (s), this method is used to simplify the comparison of 

system outputs. Figure 3 (a) and (b) shows the information sent and received by two bursts in the WiMAX system 

through exploiting the white space frequency as a secondary user, figure 3 (c) and (d) shows the information sent 

and received by one burst in the WiMAX system through exploiting the cognitive radio technique to work as a 

primary user, figure 3 (e) and (f) shows the information sent and received by two bursts in the WiMAX system 

through exploiting the cognitive radio technique to work as a primary user. Figure 3 (b), (d) and (f) refers to the 

ability of the WiMAX system to retrieve information sent in the receiver unit successfully. Figure 2 shows the 

details of figure 3, so that the number 1 Supplementary bits, number 2 indicates the first part of the transmitted 

data, number 3 indicates the digital information value and number 4 indicates the second part of the transmitted 

data. 

 

Fig. 2. Shows the basic parts for data information of the WiMAX signal. 
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(a) The data information with method of transmitter 368 bits when 

WiMAX is SU (WS). 

(b) The data information with method of receiver 368 bits when 

WiMAX is SU (WS). 

  

(c) The data information with method of transmitter 568 bits when 

WiMAX is PU (CR). 

(d) The data information with method of receiver 568 bits when 

WiMAX is PU (CR). 

  

(e) The data information with method of transmitter 752 bits when 

WiMAX is PU (CR)   

(f) The data information with method of receiver 752 bits when 

WiMAX is PU (CR). 

Fig. 3. The data information of the signal for WiMAX system when work as PU or SU from (a) to (f). 
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2. The Results of Diversity of the BER against the SNR for the WiMAX System with Different 

Modulations and Modes of Work (Developer System). 

The figure 4 shows the diversity of BER with SNR in the WiMAX system works by send the data on one burst 

with 16QAM1/2 modified orthogonal, and used QPSK1/2 to send the data on two bursts or more, and instability 

is observed because the simulation forces the system to deal with all the SNR in the same modulation for the 

purpose of configuring the AMC to operate within the new techniques by identifying the critical points of 

switching the modifications. The green line represents the target limit or the highest acceptable error rate of the 

system. Also the test results in figure 5 have the same working principle but with a slight change in priorities. 

Figure 6 represents the work of the restricted WiMAX system within the white space for spectrum of digital 

television broadcasting terrestrial with QPSK1/2 modified orthogonal. Figure 7 represents a restricted WiMAX 

system to work alternately with the same frequency of the TV (if TV not working) with 16QAM1/2 modified 

orthogonal. The figure 8 shows the diversity of BER with SNR in the WiMAX system works by send the data on 

one burst with 16QAM3/4 modified orthogonal, and used QPSK3/4 to send the data on two bursts or more than. 

The figure 9 shows the diversity of BER with SNR in the WiMAX system works by send the data on one burst 

with 64QAM2/3 modified orthogonal, and used 16QAM1/2 to send the data on two bursts or more than. Also the 

test results in figure 10 have the same working principle but with a slight change in priorities. Figure 11 represents 

the work of the restricted WiMAX system within the white space for spectrum of digital television broadcasting 

terrestrial with 16QAM1/2 modified orthogonal. Figure 12 represents a restricted WiMAX system to work 

alternately with the same frequency of the TV (TV not working) with 64QAM2/3 modified orthogonal. For all 

above results to find the method of test that was to get this result refer to table 1 and 4. 

Table 4. The initial settings to study the diversity of BER vs SNR for WiMAX system. 

No. of figure X.X Type of Access Data rate Rate-ID 

Figure 4 

A WS through CR L 1 

B Same CH through CR L 3 

C Same CH through CR L 1 

Figure 5 

A WS through CR L 1 

B Same CH through CR L 3 

C Same CH through CR L 1 

Figure 6 

A WS through CR L 1 

B - - - 

C - - - 

Figure 7 

A - - - 

B Same CH through CR L 3 

C - - - 

Figure 8 

A WS through CR M 2 

B Same CH through CR M 4 

C Same CH through CR M 2 

Figure 9 A WS through CR H 3 
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No. of figure X.X Type of Access Data rate Rate-ID 

B Same CH through CR H 5 

C Same CH through CR H 3 

Figure 10 

A WS through CR H 3 

B Same CH through CR H 5 

C Same CH through CR H 3 

Figure 11 

A WS through CR H 3 

B - - - 

C - - - 

Figure 12 

A - - - 

B Same CH through CR H 5 

C - - - 

*When L = 350 bits, M = 550bits, H = 750 bits. 

* WS through CR: The WiMAX system use white spaces in the spectrum of TV, through the CR technique. 

* Same CH through CR: The WiMAX system use the same frequency of primary user if the channel is empty, through the 

cognitive radio technique 
 

 

 

  

Fig. 4. Relationship between SNR and BER for WIMAX 

system through the CRN under test case no. M1C1. 

Fig. 5. Relationship between SNR and BER for WIMAX 

system through the CRN under test case no. M1C2. 

  

Fig. 6. Relationship between SNR and BER for WIMAX 

system through the CRN under test case no. M1C3. 

Fig. 7. Relationship between SNR and BER for WIMAX 

system through the CRN under test case no. M1C4.  



 

Copyright © 2019 IJECCE, All right reserved 

168 

International Journal of Electronics Communication and Computer Engineering 

Volume 10, Issue 4, ISSN (Online): 2249–071X 

 

  

Fig. 8. Relationship between SNR and BER for WIMAX 

system through the CRN under test case no. M1C6. 

