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1. Background
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DARPA Spectrum Challenge

ome | Rules | Registor | Q8 | News and updates

Here are the 18 teams that have qualified for the Preliminary and Final Challenge Events:

Team Name Affiliation Location Qualification Ranking*

Purdue Purdue University, Raytheon BBN West Lafayette, IN 1

Efficient Spectrum Individual Centreville, VA 2

WSL-NEU Northeastern University Boston, MA 3

Noisy Wolverines University of Michigan Ann Arbor, MI 4

MarmotE Vanderbilt University, ISIS Nashville, TN 5

Gator Wings University of Florida Gainesville, FL 6
I‘Spartans San Jose State University San Jose, CA 7 I
‘RxTx Individuals San Diego, CA 8

VT-Hume Virginia Tech Blacksburg, VA 9

wasabi Individual Seattle, WA 10

VT CogRad Virginia Tech Blacksburg, VA 11

Qualified 7th place out of 90 contestants. Number one in California.
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2. Courses at SJSU using
software-defined radios
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Infrastructure

Eight USRP1 radios with RFX900 and BasicRx boards
Eight USRP2 N210 radios with RFX900 boards

Two USRP2 N210 radios with SBX boards (thanks to
DARPA)

Two USRP N200 radios with RFX900 boards (to run
Matlab Simulink models)
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SJSU courses using software-defined radios

 Undergraduate courses

— Principles of communication systems (EE160 lab)

— Digital communication systems (EE161)

e Graduate courses

— Advanced communication systems (EE252)

— RFID systems (EE260)

— Hands-on wireless communications (EE259)
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Principles of Communication Systems

The course has a laboratory (3 hours/week)

Since Fall 2011, software-defined radios are used
with Matlab Simulink to demonstrate

— Additive White Gaussian Noise (AWGN)
— OOK, ASK and FSK digital communication schemes
— Multipath effects in the received spectrum

Starting this Fall 2014, radios will also be used with
GRC to demonstrate receivers:

— Amplitude modulation — Model from EE259 course
— Frequency modulation — Model from EE259 course
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USRP2 with MATLAB Simulink (FSK demo)
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AM receiver with USRP2 and gnuradio (grc)
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Digital Communication Systems

* This semester radios are used with Matlab Simulink
to demonstrate received spectral densities

— BPSK/QPSK modulation with SRRC pulses
— Multipath effects

e Future plans (Spring 2015)
— 16-QAM

— Alamouti’s 2x1 transmit diversity

IIIIIIIIII



Raised-cosine spectrum

@ USRPZ

File Edit: Wiew Favorites Tools  Help

Folders

>~ Search

(€ L2 > B ‘F

=S

Address i‘—' C:\Documents and SettingsiResearch|DesktapiUSRP2

Mame

[ size [ Type File

Wiew Axes Channels ‘Window Help

3] USRPZ_cpsk_Ri_SRRC_NDAPLL_FFTR_43PS
[#] USRP2_GPSK_R_SRRC_NDAPLL_FFTR_45P5_acc
4] USRP2_CPSK_Ri SRRC NDAPLL FFTR._45PS_sfun
3] USRPZ_psK _Rx_SRRC_NDAPLL_d5R3
4] USRPZ_CPsK_R_SRRC_NDAPLL_345PS_arc
4] USRP2_CPSK_Ri SRRC NDAPLL 43PS sfun
3] UsRP2_BPSk_R_SRRC_MatlabSynch
ﬂ USRPZ_BPSK_R¥_SRRC_MatlabSynch_ace
ﬁ USRPZ_BP3K_R¥_SRRC_MatlabSynch_sfun
4] USRP2_BPSK_R¥_SRRC_NDWPLL_are
4] USRP2_BRSK_R¥_SRRC_MDWPLL sfun
3] USRPZ_BPSK_Ri_SRRC_MDAPLL
4] ISRPZ_BPSK_Ri_SRRC_arc
4] UsRPZ_BRSK_R¥_SRRC sfun
3] UsmPz_cpsk_Rm_sRAC
4] USRP2_CPsK_R¥_SRRC_are
4] USRP2_CPSK_RX SRR sfun
3] UsmPz_ook_Ri

S acnna mecie

76 KB Simulink Model
37 KB MATLAB MEX

BP0

320KB MATLAB MEX

131 KB Simulink Model
40KB  MATLAB MEX
3Z8KE MATLAE MEX
S3KB  Simulink Mods!
30 KB MATLAB MEX
3Z8KE  MATLAB MEX
40KB  MATLAB MEX
J2BKE  MATLAB MEX
140KE  Simulink. Model
42 KB MATLAB MEX
J2BKE  MATLAB MEX
S3KE  Simulink Model &0 B0 40 -0 o 20 a0
34KB  MATLAB MEX
3Z8KE MATLAB MEX
48 kB Simulink Mods!

