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B What is LOG-a-TEC?
e Setup & Building blocks

B What can LOG-a-TEC offer to Experimenters?
e Testbed capabilities with focus on TVWS experimenting
e Long-term measurements
e Dynamic composition of networking protocols
e Photovoltaics system monitoring
e Air quality monitoring
B What types of TVWS experiments can be carried out at
LOG-a-TEC?
B Game theoretic interference mitigation — demo
B Wireless microphone emulation with VESNA - demo



What (and where) is LOG-a-TEC?
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M JSI campus, Ljubljana

e Combined indoor and
outdoor installation IBBT - imec

TU Berlin

e Used for cognitive
networking experimentation

e Used for spectrum sensing
and cognitive radio
experimentation
(test site for LOG-a-TEC)
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& LOG-a-TEC testbed
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M Deployed in the city of Logatec, Slovenia
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M Based on wireless sensor network

M Sensor nodes are (mostly) installed on
public light poles

M Infrastructure rewiring ensures 24/7
power supply

M Can be used for spectrum sensing and cognitive radio
experimentally-driven research
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S5, VESNA
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B VESNA = VErsatile platform for Sensor Network Applications
B Modular platform for WSN (VESNA = SNC + SNR + SNE)

SNE-ISMTV

{; SPI, GPIO

SNC SNR-MOD
SNE YN
Sensor Node Expansion =

e

SNC
Sensor Node Core
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B One PCB with several SNE-SMTV
placement options SV T Tewey -

M Spectrum sensing

e ISM 868 MHz RF transceiver
— Based on CC1101 (sub-GHz @ 315, 433, 783, 868, 915 MHz)
— Receiver sensitivity of -112 dBm @ 868 Mhz
— Programmable output power up to 12 dBm

e ISM 2.4 GHz RF transceiver
— Based on CC2500 (2.4 GHz)
— Receiver sensitivity of -104 dBm

— Programmable output power up to 1 dBm
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M Spectrum sensing SNESwTV
2.4 GHz TRX 868 MHz TRX TV UHF RX 868 MHz TRX
e VH F/UHF (TVWS) €C2500 GC1101 TDA18219HN AT86RF212
— NXP TDA18219HN silicon tuner

— Analog device: AD8307 logarithmic amplifier
— RF input range: 420 - 870 MHz

— Bandwidth: 1.7 MHz, 8 MHz

— =1 dB linearity

— 60 dB dynamic range

M IEEE 802.15.4 transceiver

e ISM 868 MHz
— Based on Atmel AT86RF212
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SNE-ISMTV
24 GHzTRX | | 868 MHz TRX TV UHF RX 868 MHz TRX e
CC2500 cC1101 TDA18219HN ATS6RE212 Cit
SPI, GPIO
SNC v1.0 SNR-MOD v1.0

custom code

ATZB-900-BO

or

Contiki + custom code

14vNn /1dS




LOG-a-TEC deployment
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& LOG-a-TEC testbed

Sl T
M50 (CREW) sensor nodes are deployed in 2 clusters

e City center
e Industrial zone

B Management network ZigBee @ 868 MHz, Ethernet
gateway

green — UHF, blue - ISM 868 MHz, red - ISM 2400 MHz, yellow - reserve locations
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City of Logatec

JSI Campus / Ljubljana

OG-a-TEC hardware comp

VESNA sensor node

(i)
[5 SPIIC

868 MHz transcaiver /
2.4 GHz transceiver

UHF receiver 64 MHz
i)
6 | spi
IEEE B02.15.4 @
compatible microSD can
868 MHz transceiver 2 GB

ARM Cortex-M3

- L)
5 TE O
UAR'

ZigBee module
868 MHz

d \23)(\

[—

Logatec industrial zone outdoor testbed (LOG-a-TEC cluster 1)

ZigBee
mesh
netwaork

VESNA coordinator

ZlgBee module
8 MHz ARM Cortex-M3
64 MHz

| spi

€>

microS0 card
2GB

Ethernet interface

VESNA sensor node ngh
12c \

Sensor

(10) (g) —=
é SPUFC UART é
868 MHz transceiver | ZigBee module

2.4 GHz transcaiver /| pouecte e 868 MHz
UHF receiver 64 MHz
() | spi
IEEE 802.15.4
compatible microSD card 127X
868 MHz transcaiver 266 o

it intensity

Logatec city centre outdoor testbed (LOG-a-TEC cluster 2)