Fig. 9. Relationship between SNR and BER for WIMAX 

system through the CRN under test case no. M2C1. 

  

Fig. 10. Relationship between SNR and BER for WIMAX 

system through the CRN under test case no. M2C2. 

Fig. 11. Relationship between SNR and BER for WIMAX 

system through the CRN under test case no. M2C3. 

 

 

Fig. 12. Relationship between SNR and BER for WIMAX system through the CRN under test case no. M2C4. 

From the above results, it is noted that the high modulations do not achieve good results if the SNR was weak 

while showing its effectiveness with high SNR. 

2.1. The Results of Diversity of the BER against the SNR for the WiMAX System with Different 

Modulations and Modes of Work (Normal system). 

The figure 13, 14 and 15 shows the results of the original WiMAX system without any modification and before 

make any additions. So that the figure 13 represents the diversity of BER with SNR in the WiMAX system works 
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by send the data on one burst with 64QAM 2/3 modified orthogonal and figure 14 represents the diversity of BER 

with SNR in the WiMAX system works by send the data on one burst with 16 QAM 1/2 modified orthogonal and 

figure 15 represents the diversity of BER with SNR in the WiMAX system works by send the data on one burst 

with 16QAM 3/4 modified orthogonal. The table 5 shows the settings of the system to get results figure numbers 

13, 14 and15 that shown been below. 

Table 5. The initial settings to find the diversity of BER vs SNR for the original model of WiMAX system. 

 

 

Fig. 13. Relationship between SNR and BER for WIMAX system through the CR network with modulation  

64QAM 2/3 for the original model. 

 

Fig. 14. Relationship between SNR and BER for WIMAX system through the CR network with modulation 

16QAM 1/2 for the original model. 
 

No. of figure X.X Type of Access Data rate Rate-ID 

Figure 13 B Same CH through CR L 5 

Figure 14 B Same CH through CR L 3 

Figure 15 B Same CH through CR M 4 

*When L=350 bits, M=550bits, H=750bits. 

* WS through CR:  The WiMAX system use White spaces in the spectrum of television, through the cognitive radio technique. 

* Same CH through CR: The WiMAX system use the same frequency of primary user if the channel is empty, through the cognitive 

radio technique 
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Fig. 15. Relationship between SNR and BER for WIMAX system through the CR network with modulation  

16QAM 3/4 for the original model. 

3. The Results of Signals Transmitted by One Burst or Two Bursts and the Impact on the System Outputs: 

The table 6 shows the relationship between the transmission mode and types of modulations and SNR with 

BER and their impact on data rate. The data transmitted by one burst is expressed by means of term the '' Full 

Transmission''. Figure 16 represents the relationship of the modulations and the SNR with BER and their impact 

on data rate. 

Table 6. The relationship between the transmission mode and types of modulations and SNR with BER and their impact on data rate. 

 

 

Fig. 16. The relationship of the modulations and the SNR with BER and their impact on data rate (full transmission). 
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V. FLOWCHART FOR THE PRIMARY USER INFRASTRUCTURE (DVB-T) 

 

Fig. 17. DVB -T OFDM physical layer in the block diagram. 
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VI. FLOWCHART FOR THE SECONDARY USER INFRASTRUCTURE (WIMAX) 

 

Fig. 18. IEEE 802.16 OFDM physical layer in the block diagram. 
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VII. CONCLUSION 

In this paper, after designing and testing the hybrid system under different conditions and situations the results 

can be summarized in the following points: 

1. Achieved satisfactory results for the hybrid system: By designing a system that allows unlicensed users to 

work with authorized users according to priorities and permissions provided for in standards and within the 

same frequency spectrum, this is concluded from comparing the results of the modified system with the results 

of the standard system of WiMAX, and from comparing the figure 14 in the standard system with the blue 

curve in figure 4, 5 and 7 in the modified system, Which were obtained under the same conditions L/3 (To 

learn the test codes '' L/3 ''refer to table 4 and 5). Can note the system that developed is outperformed the 

standard system, where most of the results of the modified system achieved the required bit error rates (0.001), 

While the standard system is failed to achieve this target in most of its results, When using the same settings 

and work under the same conditions that were used with the developer system (see table 1). 

2. It proved that the methodology followed has achieved the objectives of this paper: for using the DVB-T by 

unlicensed users. This conclusion from comparing the results of the WiMAX system when working at 

independent frequencies with the results when working within the primary user frequency (in case the primary 

user is absent). It should be noted that the results have not been affected by the change in working methods, 

also there is a great similarity between the results obtained in both cases see figure 5, 8, 9 and 10 in a 

comparison between curves if the WiMAX system works in white space frequency (Red curve) or works 

through cognitive radio technique (Orange curve). 

3. Retrieved data information in receiving units successfully, (see figure 3). 

Finally, Concludes the Following: 

1. Increased transmitted power leads to reduce the BER provided the SNR is appropriate. But it must not be the 

increase higher than the specified levels globally in order to do not adversely affect human health and the 

environment, see figure 4 and 7. 

2. When used two bursts OFDM symbols per frame that allowance to increases the data rates of transmission see 

figure 16. 

3. It is extremely difficult to obtain stable BER value if one type of modulation is used with SNR variance, see 

separately figures 6, 7, 11 and 12. 

4. The above results suggest that the spectrum of DVB-T can be used as a transmission medium for unlicensed 

users signals, but after modifications to the systems and the addition of certain techniques and equipment to 

manage the spectrum usage within predefined priorities. 
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