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Goal: Demonstrate interoperability of Sensors in heterogeneous infrastructures, example JBV use-case with
sensors to Telenor Objects platform

1. Background - Standard ETSI TS 102.690

2. Introduction
= M2M

= ETCMS/ETCS
= GSM-R

3. Realization
m Telenor Objects - Shepherd platform

m Sensors - Sun SPOT
4. Demonstration
5. References

Yen Pham, January 27, 2011
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e Topics

1. Introduction

2. Realization

3. Demonstration

Yen Pham, January 27, 2011

Tasks

W e

Analyze the standard ETSI TS 102 690
Analyse the Shepherd platform

Propose a generic integration aproach
Implemetation and performance analysis
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Outline

1. Introduction

e About the Machine-to-Machine
(M2M)
e M2M Specifications for the

Railway
e What is ERTMS/ETCS?

e ERTMS components

® GSM —> GSM-R

® GSM/ GSM-R architecture
® GSM/ GSM-R Properties
e ETSI TS 102.690 standard

e M2M high level system overview

2. Realization

3. Demonstration

Yen Pham, January 27, 2011

About the Machine-to-Machine (M2M)

The ability of a machine device to “communicate” with another

machine devices + intelligent properties with the self-*.
The elements in the concept

M2M Device —> two-fold
properties: one with interfaces
to the sensor, while another to
the network interfaces

Communication network —>
acts as connection point, and
provides the accessibilities
using different technologies
such as LAN, Wi-Fi, ISDN,
GSM etc.

Back-end server —> data
collection point.

M2M for monitoring application

Factory Equipment

Company IT

[Walter, 2005, Whitepaper]
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M2M Specifications for the Railway

Outine Functional Requirements Specification:

1. Introduction Equipment Area
® About the Machine-to-Machine +Primary Controllers -
(M2M) +Control | er Terninal interfaces Communication Ared
o M2M Specifications for the T VoI ce Servi ces
Railway 1 | === ————— - >|+Data servi ces
e What is ERTMS/ETCS? ! | +Priorities
1 1
® ERTMS components v | +Ener gency calls
® GSM —> GSM-R . - --a 1
Applications Ared 1
e GSM/ GSM-R architecture b e e e e - - - a
. +Radi 0
® GSM/ GSM-R Properties
e ETSI TS 102.690 standard A

e M2M high level system overview

2. Realization

3. Demonstration Cab Radio General Purpose Radio Operational Radio Functional numbers Telephone numbers Numbering Plan

+ nterworking

+Send and Receive text nessages
+Send and Recei ve voice calls A /f
+Forwarding calls I /
+Automatic and Manual network selection 1
+Language sel ection :} {
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+Regi ster and de-register trainid
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N 1
N
[El ERENE Speci fi cation

[UIC, 2006, GSM-R Functional Group]
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What is ERTMS/ETCS?

Outine ERTMS/ETCS (1989) —> A Command and Control system for traffic management to
allow the interoperability of operation and exchangeability, and to ensure a high-speed
° ,(Al\jzat)the Machine-to-Machine ra” System

S = Why? To achieve a safety trans-European traffic management

:

Py — system, reduce the cost of maintanance.

® GSM —> GSM-R . . .

o S/ GSM-R architecture = How? To introduce a GSM-R network with M2M in the ETCS.

o GSM/ GSM-R Properties

- B T I v eond m Concept is based on 3 levels of ERTMS:

o M2M high level system overview

1. Level 1: existing signaling on rail lines with balise to transmit
data between ETCS on-board equipment and the control center.

2. Realization

3. Demonstration

2. Level 2: introduce GSM-R communication between the Radio
Block Center and the on-board equipment. Allow continous
monitoring of correctly speed with expected distance of travel.

3. Level 3: a completely GSM-R network with continous monitoring
of train and its updated information.
[Curzon, ERTMS, 1999], [UNIFE, Factsheet]
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ERTMS components

mh

[Pictures from Youtube video]
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GSM —> GSM-R

GSM —> Technology for digital cellular of transmitting mobile voice
and data services 8. GSM operates in Europe between 900 — 1.8GHz
bands.

