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.. Origination and Definition

What is SDR?

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.
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o Advantages of SDR

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

Performance

@ Lower hardware cost
®hardware module

@ widespread applications
®Different hardware
®Different demand

@ Improve development

efficiency
® open architecture



{ ) 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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.. HiStOI‘y Of USRP duplexing
0

40MHz
Performance S d D&

120MHz
Lower latency

12QMHz : “
;aé%‘"é‘
bandwidth accuracy speed
16MHz
Simplex
20M
16MHz Millisecond

50MHz-2.2GHz FM. FEiA. GSM. ISM
70MHz-6GHz FM. ¥ 7. GSM. ISM

Price .
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4 )

r N A:transmitting

Multiple Device Improved Freq B:mimo Cékﬂe link
Synchronization Accuracy w/ GPS RF1/RF2 .C.recelvmg
Clock Option D:firmware loaded
\_ ) E:reference lock

F:CPLD loaded
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e Compositions
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Daughter Board:
RF front end
Cover different frequency range
Convertible

Mother Board:
high-speed signal processing
ADC/DAC/FPGA/I/O



'I Overall architecture

Mother board Daughter board
Your Host Code DMA Fractional | | Frequency [ | z?‘:sIZth —|ADC >\
Here FIFO Decimator | | Shift || 1qBalance |{ADC
) _— — BasicDC | <]
Your Host Code DMA Fractional Frequency Offset & DAC
Here FIFO Interpolator | | Shift | |QBalance |—PAC
RF

Ettus Research -~ (@) @D USRP N210

L 00 = @

Host PC USRP N210



Features of USRP N210

»Use with GNU Radio, UHD
» Modular Architecture: DC-6

» 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
/0O

» 2.5 ppm TCXO Frequency
Reference

» 0.01 ppm w/ GPSDO Option



2
) GNU Radio

what is GNU Radio?

P ™
P

GNU Radio is a free & open-source

.
software development toolkit that o
provides signal processing blocks to GNU Radlo

implement software radios. the gnu software radio

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

gxz@ubuntu: ~

gxz@ubuntu:~5 wget http://www.sbrac.org/files/build-gnuradio && chmod a+x . /buil
d-gnuradio && .fbuild—gnuradiol

Attention:

1> Updata Ubuntu

2>UHD failed——Network problems
3>Wait quite a while (15:10~18:095)
4> uhd_find_devices

gxz@ubuntu:~S$ uhd_find_devices
linux; GNU C++ version 4.8.4; Boost_105400; UHD_0063.010.git-156-g2d68f228

type: usrp2

addr: 192.168.10.2
name:

serial: F412B7
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$ gnuradio-companion

Toolbar Library

l.grc - fhomefgxz - GNU Radio Companion
@ v e X = &

Options Variable
1D: top_block 1D: samp_rate diO]
Generate Options: 0T GUI Value: 32k - [Boolean Operators]
> [ Byte Operators ]
» [ Channelizers 1
[ I I Searching for blocks
signal Source » [ Channel Models
Sample Rate: 32k QT GUI Time Sink 3 [Coding]
|: Waveform: Cosine Throttle Number of Points: 1.024k > l
Frequency: 1k Sample Rate: 32k Sample Rate: 32k [Contro POI’t]
Amplitude: 1 Autoscale: No » [ Debug Tools]
Offset: 0 » [Deprecated ]

> [ Digital Television]

> [Equalizers]

» [Error Coding]

» [FcD]

» [File Operators ]
Workpalce > (Filters

> [Fourier Analysis ]

> [ GUI'Widgets ]

» [Impairment Models ]

» [Instrumentation ]

» [1Q Balance]

» [Level Controllers ]

> [ Math Operators ]

» [ Measurement Tools ]
» [ Message Tools ]

Showing:

Generating: '/home/gxz/top_block.py'

