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The thesis project

Develop a OSSIE waveform based on IEEE
802.15.4;

* Understand SCA and the OSSIE waveform development
* Analyze the IEEE 802.15.4 standard protocol

* Import GNU Radio libraries into OSSIE components

* Implement a RX/TX waveform prototype using the USRP

* Evaluate the OSSIE waveform development tools and
process
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SDR - Software Defined Radio
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SoftModem

 modem with minimal hardware

* it uses host computer’s resources instead of
dedicated hardware

* easier upgrades to new modem standards

* reduction in production costs, component size
and weight
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SCA Waveform Development

* Abstraction of underlying hardware and
sofware

— platform independence, portability of
applications

— reuse of waveform design modules

* CORBA for intercomponent communication

— component implementation in different
languages
— distributed waveform (TCP transport rule)
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SCA - Abstraction layers
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Universal Software Radio Peripheral
(USRP)

Materials for the thesis
project:

* A personal computer
(dualcore processor, 2 GB RAM)

* Ubuntu Linux 8.04
* GNU Radio 3.2.2

* OSSIE0.7.4

* 2 USRPs

* Eclipse
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OSSIE project

Open-Source SCA-based Implementation - Embedded
(OSSIE)

Developed at Wireless@Virginia Tech (Blacksburg, VA)

Professor-in-charge: Dr. Jeffrey H. Reed

Source code, documentation, tutorials available at:

http://ossie.wireless.vt.edu
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OSSIE distribution

* Latest version: OSSIE 0.8.0 (released in January
2010)

* |t can be installed on PCs running Linux
(or in a virtual machine on Windows)

* The OSSIE package includes:

— The Core Framework (CF)

— The OSSIE Eclipse Feature (OEF)

— A set of tools for waveform development
— A component library
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OSSIE Core Framework

* written in C++ using the omniORB CORBA ORB
(open source)

* Implements key elements of the SCA
specification

* CORBA transport rules define inter-component
communication:

— TCP/IP, for distributed waveforms
— Unix domain sockets

P. Balister, et al., “Impact of the use of CORBA for Inter-Component
Communication in SCA Based Radio”, Nov 2006
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OSSIE Component

ﬁApplicazioni Risorse Sistema ITA = 4l & [ mer 3feb,13.53 () edo
OSSIE - MyAmplifier/MyAmplifier.ocd - Eclipse SDK (== ][x]

File Edit Refactor Navigate Search Project OSSIE Run Window Help

B e |8 o (s 0va [0 o |1 @ |8 e e o  mocH+

0E C/C++ Projects 32 . g= Ouliinew = O ||= ] *MyAmplifierocd 23 ——

(RS | ‘ & ‘ & || Description “Generation Options | po e yoe e [ dataOut
b 25 CHAT This is an amplifier Template: [ | ] E
Port Type: | Uses v
b =% DEMODULATOR O Timing Port Suppe e
P = DEMODULATOR_PYTHON :
|| ACE Support b CF ~
b 25 FM_MODULATION
b = GNURADIO CHAT ~Ports Properties ||+ Standard Interfaces S
P & MAC ) Name | Interface | Type | | Property Radio_Control [|ue|
b == MODEM_USRP dataln - complexShort: Provides gain RX_Control
b == MODULATOR TX_Control
D (= MODULATOR_PYTHON complexshort
= 1= MyAmplifier complexFloat
b &l Includes complexDouble
. I1nnn h
[& Makefile rea
A MyAmplifier.ocd
P & OSSIE_CHAT
b & PHY 0K ) Cancel
b = ReceiverAM b—
b & RX_TEST L —

b = TEST
b G TEST 2 WAV [2/ Problems (@mks (gj 0SSIE Info (E_I Console 32 8 G ‘ = B- i =0
b = TEST_ WAV C-Build [MyAmplifier]
make install ~
b & TUNTAP echo "Nothing to build."
b =5 TUNTAP_ASSEMBLY _CTRL Nothing to build.
b 1= TUNTAP WAV echo "Nothing to install."
b TX TES'I: Nothing to install.
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OSSIE Component

* C++ or Python implementation

e Standard Interfaces:

basic real and complex data representations in 8, 16,
and 32 bit sizes passed in the form of CORBA
sequences

e Custom Interfaces:

can be defined using Interface Description Language
(IDL) and compiled with the IDL compiler
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OSSIE Component

 Data buffering:

effectively decouples the CORBA call sequence from
signal processing code

OSSIE client OSSIE server
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OSSIE Waveform

File Edit Refactor Navigate Search

ﬁApplicazioni Risorse Sistema ' L".i

Project OSSIE Run Window Help

ITA = o & [ mer 3feb, 13.56 () edo
OSSIE - MyWaveform/MyWaveform.owd - Eclipse SDK