77—«

ZigBee
mesh
network

VESNA coordinator

UART
ZigBee module
868 MHz
ARM Cortex-M3 Ethernet interface

&4 MHz

| spi

microSD card
2GB

Portable equipment deployed for experiment

Cognitive radio node

USRP N200 with

XCVR 2450 or IRIS or GNU
SBX 400-4400 MHZ Radio framework
r==
1 3x
[
JSI campus indoor testbed
VESNA sensor node VESNA coordinator
(( ) () A%,— ()
L UART UART
spurc —_— ZigBee -
mesh
2.4 GHz transmzwer ZigBee module network ZigBee module
ARM Cune:-M3 Bea bz BEEMHZ  ARM Cortex-M3  Einernel interface
([ ) Hz
\ 5"‘ | sm
\EEE602154 7 @
compatible ml[:ruSD card ! 10* I microSD card
868 MHz transceiver 2GB [ P

onents

JSlinternal network

Java application /
web server
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B VESNA-based testbed HW components

LOG-a-TEC hardware components

VESNA sensor node

(t90)
é SPIFC

868 MHz transceiver /
2.4 GHz transceiver |
UHF receiver
(t91)

IEEE 802.15.4
compatitle
868 MHz transceiver

Light intensity
D SeEnsor

12 | (@)
UART é

ZigBee module |

ARM Cortex-M3 R Ml

64 MHz
| sPI

€>

microSD card
2GB

Y

ZigBee
mesh
netwark

VESMNA coordinator

()
UART >
UART S &
ZigBes module 4

868 MHz ARM Cortex-M3

64 MHz
| sPi

&>

microS0 card
2GB

Ethemnet interface
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possibilities to be implemented by user

RAMME
_______________ l_._._._._l._ _._._.r_._.._‘._._._._._ S Facilly
General overview of available functionalities i i description
| —
i T scheduler CREW
I . l portal
| !
|
[with eustom settings] [with custom settings] i
| - =
I T e
I — =
1 =
Web GUI | g
|
" | crassRapaT | g
| \ ]
| .
|
|
VESNA VESNA Gateway i
|
|
|
|
Logatec ef :
i
@ —7L — % HTTPlike — HTTP proxy It
ZigBee )
VESNA VESNA Gateway | Y
|
!
|
‘51'5‘(
JSI indoor testbed | oy,
] [
"%’“ @ ! common CREW
1
e ‘x&g' storage
VESNA VESNA Gateway = Sotg,
| xﬁ “ SSL Servers
| —
I T—
: Sensor Management and
i Access Control System
i 8 0 B R 8 B
|
|
|
|

IR custom configuration by experimenter is possible,
default options exist
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8"”@% LOG-a-TEC testbed remote access portal

Sl LTS
M Testbed access portal at www.log-a-tec.eu allows to
e Show node status

e Choose particular cluster

Position:(45.937168, 14.239767000000029)
Name:MNode 18

. Pe rfo rm a n expe ri m e nt Cluster:industrial Zone

| Frequency [MHz]: 562
s h[m]:10

— described as a sequence © Antenna gain: 1 63

Antenna type: UHF32-562-omni

of GET and POST requests bor label ¢-005

radio type: UHF

e Remotely (over-the-air) | e ne

MAC addr: 19
Zid
SNC: SNC-STM32-V1.1.1-240412-01081
re p rog ra m reso u rces SNR: SHR-MOD-V1.1.1-240412-01010
SNE: SNE-ISMTWV-\1_1.3-080612-01006

GENERAL | SIMULATIONS | EXPERIMENTS | REPROGRAM @ Transmiter ) Recever

Cognitive Radio Networking

Choose the cluster: JSI -

GRASS-RaPIaT Simulation 409%0
MNodes 7.8,10 (Transmission Power +12 dBm) - =
Opacity ® 50 408

Download request-response log file in text or in hexadecimal format
Text request-response log file Hex reguest-response log file

Direct communication with the nodes

Enter Resource GET
Enter Resource Enter Content POST 2
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¥, LOG-a-TEC testbed remote access portal
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?) Testbed - LOG-a-TEC - Mozilla Firefox

