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

=

m What can LOG-a-TEC offer to TVWS Experimenters?
e Testbed capabilities

m What types of experiments can be carried out at
LOG-a-TEC?
e Past / ongoing / planned experiments and why they are

interesting for broader community including regulatory and
standardisation

.. overall focusing on functional capabilities of the
testbed and on the example experiments



What (and where) is LOG-a-TEC?



o%% JSI testbed as part of CREW federation
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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)

CREW portal
www.crew-project.eu/portal
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Trinity College Dublin

N LOG-a-TEc’ Logatec TU Dresden //1 JSISIovenia\

: - IEEE 802.11 D\ IRIS GPP-based software imec Sensing Agent
e Outdoor installation |@® DD oo Led reer ]
9 IEEE 802.15.1 sensing

LESEYNell Comreg spectrum licenses 1SM band
e Used for spectrum @ ceesr s MG ondssensing
. L. N BEE? BEE2 FPGA platform % THALES advanced sensing platform
sensing and cognitive | e et TS rero ol | oS alze

. o EyesIFX nodes Interconnection of portals
ra d | O Versatile Sensor Node on
g CR data base Lightpole Interconn. between testbed elements




3 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 Within CREW project used for spectrum sensing
and cognitive radio experimentally-driven research %
Tour,

CREW 4
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m VESNA = VErsatile platform for Sensor Network Applications
m Modular platform for WSN (VESNA = SNC + SNR + SNE)

SNE
Sensor Node Expansion

e

VESNA

SNC
Sensor Node Core

ensor Node
Radio

SNE-ISMTV

{; SPI, GPIO

SEVENTH FRAMEWORK
PROGRAMME

SNC

SNR-MOD




Rt VESNA SNE-ISMTV N4

CREW T
m One PCB with several SNE-ISHTV
. 2.4 GHz TRX 863 MHz TRX TV UHF RX 868 MHz TRX
placement options oo | [ccrm ronteziom | | arssnrare

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 SNEASWTV
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 devices AD8307 demodulating
logarithmic amplifier

— 42 — 870 MHz RF input

—1.7,6,7, 8, 10 MHz channel

— =1 dB linearity

— 92 dB dynamic range

m IEEE 802.15.4 transceiver

e ISM 868 MHz
— Based on Atmel AT86RF212



VESNA assembling
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SNE-ISMTV
24GHzTRX | | 868 MHz TRX TV UHF RX 868 MHz TRX -
CC2500 cCc1101 TDA18219HN ATB6RE212 I
-
: =1
SPI, GPIO
SNC v1.0 SNR-MOD v1.0

custom code
ATZB-900-B0O

or

Contiki + custom code

14vNn /1ds
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= LOG-a-TEC testbed

CREW T
m 50 (CREW) sensor nodes are deployed in 2 clusters

e City center
e Industrial zone

m ZigBee network @ 868 MHz, Ethernet gateway

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

10
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LOG-a-TEC testbed remote access portal
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m Testbed access portal at www.log-a-tec.eu allows to

Show node status
Choose particular cluster

Perform an experiment

— described as a sequence
of GET and POST requests

Remotely (over-the-air)
reprogram resources

GENERAL | SIMULATIONS | EXPERIMENTS | REPROGRAM

Cognitive Radio Networking

Choose the cluster: JSI -

GRASS-RaPlaT Simulation
MNodes 78,10 (Transmission Power +12 dBm) -

Opacity: — @ 50

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

Position:(45.937168, 14.239767000000029)
Name:Node 18

Cluster:industrial Zone

Frequency [MHz]: 562

s h[m]:10

Antenna gain: -1.63

Antenna type: UHF32-562-omni
Description:

box label: C-008

radio type: UHF

network addr: 18

. MAC addr: 19

SNC: SNC-5TM32-V1.1.1-240412-01081
SNR: SNR-MOD-V1.1.1-240412-01010
SNE: SNE-ISMTV-V1.1.3-080612-01006

@ Transmiter ) Receiver

Logate:

11
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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

| =]
&

—
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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
| :
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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
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Direct communication with the nodes

[[ GET ]

POST

X Find:

L5
% vag
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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
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?) Testbed - LOG-a-TEC - Mozilla Firefox

File Edit Wiew History Bookmarks Tools Help
z|
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LOG-a-TEC S
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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
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) Testbed - LOG-a-TEC - Mozilla Firefox
File Edit Wiew History Bookmarks Tools Help
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()
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
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?) Testbed - LOG-a-TEC - Mozilla Firefox

File Edit View History Bookmarks Tools Help
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LOG-a-TEC testbed remote access portal
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m A batch of pre-prepared
spectrum sensing profiles is
available

m Once profile is selected
VESNA sensor node is
accordingly configured
(reprogrammed)

m Experiment is run
according to spectrum
sensing specifications

~
- \\

Sensing profile

* Frequency band

e Channel bandwidth
* Averaging

. V

H it
e & o S NeT
Y. | g
10 —40
48
08
-s6
Eo6 -64
E
£
= 72
04
-80
02 88
-96
0'9,40 241 242 243 244 245 246 247 248
frequency [Hz] 1e7

- RESUItS are saVEd Iocally VESNA spectrum sensor, Slovenian DVB-T multiplex A at 562 MHz
on the SD card and sent in Mg 10 BE
batches to the server L wE
460 4;0 5;0 5L20 5;0 5160 5180 6;0 6;0 6:0 6L60 680 e 18

frequency [MHz]



What can LOG-a-TEC offer to TVWS
Experimenters?



