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Wireless Technology Center

• Established 2008 
• ITT endowment 
• Main areas: SDR, cognitive networking, 

signal processingsignal processing
• Six faculty participate

• Wireless Summer School, June 17-18 
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Tectonic Shifts In The Wireless 
Landscape

• Everyday life increasingly depends on wireless
• Increasing heterogeneity 
• Increasing S/W content• Increasing S/W content
• Upgradeability - devices may no longer stay 

the same after leaving the distribution channel 
• Changing regulatory models
• Changing business models
• Changing usage models 



• Currently – spectrum allocation
• In the future two models are possible: 

– Access by any device and any application  
– Free markets for spectrum  

Evolving Regulations
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Design of Digital Systems

• First generation – old approach
– Algorithm
– Application code
– Compiler– Compiler
– Microcode architecture 
– Semiconductor hardware designer

• Second generation – now 
– Synergistic interaction of all layers



HW Solution Space

FPGA SIP

MULTI-PROCESSORASIC
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Multimode architecture
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Economic multimode architecture 
(direct-conversion)
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Sampling architecture
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Crosstalk in a single-chip  
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Digital bus interfaces 

Front-
End

Baseband Bridge Bridge
Ethernet

End

Emerging bus standard – VITA 49
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Middleware facilitates platform 
independence 
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Cognitive radios and networks 

• There several definitions of cognitive radio
• Radio that is aware of its environment and its 

capabilities

• Alters BY ITSELF its behavior
• Capable of following complex adaptation • Capable of following complex adaptation 

strategies (Learns from previous 
experiences) 

• Cognitive networks – the network can 
adjust



• Location
• Spectrum
• User behavior 
• Network state
• Types of services offered  

Adaptation factors

• Types of services offered  
• Economics

• Therefore computer-processable semantics are 
necessary  



The Metalanguage describes:

• Configuration and functionality of a radio 

• Waveform characteristics 

24 24

• The type of information being handled 
• Therefore, it is an ontology that describes 

objects, constraints, and relationships
• The Metalanguage includes a protocol for 

exchanging information 



Resource Description Framework

• Information about resources
– subject, predicate, object 
– E.g. device, frequency band, 700 MHz, 

• Classes• Classes
– Location.
– Device.
– Supported AIS
– Frequency Band
– Supported Protocol



NDL Example
• <ndl:Device rdf:about=”#PhoneXXX-XXX-XXXX”>
• <ndl:name>PhoneXXX-XXX-XXXX</ndl:name>
• <ndl:locatedAt rdf:resource=”#FortWayne46805”/>
• <ndl:supportedAIS rdf:resource=”#GSM”/>
• <ndl:supportedAIS rdf:resource=”IEEE802.11b”/>
• <ndl:supportedAIS rdf:resource=”Bluetooth”/>
• <ndl:supportedAIS rdf:resource=”IEEE802.16e”/>• <ndl:supportedAIS rdf:resource=”IEEE802.16e”/>
• <ndl:supportedProtocol rdf:resource=”IEEE802.11r”/>
• <ndl:supportedProtocol rdf:resource=”IEEE802.21”/>
• <ndl:activeAIS1 rdf:resource=”IEEE802.11b”/>
• <ndl:activeFrequencyBand rdf:resource=”2412000”/>
• <ndl:connectedTo 

rdf:resource=”#BSSIDXXXXXXXX”/>
• </ndl:Device>
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IEEE 802.21

IEEE

SDR Forum

Quality of Service

Enabling standards

Standards
Efforts

Benefits

Stake Holders

VITA 49

P1900 E2R

Policy Conformance



From network-centric to user-
centric models

• Network-centric model – the operator decides

• User-centric – the customer decides which 
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• User-centric – the customer decides which 
AIS to use on a session by session basis 

• The Metalanguage is used to negotiate



Technology Enablers for SDR 

• RF architectures
• RF front/end: antennas, PA, filters, LNA
• ADC and DAC technology 
• DSP algorithms 
• Digital hardware: DSP, FPGA, and ASIC 

technologies 
• Software for SDR, middleware, and OS



Thank you!

Q&A