. » [ Misc]
Executing: /usr/bin/pythonz -u fhome/gxz/top_block.py Te rmlnal » [ Modulators ]
Using Volk machine: ssse3 32 orc > [Networking Tools ]
> [NOAA]
>>> Done > [OFDM 1
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Signal Source Signal Source
Sample Rate: 32k QT GUI Time Sink e mﬂiﬁ"qﬂuﬁfﬁ'"k
i Waveform: Cosine Throttle Number of Points: 1024k [ rovetorm: Sesine Number of Points: 1024k
Frequency: 1 Sample Rate: 32 Sample Rate: 32 Amplitade: 1 mple Rate: Sample Rate: 32k
Amplitude: 1 Autoscale: No Offset: 0 L=l
Offset: 0
QTG
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.. Modifying block properties

Signal Source

—

Sample Rate: 32k
Options E Wawvelorm: Cosine
ID: top block | Frequency: 1k .
Generate Options: QT GUI T Ampltede: |
Offset: O

Properties: Options

\General Advanced Documentation

ID I:tumk :|
Title
Author
Description
Canvas 5ize
Generate Options QT GUI =
Run Autostart |~ |

Max Number of Output

)

Realtime Scheduling | OFf

Q55 Theme

OK || Cancel || Apply

Properties: Signal Source

General Advanced Documentation

ID \:analog_sig_snurce_x_{) |
Output Type  Complex |
Sample Rate
Waveform ‘Cnsine | |
Offset

Color Mapping

Complex Integer 16

Integer 64

Integer 16

Async Message
BEus Connection

wWildcard
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Singnal sources  Signal sinks

gr.sig_source X gr.null_sink
gr.noise_source X gr.vector_sink X
gr.null_source gr.file_sink
gr.vector_source X gr.audio_sink
gr.file_source usrp.source c
gr.audio_source
usrp.source_c Filters

_ gr.firdes::low_pass
Type conversions g firdes::hilbert

gr.complex_to _float grfirdes
Gr.float_to_short osine

gr.firdes

::root_raised _c

::gaussian

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

FFT

gr.ffit_vcc
gr.fit_vfc
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! YHow to make our own blocks?

1.Using gr_modtool

gxz@ubuntu:~5 gr_modtool help

Usage:

gr_modtool <command= [options] -- Run =command> with the given options.
gr_modtool help -- Show a list of commands.

gr_modtool help =<command= -- Shows the help for a given command.

List of possible commands:
Aliases Description
Disable block (comments out CMake entries for files)

getinfo,inf Return information about a given module
rm,del Remove block (delete files and remove Makefile entrie

mx Make XML file for GRC block bindings

insert Add block to the out-of-tree module.

nm,create Create a new out-of-tree module

insert Add block to the out-of-tree module.
gxz@ubuntu:~5% I
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) Block:qpsk _demod .

qpsk_demod_py_

: cb.py
Creating out-of-tree module in ./gr-tutoriall... Done.
Use 'gr_modtool add' to add a new block to this currently empty module.
gxz@gxz:~$ cd gr-tutoriall @5
gxz@gxz:~/gr-tutoriall$ gr_modtool add -t sync -1 python =2
GNU Radio module name ildentified: tutoriall qa_qpsk_demod_
Language: Python Py_cb.py
Enter name of block/code (without module name prefix): qpsk_demod py cb
Block/code identifier: qpsk_demod py cb
Enter valid argument list, including default arguments: gray_code
Add Python QA code? [Y/n] y tutorial1_gpsk_
Adding file 'python/qpsk_demod py cb.py'... demod_py_cb.xml

®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.

