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Motivation

Flexibility

Improve the interoperability

Improve the waveform K

Didactic purpose

Need to save resources (memory occupation and CPU consumption)

Money saving

Low-cost Fully-Software approach
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RF | IF Baseband
o Software-Defined Radio : ADC/ I
| DAC
LO
e Fully-Software approach :
 SDR Platform :
RTL-SDR USRP 1 USRP B100 USRP B200/B210
12€ 600€ 600€ 600/1000€
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Lancers Laboratory
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e Born to perform T&E on SDR products, both platforms and waveforms:
— Waveforms:
e Analysis of documentation, design and implementation
e Evaluation of base waveforms

e Evaluation of waveforms versus a legacy standard
(interoperability)
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Lancers Laboratory

— Complete systems:
e Performance (Platform+WF)

e Interoperability between different SDR platforms and with
legacy platforms

e Reconfigurability, power consumption, performance in co-
sited environment, etc
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Low-Cost Fully-Software Waveforms for Tactical Communications

Lancers Laboratory

Unit Under Test

Modeling
&
Simulation

Analysis of the
requirement

ﬁ Database
Classification update

Information

Modeling & |
Simulation BER and other

%#L

Rejected < Target Waveform .

test

passed

Rejected < Over-the-air& |_| _

black box test
ack box tes )

passed Evaluation

Verified
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Waveform

Developed waveforms:

« STANAG 4285
 MILSTD-188110A
 STANAG 4539

e MILSTD-188110B Appendix C
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Waveform

e STANAG 4285
— Bitrate: 75, 150, 300, 600, 1200, 2400, 3600 bps
— FEC : Convolutional Code + repetition block code(optionally)
— Interleaver . Convolutional interleaver(Zero,Short,Long)
— Mapping : Phase-Shift Keying(BPSK,QPSK,8PSK)
— Filter : Root-Raised Cosine (a=0.2)

< Conv. R N
Source saes FEC e et » Puncturer * Mapper
Frqme »  Scrambler » RRC Filter —QRF
Builder
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Waveform

e MILSTD-188110A
— Bitrate: 75, 150, 300, 600, 1200, 2400, 3600 bps (F.F. or F.H.)
— FEC : Convolutional Code + repetition block code(optionally)
— Interleaver : Matrix block interleaver
— Mapping : Phase-Shift Keying(BPSK,QPSK,8PSK)
— Filter : Root-Raised Cosine (a=0.35)

MGD

fEe Encoder

A 4

Interlearver

A 4

A 4
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Waveform

e STANAG 4539
— Bitrate: 3200, 4800, 6400, 8000, 2600, 12800 bps
— FEC : Convolutional code and puncturing
— Interleaver : Matrix block interleaver
— Mapping : BPSK(3200), QPSK(4800), modified 16/32/64-QAM
— Filter : Root-Raised Cosine (a=0.35)

Source > FEC » Puncturer » |Interlearver

. . Frame . : to RF

» Scrambler » Mapper Builder » RRC Filter ——
Een
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Waveform

e MILSTD-188110B Appendix C
— Bitrate: 3200, 4800, 6400, 8000, 2600,12800 bps
— FEC : Convolutional code and puncturing
— Interleaver : Matrix block interleaver
— Mapping : BPSK(3200), QPSK(4800), modified 16/32/64-QAM
— Filter : Root-Raised Cosine (a=0.35)

Source »  FEC » Puncturer > Interlearver
X Frame R : to RF
» Scrambler » Mapper Ruilder » RRC Filter —
Ern
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Framework

e OSSIE: Open-Source SCA Implementation - Embedded
— SCA-Compliant SDR development effort:
e SDR core framework based on the JTRS SCA(ver 2.2.2):

— Based on OmniORB(robust high performance CORBA ORB
for C++ and Python)

e Tools for rapid development of SDR components and
waveforms:

— Desktop IDE based on Eclipse

— Tools help the developer generating basic structure of
components and waveforms

— Tools provide code templates that allow the insertion of
C++ code which performs the component function

e An evolving library of pre-built components and waveforms

15SPCOLO
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Framework

e Improvement:

 Bugs:
— Spurious in-band and

C

Incrementation the collection of OSSIE component

Inclusion of new useful libraries such as newest version of liquid-
dsp and fftw

Modification on USRP-UHD driver provided by Virginia-Tech

Realization of customized version of OS including improved OSSIE

version and libraries
http://ds colo.ie’r.uni L.it/OSSIE

out-band emission
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Center 135.00000 MHz Span 40.00 kHz
Res BW 390 Hz VBW 390 Hz #Sweep 343 ms (1001 pts)
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e Study of the waveform

e C++indipendent implementation

e Ossie implementation:
— Creation of components
— Waveform creation
— Waveform improvement
— Test "over the air"
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e Reference WF: STANAG 4285
— Bitrate = 600 bps
— Interleaver = Short
* Fragmented WF (18 components)

. Conv. 1 .
Source » FEC I s » Puncturer » Mapper
Frgme » Scrambler » RRC Filter —TO>RF
Builder

e Compact WF (3 components)
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Result

2 awgn_channelcpp |08 STA

» = Available Resources.

Components

+ EJRRC_Tx_i

+ E]RAC_Rx_1 (defaul

OSSIE
Simulation

Platform

t_GPP_node_1

£ problems | & Tasks €] 0sSIE Info ) Console £, +' Search =o
NodeBooter

Error nunber = 0 - Sample number = 7662
BER = 0 at the attemp number 18and snr8
Error nunber = @ - Sample number = 7602
MGencoder 86R = 6 at the attenp number 1land snr8

Error nunber = @ - Sample number = 7662
+ [BER = 0 at the attemp number 12and snr8

MGdecoder

* [Update Manager] ¢ OSSIE - STANAG_4265_

Test between
SDR platform

USRP_Commander_1]

Magnitude (da)
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form Debugg... i PlotCanvas m ]
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15SPCOL<:1



Low-Cost Fully-Software Waveforms for Tactical Communications

120 Execution time STANAG4285 - 600bps
110}
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4608 45234 48051 70033 2 "o
5376 53.536 56.29 80282 [
50
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40
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: : Compact WF
7680 76,395 79.99 114.79 " | | | | FragmentedE
2000 3000 4000 5000 5000 7000 8000
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Conclusion

o Efficiency of Fully-software approach

* Applicability to low-cost hardware

e Compact waveform shows better performance in terms of execution
time than Fragmented waveform
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Future work and improvements

e Improve code to increase the performance in terms of memory
allocation and CPU consuption

* Including upper layers, such as TCP/IP and application layers
e Extend the implementation of several additional waveforms

e Evaluation of USRP frequency hopping capabilities

e Migration to RedHawk

e Interoperability test

Test waveform on other SDR plaifoms
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Thanks

e Mr. Vitiello : carmine.vitiello@for.unipi.it
e Dr.Bacci: giacomo.bacci@for.unipi.it
e Mr. Arreghini fulvio.arreghini@marina.difesa.it
* Prof. Luise : m.luise@unipi.it
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