1. UIC documents for specifications:
= EIRENE Functional Requirements Specification

m GSM-R Procurement Guide

= Interoperability Directives —> Technical Specification and Control
and Command System.

2. GSM-R network is based on existing GSM networks.

3. Depending on the “National” implementation of GSM-R: Public,
Private, Hybrid network.

ahttp://www.gsmworld.com/technol ogy/gsm/index.htm
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Outline

1. Introduction

e About the Machine-to-Machine
(M2M)

e M2M Specifications for the

GSM/ GSM-R architecture

GSM elements

I The Mobe Unit

\

GSM-R

oMe

Railway
e What is ERTMS/ETCS? 3
e ERTMS components IR HLR SlM
e GSM —> GSM-R :
- i
e GSM/ GSM-R Properties \ / SGEN
e ETSI TS 102.690 standard [ |8
e M2M high level system overview =
Mohile £o. [
2. Realization fase Switcting ST MSG/ /| Gosw T
Bae | S Conter A =
i St Cooler| ™ GCR |- S
3. Demonstration {3
MS
2 Buse Station Subsystern 7 Mobile Swiiching System
BSS NSS

Billing

Cenire

[The International Engineering
Consortium, Tutorial]
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GSM/ GSM-R Properties

Outine 1. Analog voice is converted to digital before transmission over-the-air
2. Transparent roaming

ﬁﬂfﬁﬂ%ffh 3. Digital transmission rate = 270kbps (GSM), [Global System for

 What is ERTMS/ETCS? Mobile Communication (GSM), Tutorials] (!!!)

=, 4 Frequencies

= Uplink = 890-915MHz(GSM), 876-915MHz(GSM-R)

® M2V igh evelsystem overview = Downlink = 935-960MHz(GSM), 921-960MHz(GSM-R)

2. Realization

5. Data frame format (access methods): Time Division Multiple
Access(TDMA) & Frequency Division Multiple Access(FDMA):
120 ms, 26 frames, 8 burst periods per frame

3. Demonstration
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ETSITS 102.690 standard

M2M NETWORK ARCHITECTURE - s Dev_i_;’.é'Ei scific Domain

M2r Hetwork
Hetwork Mandagement
Functions

Service Capabilities

MaM Applicatons

' s
f ¥ Application
. -\‘* wWeb-portal

A 4

End-user

Unicast, multicast, broacast,
anycast

Metwork Service vai@ 3
GSM, 3GPP, GPRS, :
IP adr, MSISDN

intelligent Ga
with table lool

kup

SECURITY = IDENTIFICATION, AUTHENTICATION ==> DEWVICE RECOGHNITION

What are the relations? The architecture is based on standard ETSI TS 102.690:
B Device is designed for a specific domain

B Device has an M2M application
B Device needs a SIM-card (Telenor SIM card) in order to enter the M2M network

B Device has an antenna to communicate with the Base Station via a Controller using
GSM/ GSM-R (here: JBV use-case)

B Telenor provides M2M network, while the Shepherd platform provides data storage
from different devices’s applications —> Heterogeneity.
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M2M high level system overview

Outline

User interface toapplication

al PC/dedicated
ELeaN ey g] peta

e About the Machine-to-Machine Ll ek, )
(M2M)
® M2M Specifications for the WEM Applications ﬂ
Railway Functions
e What is ERTMS/ETCS? i i S e R i Rt R S R R R e i
' M2MCore |
e ERTMS components : i
] [
o GSM —> GSM-R E Senice Capabilties .E
® GSM/ GSM-R architecture : ‘
) ]
® GSM/ GSM-R Properties : ' [ 5o
=T : 1
e ETSI TS 102.690 standard E {inch i nts to Carel < (O} E vy i
® M2M high level system overview Network and Applications domain i || sxBing CN capaldities) i
Based on existing standards 3GPP, s '
TISPAN, IETF, w S e e L T
2. Realization Pleemak
Management
Functions.
3. Demonstration