File Edit Wiew History Bookmarks Tools Help

| E"’ The Missing Sync for And... > | — & Index of file: ffyD: fliterat... > = i BOJAN ZAJEC [20335] = | I"® MyMinds » Document Libr... “GTesii:ed - LOG-a-TEC x ”OError 404 Mot Found x | (;}Tesﬂaed - LOG-a-TEC x.. Tesili:ed = G—aI-TEC x | + | I-EI.
& ﬂ‘ e @ https:/forn log-a-tec.eu {3 o
LOG-a-TEC . s e | Map | Satelite |
-a- * ; SensorLab [.*,

Jofef Stefan Institute
A

GENERAL | SIMULATIONS | EXPERIMENTS | REPROGRAM

| =]
&

—
1t

Cognitive Radio Networking
Choose the cluster: | Industrial Zone % 38
=5
GRASS-RaPlaT Simulation
| < Select the Simulation > v
Opacity ® 50
Download request-response log file in text or in hexadecimal format -
Text request-response log file Hex request-response log file
Direct communication with the nodes e
|Enter Resource |[ GET |
|Enter Resource Ente B POST
il
| :
6’@} ﬁ o Staraqgsra
: 2
=
gf 408 .ﬁ:’? %9
f-)
= i \ T
e ]
= Bne B
] o S&anﬁé’ QQ\ 4‘?’
% & amng E‘
e i k
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’{gs-’:’-{-'k- % § Map data 2012 Tele Atlas - Terms of Use

X Find: Mext Previous &7 Highlight all [[] Match case
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%) Testbed - LOG-a-TEC - Mozilla Firefox
File Edit Wiew History Bookmarks Tools Help

LOG-a-TEC

GENERAL | SIMULATIONS | EXPERIMENTS | REPROGRAM

Cognitive Radio Networking

Choose the cluster: | Industrial Zone %
JSI
GRASS-RaPlaT Sim|gilsin=ie| Pyt

< Selectthe Simulatid City Centre
—— KabelMet
Opacity 2o

Download request-response log file in text or in hexadecimal format
Text request-response log file Hex request-response log file

| P The Missing Sync for And... > | — & Index of file: ffyD: fliterat... >

L] ﬂ‘ e & https:/forn.log-a-tec.eu

| =]

—
1t

jTl
s i

Direct communication with the nodes

[[ GET ]

POST

X Find:

L5
% vag

d eueaz

a5
e
2 o

[ match case

i BOJAN ZAJEC [20335] x | """ MyMinds = Document Libr... I GTesii:ed - LOG-a-TEC

* \:, Error 404 Mot Found

% | Ciestbed - Log 5 TEC

Stara Cogy
£]

2 B E
Star o e &

armng,

Stranska Q&
Logates

o
Ed
&

A.g

5]

Enico

- x.|.+.|.-|:|'

Testbed —'EG—afI'EC
Lb a ‘d“ it
i .

| Map | Satelite |

Map dats 82012 Tele Atles - Terms of Uss
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?) Testbed - LOG-a-TEC - Mozilla Firefox

File Edit Wiew History Bookmarks Tools Help
z|

| P The Missing Sync for And... > = Index of file://yD: literat... > | _J BOJAN ZAJEC [20335] s | """ MyMinds = Document Libr... | GTesii:ed - LOG-a-TEC x | OError 404 Mot Found x | (;}Tesﬂaed - LOG-a-TEC

i Testbed -LOG-2TEC
& ﬂ‘ e & https:/forn.log-a-tec.eu ] @ ‘.‘ i’, m i.: L ] @ -
| Map | Sateliite

LOG-a-TEC S
V S e n gegt[:nl_lngtg

GENERAL | SIMULATIONS | EXPERIMENTS | REPROGRAM

Cognitive Radio Networking

Choose the cluster: | Industrial Zone |% =

GRASS-RaPlaT Simulation
< Selectthe Simulation = »

< Selectthe Simulation =
TV Band (BW = 200 kfHz, f o = 780 - 800 MHz,
MUX Transmitter @ ~562MHz ;
= If t
Modes 7.8.10 (Transmission Power 0 dBm) |Oegu¥ir|]2 orma o
Modes 7.8.10 (Transmission Power +12 dBm) E|
ISM 2.4 GHz (BW =200 kHz. f o =24 GHz)
Modes 2,17, 24, 26 (Transmission Power 0 dBm
MNodes 2,17, 24, 26 (Transmission Power +1 dB :I GET
ISM 868 MHZ (BW = 200 kiHz, f o = 868 MHz)
Modes 7.8.10 (Transmission Power 0 dBm) POST
MNodes 7.8.10 (Transmission Power +12 dBm)

e,
% vag

Stara Cogy
£]

o,

5
T'?a.e.\ ® vty
&

UHF sensing demo -~
| s
3 - o i

2]

e
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2",

&

°
2 o
P
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f-:og =
Shg
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) Testbed - LOG-a-TEC - Mozilla Firefox
File Edit Wiew History Bookmarks Tools Help