[ de|& 5 0@ |[®@e 2|0 @il e ey o

B BEC/C++ »

& C/C++ Projects 22 . g= Duﬂinew =0

o rlEs|e T

b =5 CHAT

b (=% DEMODULATOR

P =5 DEMODULATOR_PYTHON
b & FM_MODULATION

b = GNURADIO_CHAT

P = MAC

b =5 MODEM_USRP

P =5 MODULATOR

b =% MODULATOR_PYTHON
= MyWaveform

P = OSSIE_CHAT

b £ PHY

P = ReceiverAM

b &5 RX_TEST

b &5 TEST

b = TEST_2_WAV

b = TEST_WAV

b =5 TUNTAP

b =% TUNTAP_ASSEMBLY_CTRL
b = TUNTAP_WAV

b &5 TX_TEST

Available Resources

Waveform

P 2 ]am_demod
I 2 | amplifier
b 2 |pass_data
~  Devices
&l GPP
b &l USRP
I [l USRP2
&l XilinxFPGA
I [&l soundCardCapture
P [§l soundCardPlayback
<  Nodes
P «F| default_GPP_USRP2_node
I« default_GPP_USRP_node
P «F| default_GPP_USRP_sound_node
» 24 default_GPP_node
P «F default_GPP_sound_node
b «3| default_ml403_node

B D 2 | TxDemol (default_GPP_nodel.GPP1)

< = | ChannelDemol (default_GPP_nodel.GPP1)
i samples_in{complexShort: not connected)

¥ samples_out{complexShort: not connected)
~ = | amplifierl (default_GPP_nodel.GPP1)

| A dataln(cor "HI\

b Bl dataOut(contp O y —T
b = | RxDemol (default_GPP_nodel.GPP1) Hﬂl

Platform
~ 4 default_ GPP_nodel

~ g GPP1
= | TxDemol (default_GPP_nodel.GPP1)
5 | channelDemo1 (default_GPP_nodel.GPP1)
= | amplifierl (default_GPP_nodel.GPP1)
5 | RxDemo1l (default_GPP_nodel.GPP1)

+ samples_out(complexShort: not connected)

[2/ Problems (@ Tasks (E OSSIE Info (E Console 2

C-Build [MyAmplifier]

@ B o B riv =0
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OSSIE Waveform

* Drag-and-drop of component library, graphical
tools for interconnecting components

* Waveform XML representation generated by
the OEF:

— List of components

— Configuration of components
— Component interconnections
— Target deployment node
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OSSIE Waveform

<connections>
<connectinterface id="DCE:elaa5d66-824a-11ldc-adea-00123f63025f">
<providesport>
<providesidentifier>samples in</providesidentifier>
<findby>
<namingservice name="ChannelDemol"/>
</findby>
</providesport>
<usesport>
<usesidentifier>symbols out</usesidentifier>
<findby>
<namingservice name="TxDemol"/>
</findby>
</usesport>
</connectinterface>
<connectinterface id="DCE:elad7154-824a-11dc-85b0-00123f63025f">
<providesport>
<providesidentifier>symbols in</providesidentifier>
<findby>
<namingservice name="RxDemol"/>
</findby>
</providesport>
<usesport>
<usesidentifier>samples out</usesidentifier>
<findby>
<namingservice name="ChannelDemol"/>
</findby>
</usesport>
</connectinterface>
</connections>
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IEEE 802.15.4

Upper Layers
t A
802 LLC
v
MCPS-SAP MLME-SAP
MAC
PD-SAP PLME-SAP
PHY

Edoardo , KTH

MCPS = MAC common part sublayer

MCPS-SAP = MCPS service access
point

MLME = MAC layer management
entity

MLME-SAP = MLME service access
point

PD = PHY data

PLME = PHY layer management
entity

SSCS = service-specific convergence
sublayer
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Custom Interfaces - IDL

APPLICATION LAYER

[ sap _gpp to_link

LINK LAYER
[ sap_link_to_mac

-

MAC LAYER

[ sap_mac_to phy

-

PHYSICAL LAYERJ
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Custom Interfaces - IDL

#include "ossie/PortTypes.idl"
module customlinterfaces{

/* link layer SAP for mac layer */
interface sap_mac_to_link{

void macpsData_confirm(  in octet msduHandle,
in octet status,
in unsigned long Timestamp  );

void mcpsData_indication( in octet SrcAddrMode,
in unsigned short SrcPANId,
in unsigned long long SrcAddr,
in octet DstAddrMode,
in unsigned short DstPANId,
in unsigned long long DstAddr,
in octet msduLength,
in PortTypes::CharSequence msdu,
in octet msdulLinkQuality,
in octet DSN,
in unsigned long Timestamp,
in octet SecurityLevel,
in octet KeyldMode,
in unsigned long long KeySource,
in octet Keylndex );
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Component Structure
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PHY layer

MAC LAYER

PHYSICAL LAYER

[ realChar_u

realChar_u

DEMODULATOR MODULATOR
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MAC - Simulation

' >'

TEST

COMPONENT .