18



) QPSK(4QAM)

Quadrature

= Data O

Amplitude

(-1+1)> 10 | 00 (1+1)
® ®
® ®
C-1-1j> 11 01 (1-1)

With Gray coding

(-1-1j) 10 01 (1-1j)

Without Gray coding
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.. Modifying the python block file

import numpy
from gnuradio import gr

class gpsk_demod py cb(gr.sync_block):

docstring for block gpsk _demod py cb
L def work(self, input_items, output_items):

def __init__(self, gray_code): in® = input_items[©]
self.gray_code=gray_code out = output_items[0]
gr.sync_block. init__ (self, # <+signal processing here+s
name="qgpsk_demod py cb", for 1 in range(®,len{(in®)):
in_sig=[numpy.complex64], sample=in@[i]
out_sig=[numpy.uint8]) out[i]=self.get_minimum_distances(sample)

return len(output_items[0])

def get_minimum _distances(self,sample):
if self.gray_code==1:
if(sample.imag>=0 and sample.real==0):
return 0 #1+1j
elif(sample.imag>=0 and sample.real<8):
return 2 #-1+1j
elif(sample.imag<® and sample.real<0):
return 3 #-1-1j
elif(sample.imag<® and sample.real==0):
return 2 #1-1j
else:
if(sample.imag>=0 and sample.real==0):
return 0 #1+1j
elif(sample.imag>=0 and sample.real<@):
return 3 #-1+1j
elif(sample.imag<® and sample.real<@):
return 2 #-1-1j
elif(sample.imag<® and sample.real>=0):
return 1 #1-1j
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from gnuradio import gr, gr_unittest
from gnuradioc import blocks
from qpsk_demod py cb import qpsk_demod py_cb

class qa_qpsk_demod py cb (gr_unittest.TestCase):

def setUp (self):
self.tb = gr.top_block ()

def tearDown (self):
self.tb = None

def test 001 t (self):
# set up fg
gray_code=False
src_data=((-1-1j), (-1+13), (1+13), (1-13))
expected_result=(2, 3, 0, 1)
src=blocks.vector_source c(src_data)
gpsk=qpsk_demod_py _cb(gray_code)
snk=blocks.vector_sink_b()
self.tb.connect(src,qpsk)
self.tb.connect(gpsk,snk)
self.tb.run ()
result_data=snk.data()
self.assertFloatTuplesAlmostEqual (expected result,result_data,6)
# check data
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def test 002 t (self):
# set up 19
gray_code=True
src_data=((-1-13), (-1+13), (1+1j), (1-13))
expected result=(3, 2, 0, 1)
src=blocks.vector_source_c(src_data)
qpsk=qpsk_demod_py_cb(gray| code)
snk=blocks.vector_sink_b()
self.tb.connect(src,qpsk)
self.tb.connect(gpsk,snk)
self.tb.run ()
result_data=snk.data()

self.assertFloatTuplesAlmostEqual (expected result,result_data,6)
# check data

if _ name_ == "'_main__':
gr_unittest.run(ga_gpsk_demod py cb, "qa gpsk _demod py cb.xml")

Fo

gxz@ubunktu: ~fgr-tutorial/python

gxzZ@ubuntu:~$ cd gr-tutorial/python
gxz@ubuntu:~/gr-tutorial/python$ python ga_qpsk_demod_py_cb.py

2 tests in 6.0607s

DK
gxz@ubuntu:~/gr-tutorial/pythons I
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) XML files

<?xml version="1.0"7=
<block=
<name=qpsk_demod py_cb</name=
<key=tutoriall_gpsk_demod py_cb</key=
=category=tutoriall</category=
<=import=import tuteorialil</import=
<make>tutoriall.gpsk_demod_py_cb(Sgray_code)</make=>
<!-- Make one 'param' node for ewvery Parameter you wan
Sub-nodes:
* name
* key (makes the wvalue accessible as Skeyname, e.
* tvype - o
<param=
<name=Gray Code</name=
<key=gray_code</key=>

=type=int</type>
=/params=
<!-- Make one 'sink' node per input. Sub-nodes:
* name (an identifier for the GUI)
* type
* ylen
* pptional (set to 1 Fbr optional inputs) --=
<sink=
=name>in</name=
<type=complex=</type=
=/sink=>
I
<sources
<name=out</name=
<type=byte</type=
<fsource=
</block=
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") Application: ZigBee