* |"" MyMinds # Document Libr... > |0Tesii:ed -LOG-a-TEC x | OError 404 Mot Found x |0Tesﬂaed - LOG-a-TEC = | 'i'-'iTesii:ed -LOG-aTEC x | + | ]

oSds ¢ °-
| Map | Satelite |

| B The Missing Sync for And... | = Indesc of fle: D literat... * | i BOJAN ZAJEC [20335]

& ﬂ‘ e & https:/forn.log-a-tec.eu ] @ ‘.‘

*" A
LOG-a-TEC ', SensorLab ¢.?)
JoZef Stefan Institute LY
GENERAL | SIMULATIONS | EXPERIMENTS | REPROGRAM [Er] 08
()
Cognitive Radio Networking
Choose the cluster: | Industrial Zone |+ =
GRASS-RaPlaT Simulation
| < Selectthe Simulation = v
Opacity ® 50
Download request-response log file in text or in hexadecimal format ans
Heyrequesiresponse log file

o vag
pysan BASIEVOY

f § 8
Direct interaction with nodes S o,

using GET and POST requests

= 2 o
o L3 3, o
g o g, &
iy () % Stard o
g & Pavsie, 3 g, 2
=] §\ 63 LJ ﬁ\ﬁ{b Jamng, g
>
. Lo
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?) Testbed - LOG-a-TEC - Mozilla Firefox
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File Edit View History Bookmarks Tools Help

| [° The Missing Sync for And... l . Index of files //D: lterat... * I {iB03AN ZAXEC [20335)

€ > # ¢C ‘QL https://crn.log-a-tec.eu

x lm MyMinds » Document Det... % | {_; Testbed - LOG-a-TEC x |3 Testbed - LOG-2TEC

x | U Testbed - LOG-2 TEC

=)

| 10007

R

LOG-a-TEC ‘o SensorlLab (",

L
Jozef Stefan Institute %
)
%
%

<

S,
GENERAL | SIMULATIONS | EXPERIMENTS | REPROGRAM %
O Coverage @ Rx_power
Transmiter:
Delete selected row

h Freq. Power Ant.

<
g
@
5
£
8

fat B Ing m  [MHz  [dBm] gain
45916622 14220672 10 800 0 -1.63
45916882 14222197 10 800 0 -163
45917332 1422432 10 800 0 -1.63 2
1t03 4 Previous Next p 5
28 s
Paviiceva ulica &
Reciever: %
lat 2 Ing %CS
(3
450916534 14220053 f«%
45916668 14.221984 , 3,
45917107 ' St
45917557 14.225711
45918457 14.223697
1t05 4 Previous Next p %,
Q.
%,
C

Radius[km]|1 %

Sens owd

Coogle T

Position:(45.917557, 14.2257110 m

Name:Node 47 30
Cluster:City Centre ‘
Frequency [MHz]: 5562 —13

h [m]: 10 ‘
Antenna gain: -1 63 |
Antenna type: UHF32-562-omni —60
Description: ‘

box label: C-048

radio type: UHF —78

network addr: 47
MAC addr: 48

SNC: SNC-STM32-V1.1.1-240412-01134 ‘
SNR: SNR-MOD-V1.1.1-240412-01044 —114
SNE: SNE-ISMTV-V1.1.3-0860612-01001 |

@ Transmiter O Reciever

Add

\Transmiter| Power [dBm]

[Node 40  [-81.1207073975
[Node 36 |-96.2046459961
[Node 28  [-101.837595825

Msp dats ©2012 Tele Atlas - Terms of Use
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?) Testbed - LOG-a-TEC - Mozilla Firefox
File Edit Wiew History Bookmarks Toolz Help

x| Crestes -togatec ¢ | Uesibed-LocaTec I 1062 HCREW proect < | + |'='

