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A Ilttle background

- In 2007 I graduatéd W|th a Ph D in Electrlcal =
and Computer Engineering from the
University of British Columbia, Canada.

= |n 2008 | accepted the post of Visiting
Professor at the Universidad Pontificia
elivariana.in.Bucaramanga, Colombia.

= My salary Is half what | got as a scholarship
as a Ph.D. student in Canada....
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— $20,000(4‘0r all profs combined!)
= | wanted to continue my research in SDR

= But all | could get were 6 FPGA boards for
an advanced undergraduate FPGA course

n Tge cards (Spartan 3A Starter Kit) cost $189.
ach. The %A,j&@ﬁma“&i'@ FR A ——
INg an SDR with such an Inexpensive
FPGA seemed like a lost cause, but | did it!
= Results of this were presented in SDR’09
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— The Iaboratory presented In thrs paper IS a
port of the laboratory from SDR’09 to a new
FPGA board, the Altera DE2-70 + ADC/DAC

daughtercard (total cost: $550)
= The bigger FPGA allows for many

improvements and new features. ,
. e
- 1€ laboratory and

we present student survey results that show
that the laboratory is highly effective as a
teaching aid.
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JEZ-70 Card Componen

ﬁG-GGOiT)glcﬂement o 24- b|t audio CODEC with
— _Altera Cyclone Il FPGA line-in, line-out, and

USB connection microphone-in
e 10/100 Ethernet Controller

e 2-Mbyte SSRAM with a connector

» Two 32-Mbyte e 2 TV Decoder (NTSC/PAL)
SDRAMS8-Mbyte Flash and TV-in connector
memaory o RS-232 transceiver and 9-

e SD Card Socket pm connector

ushbutton Switches ost/SIave-G@nyﬂlﬂ’-
0 QJM—-HD nsceiver

hz and 28.63-Mhz o PS/2 moeuse/keyboard
Oscillators ionnjgtor_ F _
e |WO -PIN EXPansion
e 9 Green + 18 Red LEDs Headers
o VGA output
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Cost

aAlS hased on' COTST cards; COSISTUNGERSS0
= Avall ble worIdWIde

~ " Same card can be used for courses In digital logic,
microprocessors, networking, FPGA design, etc.

= Audio output allows oscilloscope and spectrum
measurements to be done using PC, with.freeware
programs

= Thus, incremental cost of the laboeratory can

preach $0
S e
ﬁ%al for teac lﬂﬂlev.eJmeQMntrles but also
mm"mﬂ%g In developed countries

= Simple yet robust laboratory that is also very useful
for research



Features

¥ SIS Y PIAZQORSKSIIEESIESKS
S Channel'Emulation (A \ - — i o ; m——— =
S Ehanelr Emulaten (AVWIGIN); pI/4-DOPSK; pi/8=D8PSK

- slowfading also'supported | ' - =

= _Ability to compress or saturate — Oiiset QPSK
X amplifier — Offset 8-PSK
= Receiver — Offset 16-PSK
= Modulations (currently — MSK
supported, more on the way!): — GMSK (TX only, so far)
— BPSK — Offset-QAM-16 =
= QPSK (Z4-QAM) — Offset-QAM-64
—~ SPSIK _ Offset-QAM-256
i — Pulse shaping -
— = Rectangul

RC rolloff=0.35 -
SRRC rolloff = 0.85

= OAM-16 3 HaIf'Smusmd_

= Gaussian (various BT)
— QANLGY = User defined
— QAM-256

— Lots of other wierd modulation
combinations



4 Codirie): djrrerenFﬂ@rtlf@S (Cont )

= ,Jdm J— AN U pr_)!-‘ Wern -
_— Coherent —— downconversion chains
e AU S (hew DUC and DDC
- Contro_l loops: architectures)
— Carrier PLL N
_ Symbol PLL = Ability to generate symbol
— 2 AGC loops SNRs of up'te'40 dB
= Carrier lock detector = Much better quantization
* Symbol lock detector performance (possible due.
ﬂg’?"me SNR™ te‘%er Yy L ——
surementsytwoeymethod :

measurements

= Pseudo-random bit streams
or user supplied data
transmission



Features (cont )

Ku‘d'lo outpuﬁer lnterface 0 PC basea — —
— ——escnlosc;epe and spectrum analyzer software

= 2 DAC outputs for oscilloscope use
= 2 ADC Inputs

= Can be used for interface to RF compoenents,
however channel emulation makes this
unneccesary

nAterface viarkeyboard and VGA ~

T ——
Wﬁmanmm 232
the above are very simple terdo’in

developing countries, and also Is useful for

developed countries for students to buy their own
laboratory

— I oo o O R L Y D A B . . ]
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Table 2 - Survey results. The first group is of 40 students and used the laboratory [1] presented in SDR’09. The second group is of 30 students and used
the new laboratory presented in this paper.