=20

Magnitude-sguared, dB
i
o

60l e -M‘nwwuf

Frequency (kHz)

41162011 10:47 AM
4f8fz011 2:51 PM

S LA VP
a0

i

= LS e A 12{12(2010 10:31 AM
s ookt =100 12/12}2010 10:20 AM
File Edit View Simulation Format Tools Help 12{11{2010 3:04 PM
D @ H 5 r% ’—-%3 El 4’ '=> ﬁ = I W jinf Accelerator "I mf 12/7/2010 2:40 PM =
‘ | | ‘ | i 12(4{2010 12/36 PM J )
12{4/2010 11:32 AM
Fo Rx (MHZ) — el 12(4{2010 9:35 AM
el 11{19{2010 440 PM + 0 2 X ||| Workspace # 0 2 X
Data Lt el 11142010 11:46 PM i) B sl ~ »
Gain 3955:‘;;1&32;? el 11{1342010 7:59 P such as Ctrl+3, are now customizs) N Wl
Dt L el 11/12/2010 5:59 P 3 have changed for improved consi Sl S
Decim A e el 11/11/2010 4:27 PM =] 512
el 11{112010 4:27 PM
USRFZ Receiver
el 11{11/2010 2:02 PM
(RFAB00 board) my e Preferences. From there, you ce
el 11{11/2010 11:46 AM e
TEST OF SDR RX | 114102010 11:30 PM v following the steps outlined ir
NOVEMBER 2010 o 110f ]
Decimation SAN JOSE STATE UNIVERSITY el 11f10f2010 5:55 PM
el 11{10/2010 5:28 PM e this message again. | | — |
el 11{10/2010 1:27 AM
Running 100% NEEN  [=15757.982 [FixedStepDiscrete bl 11/9/2010 1:11 AM for model: USRPZ_ASK R CommandH... = [ 2 X
A OPSE_SOR_F. TZFE Sk Made| 11/9/20101:11 AM or target for model: USRP2_ASK RE . Dega; -
[ PsK_NDATED_DDPED 101K Simulink Made! 11{9/2010 12:22 AM o
|_Ir] QPSK_phase_error 22 KB Simulink Madel 11/9/2010 12:21 AM Dedr
[ USRP2_spectrum_sensing FLKB  Simulink Madel 11j(2010 357 PM D/100ek
4] chirp_sOR_T# _speech 1,015KB  Simulink Mode! 115/2010 3:38 AM ~1fans
@txrxiudpjtllUUSU? 26 KB BIM File 11/6/2010 6:21 PM E-%—— 11/6/2011 1:
= uz_reva-udp-isetz-z01 00815 §43KE  EIN File 1162010 ;06 PM b
H=E:S] File: Fold 4212011 5:10 PM —
Dastprs e Fainse fel = 5-- 12/1/2011 137
' [ i || —

4 start|

£

dstart| ) Usrrz

SJSU - gnuradio - RHMZA

| 4 maties 7100 (Rz010b) || usrPz_Rx_spectrum... BUSRPZ R spectrum sc...

San José State
UNIVERSITY

[DPhe W EDD zozmm

13



Advanced Communication Systems

* In Fall 2014 radios will be used to demonstrate
— BPSK/QPSK with SRRC pulses with carrier/timing recovery
— Both received spectrum and 1Q plots
— Multipath effects
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BPSK with carrier/timing recovery
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AWGN signal (USRP1 and grc)
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RFID Systems

e Since Fall 2012 radios are used to demonstrate

— Spectrum of UHF RFID reader
— Received PIE signal via envelope detection

e Future plan

— Impersonate a tag

San José State
||||||||||



UHF RFID signal analysis (reader)

Ready

O=E&E ) 3 nf Accelerator - B & REEE
Fe Rz (MHzZ)
i FFT Disglay
Fe
Data plint
Il
SDRu Receiver
RPZ R
- BGon e seza07 D
Gain Decim Datalen File ¥iew Axes Channels
Co
SDRu Receiver] Fe 2R LK
Lecimation l
— E

wWindow  Help £

=
Unbuffer

o

Math

Auera
Function Filt

JUNE 2012 UPDATE MARCH 2013

USRP2 RFID 1-CHANNEL SIGNAL ANALYSIS
SAN JOSE STATE UNIVERSITY

Magnitude-squared, dBm
s
[=)