Options SD?I:-':;PPSI:I.I QT GUI Range QT GUI Range QT GUI Chooser
1D: transceiver OQPSK En:: fver ID: tx_gain ID: rx_gain ID: freqg
Title: |IEEE 802...g OQPSK PHY Pnrk:-52001 Default Value: 1 Default Value: 1 Label: Channel
Generate Options: QT GUI Note MTU: 10k Start: 0 Start: 0 Num Options: List
Realtime Scheduling: On Note: you can ..Ihost 52002 Stop: 1 Stop: 1 Default Value: 2.475G
Step: 10m Step: 10m Options: [1000000 * (2400 ..
Labels: [str(i) foriinr.

Message Strobe
Message PMT: pmt.i...["0000")
Period (ms): 1k

QT GUI Frequency Sink
FFT Size: 1.024k
Center Frequency (Hz): 2.445G
Bandwidth (Hz): 4M

RIME Stack
RIME Address: 51, 51

O o N |

Periodic Message Source
Message PMT: pmt.i...["9999")
Period (ms): 1k

File Sink
File: ...uradio/802/cpp/laji2
Unbuffered: Off

Append file: Overwrite

1 Wireshark Connector
- -b[ Technology: ZigBes
Debug: Disable

UHD: USRP Source
samp Rate (Sps): 4M
“hO0: Center Freq (Hz): 2.545G
*ho: Gain Value: 1 ] b -
-h0: Gain Type: Normalized

!
I !
| |
. !
IEEEB02.15.4 MAC ! !
Debug: Enable ! !
E 1

!

!

Frame Control: Dxffff
Sequence Number: 0xff
UHD: USRP Source r- —|: Destination PAN: Oxfiff =~ | legff--—-----—-—-----—-—--~--. '

!

I

.

UHD: USRP Sink
Samp Rate (Sps): 4M

Destination Address: Oxffff ¥
E I ChO: Center Freq (Hz): 2.475G
i
..
%

Source Address: Oxffff

samp Rate (Sps): 4M

-h0: Center Freq (Hz): 2.475G
: Gain Value: 1 I—
: Gain Type: Mormalized
: Antenna: TX/RX

: Bandwidth (Hz): 2M

B i

noise_filter ChO: Gain Value: 1

ChO: Gain Type: Normalized
TSB tag name: pdu_length

IEEE802.15.4 OQPSK PHY

File Sink
File: ...nuradio/B02/cpp/aji
Unbuffered: Off

Append file: Overwrite

File Source
File: ...te/signal_filter 4 2
Repeat: No

QT GUI Time Sink
Number of Points: 10.24k
Sample Rate: 4M
Autoscale: No

Moving Average

Packet Pad

Length: 100
Scale: 1 QT GUI Time Sink LICEEEILE Note: Thi Mote
Max Iter: 4k Number of Points: 1.024k I Delay: Disable e: This is ..ransmission.
Sample Rate: 4M Delay Sec: 1Im
Pad Front: 2k

Autoscale: No
Pad Tail: 2k




") Application: ZigBee

TX
[ DSSS
ZigBee Data | | Bitto L Symbol
101401000.. ! Symbol |-g'| to Chip (01100
! ! L
0]
RXx
Emulated \/\/

ZigBee Signals  /f\..

|
|
I
|
|
:
I3 DAC
I
I
|
|
I
I

1/Q Samples

T —| acc _,.\/\/\f,\jf_ _l

i

s(n) x s¥(n-1) [—= :I—_ _, |cnip-symbol |__ ZigBee
Mapping Frame
Phase Shifts Chips
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o Application

Options Variable Import
1D: ieeeB02_15_4_oqpsk_phy ID: samp_rate Import: pi, sin
Title: [EEEB02.15.4 OQPSK PHY