=3 A0S

OJAN ZAJEC [20335] x ||ﬂ' MyMinds s Document Det... |0Testbed - LOG-a-TEC

| [" The Missing Sync for And... > = Index of file:/{yD: fiterat... *

L fir & | @ ntips:/fon.log-a-tec.eu
m Satellite

LOG-a-TEC Sensor"Lab

Joief Stefan Institute

GENERAL | SIMULATIONS | EXPERIMENTS | REPROGRAM

CogpihreTTad0 EXpenmentss,
Start || Log

Select the Experiment =

< Select the Experiment >

Context awareness inthe TVINS
Coexistence in the 24 GHz ISM band
Coexistence in the UHF band/TVWS

N I |
Sequences of GET
and POST requests

.ITI
1T

o
) 2
£ 3
& = Staraqssra
& = 409
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m 13
=
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%, 3 IO ! e 5 & &
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What can LOG-a-TEC offer to
Experimenters?
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8%%» What LOG-a-TEC offers to experimenters

)
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M Placing experiments in realistic outdoor environments
e sub-urban industrial zone, city center

22
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M Signal transmitting equipment
e 11 remotely reprogrammable nodes on street lights

— narrow-band TX in the upper part of UHF band (780-800 MHz)
— emulation of wireless microphones

e R&S SMBV100A vector signal generator
e USRP N210 '
e (local DVB-T multiplex transmitter, -~ ..

What LOG-a-TEC offers to experimenters
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8%%) What LOG-a-TEC offers to experimenters _z
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M Spectrum sensing equipment

e 19 remotely reprogrammable nodes on street lights
— 8 wide-band energy detectors
— 11 narrow-band receivers

e R&S FSV spectrum analyzer
e USRP N210

s ESTETETEIEr - |
|l s B

=S'pcoBO@®

af
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CREW L R
B VESNA Spectrum sensing
software
M A batch of pre-prepared

spectrum sensing profiles is
available

~
~N)

Sensing profile
* Frequency band
e Channel bandwidth

B Once profile is selected 5l e * Averaging
VESNA sensor node is e . \ ///
accordingly configured -
M Experimentis run B
according to spectrum LR |
sensing specifications e s o e s
M Results are saved locally o R B
on the SD card and sent in = o §
batches to the server y
- e e s wo s semee T s

frequency [MHz]
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M Integrated Radio Planning Tool (RaPlaT) based on open-
source GIS system GRASS

e Experiment planning

e Tx radio coverage calculation
e Visualisation

e Supporting REM estimation

M Incorporating
e Digital Elevation Model
e Clutter file
e Six path loss prediction models

e Ray-tracing approach for rural
and urban environments

Available also as stand alone tool for download from
http://www-e6.ijs.si/en/software/grass-raplat

8%% What LOG-a-TEC offers to experimenters [/

EWORK

o)) ))))
)
REW S RO GRAMME

26


http://www-e6.ijs.si/en/software/grass-raplat
http://www-e6.ijs.si/en/software/grass-raplat
http://www-e6.ijs.si/en/software/grass-raplat
http://www-e6.ijs.si/en/software/grass-raplat
http://www-e6.ijs.si/en/software/grass-raplat

&0, Long-term measurements

M Few long-term spectrum occupancy studies
e what are seasonal variations in band utilization?
e long-term trends in spectrum usage?
o effects of weather on spectrum sensing accuracy

M Larger data sets would also help research into
e channel opportunity prediction algorithms
e can serve as a training set for machine learning
e participatory sensing algorithms

B LOG-a-TEC enables collection of such data

e spectrum sensing devices deployed in two
sub-urban environments

e low-cost sensing devices developed for LOG-a-TEC
can be deployed in other environments

EEEEEEEEEEEEEEEE
RRRRRRRRR
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Long term measurements (1)
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B Channel gain between pairs of nodes

—70.01
—71.01
—72.01
~73.01

B 7 N i S

—-75.01
—7a.01

m—F7.01
'EI

—-7a.01

-El

(&)
—gRl.01

—-83.01
—EB4.11

—85,01t

—EBa.01
£7.01
—-E58.01
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8@@ Long term measurements (2) _7_

,
CREW — T RocRAMME

M Effects of environment on accuracy of spectrum sensing

e Explore effects of aging, temperatue, humitity, precipitation on out-door
spectrum sensing hardware and propagation environment.

e 12 radio links in LOG-a-TEC industrial zone testbed,
4 RSSI measurements/day, November 2012 — April 2013

