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Introduction 

 Why Cognitive  Radio ??  

 Scarcity of Spectrum Resource.(Ex : WLAN ) 

 Efficient usage for under – utilized spectrum. 

 Capable of  reconfiguring their behavior based on physical environment 

 

 

 Development of Cognitive Radios using Software Defined 

radios(SDR) 

 Flexibility of changing operating parameters of the device. 

 Easily Reconfigured to different broadband technologies 
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 Asynchronous Mode of operation between Primary and Secondary 

Users  

 

 Evaluation of  metrics for Primary and Secondary users with variations 

in Secondary user Parameters. 
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Motivation and Objective 



Test – Bed Architecture  

 

 Hidden - Semi Markov Traffic for PUs 

  𝑆1 : Primary Traffic ON    – Uniform Distribution 

  𝑆0 : Primary Traffic OFF  –  Depends on former ON or OFF        

               period. 

 

 

 Hardware:  USRP version1 (Universal Software Radio Peripheral)  
 low cost commercial radios; provided by Ettus Research LLC 

   provides interface to various daughter-boards. 

  Software : GNU Radio  
    Free software that provides signal processing blocks 

    Architecture based on hybrid python/C++ programming. 
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Spectrum sensing for PUs  

  Energy detection using periodogram analysis   
          𝑥 𝑛  ; 𝑛 = 0,1, … . . 𝑁 − 1   𝑎𝑛𝑑   𝑤 𝑛 ;   𝑛 = 0,1… .𝑁 − 1                        

        Periodogram 𝐼 𝑘 =  
1

𝑁𝑈
𝑉[𝑘] 2 , where  

             𝑉 𝑘 = 𝐷𝐹𝑇 𝑥 𝑛 𝑤 𝑛   and 𝑈 = 
1 

𝑁
 𝑊[𝑛]2𝑁−1
𝑛=0  

              Average Periodogram  𝐼  𝑘 =  
1

𝐾
 𝐼[𝑘]𝐾−1
𝑛=0  

 

 Wide –band Spectrum Analyzer in 

USRP  
       -  Piece – wise spectrum analysis 

       -  Tune delay(𝑡𝑡) and Dwell delay (𝑡𝑑) 

       -  Frequency overlap    

 

𝐼0(𝑘) 

𝐼1(𝑘) 

𝐼2(𝑘) 
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Fig: 2D- Illustration for periodogram analysis 



Fig : Block Diagram for Piece-wise periodogram analysis 
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Decision Statistics 

  Average Power Statistics (𝑃𝑎𝑣𝑔) are crucial for radio behavior 

 

  MAP Testing 

•     𝐻0  -  Primary Traffic OFF 

•     𝐻1  - Primary Traffic ON 

•     Experimental Statistics - Density function of 𝑃𝑎𝑣𝑔 for 𝐻0  and 𝐻1  has   

                                                   gaussian distribution 

  

 

 

 

  

 Decision Threshold  
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Experimental Set-up 
Parameters  

    

Secondary Users 
 Modulation 
 Sensing period 
    𝑇𝑠 = 3 ∗ (𝑡𝑑 + 𝑡𝑛)  
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Fig : Test-bed model for Primary and 
Secondary Users 

Primary User 
  Modulation 
 Probabilities of 

packets in semi-
Markov model  



Fig : Duty – cycle for Primary and Secondary Traffic 
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 Metric for Primary and Secondary Users 

  

      Throughput =   
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑃𝑎𝑐𝑘𝑒𝑡𝑠

𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑇𝑖𝑚𝑒 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑃𝑎𝑐𝑘𝑒𝑡𝑠
   𝑃𝑎𝑐𝑘𝑒𝑡𝑠 𝑠𝑒𝑐  

 
  Secondary Transmitter Parameters 

       
a.  Size of Communication Window    

         -  Varied by changing the number of packets (P)         

 

b.      Sensing  Frequency         
         -  Varied by changing sleep time (𝑡𝑠) 
 
c. Modulation  
         -   coded OFDM, un-coded OFDM and GMSK 
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Performance Evaluation 
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 For a particular sensing 

frequency, the Primary 

User throughput decreases 

as communication window 

increases and vice versa for 

Secondary User throughput 

 

  Secondary User 

throughput decreases as 

sensing frequency 

decreases for a particular 

communication window 

Observations 

Results 
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 Longer Communication 

Window, GMSK perform 

better than un-coded or 

coded OFDM. 

 

 Shorter Communication 

Window, un-coded OFDM  

performs better than coded 

OFDM or GMSK  for 

Secondary user throughput. 

Observations 



Conclusion 

  Primary and Secondary Users in  Asynchronous mode with Hidden 
Semi- Markov traffic model. 
 
 

  Empirical solution for primary and secondary users throughput by 
varying secondary transmitter parameters. 
 
 

 Concerns for OFDM implementation on current test-bed provides 
frequency offset and trade-off issues for coded and un-coded 
OFDM. 
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Demo Video 



 

THANK YOU   
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