MIM Device Doman

Based on exiting standards and
technologies, e.g.! DLMS, CEN, CENELEC,
PLT, Zighee, M-BLE, KNX, etc,

|Dw§:es ! MIM Device

[Standard ETSI, 2010]
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The Shepherd platform

Outine Connected components Access methods
1. Introduction sewioe-pmﬁlééﬁm ‘ sl _Imm Shepherd central platiom Shepherd central pliform
2. Realization - P ' 4

® The Shepherd platform
e Shepherd properties APl n
® Sun SPOT ’ 1

Service Senice Service Senice
3. Demonstration Enatler F Enabler lﬂ‘ Enabler P Enabler u’

Focus on this

Network

C00S messaging fip, udp, socket...

Proprietary protocol
Senso Smartdevice
%D@V'??? ~J Sensor 1 4, e Sensor 1 N/ = :
| Devig e
Smart devi Sensor 2 —— IRy Sensor 2
A, mart device e ?néor Sotvate it ;enfaor 0—7 Sowae
Dig input '—1 Dig input +——*

[Herstad, Telenor], [Nersveen, Telenor, 2010]
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Outline

1. Introduction

2. Realization

e The Shepherd platform

e Shepherd properties
® Sun SPOT

3. Demonstration
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Shepherd properties

N o 0 bk W

Open source platform for the M2M services: a middleware platform
that connects the service and device objects through messaging

communication

Services management consist of Service Enabler

RFID Enabler —> handle messages and Subscriptions
Location Enabler —> handle location and notification
SMS Enabler —> handle SMS to MSISDN

Generic Data Enabler —> handle Object, message of
application, and message subscription

Enable interoperability and inteconnectivity

Enable monitoring and management of services and devices

Independent device/ equipment suppliers

Heterogenous application developments

Require: COOQOS instance install on device
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Sun SPOT

Outine 1. All SPOT has a rechargeable battery, but not the base station
e 2. device consists of:

e The Shepherd platform u C P U

e Shepherd properties

= Memory

LGS = Power management circuit

m Radio transceiver

= Antenna

m 3 sensing units: Accelerometer, Light and Temperature
= 8 tri-color LEDs board

= Battery lifetime:
(a) Active CPU =7 hours
(b) Deep sleep = 37 hours
(c) Active CPU + all sensors are used = 3 hours
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Prototype implementation
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Outline

1. Introduction

2. Realization

3. Demonstration

e Prototype implementation

e Performance Measurement
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Achievements

Adopted standard ETSI TS 102.690 to M2M application using Sun
SPOT sensors to the M2M platform of heterogeneity:

Base station sends broadcast every 15 sec.
Sun SPOT sends values to base station every 30 sec.

Host receives every 1 minute the values, and stores them
temporary to an ArrayList

The Host sends the values to the Shepherd platform
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Performance Measurement

Outline Averages to a set of sanples
900

1. Introduction 800

®m\essage exchange b Shepherd
700 > ? P

2. Realization \ Linear Regression for Message
600 exchange to Shepherd
o Add to ArrayList
500 % Linear Regression for Add to
Arraylst

e Prototype implementation 400 ¥ Send back reply

® Achievements 300 Linear Regression for Send back reply

Threfrico=nTt)

"= Receive stream port from Sunspot
200 @ Linear Regression for Receive stream
port from Sunspot
100 W Broadcasting
S ————a— a1
1 2 3 4 5 i T 8 9% W oM 12 13 14 15 W6 17 18 19 20

n

Impacts on wireless communication:
B Device in shaking and movement did not affect the communication to the base
station

B Plaster wall did not has an impact
B Poor battery affects the communication on longer distance

B Node load balancing might have impact for the peak when sending values to
Shepherd

B The bandwidth can have impact for the HTTP communication to Shepherd

B Distance more than 10 metres leads to loss the wireless connection.
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