. T - v - T - T -

I

RSSI vs. time (black)
| temperature vs. time (red)

date
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c%%’ Dynamic composition of services _7_

B VESNA based testbed at JSI campus supporting quick prototyping,
deployment and testing of modular protocol stacks as a composition of
communication services

B Based on ProtoStack tool
e HW platforms hosting Contiki OS

e Composeable Rime (CRime) Module library of basic communication
primitives (based on Contiki Rime stack)

e Declarative language based on RDF (Resource Description Framework)
enabling machine supported composing and automatic validation of
protocol stacks

e Web based workbench

C-RIME - —
| ontology @V
Ny N -
VESNA .I q '

Turtle Wirelt

C-RIME epenT T ore
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i How to Experiment in LOG-a-TEC? _7;

u
C R W \)’ SEVE;I'{(;IGF'? "l‘\mﬁ gggg

1. Remote experiments (RE)
1. Define your experiments
2. Ask for an account to LOG-a-TEC
3. Use the Python scripts
https://github.com/sensorlab/vesna-alh-tools to develop
your own experiment / Use the web portal to run pre-

defined experiments and simulations
https://crn.log-a-tec.eu/

2. Onsite experiments (OE)

1. If the experiments requires mobile equipment or a particular
type of equipment to be brought on site

3. A mix of remote and on-site experiments (ME)
1. A combination of the above
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What types of TVWS experiments
can be carried out at LOG-a-TEC?
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gg)m LOG-a-TEC testbed applications in TVWS _7;

CREW = R
1. Experiments related to geolocation databases for
TVWS access

e Determining location of transmitters

e Verification of propagation models

e Monitoring and verification of occupancy databases
e Adding dynamic content

2. Long-term statistical data gathering

3. Implementing spectrum sensing on low-cost devices
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&%, Determining location of transmitters /4
O S —

B Determining the location of mobile transmitters
e Primary (wireless microphones) and or secondary users

e Calculated using triangulation from detected signal strength
from multiple receivers in the testbed

e Knowing transmitter location appropriate exclusion zone can
be added to the geolocation database
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&%, Triangulation from detected signal strength _7

—

CREW — T
B Questions addressed

e How accurately can the location be determined?

e How does the location uncertainty depend on the number and
location of sensing nodes?

e What kind of infrastructure is needed for sufficient detection?

M Estimation of Tx location

Probability of Rx Position, N =5 Probability of Rx Position, N =10 Probability of Rx Position, N =100

e Assuming free space loss and omnidirectional antenna
e Exclusion zone can be calculated and added to geol. database



&%,  Distributed spectrum sensing in UHF N a
CREW
e Using multiple VESNA sensing nodes
in Log-a-tec outdoor testbed to
build a radio environment map
e Avoiding the hidden node : o :
problem, minimizing primary o o
user interference o s s ———— |

460 480 500 520 540 560 580 600 620 640 660 680
frequency [MHz]

o Context-awareness experiments
in licensed bands

e The central Slovenian DVB-T
multiplex can be clearly seen at 562 i ’{ \
MHz ]

Node 47 — Super ScanStick Antenna

.............................................................

580
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o, Verification of propagation models

Sl T
B Models are used to populate geolocation databases

e For stationary transmitters coverage can be calculated from
location, power and terrain data

eeeeeeeee

a8

B LOG-a-TEC testbed can be used to validate models

e known environment
e compare measurements to calculations
e experiment performed at CREW meeting in June 2012
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8%&?%»Heterogeneous spectrum sensing in UHF bami%

CR W’ SEVENTH FRAMEWORK

PROGRAMME

e Outdoor experiment with relocation of equipment
e Using common data format for easy processing and reporting

e Estimation of signal strength using Longley-Rice channel
model and GRASS-RaPIaT radio planning tool

e Comparison of sensing devices to estimations from channel

models
Imec sensing
USRP agent VESNA .
.10,
30+
40}

ed/expected signal strength (dBm)

W
R %@ﬂzmw “‘*\;%@ﬁ%}; b

U et ST |y L 9 THl WALl
-70 MW\J‘JJ vy \'.\’ V\Iw}f/ ¥ ‘I’i.\”\j. AU 4 " o Ly
-80} vﬁ‘ ; ORI SEONIROE SN /

-90

Measur

-100

i i i i i i i
0 500 1000 1500 2000 2500 3000 3500 4000
Time (s)

