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Preface
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A relatively new SDR tool for evaluation and design of 

diverse radio communications techniques is presented.

The SDR tool supports the whole range from setting-up 

and analyzing a Tx-Channel-Rx chain, up-to operating the 

above with real-time firmware. 

In addition, this tool may be used for education, with 

emphasis on illustrating the material on a platform that

allows viewing and measuring signal parameters, and 

sensing the effects of varying the modulation parameters.
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▪ I - Introduction and a historical perspective

▪ II - SDR Architectures

▪ III - The SDR-RTL based platform

▪ IV - Analog Communications – an FM Demo

▪ V - Digital Communications – an APSK Demo

▪ VI - Conclusion
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I - Introduction and a historical perspective

SDR Definition

Software-defined radio is a radio communication system 

where components that have been implemented in 

hardware (mixers, filters, amplifiers, 

modulators/demodulators, detectors, etc.) are instead 

implemented by means of software on a computer 

or embedded system.
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Software Defined Radio

►TRW (Gold Room “digital radio” lab) 1970

►E-Systems (now Raytheon) coins “SW Radio” 1984

►SPEAKeasy (DARPA): Software Defined Radio (SDR) 1991

►Joseph Mitola in IEEE, 1992

►SDR Forum 1996, JTRS (US DoD) 1997, Automated code 

generation (1998), GNU Radio 2001 (Linux)

►TI & Xilinx lead developing a platform (DSP, FPGA, ARM) 

2006, Lime Micro Systems develops an RFIC front-end 2009

►Realtek, Matlab – RTL-SDR I/F (DAB+FM 2010, DTV-T 2012)
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SDR Vision
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A. A. Abidi, “The Path to the Software-Defined Radio Receiver,” IEEE Journal of Solid-State Circuits, 

Vol.42, No. 5, May 2007.
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What Is a Software Defined Radio?

►Software defined radio (SDR): This is the term adopted 
by the SDR Forum.

►Multi-standard terminal (MST): a terminal which is 
capable of operation on a number of differing air 
interface standards. 

►Reconfigurable radio: both software and firmware 
reconfiguration.

►Flexible architecture radio (FAR): a wider definition than 
those above. This is clearly an utopian goal for the 
software radio.
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Operational Requirements - Key Requirements

►Software-Definable Operation

➢Ability to be reconfigured: during manufacture, prior to purchase, 
following purchase, and in operation. This impacts primarily the 
digital and baseband sections of the terminal and will require the 
use of reprogrammable hardware as well as programmable digital 
signal processors in a power and cost-effective implementation.

►Multi-Band Operation

➢ The ability to process signals corresponding to a wide range of 
frequency bands and channel bandwidths.

►Multi-Mode Operation

➢ The ability to change mode and, consequently, modulation, coding, 
burst structure, compression algorithms, and signaling protocols.
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II - SDR Architectures
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▪ Employ as few as possible broadband RF 

parts

▪ Digitize as close to the antenna as possible

▪ Employ discrete-time signal processing by 

HW and SW

▪ HW and SW - reconfigurable
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Software Defined Radio

►Rx Signals are digitized immediately after the LNA and 

then processed entirely in software, flexible

►Tx vice versa
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Digital Conversion
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SDR Architectures-Digital IF
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SDR Architectures-Digital Baseband

All rights reserved 12

BPF BPF

LO

LNA AGC AMP

DSP

ADC

ADC

LO

I

Q



SDR Course

SDR Architectures-Future SDR
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BPF LNA DSPADC
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An Example - SW Radio Design

►Signal, Gain and Noise Levels for a GSM SDR:

CommTech Knowledge, Ltd. - All rights reserved 14

[ABIDI, 2007]

FE Noise >> ADC Noise
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The SDR Tx-Rx Concept Block Diagram
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III - The SDR-RTL based platform
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▪ WINTEL Platform (Windows +Intel processor)

▪ An RF FE (Gain, AGC, Frequency) incl. ADC

▪ A USB I/F to PC

▪ Matlab-Simulink with RTL toolbox block

▪ Frequency settable in 27 – 1700 MHz range

▪ Maximum 2.8MS/s per I or Q
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The SDR Dongle Block Diagram (1)
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(Dongle)

B. Stewart, K. Barlee, D. Atkinson, L. Crockett “Software Defined Radio,” Strathclyde Academic Media, 2015.
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The RTL-SDR Dongle Block Diagram (2)
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B. Stewart, K. Barlee, D. Atkinson, L. Crockett “Software Defined 

Radio,” 

Strathclyde Academic Media, 2015.
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The RTL-SDR
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The RTL-SDR RF Front-End
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SDR IF to Baseband

►IF to baseband processing (in RTL2832U) 

►Down conversion into I and Q is performed digitally.

