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Cognition
mental action or process of acquiring knowledge and 
understanding through thought, experience, and the 
senses

Cognitive Radio 
radio that is aware of its environment and the internal
state and with knowledge of these elements and any
stored predefined objectives can make and implement
decisions about its behavior

Introduction



IS
P 

–
C

og
ni

tiv
e 

Ra
di

o 
N

et
w

or
ks

Why CR

Natural resources

Scarsity
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Electro Magnetic Spectrum
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Electro Magnetic Spectrum
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International Telecommunication Union (ITU)

European Conference of Postal and 
Telecommunications Administrations (CEPT)

Inter-American Telecommunication Commission
(CITEL)

Standards for Radio Frequency Allocation
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Frequencies that are not usable for commercial 
purposes

are kept reserved for radio astronomy to avoid
interference at radio telescopes

Frequencies that are unlicensed and are open for 
personal or commercial use for free which

includes 2.4GHz and 5GHz WiFi, Bluetooth, cordless 
phones, etc.

Frequencies that are licenced by the government
for purposes like telecommunication

Radio frequency bands
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Radio spectrum
electromagnetic spectrum from 3 Hz to 3000 GHz

Electromagnetic waves
called radio waves
used in modern technology
in telecommunication

To prevent interference between different users
the generation and transmission of radio waves is strictly
regulated by national laws
coordinated by an international body, the International 
Telecommunication Union (ITU)

Radio Spectrum
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Band 
small section of the spectrum of radio communication
frequencies
channels are used or set aside for the same purpose

To prevent interference similar services are 
allocated in bands

e.g., broadcasting, mobile radio, or navigation devices, 
will be allocated in non-overlapping ranges of 
frequencies

Band
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ITU’s Band Allocation

Spectrum Scarcity is the biggest problem …



IS
P 

–
C

og
ni

tiv
e 

Ra
di

o 
N

et
w

or
ks

Cognitive Radio
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Three steps are important for making radio self 
aware

Aware radios
Adaptive radios
Learning Radios

Making Radios Self Aware
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One motivation for an aware radio is providing
information to the user

an aware radio may provide a pull-down menu of 
restaurants within a user-defined radius
code division multiple access (CDMA) based cellular
system

aware of QoS metrics and makes reservations of bandwidth
to improve overall QoS

Aware Radios
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The various operating parameters that can be 
adapted are 

frequency
instantaneous bandwidth
modulation scheme
error correction coding
channel mitigation strategies

equalizers or RAKE filters, system timing (e.g., a time division
multiple access [TDMA] structure), data rate (baud timing), 
transmit power, and even filtering characteristics

Adaptive Radios



IS
P 

–
C

og
ni

tiv
e 

Ra
di

o 
N

et
w

or
ks

Examples
frequency-hopping radio that changes hop pattern to 
reduce collisions
radio that changes instantaneous bandwidth and/or 
system timing parameters in response to offered
network load

Adaptive Radios
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A radio is said to be a learning radio or cognitive 
when they posses the following characteristics

Sensors creating awareness of the environment
Actuators to interact with the environment
A model of the environment that includes state or 
memory of observed events
A learning capability that helps to select specific
actions or adaptations to reach a performance goal
Some degree of autonomy in action

Learning Radios
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Radio Cycle
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CR and AI

Cognitive Radio and Machine Learning in Intelligent Wireless Communications



IS
P 

–
C

og
ni

tiv
e 

Ra
di

o 
N

et
w

or
ks

CR and AI

Cognition cycle of an autonomus
Radio
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CR and AI

Supervised and unsupervised approaches for CR
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CR and AI

Typical CR problerms
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CR and AI

Block diagram of machine-learning-based
fusion rule spectrum sensing
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CR and AI

Block diagram of PU channel state prediction model
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CR and AI

Comparison of the learning algorithms