40



Measurement route
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,  Route and LR-calculated power levels

SEVENTH FRAMEWORK
CREW PROGRAMME
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Measured/expected signal strength (dBm)
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Adding dynamic content

e —
SEVENTH FRAMEWORK

M Experiment by Instituto de Telecomunica¢oes and
CMSF-Sistemas de Informagao (CREW Open Call 2)

e geolocation database assisted by a low-cost densely deployed
spectrum monitoring network

e to protect dynamic primary systems, such as wireless
microphones that are not registered in the database

DYB coverage
maps

[_:} Algorithm

— {brought by IT)

CREW
Database

TVWS maps

Logatec area

Protectian
requiremants

)
o

Logatec TVWS maps
IRIS+GEPS+ Location Error

(‘I,) White space link
S

RIS
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DEMO: Coexistence in licensed and unlicensed
bands in an outdoor environment:

= Game theoretic interference mitigation
- Wireless microphone emulation with VESNA



Q
W@m Game theoretic interference mitigation _7;

CREW & T
M Interference mitigation is a fundamental problem

e Individual users of spectrum want to increase their own
bandwidth, minimize power consumption.

e Higher bandwidth — higher power
—> more interference to other users.
B Game theoretic approach
e Users of spectrum modeled as players in a game.
e In each turn users adjust their own TX power, observing others
e What are the stable states of such a game (if any?)
e Can selfish behavior lead to fair sharing of spectrum for all?

B Implementing a simple power allocation game

e A lot of power allocation games have been investigated in
literature using theory and simulations.

e Missing practical experience.



858, Problem definition N4

CREW
B Adopting ProActive Power Update (PAPU) algorithm?
o set of N players, N={1, 2,.., N}
e and their corresponding power allocation profile
P ={py, Py, - Pn};

s . hp
the utility function of a player u; = log| 1 + et
» y piay i 9 ( Mo+E i 1D )

e maximize the global utility function, while minimizing the
globally allocated power

max E U;
i

min E Di
i

“G. Fang et al., "Distributed Inter-Network Interference Coordination for Wireless Body Area Networks", IEEE
Globecom 2010. 48
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ghet, Methodology _7_

M Identification of experimental set-up and constraints.

e Theory requires that certain criteria must be met in order for
the game to reach an equilibrium.

e This limits the choice of sensor nodes that are capable of
playing the game
B Adaptation of the theoretical framework for the use in
a testbed rather than in a simulation scenario.
e Channel gains h; are not known before-hand.
e Only discrete TX power settings available.

B Implementation and experimental evaluation.



8%% Experimental set-up
CREW

B Demo set-up

e Players are pairs of sensor nodes (TX, RX) in
LOG-a-TEC testbed

e Nodes implement ProActive Power Allocation
Update (PAPU) algorithm

50



ﬁj N,

)

i gﬁ"sj-‘gj)))
CREW W

Parameter estimation

B Channel gain between pairs of nodes
e |nstantaneous

o Average”

B —
SEVENTH FRAMEWORK

PROGRAMME

e Estimated using the Kalman predictor * (used for final implementation)
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%, Results

CREW LTS
B Main results of experiment

e We have shown that a game theoretic interference mitigation
is feasible to evaluate on an experimental infrastructure.

e Results show that the game converges to Nash equilibria.

H B c1=1000 c2=1000 LOG-a-TEC case

-0.4 ¥ ¥ c1=1000 c2=1000 Simulated case
® ® c1=1000 c2=1000 Simulated case with mean gains
Iteration for player 2
-0.6
| ]
E .
= . .
>-0.8
| |
2} ~ 2 n
S b= ]
— w
—— ~
] n
E (] " u i -
-4} e —-1.0 - - | ]
- [ ]
E | |
*
> v
£
Q -1.2
<
4 [
2
-8}
-0.30 -0.25 -0.20 -0.15 -0.10 -0.05 0.00
Player 1 strategy [dBm)]
, th=0.100, cost=1500.000
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th=0.010, cost=1500.000
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&%, Wireless microphone emulation with VESNA _7_

EEEEEEEEEEEEEEEE

CR WO MMMMMMMMM

M PMSE are an important spectrum sensing target
e Wireless microphones are a primary user.

e Secondary users need spectrum sensing
to determine exclusion zones.

e Ability to reproduce wireless microphone
transmissions on VESNA simplifies
remote experiments
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CREW

