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Origination and Definition

Software Defined Radio
Joe Mitola of MITRE explicitly

Puts forward the concept of

software radio for the first time

in IEEE National Telesystems

Conference.

Using software to realize the

radio functions.

Modulation, demodulation

Spread spectrum, despreading

Synchronization

Correlation operation

Filtering

Channel coding and decoding

etc.

What is SDR?
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Structure of SDR

ADC
Digital
Down-

converter Baseband
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Up-
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Radio 
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Advantages of SDR

Performance
Lower hardware cost

hardware module
widespread applications

Different hardware
Different demand

Improve development 
efficiency

 open architecture

Function
Re-configurability

Strengthen the possible 
potential applications
Evolve to a new standard 
conveniently

Multifunctional devices
Multi-mode
Multi-band

Shorter time-to-market
compatibility
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Definition of USRP

USRP: Universal Software Radio Peripheral 
PC RF  

Used in the communication system in the digital baseband and 

intermediate frequency section

All operations related with the waveform are implemented in 

the CPU

All of the high speed processes（e.g. digital up and down 

convert ，sample） are implemented in FPGA
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History of USRP

USRP 1

USRP 2

USRP N210

USRP RIO

Simplex
20M
Millisecond

Performance

duplexing
40MHz
最高支持
120MHz
Lower latency

16MHz

bandwidth

16MHz

120MHz

accuracy

频率范围 应用

50MHz-2.2GHz FM、雷达、GSM、ISM

70MHz-6GHz FM、蓝牙、GSM、ISM

… …

Price

speed
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USRP N210

Multiple Device 
Synchronization 

Improved Freq
Accuracy w/ GPS 

Clock Option  
RF1/RF2

MIMO Expansion Gigabit Ethernet 
Interface to Host

Power
6v/DC/3A

A:transmitting
B:mimo cable link

C:receiving
D:firmware loaded

E:reference lock
F:CPLD loaded
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Compositions

Daughter Board：
RF front end

Cover different frequency range 
Convertible

Mother Board：
high-speed signal processing

ADC/DAC/FPGA/I/O
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Overall architecture

Your Host Code 
Here

Your Host Code 
Here

Tx

Rx

DMA
FIFO

DMA
FIFO

I

Q

Q

I

LabVIEW (Host PC)

Fractional
Interpolator

Frequency
Shift

Basic DC
Offset &

IQ Balance

Fractional
Decimator

Frequency
Shift

Basic DC
Offset &

IQ Balance

Fixed Personality (FPGA)

ADC
ADC

DAC
DAC

RF

Host PC NI USRP RIOPCIe x4 Cable

Your  
Code 
Here

Your  
Code 
Here

120 MHz Data Clock

Mother  board Daughter  board

USRP N210
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Features of USRP N210 

Use with GNU Radio, UHD

 Modular Architecture: DC-6 

GHz 

 Dual 100 MS/s, 14-bit ADC 

 Dual 400 MS/s, 16-bit DAC 

 DDC/DUC with 25 mHz 

Resolution 

 Up to 50 MS/s Gigabit 

Ethernet Streaming 

 Fully-Coherent MIMO 

Capability

 Gigabit Ethernet Interface to 

Host

 2 Gbps Expansion

 Spartan 3A-DSP 3400 FPGA 

(N210) 

 1 MB High-Speed SRAM

 Auxiliary Analog and Digital 

I/O

 2.5 ppm TCXO Frequency 

Reference

 0.01 ppm w/ GPSDO Option
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GNU Radio

GNU Radio is a free & open-source 
software development toolkit that 
provides signal processing blocks to 
implement software radios. 

http://gnuradio.org/redmine/projects/gnuradio/wiki
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The Installation of GNURadio

Attention:
1> Updata Ubuntu
2>UHD failed——Network problems
3>Wait quite a while (15:10~18:05)
4>_uhd_find_devices
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GRC
$ gnuradio-companion

Toolbar Library

Workpalce

Terminal

Searching for blocks
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Example

14



Modifying block properties 
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Blocks

Singnal sources
gr.sig_source_X
gr.noise_source_X
gr.null_source
gr.vector_source_X
gr.file_source
gr.audio_source
usrp.source_c

Signal sinks
gr.null_sink
gr.vector_sink_X
gr.file_sink
gr.audio_sink
usrp.source_c

Simple operators
gr.add_const_XX
gr.add_XX
gr.sub_XX
gr.multiply_const_XX
gr.multply_XX
gr.divide_XX
gr.nlog10_ff

Type conversions
gr.complex_to _float
Gr.float_to_short

Filters
gr.firdes::low_pass 
gr.firdes::hilbert
gr.firdes::root_raised_c
osine
gr.firdes::gaussian

FFT
gr.fft_vcc
gr.fft_vfc
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How to make our own blocks?

1.Using gr_modtool
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Block:qpsk_demod 

Synchronous (1:1) - Number of items at input port equals the number of 
items at output port
Decimation (N:1) - Number of input items is a fixed multiple of the number of 
output items
Interpolation (1:M) - Number of output items is a fixed multiple of the number 
of input items. 
General/Basic (N:M) - Provides no relation between the number of input 
items and the number of output items. 
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QPSK(4QAM)

00（1+1j）

01（1-1j）

（-1+1j）10

（-1-1j）11

With  Gray  coding

00（1+1j）

01（1-1j）

（-1+1j）11

（-1-1j）10

Without  Gray  coding
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Modifying the python block file
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QA tests
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QA tests
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XML files
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Application: ZigBee
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Application: ZigBee
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Tx

Rx



Application
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Backup



Installation
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Running
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Uhd_fft(2.4GHz)
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Uhd_fft(2.4GHz)
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Application

mZig: Enabling Multi-Packet Reception in ZigBee
（MobiCom 2015）

32



collisions 
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Decomposing
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Flow chart
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Testbed

RX: USRP X310 + PC
TX: USRP B210*6 + Laptop*6 + iRobots*6
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DVB - T real-time communication system(the University
of Pisa, Italy）
http://www.mail-archive.com/discussgnuradio@gnu.org
/msg11639.html
SmartRadio, a cognitive radio program ( Virginia Tech 
University , USA)
http://www.cognitiveradio.wireless.vt.edu/dokuwiki/doku
.php?id=home
Tests of MIMO and multi-hop network (University of 
Texas, USA)
http://hydra.ece.utexas.edu/testbed/

Application
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Question 
& 

Answer
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