Value: 4M
Generate Options: Hier Block
Category: [IEEEB02.15.4]

Note Note
Note: maps chu...gpsk symbols Mote: 4 sample...chip) symbol

Access Code Prefixer Packed to Unpacked Chunks to Symbols
Pad Source PDU to Tagged Streal R t
Label_‘:in |- =[] Pad: ox0 o Lenutht: M’;m_ it |e:| . Bits per Chunk: 4 Symbol Table: [{1+1j), (-1... Interep::bn
3 Preamble: 0xa7 < ) lengt Endianness: L5B Dimension: 16 —

Burst Shaper
Window Taps:
I Pre-padding Length: 0

Note: half sine pulse shape

Note ‘

Tagged Stream Multiply Length Tag I
Length tag names: pdu_length

Post-padding Length: 4 . Vector Source
Insert phasing symbols: No s el IR Vector: [0, sin(pi/20), si...
Length Tag Name: pdu_length Tags:

Repeat: Yes

Vector Source
Vector: 0, 707....1, 707.107m
Tags:

Repeat: Yes

Packet Sink Pad Sink
Threshold: 12 I "_‘b[ Label: rxout

Complex To Float Float To Complex

Pad Sink
Label: txout

Clock Recovery MM
Omega: 2
Gain Omega: 225u
Mu: 500m
Gain Mu: 30m
Omega Relative Limit: 200u

Single Pole IIR Filter
Alpl T
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) Installation

gxz@gxz:~/gr-tutoriall/build$ make

Scanning dependencies of target pygen_python_b2675

[ 33%] Generating __init__.pyc, qpsk_demod_py_cb.pyc

[ 66%] Generating _ init__.pyo, qpsk_demod_py_cb.pyo

[ 66%] Built target pygen_python b2675

Scanning dependencies of target pygen_apps_9aédd

[ 66%] Bullt target pygen apps_9a6ad

Scanning dependencies of target doxygen_target

[100%] Generating documentation with doxygen

Warning: Tag XML SCHEMA' at line 1510 of file "/home/gxz/gr-tutoriall/buti
To avoid this warning please remove this line from your configura

Warning: Tag XML DTD' at line 1516 of file "/home/gxz/gr-tutoriall/build/
To avoid this warning please remove this line from your configura

[100%] Built target doxygen target

gxz@gxz:~/ar-tutoriall/build$ sudo make install

[sudo] password for gxz:

[ 66%] Bullt target pygen_python b2675

[ 66%] Bullt target pygen_apps_9a6ad

[100%] Built target doxygen target

- Install configuration: "Release”

- Installing: [usr/local/lib/cmake/tutoriall/tutorialiConfig.cmake

- Installing: /usr/local/include/tutoriali/api.h

- Installing: [usr/local/lib/python2.7/dist-packages/tutoriall/ _init__.p

» [Stream Tag Tools |

Symbol Coding]

Synchronizers |

*» [tutorial ]

v

[
[
[
» [Trellis Coding]
[
[

tutorial1 ]
qpsk_demod_py cb

» [ Type Converters ]
[UHD]
» [variables ]
[
[

| 3

Video ]

» [waveform Generators ]

qpsk_demod py cb
Gray Code: 1
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Options Variable
ID: top_block ID: samp_rate
Generate Options: QT GUI Value: 32k

Noise Source
Noise Type: Gaussian

QT GUI Time Sink
Number of Points: 1.024k

Throttle

Char To Float

qpsk_demod_py cb

Amplitude: 1 Sample Rate: 32k Gray Code: 1 Scale: 1 Sample Rate: 32k
Seed: 0 Autoscale: No
x Top Block
3 - Data0
23
o ]
- 14
=] 7
— ]
< 7
2
3]
I T T T T | T T T T | T T T T I T T T T | T T T T | T T T T I T
0 5 10 15 20 25 30

Time (ms)




