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SDR – the GutsSDR – the Guts
 (SDR = Software Defined  Radio) (SDR = Software Defined  Radio)

Bruce MacAlister, W4BRU
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SDR TopicsSDR Topics

● The pieces parts
● Words and abbreviations
● What you know
● The innards
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The Pieces PartsThe Pieces Parts
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Words & AbbreviationsWords & Abbreviations

● SDR = Software Defined Radio
● DSP = Digital Signal Processing used for SDR, 

manufacturing lines, the NSA, etc
● Downconverter = takes selected segment of RF 

to baseband
● Baseband = RF signal at some bandwidth an 

ADC can handle
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What We Know: SuperheterodyneWhat We Know: Superheterodyne
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What's New with SDRWhat's New with SDR
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More Words & AbbreviationsMore Words & Abbreviations
● IQ = In-phase and Quadrature-phase versions of the 

signal
● I = original signal downconverted to baseband
● Q = original signal shifted 90-degrees then 

downcoverted to baseband
● ADC = Analogue to Digital Converter converts 

voltage levels to digital numbers for computers
● Digital Filter = computer program that executes 

algorithms that model analog filters
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Why I and Q?Why I and Q?

● I = typical waveform
● Q = “side” view
● Together = a 

visualization of the 
entire cycle

● Critical for phase 
modulations (eg, PSK), 
valuable for others

Source: http://whiteboard.ping.se/SDR/IQ

http://whiteboard.ping.se/SDR/IQ
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Let the computer do the QLet the computer do the Q

ADC on I (in phase) do I-Q digitally with computer code

Audio 
amplifier

Computer
with SDR 
software

Digital 
Signal 

Processing

~~

RF Filters, 
Amplifier
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Downconverter

~

ADC = analog to 
digital converter
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SDR TransmissionSDR Transmission

From DG5MK website

Audio 
amplifier

Computer
with SDR 
software

Digital 
Signal 

Processing

RF Filters, 
Amplifier

ADC

ADC = analog to 
digital converter

DAC ~~

DAC = digital to  
analog converter



23 Mar 2015 de W4BRU 11

Signal visualizations - FlowSignal visualizations - Flow
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Signal visualizations - FlowSignal visualizations - Flow
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Signal visualizations - FlowSignal visualizations - Flow

What can you say about 
this signal?
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Characterization of a SignalCharacterization of a Signal

What does a sine wave 
say about the signal?



23 Mar 2015 de W4BRU 15

Characterization of a SignalCharacterization of a Signal

What does a 
phasor chart say 
about the signal?
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Characterization of a SignalCharacterization of a Signal

A phase vector 
(phasor) represents 
sinusoidal function 
whose
● amplitude (A)
● frequency (ω)
● phase (θ) 
are time-invariant. 
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Back to Signal ConversionBack to Signal Conversion
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Analog to Digital ConverterAnalog to Digital Converter

Source: Nutaq, Quebec, Canada
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ADC outputADC output
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Digital to Analog ConverterDigital to Analog Converter

Computer
with SDR 
software

Digital 
Signal 

Processing

DAC

DAC = digital to  
analog converter
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Fast FourierFast Fourier

Wikipedia commons
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For those who write in CFor those who write in C

Wikipedia:
Fast Fourier 
Transform



23 Mar 2015 de W4BRU 23

Ham radio spectrum displayHam radio spectrum display

Icom America
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Radio filtersRadio filters

Alessio Damato via Wikimedia Commons

Carol F. Milazzo, KP4MD 
via QSL.com
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Filter nodes – more is usually betterFilter nodes – more is usually better

Stephen Butterworth 1885-1958 - Experimental 
Wireless page 536-541. Via Wikipedia

Radio-Electronics.com

Leymel Industries South Africa
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Digital filtersDigital filters

BlanchardJ via Wikimedia Commons

● Lots of nodes feasible, 
sharper shapes, pass and 
stop bands

● Filter curves not feasible 
with analog filters

● More robust, no capacitors 
and inductors

● Smaller
● No impedance matching
● No signal attenuation
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If you must know...If you must know...

● Transfer function
● Impulse response
● Infinite Impulse 

response
● Moving average FIR 

filter
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For those who write in CFor those who write in C

Shawn's DSP 
Tutorials 

https://sesteve
nson.wordpres
s.com/impleme
ntation-of-fir-filt
ering-in-c-part-
3/

https://sestevenson.wordpress.com/implementation-of-fir-filtering-in-c-part-3/
https://sestevenson.wordpress.com/implementation-of-fir-filtering-in-c-part-3/
https://sestevenson.wordpress.com/implementation-of-fir-filtering-in-c-part-3/
https://sestevenson.wordpress.com/implementation-of-fir-filtering-in-c-part-3/
https://sestevenson.wordpress.com/implementation-of-fir-filtering-in-c-part-3/
https://sestevenson.wordpress.com/implementation-of-fir-filtering-in-c-part-3/
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Typical SDR objectivesTypical SDR objectives

● Suppress noise
● Emphasize signal
● Detect and display digital signals like PSK, CW, 

RTTY
● Compress radio size
● Use less expensive components, e g tiny 

computers in place of capacitors and coils
● Flexible, modulation
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The Computer ReignsThe Computer Reigns
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