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SDR
BASIC CONCEPT

« Software Reconfigurable Receiver & Transmitter
hardware

* Limited only by the DAC/ADC characteristics and
host interface

« Sampling Frequency, Resolution
* Interface throughput

* Most of the signal processing is implemented in
software

 Needs high computational resources on host
computer, but provides total freedom in the signal
processing
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SDR
BASIC CONCEPT

« SDR is essentially a high sampling rate signal acquisition
and reproduction instrument

« ltis the Swiss Army knife of instrumentation

* There is no restriction on the manipulation of the acquired/
reproducible data

- Everything can be implemented in software
« Every single sample of data is available for analysis

« The full potential of the hardware is unlocked by the
software

* No limitations by DSPs, FPGAs and microcontrollers




SDR
HARDWARE

Current state of the art SDR hardware:

* PerVices Noctar PCle (4x) SDR card
» Bandwidth: 250MHz Tx, 125MHz Rx
* Tuning Frequency: 100kHz — 4400MHz
- Baseband capability: 0-125MHz
 Interface throughput: 1GB/s

« Ettus Research USRP B210 USB 3.0 SDR cara
- Bandwidth: 56MHz Tx & Rx
* Tuning Frequency: 70MHz — 6000MHz
*  MIMO capability: 2x2
 Interface throughput: 625MB/s




TELECOMMUNICATIONS
ESSENTIALS

SOURCE

DESTINATION
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TELECOMMUNICATIONS
ESSENTIALS

Carrier Frequency
Central Frequency / Channel, i.e. 2412MHz

Bandwidth
DVB-T: 8MHz, 802.11: 20MHz, UMTS: 5MHz

Signal to Noise Ratio (SNR) [SINR]
Thermal Noise: P = kg T'B

Capacity g

Shannon—Hartley theorem: C' = Blog,(1 + N)




TELECOMMUNICATIONS
ESSENTIALS:
MODULATION
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I-Q MODULATION &
CONSTELLATIONS |
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CONSTELLATION
DECISION AREAS
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DSP
ESSENTIALS

Sampling
« Nyquist frequency - perfect reconstruction: B < f8/2

« Quantization
* ldeal Quantization Error: uniform distribution between [-1/2, +1/2] LSB

 Dynamic Range

- Signal to Quantization Noise: SQN R = 201og,,(2%) ~ 6.02 - Q dB
* Filtering

* low-pass (LP)*, high-pass (HP), band-pass (BP)

« *anti-aliasing

 Equalization

 Decimation / Interpolation




DSP ESSENTIALS:
SAMPLING
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DSP ESSENTIALS:
FOURIER TRANSFORM

Amplitude Amplitude
Apply DFT (FFT) Frequency Spectrum
Time Wave _’ of Time Wave

Apply IDFT (IFFT)
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TYPICAL SDR
BLOCK DIAGRAM
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BASIC TRANSMITTER
BLOCK DIAGRAM
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MODULATION
SPECTRUM
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OFDM MODULATION

SPECTRUM
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1/Q SAMPLING
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1/Q SAMPLING
PROBLEMS

I-Q values swap
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1/Q SAMPLING
PROBLEMS

I-Q values imbalance

® Dotecton s RBW 300 kM: ® Dotocton RS REW 300 kM:
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1/Q SAMPLING
PROBLEMS

I-Q values overflow

® Dotecton s RBW 300 kM: ® Dotocton RS REW 300 kM:
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1/Q SAMPLING
PROBLEMS

sampling rate underflow
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TX SPECTRUM
COMPARISON
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NOCTAR’S
TX SPECTRUM
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PROBLEMS OF THE
SDR DEVICES

Low Tx power

» Output power is spread over the spectrum
* High delay
* Interface delay
* Interpolation/Decimation + digital filtering delay
 Driver buffering delay
- Software buffering delay
* Absence of Automatic Gain Control
* Manual Gain Control only
* Limited Dynamic Range
« 12bit ADCs - Have to use AGC
* 1Q imbalance

* Images - constellation distortion
* Lack of proper Shielding + Analog filtering