PROG

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

RAMME

20



&% What LOG-a-TEC offers to TVWS experimenters?
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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 with IRIS or GNU Radio

e (local DVB-T multiplex transmitter, (((( ))))
not under testbed control)

)
i)

/o oenalf)




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 with IRIS or GNU Radio

S'ocoBO@

el

22



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

23


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

e —
SEVENTH FRAMEWORK
PROGRAMME

’— ________________ ~
7

,/ Cell ( \ \ r.clutconvert <'
I list rfspl [ !
I r.hata ] I
I r.cost231 i d

r.hataDEM I Land usage
: r.waik I table dB

|
| a
! e | \ H
I r.sector |€ : '
1
I \ I 1/ 191

I b

: I \ 157 ‘
I db.GenerateTable 1 141
I I |
I . 2 :
: r MaxPower . Power table (dbf
I I
I I
\ /’
\
«_ Python )

Available also as stand alone tool for download from

http://www-e6.ijs.si/en/software/grass-raplat 24
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What types of TVWS experiments
can be carried out at LOG-a-TEC?
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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

26
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m 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 Experiment planned for later this year

e Knowing transmitter location appropriate exclusion zone can
be added to the geolocation database
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TV station protected
contour
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TV Broadcasting Station
(20-1000 kW)
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- o
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\

Indoor scenario
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+» TV Broadcasting signal

————7L . Secondary user data link
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e 1 CTIGHICHIDT T TERERAER STeTeN SRS i
m 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
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Distributed spectrum sensing in UHF
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Logatec experiment, VESNA SNE-CREWTV

e Using multiple VESNA sensing nodes
in Log-a-tec outdoor testbed to ' [
build a radio environment map *~

620

e Avoiding the hidden node

problem, minimizing primary = ==
user interference

460 L

in licensed bands R

Node 20 — SuperGainer antenna

Node 47 — Super ScanStick Antenna

200 300 400 500 500 700 800 900
t[s]

-80

RAMME

-50

-60

-70

P [dBm]

-90

-100

-110

Node 19 — Super ScanStick Antenna

rial zone, node 19, Super ScanStick antenna
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e Using multiple VESNA sensing nodes
in Log-a-tec outdoor testbed to

build a radio environment map

e Avoiding the hidden node
problem, minimizing primary
user interference

e Context-awareness experiments
in licensed bands

Node 20 — SuperGainer Antenna Node 47 — Super ScanStick Antenna Node 19 — Super ScanStick Antenna
B
| :‘.
/ W A } l\ /,,?: N3

)“ 7 \/“ \ N | £ [T e , \

et f ! ‘;

v i} | k i 1

| {

{ ]

W i p %
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, Verification of propagation models N a
R o

m Models are used to populate geolocation databases

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

a6

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

e known environment
e compare measurements to predictions
e experiment performed at CREW meeting in June 2012

32
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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_
= _20_ vvvvv
= ,E\ = 2 30
N ([ e [ e _—— 5
N e 7 £
. — A P S e | | . SRR S———— S— Lo—
g A LMwJ Wbt~ ]
] [N Y UL
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Measurement route
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Route and LR-calculated power levels
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Measured/expected signal strength (dBm)
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Sa, Monitoring of occupancy databases _7;
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CREW — T T s

m Geolocation databases need to be continuously

monitored for accuracy

e Errors can come from incomplete input data
— input data may be needed from entities under different administration

e Distributed spectrum sensing experiments can be performed
and algorithms can be investigated for comparison between
the geolocation database and measurements
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, Adding dynamic content N a

CREW R ST
m Experiment by Instituto de Telecomunica¢coes and
CMSF-Sistemas de Informacao (CREW Open Call 2)

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

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

Existing CREW open
federated platform

_—
=

DYB coverage
maps

Algorithm

[_:} {brought by IT)

Database
TVWS maps

Logatec area

Protectian 0
requiremants =
<

o

(‘I ,) White space link (( l))
M ol

IRIS IRIS+GEPS+ Location Error

e il
o -

Logatec TVWS maps 33



‘? D)
i ﬁnii;.)) Long-term spectrum measurements _7;

CREW = e
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

m LOG-a-TEC enables collection of such data

e spectrum sensing devices deployed in two
sub-urban environments

e (some long-term data on 2.4 GHz already being collected)

e low-cost TVWS sensing devices developed for LOG-a-TEC
can be deployed in other environments
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&,  Spectrum sensing on low-cost devices [/
CREW — e

m Two approaches to avoiding interference in TVWS
e consulting geolocation database
e detection of primary users through spectrum sensing

m Setting requirements for secondary users

e Implementers faced considerable challenges meeting FCC
requirements for spectrum sensing for secondary users

e Current focus is on geolocation-based secondary use
m Important to set realistic detection threshold
e Low enough probability of interference with licensed users

e but must still be possible to economically implement on
consumer devices (supporting participatory sensing)

m LOG-a-TEC enables research into low-cost devices
e Wireless sensor network of low-cost sensing nodes
e Sensors based on off-the-shelf DVB-T tuner hardware



Summary
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“«w b, Summary _7_
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m LOG-a-TEC as part of CREW federation of testbeds

e supports experimenting in TVWS in real outdoor environment

e to support combined white spaces geolocation based and
distributed spectrum sensing operation

e has capabilities for controlled transmission in UHF band and
for long-term infrastructure-based spectrum sensing

e can incorporate external Tx/Rx equipment and sensing agents
based on different standards

e supports investigation of using low-cost sensing devices
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