100%

A0

10
-0
30
-0

8B L 5L ABE DA%

i I ]"\| If |I |"-'\|I \ll
||| I ‘LI ||[_ ||| ‘L ||‘ | ll_l‘

|\
\||
U

SJSU - gnuradio - RHMZA

San José State
UNIVERSITY

-10

A 0 5 10

Freguency (MHz)

O 2 x| Workspace ~0a x
x & o fEl &g W || selectdat.,, -
******** A1 Hame ~ Yalus
57 Ho 4
——————— BﬂNavs &4
< | >
Command History “0Oa x
77777777 = BTLS PO —-%
op. =
k.
v =
> v

18



UHF RFID signal analysis (tag)
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Hands-on Wireless Communications

Course specific to software-defined radios
Created by Professor Birsen Sirkeci in Fall 2009
Needed to add communication theory lectures ...

50% of the time spent in lab where students build
and run GRC models

— AM/FM radio receivers (USRP1, BasicRx)

— UHF spectrum scanning (USRP1, RFX900)
— BPSK BER testing (NEW, USRP2, RFX900)

— Channel sounding (USRP1/USRP2)
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AM receiver with USRP1 and GRC
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FM receiver using USRP1 and GRC
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Audio Sink
Sample Rate: 44.1KHz

Blocks

* [ Level Controllers ]

» [ Modulators ]

» [waveform Generators ]
» [ Synchronizers ]

> [ Peak Detectors ]

* [ Measurement Tools ]
* [Filters ]

» [Error Coding]

* [ Fourier Analysis ]

* [ Message Tools ]

> [ Misc]

* [ Networking Tools ]
» [ Type Converkters ]

» [variables ]

* [ Audio]

* [ Boolean Operators ]
> [ Byte Operators ]

* [ Debug Tools ]

* [ File Operators ]

» [ Math Operators ]

» [Stream Operators ]
» [Stream Tag Tools ]
> [ Coding]

* [Equalizers ]

* [ Packet Operators ]
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gnuradio BER measurements

— Using BER test benches from gr-digital/examples/narrowband
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— Scripts do not work for nonbinary modulation formats?
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Channel sounding
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3. Projects and opportunities
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Projects using software-defined radios

Cooperative broadcasting

Adaptive multicarrier communications (OFDM)
RFID: Radio-frequency identification

ECC: Error correcting codes

MIMO: Multiple-antenna communication systems
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OFDM with gnuradio

— OFDM: Orthogonal Frequency Division Multiplexing
* Inspired by DARPA Spectrum Challenge

— Variable number of carriers (FFT length)

— Variable modulation scheme (BPSK/QPSK/QAM)

— Variable used-carrier pattern

— Involves modifying scripts and programs written in python and C++

— Goal: Implement an intelligent radio link under interference
from an RFID reader in the UHF band (902MHz — 928 MHz)

http://gnuradio.org

San José State
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http://gnuradio.org/

Equipo azul: Una portadora

Equipo rojo: OFDM

Cooperation example

Adaptive OFDM
s

Tiempo t+Tg

s frequencia
s frequencia

fc
Ancho de banda disponible

28
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Error correcting codes in gnuradio

— Implement encoder and decoder (hard decision) for the BCH
(32,21,6) code used in FLEX pager (a gnuradio project)

— BCH codes (hard decision)

— BCH codes (soft decision)

— Turbo block codes using BCH codes (Pyndhia)

— Low density parity check codes (LDPC)

— GOAL: Implement intelligent radio links using BPSK/BFSK
modulation and various error correcting codes
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Opportunities

e Joint research projects

— Easy exchange of information (python and c++)

— Remote advising
— Students can visit us (SJSU is in Silicon Valley!)

* Practical implementation of ideas and algorithms ...

e Courses

— Perfect combination between digital signal processing
(DSP) and wireless communication systems

— Helps attracting masters and Ph.D. students to the area

San José State
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4. Discussion

Please send your ideas and comments to
robert.morelos-zaragoza@sjsu.edu

San José State
UNIVERSITY
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Experiences with software-defined radios

* “Virtual” experiments in wireless communication
courses at SISU are based on Matlab Simulink ...

e Students have a hard time building GRC models

— No default parameter values, help is hard to find

e More “hack-on” than “hands-on” ?

— Introduce python programming material in EE259:
Professor Birsen Sirkeci for next EE259 in Fall 2014

 The leader of team Spartans in DARPA’s contest took
the EE259 course in Fall 2012 !!]
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COMMENTS?
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