Question SDR'09 Lab | SDR’09 Lab | SDR’10 Lab | SDR’10 Lab
Average Std. Dev. Average Std. Dev.

The demonstrations done with the laboratory helped me understand | 3.83 0.93 4.27 1.01

the course material

Seeing the signals graphically using the laboratory is more useful | 4.18 0.78 4.43 0.86

than reading the course textbook

The demonstrations using the laboratory were clear 3.48 0.99 4.03 0.85

The demonstrations using the laboratory were useful 3.83 0.84 4.47 1.01

The activities and demonstrations using the laboratory were fun 3.18 1.08 3.73 0.78

The demonstrations using the laboratory incentivized me to further | 3.70 0.94 3.77 1.10

explore the subject of digital communications

I recommend using a similar laboratory for other courses in | 4.20 0.85 4.47 0.97

electronics in order to help in the teaching process

I learned more from the laboratory demonstrations than from the | 3.63 0.95 3.50 1.11

theoretical exposition on the blackboard

The use of this laboratory as a teaching aid must be made | 4.10 0.84 4.43 1.10

obligatory for teaching of this course in the future

The demonstrations using the laboratory were pretty 3.35 0.92 3.87 1.04

I like the subject of digital communications 3.93 0.86 4.03 0.85

The professor Yair Linn taught the course well 3.55 1.06 4.33 0.92

Average 3.75 0.92 4.10 0.96










O0PSKtransition diagram
receiver, rolloff = 0.85, SNR = 35 dB
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QPSK™transition diagram at recelver,

roIIoff—O35 SNR = 35 dB
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Partially formed transition diagram at the transmitter

for Offset QAM-16 with a rolloff factor of 0.35
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VISK"eye diagram at the receiver for

SNR=35 dB
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JPSKtransition diagrama
recelver SNR = 35 dB
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transition diagram at

receiver, SNR = 18 dB
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Effect of Timing Jitter on QPSK
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Effect of Carrier Jitter on QPSK
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TX transition diagram, OQPSK with SRRC rolloff =0.35
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TXtransition diagram, OQPSK with SRRC rolloff =0.85
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. o aragram a ereceiver or pl/a-QF

with Gaussian pulse shaping, SNR = 35 dB.
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onstellation diagram at the receiver of pi/4-QPSK"

with Gaussian pulse shaping, SNR =35 dB.
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lon dragram at thereceiver of pi/4-QPSK

half-sinusoid pulse shape, SNR=35 dB.
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Fansition diagram at the transmitter ot C

p1/4-QPSK with rectangular pulse shape.
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“Transition diagram at the transmitter of Offset pi/4-QPSK

with SRRC pulse shaping with rolloff factor of 0.35
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PSK'transition diagram at the receiver,

rectangular pulse shape, SNR = 35 dB
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Transition diagram at the transmitter of Offset pi1/8-
8PSK with rectangular pulse shape
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Transition diagram at the transmitter of Offset pi1/8-

8PSK with half-sinusoid pulse shape
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Transition diagram at the receiver of Offset pl1/8-

8PSK with half-sinusoid pulse shape, SNR=35 dB
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Offset QAM-16 transition diagram e
transmitter, rectangular pulse shape.
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Offset QAM-16 eye diagram for I'and Q channels

at the transmitter, rectangular pulse shape
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Offset QAM-64 eye diagrams for 'and Q channels at

the transmitter, rectangular pulse shape
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Conclusions

~\We presented a laboratory that costs $5500
'-"-—-:!__Based on a COTS unmodified FPGA board

= |fthe same card Is used for other courses in digital logic,
microprocessors, networking, etc., the incremental cost of
the laboratory can approach $0 -

= Can be used with PC-based spectrum analyzers and
oscilloscopes

ﬁ:.for developing countries et
deallfor take omeyla eloped and
= Robust enough to allow serious academic research
= | ots and lots of fun!
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