TEST WAVEFORM
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PHY - Simulation

TEST
COMPONENT

TEST WAVEFORM
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RX/TX path - GNU Radio solution

MAC

v

f

PHY

v

f

MODEM_USRP
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UCLA Zigbee PHY

GNU Radio implementation of the IEEE 802.15.4 physical
layer.

USRP
ieee802_15 4.ieee802 15 4 mod

gr.chuncks_to_sy ucla.symbols to
mbols_if chips bi

ucla.delay cc

ucla.qpsk_modula ucla.packed_to_u
tor_fc npacked ii

gr_message_source

Python

Pack
send _packet() acket source
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MODEM_USRP WorkModule

7 D

“

\ phy

/
ar. ieee802_15_4. w ar. usrp.
message_source ieee802_15_4 mod J multiply_const cc sink_c

A modulator_path y \_ transmitter_path y
4 N7 N

ucla.ieee802_15_ 4 ieee802_15_4. ( ar. usr|

L packet sink eee802_15_4 demo L pwr_squelch cc source c
b demodulator_path y < receiver_path

modem / \

y
transciever ﬁ
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MODEM USRP component

=

send_packet(frameln)

MODEM_USRP

(OSSIE component)

=

p

A

phy

(GNU Radio block)

\

4

callback(frameOut)
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RX/TX path - GNU Radio solution

Waveform Development

. .

MAC - PHY -  MODEM_USRP
AN _—

AN _— |

SCA platform

/
/

o5
. USRP =
 USRP
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RX/TX path - OSSIE solution

Waveform Development

MAC PHY _ MODEM
N\ / /
/ / |

SEA/platform
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RX/TX path - OSSIE solution

MAC

—P>
—

PHY

MODULATOR

DEMODULATOR
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MODULATOR component

ieee802_15_4. ar. | m“'*'“l'*l*’“ )
ieee802_15_4_mod Jltipl - symbol_sink

| input buffer | output buffer

MODULATOR
(OSSIE component)

* Python implementation .
ieee802_15 4 mod
* mylib.symbol sink
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DEMODULATOR component

g_gjg‘___leee&ﬂ2_15"-_4_.' e .

output buffer | ' input buffer

frameQut signalin
(OSSIE port, realChar) (OSSIE port, lexShort)
il DEMODULATOR S s
\ (OSSIE component) /
e C++ implementation . symbol source.h
 fm demodulation.h . input/output
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Waveform Simulation

DEMODULATOR|

TEST

* all components deployed on the GPP (no USRP)

* radio channel simulated by the channel component

* test case implemented in the TEST component
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The target waveform

Two configurations:

* a chat application

* a TUN/TAP interface
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GNU Radio vs. OSSIE

GNU Radio

OSSIE

Waveform structure:

 the top_module class represents a
container for the flowgraph

« the flowgraph is then implemented as a
single thread

» defined in the XML descriptor files and
instanciated at runtime

 one or more threads for each component

Component interconnections:

 defined in the source code with the
connect () method

« functional de-composition and hierarchical
structure

» defined in the XML descriptor files and
instanciated at runtime

» functional composition but flat structure

Data transfer:

* if data is available in the input buffer, the
top_module calls the work method

* synchronization and scheduling tecniques

 performed by CORBA calls, data is
temporarely stored in input/output buffers

* N0 synchronization between components,
independent threads

Edoardo , KTH
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Measurements

GNU Radio OSSIE
Average data
transfer size 12.5 KB 16 kB
Average data 15 ms 1 ms
transfer delay '
Average input
data rate 8 MB/s 15.4 MB/s
USRP:

* ADC sample rate: 64 Msps

* Decimation factor: 16

* Output sample rate: 4 Msps

* Theoretical limit USB 2.0: 8 Msps
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USRP - Data transfer delay

Delay between successive read operations from the USRP
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USRP - Data transfer size
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Sixe of data read from the USRP
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Results

* GNU Radio:
— Adaptive scheduling
— Variable data rate
— Data transfer synchronization

* OSSIE:

— Independent scheduling for each component
— Constant data rate
— No synchronization between components
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Thank you for your attention
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