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Media 

 

 Wired 

o Can react to local conditions near speed of light 
o Generally reactive systems rather than predictive work “good enough” 

 Wireless 
o Much slower sensory and response time 
o Multiple systems can react simultaneously, and not see each other’s effects 
o Broadcast costs and power generally cause a greedy, best-effort scheme 

 

  



Frequency and Spectrum Usage 

 

 

 In USA, limited legal usage of wireless frequency (~2.4 and 5 GHz most used) 

 ISM (Industrial, Scientific, Medical) bands tend to get overloaded 

 Open areas rarely utilized, due to standardization of use 
  

 

Charts courtesy of commandline.net:  



 





 

  



 



  



 

  



http://www.ntia.doc.gov/osmhome/allochrt.pdf 

 

http://www.ntia.doc.gov/osmhome/allochrt.pdf


Basic Questions 

 

 

 How to better use available spectrum? 

o Bluetooth uses Frequency Hopping over 80 channels 

o Wi-Fi splits into 2 to 5 channels (depending on country) 

 How to optimally use the assigned channels? 

o FDM, TDM, CDM, SDM within channel 

o Frequency-Division Multiplexing further splits channel 

o Time-Division Multiplexing assigns valid time intervals to connections 

o Code-Division Multiplexing assigns chipping sequences 

o Space-Division Multiplexing uses directional waves to bypass others 

  



Channel Usage 

 

 

 Statistical usage rates 

o Historically, a particular connection is only active 10% of the time 

o Not true in modern networks, but still less than 100% utilization 

 Priority usage, QoS 

o Some users and data in a particular frequency range are more important 

o Real time data vs delayed 

o In-order delivery (video?) vs reliable accuracy (file transfer?) 

  



Change the Way 

 

 
 Allow software to control network connections 

o (Instead of strict hardware, designed for singular device speed) 

o Slower individual speed, better network throughput 

 SAN: Software Adaptable Network 

 SDR: Software Defined Radio 

 GNU Radio 

o Open source software radio package 

 USRP: Universal Software Radio Peripheral 

o Hardware designed to use GNU Radio 

o Ettus research labs http://www.ettus.com 

  

http://www.ettus.com/


Cognitive Radio vs Cognitive Networks 

 

 Radio concentrates on single-link range adaptation 

o Primary / Secondary user scheme 

o Sense patterns and usage rates in available channels 

o Secondary users transmit only on channels not used by Primary users 

and/or in same channels when Primary are idle 

o Tune: Frequency, Power, Modulation, etc… 

o SDR is a Radio-level concept 

 Network level communicates a larger topology 

o Both wired and wireless 

o Network flow max, rather than local usage max 

o Top-level users and data, rather than just primary user(s) 

o Optimize and use Machine Learning across multiple OSI layers 

  



Cognitive Radio 

 

 Spectrum sensing 

o If a given channel or set of channels in use, use another one 

o Requires 2 devices to either: 

 Switch in same pattern at same time 

 Communicate from sensing device to other 

 One device able to listen / receive on multiple channels 

o Bluetooth does this automatically on an 80 channel band 

o SDR can define more channels of varying widths 

 Channel sensing and prediction 

o Monitor a specific channel for general or primary user use 

o Predict lulls in activity, and use 



 

http://www.ettus.com (Ettus USRP) 

  

http://www.ettus.com/


 

Cognitive Networks 

 

 Natural progression of flow requirements 

o Quality of Service 

o End-to-End 

 Reliable delivery 

 In-Order delivery 

 Best-Effort 

 Maximize flow over end-to-end nodes on OSI Mac/Phy through Application 

 Slow… multi-node graph processing 

 Dynamic: QoS of Users and Applications change flow priorities 

  



 

Cognitive Mesh (Chowdhury, GA Tech ECE) 

  



Intelligent Adaptation 

 

 Hidden terminals, multi-path, etc. 

o Detect, predict, and share information with neighboring nodes 

o Alter own broadcast patterns, even when no problem exists immediately 

 Multiple primary users, hidden primary users 

o Attempt to guarantee priority data, at cost of secondary data 

 Enact a virtual data structure across multiple OSI levels to model learned 

information (SDR, SAN) 

 Machine Learning 

o With or Without neighbors participating, or blind primary users, use 

principles of Machine Learning to alter SDR/SAN. 

o Genetic Algorithms  

  



  

Wave Interference :: Obstructed Path 



Genetic Algorithms in Cognitive Radio 

 

 Chromosomes defined over all available SDR aspects 

 Target / Goal state / Fitness function optimizes: 

o maximum data flow, within the Constraints of Primary / Top-level users and 

applications 

o minimum spectral occupancy for other devices to use 

 Small changes (mutations) and combinations (crossovers) in [Power / Frequency / 

Shape / Symbol Rate / Modulation] test against Fitness function. 

 Optimize over multiple generations of testing 

  



 

  



 

 

  



 

GRC example from http://www.joshknows.com  

http://www.joshknows.com/