CommTech Knowledge, Ltd. - All rights reserved 21
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IV - Analog Communications – an FM Demo

► Transmit an FM (Frequency Modulated) signal.

► The signals’ parameters are W (fm), f and .

► In the channel add white Gaussian noise (AWGN).

► Receive the corrupted modulated signal by:

➢ Tuner front-end (if receiving wirelessly)

➢ Discriminator – an approximate realization of a time – differentiator 

➢ After LPF – direct to speaker, etc.

► In addition, show and use spectrum analyzer, oscilloscope.

► FM signal equation: 
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FM Communications - Overall Block Diagram 
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FM Communications - Transmitter
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FM Communications – Tx Spectrum
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FM Communications – Tx in Time Domain
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FM Communications – Tx in Time Domain

CommTech Knowledge Ltd. - All rights reserved 28



SDR Course

FM Communications - Channel (AWGN)
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FM Communications - Receiver
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FM Communications – Over the Air
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V - Digital Communications – an APSK Demo
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▪ A short history account

▪ Uncoded and Coded performance

▪ Present a Tx-Rx Simulation

▪ Run a wireless Demo with R&S 

SGT100A as transmitter
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Historical Background
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Historical Background (2)
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DVB-S 2 employs M-APSK since 2005÷2006

Considered also in Cellular LTE and 5G
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16APSK Constellation
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16APSK Reduced PAPR
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M. Baldi, F. Chiaraluce, A. de Angelis, R. Marchesani and S. Schillaci, A comparison between APSK and QAM in wireless tactical scenarios for land mobile 

systems, 

EURASIP Journal on Wireless Communications and Networking 2012

PARP in 4+12-APSK and 16-QAM, for different values of the roll-off factor

Modulation

16-QAM 7.2dB 6.3dB 5.7dB

4+12-APSK 5.7dB 4.8dB 4.2dB

0.1  0.3  0.5 
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APSK Simulation Setting
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M-APSK Uncoded Error Rates
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16APSK Performance
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QEF – Quasi Error Free
B. Azarbad and A. B. Sali, DVB-S2 Model in Matlab: Issues and Impairments, INTECH, Ch. 10, 

2012
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Implementation of APSK Communications

► Transmit an APSK (Amplitude-Phase Shift Keying)
signal.

► The signals’ parameters are m[bits/sym], R,  and f0.

► In the channel adds white Gaussian noise (AWGN).

► Receive the corrupted modulated signal by:

➢ Tuner front-end (when receiving wirelessly)

➢ Tracking loops (AGC, Coarse/Fine Freq. Lock, 
Synchronization)

➢ Set an optimal soft - demapping for min. error-rate detection

► In addition, use spectrum analyzer, 
oscilloscope.
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16APSK - Overall Block Diagram 
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Mapped Data and Modulation Expanded
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Channel
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16APSK Transmission Spectrum (9/10, Es/No=16dB)
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Uncoded Rx (MF and Synchronizations)
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16APSK - Synchronization
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16QAM Received Eye Diagram (I or Q)
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16APSK Received Constellation (9/10, 

Es/No=16dB)
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Decoded Rx (incl. LDPC and BCH)
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Wireless 16APSK
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Wireless 16APSK (2)
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Wireless 16APSK (3)
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Wireless 16APSK (4)
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VI - Conclusion
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➢ We demonstrated a powerful Wintel tool based 

on rtl-sdr I/F combined with Simulink and an RF 

FE flexible receiver.

➢ This tool enables system design, fast 

prototyping and implementation. It may serve 

also for effective educational results.

➢ We presented 2 examples (FM and 16APSK).

➢ Employing a USRP I/F enables FPGA faster 

realizations, as well as Tx/Rx.


