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Theoretical Foundations

Power Spectral Density PSD Characterization

Frequency Domain Perspective

> It is sometimes more convenient to study a communication
system in the frequency domain rather than the time domain
» Mathematical analysis is more tractable
» Operations such as convolution are transformed into simple
multiplications
» Physically it makes sense to study wireless transmissions in
the frequency domain
» Digital communications is the transferral of data based on
changes of electromagnetic wave characteristics such as
frequency, amplitude, and phase
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Theoretical Foundations

Power Spectral Density PSD Characterization

Fourier Transform

» Mathematical relationship between a time domain waveform
and weighted sum of sinusoidal components that constitute it,
i.e., frequency domain representation

» Translating between time and frequency domains is achieved
using the Fourier transform and inverse Fourier transform:

H(F) = / T h(t)e 2 gy (1)

—00

h(t) = / h H(f)e/Zft df (2)
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Theoretical Foundations

Power Spectral Density PSD Characterization

Einstein-Wiener-Khinchin Theorem

» In particular, we are interested in the power spectral density
(PSD) of a signal, which is related to the autocorrelation
function via the Einstein-Wiener-Khintchine (EWK) Relations:

Sx(f) = /_ - Rx(7)e 2" dr (3)
Rx(7) = / T S (F)e2df (4)

» Relating the PSD between input x(t) and output y(t) of a
system h(t), we have the following very important result:

Sy(f) = |H(F)[*Sx(f) (5)
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Theoretical Foundations

Power Spectral Density PSD Characterization

Impulse Train Model

» Signal analysis and knowledge of the input PSD can help
determine the output PSD of the transmitter
» Determine the autocorrelation function of B,, from [, and then
apply EWK relations

{I,=+1} {B,} > B,S(t—nT)
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Figure : Impulse Train Model Used to Generate an Analog Waveform
Based on an Input Binary Sequence.
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Theoretical Foundations

Power Spectral Density PSD Characterization

PSD Properties

» Zero frequency scenario:

v

Mean-squared value:

EL(t)} = /Oo Sx(F)df

v

Non-negative PSD: Sx(f) > 0, Vf
Real-valued process: Sx(—f) = Sx(f)
Normalized PSD associated with a PDF:

___S5x(f)

v

v
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Theoretical Foundations

Power Spectral Density PSD Characterization

PSD Example

» Find Sx(f) of the following random process:
x(t) = Acos(2rf .t + ©),

where © is uniformly distributed over the interval [—7, 7].
» First solve for Rx(7) by using:

1
Rx(7) = E{x(t + 7)x(t)} = §A2 cos(2rf.T)
» Then solve for the PSD using EWK relations:

Sx(f) = / Rx(r)e > Tdr = / ~A?cos(2rf.r)e P T dr
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Theoretical Foundations

Power Spectral Density PSD Characterization

|dentifying PSD Features

» PSD characteristics can reveal a substantial amount of info
regarding a signal
» Modulation format
> Pulse shape filtering
» Transmission bandwidth

» Time-varying behavior indicates network traffic levels

» PSD shape can uniquely identify specific wireless standards
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. Theoretical Foundations
Power Spectral Density PSD Characterization

Constant Transmission

» Qutput of the baseband portion of the digital transmitter is:
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. Theoretical Foundations
Power Spectral Density PSD Characterization

Complex Sinusoid Transmission

» Qutput of the baseband portion of the digital transmitter is:
s(t) = A(cos(2nft + ¢) + jsin(2wft + ¢))
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Theoretical Foundations

Power Spectral Density PSD Characterization

Real Sinusoid Transmission

» Qutput of the baseband portion of the digital transmitter is:
s(t) = Asin(2nft + ¢)
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Theoretical Foundations

Power Spectral Density PSD Characterization

Quadrature Phase Shift Keying Transmission

» Qutput of the baseband portion of the digital transmitter is a
pulse-shaped QPSK modulated signal
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. Theor Foundations
Power Spectral Density PSD Characterization

Digital Television Transmissions Along Interstate 90

» Forty eight locations chosen across 1-90 in the state of

Massachusetts approximately two miles apart
» Spectrum measurements taken in a moving vehicle on June

30, 2009
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Figure : Locations close to I-90 between Boston, MA and Blandfield, MA
over which spectrum measurements were collected.
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. Theoretical Foundations
Power Spectral Density PSD Characterization

Stationary DTV PSD Measurements

Sweep Index

Freguency {in MHz)

Figure : PSD plots for the TV frequencies in 470 806 MHz frequency
range across 48 locations close to 1-90 between Boston, MA and West

Stockbridge, MA.
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Theoretical Foundations
PSD Characterization

Power Spectral Density

Moving DTV PSD Measurements

Sweep Index
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Figure : PSD plots for the TV frequencies in 600 750 MHz frequency
range over 550 time sweeps close on |-90 between Boston, MA and West
Stockbridge, MA in a vehicle moving at an average velocity of 60 mph.
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Theoretical Foundations
PSD Characterization

U.S. DTV Transition — June 12, 2009

Power Spectral Density

» DTV measurements taken at Bunker Hill National Monument
in Charlestown, MA, USA

Energy spectral density of the TV band (470-806 MHz) on 06/12/09 @ 11:30PM Energy spectral density of the TV band (470-806 MHz) on 06/12/09 @ 12:30PM
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Figure : Before Midnight. Figure : After Midnight.
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