* noise floor raises - dynamic range drops
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COMPLEX SCENARIO
PRODUCED & CAPTURED BY
A SINGLE NOCTAR SDR CARD

frequency




ONE DEVICE - ENDLESS
POSSIBILITIES

Oscilloscope
Spectrum analyzer
Vector analyzer
Signal generator

Multiple communication standards
analyzer & generator

Research instrument
Industrial instrument

Customizable application-specific
instrument




TEAOG EvoTnTag

ENIXEIPHEIAKQ TPOTPAMMA
* ®
L EKMAIAEYEH KAI AIA BIOY MAGHEH 52 EXlA
** : oyon gTny uUo a zne x on -
*oak = o
YNOYPTEIO NAIAEIAL & BPHZKEYMATAON, NOAITIZMOY & AGAHTIEMOY [
Eupwriaiki Evwon EIAIKH YNHPEZIA AIAXEIPIZHEL

Evpwmalkn Evwar
VpumaikS KOG TR - 12 1 cuyxpnaToséTnon Te ENAGSac kat e Eupwmaikiic Evone



XpnuarodoTnon

To TTapOV eKTTAIOEUTIKO UAIKO £XEI avaTITuXOei oTa TTAQiCIO TOU
EKTTAIOEUTIKOU £pYyou TOoU O1I0A0KOVTA.

To €pyo «AvolkTd Akadnuaika Madnuara oto MNMavemiothpio KpAtng»
EXEl XPNUOATOOOTAOEI HOVO TN AvVAdIAUOPPWON TOU EKTTAIOEUTIKOU UAIKOU.

To €pyo uAoTrolgital oTo TTAaiolo Tou ETTixeipnaoiakou NpoypaupaTog
«EkTTaideuon kai Aia Biou MaBnon» kai ouyxpnuatodorteital atrd tnv
Eupwrtraikn ‘Evwon (EupwTtraikd Koivwviko Tapegio) kar atmrd €0vikoug
TTOPOUG.

EMIXEIPHEIAKO NMPOTPAMMA |
EKMAIAEYZH KA AIA BIOY MAGHZH et EZ rIA

ENEVIVON OTNY UOVWVid TNE YVWONE
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Evpwrdikn ‘Evwon EIAIKH YNMHPEZIIA AIAXEIPIEHE

Evpwnaikd Kowvwvikd Tapeio

Me tn ouyxpnpatodétnon tng EAadag kat tng Evpwnaiknig Evwong
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* To mTapdv UAIKO diaTiBeTal e Toug 6poug TNG adelag xpnong Creative Commons
Avagopd, Mn Eptropikr) Xprion, Oxi MNapdywyo ‘Epyo 4.0 [1] |} yeTayeEVEDTEPN,
AigBvnc 'Ekdoon. Etaipouvtal Ta autoTeEAN £pya TRITWV TT.X. PWTOYPOAVIEC,
OlayPANMATA K.A.TT., TA OTTOIQ EUTTEPIEXOVTAI O€ AUTO KAl TA OTToia ava@épovTal padi Je
TOUG OPOUG XPNONG TOUG OTO «ZnMeiwpa Xpnong Epywyv Tpitwvy.

@O0

[1] http://creativecommons.org/licenses/by-nc-nd/4.0/

* Q¢ Mn Eptropiki opietal n xpron:
— Ttou Oev nmepAapBAveL AUECO 1) EUECO OLKOVOLILKO OPEAOG amtd TNV XpAoN ToU £pyoU, yLa TO
SlavopEa tou €pyou kat adelodoyo

— Ttou Oev mepAapBAveL OlKOVOULKH ocuvaAlayn we tpolnoBeon yia tn xprion N mpooBaocn oto £pyo

— Tou Oev npooTopilel oTo Slavopéa Tou £pyou Kol adel0dOX0 EUUETO OLKOVOULKO OPeAOC (TT.X.
Stadnuioelg) amnod tnv npoPoAn tou £pyou o€ SLadIKTUOKO TOTO

* O JdIKaIoUXOG MTTOPEI va TTapEXEI OTOV ADEIODOX0 EEXWPIOTN AdEIQ VA XPNOIUOTIOIEI TO
£PYO VIO EUTTOPIKI XPron, €pOoov auto Tou {nTnoEi.
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