M IEEE wireless microphone simulation method
e Three reference signals approximating typical use cases
e Carrier modulated with a sinusoidal signal

Context of the experiment

e —
SEVENTH FRAMEWORK
PROGRAMME

To
o] ] Receiver or
Signal Generator Rayleigh Fading Detector
—> ) : > Attenudtor i >
w/ FM Modulator Simdlator
Amplitude Fader Settings Desired
Deviation

Attenuation
In dB (can also vary

Carrier Signal Generator

Frequency Input Amplitude
Table 1. FM parameters and bandwidth for each operating situation
2 Am f m Af ﬁ B 90%
Operating mode |, \\) | kHz) | (kHz) (kHz)
Silent 1 32 5 0.16 37
Soft speaker 1 3.9 15 3.85 19
Loud speaker 1 13.4 32.6 2.43 46
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S8R Context of the experiment N a
CREW
. R R
B Emulating PMSE on VESNA -
nodes in LOG-a-TEC i sl
e Low-power sub-1 GHz
transceivers on VESNA do not 21| ¢ s
implement an analog FM N ;\ ;\
modulator. [E: D (3] (3] |z
e Solution is to generate a 4 m— %?; e 3
baseband signal in software 3
FEC / INTERLEAVER
e Use hardware FSK block for QU
frequency modulation - - m—
JIGITAL INTERFACE TO MCU
2R

(1s3lv)ooao
(Loav) 0s =
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&, Storyline of demo ya

B Demo set-up

e A VESNA node with SNE-ISMTV radio is emulating a wireless
microphone transmission with the ,loud speaker” profile.

e The signal is received through a coaxial cable by an USRP.

e A spectrum similar to the ideal IEEE microphone simulation
profile can be seen on the screen.

e VESNA node can also be programmed to synthesize an
arbitrary waveform.

e USRP is set up to simulate an FM receiver.
e Music is heard from laptop speakers.

EEEEEEEEEEEEEE
RRRRRRRRR

=
nNe)
N
N S
'iJ<E
= 2
> 0
n 35

>
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2 Storyline of demo

CREW Eﬁﬁgﬁfmﬁ
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Storyline of demo

CPU

(Sensor Node Core)

Radio

(SNE-ISMTV-868)

tuning word sync [*t— sync
serial serial -
* driver _|_’ driver
phase
accumulator | +
| TX fifo
phase to | +
amplitude
| 4FSK
| modulator
output > DDS | +
coder buffer |
RF frequency .
T | synthesizer <@ oscillator
| power
amplifier
output
word |
vector

e —
SEVENTH FRAMEWORK
PROG

VESNA sensor node

Wireless microphone receiver

RAMME
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CREW

M 5 sets of PV panels
e S, E, Worientation

e Amorphous & crystalline
silicon

B 7 VESNA sensor nodes
e Weather
e Temp. + current
e Reference solar cell

B 1 VESNA GW
e 3G radio module

M ZigBee sensor network @ 868
MHz

Photovoltaics system monitoring

e —
SEVENTH FRAMEWORK
PROGRAMME

VESNA 1 Sunny SensorBox
T, H, VIS, UV,
RG, WS+WD LWL
PV SOUTH 1 VESNAZ
LT ELECTRICITY
- GRID
\ o INVERTER S1
5s11p | 5s11p || 4s3p \
PV SOUTH 2 VESNA2
LT
\ O INVERTER S2
5s11p \— 5s11p | 4s3p \\
PV WEST s
ET.
=
/ © INVERTER WS
4s8p 4s8p
PV EAST L2 L
Ll
7S
\ A
PV TEST i L
L
S INVERTER T
VESNA 7 Sunny WebBox
SC Web access & SCADA
o VIDEK
VESNA 8 3G module
Management and access
GwW

SUPPLY
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S5, Air quality monitoring _7;

B FP7 CITI-SENSE- Development of sensor-based Citizens'
Observatory Community for improving quality of life in

cities ( \
e Urban quality

o Public spaces L Indpor/outdo_or air quality, weather,
radiation, noise level ...

e Schools indor

B VESNA
e Gas sensors - CO2, CO, Nox, VOC

e Environmental sensors — air pressure, temperature, humidity,
luminence, weather

e Noise sensor

B LOG-a-TEC testbed

e Trial and validation of VESNA based prototype system
e Final pilot system deployed in Ljubljana (+ 8 EU cities)
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