O Uhd_fft(2.4GHz2)

Options Parameter Parameter Parameter Parameter Parameter Parameter Parameter Parameter
1D: uhd_fit 1D: args 1D: samp_rate 1D: freqg ID: gain 1D: antenna 1D: spec 1D: wire_format 1D fit_size
Title: UHD FFT Label: UHD devi...ddress args Label: Sample Rate Label: Default Frequency Label: Set gain...s midpoint) || Label: Antenna || Label: Subdev Label: Wire format Label: Set number of FFT bins
Author: Example Value: Value: 1M Value: 2.4G Value: 20 Value: RX2 Value: Value: Value: 1.024k
Description: UHD F.. Plotter Type: String Type: Float Type: Float Type: Float Type: String Type: String Type: String Type: Int
Generate Options: OT GUI Short ID: a ShortID: s Short ID: Shert ID: g Short ID: A
Import e — Parameter
i ID: stream_args QT GUI Label QT GUI Label Function Probe L::T:Z:—éﬁemu St rate
Label: Set addi...stream args 1D: uhd_version_info ID: usrp_device_info ID: chanl_lo_locked Value: 100m
Value: Label: UHD Version Label: Device Information Value: : 0
QT GUI Tab Widget Type: String Default Value: 003...d68f228 | | Default Value: D03...d68f228 | | Block ID: uhd_usrp_source 0 R
Num Tabs: 3 Function Name: get_sensor
Label 0: Spectrum QT GUI Frequency Sink QT qUI Range Function Args: 'lo_locked'
Label 1: Waterfall FFT Size: 1.024k ID: gain_ . Poll Rate (Hz): 10
Label 2: Scope - Center Frequency (Hz): 2.4G 1: Label: RX Gain
Bandwidth (Hz): 1M oot Value: 20 Function Probe
Ty Stop: 315 ID: current freq_c
UHD: USRP Source Step: 500m Value: 2.4G
Samp Rate (Sps): 1M QT GUI Waterfall Sink Block ID: uhd_usrp_source_0
‘b[ ChO: Center Freq (Hz): 2.4G FFT Size: 1.024k Function Name: get_sensor
ChO: Gain Value: 20 Center Frequency (Hz): 2.4G QT GUI Entry QT GUI Entry Function Args: 'lo_|locked'
Chi: Antenna: |2 Bandwidth (Hz): 1M 1D: freg_c ID: samp _rate_ Peoll Rate (Hz): 10
Chi: Bandwidth (Hz): 1M Label: RX Tune Frequency Label: Sampling Rate
Default Value: 2.4G Default Value: 1M
QT GUI Time Sink
Number of Points: 1.024k B ST
Sample Rate: 1M 1D: lo_locked_probe 1D: ant
Autoscale: Yes Label: LO locked Label: Antenna
Default Value: False Num Options: 4

Default Value: RX2
Option 0: RX2
Label 0: RX2
Option 1: TX/RX
Label 1: TX/RX
Option 2: |1
Label 2: |1
Option 3: |2
Label 3: |2

30



Power (dB)

< Uhd_fft(2.4GHz)
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O Application

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

Signal

1 thp
Ity by 4& i
Time
1 T_TT - r'.'" 112 biypite :I d

Ti mu

Signa]

A convergecast scenario.
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k. Chip-level time offset
|
Alice | i |
]
Bob ; | |
K Packet-level time offset

(a)

—d kb Chip-level time offset

. T
Alice | |i |
Bob ! | | | |

| . " .
< Packet-level time offset

(b)

k__No chip-level time offset

F— No packet-level time offset
(¢)

L No chip-level time offset

| L‘.hi!)

< Packet-level time offset

(d)
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Chip-level time offset
——

F—No chip-level time offset
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|
+ I Packet from Bob
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) Testbed

RX: USRP X310 + PC
TX: USRP B210%6 + Laptop*6 + iRobots*6
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o Application

®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/
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