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Towards Smarter Mobility

STEY i A
Intelligent use of data will be key!

'Forbes, SEP 30, 2015 "Big Data: 20 Mind-Boggling Facts Everyone Must Read”
2'IDC Predictions 2015: Accelerating Innovation — and Growth — on the 3rd Platform,” December 2014
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Imagine you had a car...

When would iou refuel?



What is predictive maintenance?

Condition-
based Predictive
When it fails Every day Upon low fuel Upon measurement

indication and prognostic
# of Minimal and
Refills Few Many planned
Car : :
Availability Low High High
Breakdown Low Lowest

0

risk 100% (if no change in usage) Low (if accurate algorithms)
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Added value

HealthHub
Predictive Maintenance for every asset

)

Railway
Infrastructure

Data capture
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HealthHub
Predictive Maintenance — Real Time asset healti'ln monitoring

Assessment

Asset data from various sources

&
Monitoring

Added value

Displayed in ergonomic user interfaces

From fleet view to train view to component view

Current and predicted state of health

To turn assets monitoring data into actions
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Added value

HealthHub
Predictive Maintenance — Prediction of remaining useful life

« Turning asset condition data into action

* Remaining useful life (RUL) prediction

Currently planned

changeover Revised

Last changeover Today changeover

Time /
| Monitoring > @l Extension » Usage

Prognostics

o oA~

10 HealthHub

12 Wear prediction
14
16

18

\Wear limit

\

C%anging components when needed only
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Added value

HealthHub
Predictive Maintenance — Prediction of remaining useful life

User HealthHub

interface

LR
® 1011 -
Q1
0%

Algorithms/ Service
Mogels Orders

MMIS

An integrated platform
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HealthHub
Predictive Maintenance for every asset

Operator Maintainer

User
A interface
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TrainScanner — Automated trains measurement
I

(I - Wheel

- profile

Brake
:% " pads
=<2 Carbon
/ -
- strips

Train
integrity

Applicable as well to metro
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Track Health Assessment service: Metro use case

Train-mounted systems
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TrackTracer: Reports
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STATISTICAL DATA
Section length
Action KP Area Defect Spread Sheet
Detail {m) Total (m)
11208-11608 200
Areas where grinding operations shallbe
2
= planned in the next months 11408-11208 200
= 12808-283 925
]
£ 12808-11808 1000 LineA_Track4_20150911_lLongitudinalProfile30100mm_12808-11808.pdf
=
E, Areas to be insp d regularly and d 11608-11408 200 LineA_ Track5 20150911 LongitudinalProfile20100mm_11608-11408.pdf
= in the next months| 11208-10808 aoo LineA_Track6_20150911_lLongitudinalProfile30100mm_11208-10808.pdf
9308-2408 1400 LineA_ Track7_ 20150911 LongitudinalProfile20100mm_9808-8408.pdf

ACTION TABLE
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The Motes: Train component monitoring

MULTIPLE MONITORING FEATURES

BESPOKE & EASY
INSTALLATION

WIRELESS & SECURE
CONNECTIVITY

ENERGY
HARVESTING
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The Motes: Metro case study

System configuration Health Diagnostic

Wawveform analysis

1 Gateway, 3 bridges, 24 motes, 1 tablet
Vibration is captured

Magnet attachment

Axle-boxes monitoring

4 seconds, 1 axis, 3.2kHz

Depot max speed = 5mph Time [s]
Powered by train batteries

Tailor-made analytics for health assessment
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Turnout case study

ReX RFI

ORTO SULLE VERIFICHE
Rl FUNZIONALI DEI DEVIATO!

Health Index

Data Acquisition Analysis

\\ Model 44 },74}L
\\ _— Information on the
™
. —— ¥ health of the asset

@arn val

Know-How Alstom

Heath vale
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TrainTracer — real time train status and supervision

MAINTENANCE CONTROL CENTER
FLEET MANAGEMENT

TRAIN POSITION (GPS) T
TRAIN CONDITION : i ™ 3
TRAIN INCIDENT A

COMMUNICATIONS NETWORKS

8 ABBREVIATIONS

o )))) RADIO NETWORK HEATING, VENTILATION

AND AIR CONDITIONNING
TRAIN CONTROL
AND MONITORING SYSTEM
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TrainTracer, Map view
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TrainTracer, Train status view
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Decision support through the HealthHub platform

ALSTEM  Health Hub -
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Decision support through the HealthHub platform

ALSTOM

Fleet Fleet Heamh Cumulated
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« Higher competitiveness of railways is the ultimate goal »

CONDITION MONITORING &
INTELLIGENT DATA ANALYTICS

* Wear and tear, malfunctions,
maintenance jobs, etc.

# of players
who provide
data

Quality of
data analytics

Variety of

# of vehicles ia

Transparency
about the drivers of

wear and tear and
malfunctions

PREDICTIVE

MAINTENANCE
Lower rate

of mal-
function

Longer
maintenance
intervals
New
maintenance
regimes

Lower
maintenance
cost

Lower #
of vehicles
needed

Higher
availability of

H |gher vehicles

competitiveness T

per seat km

of railways

Source: Roland Berger Analysis

Alstom Is a partner on this journey



Thank you!

Frank Werther
frank.werther@alstom.com
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References

* HealthHub platform:

- Since 2006: WCML (Manchester), X60 (Sweden), NTV (ltalia), Reims (Tramway France)
— More to come: PRASA, Ottawa, Reims, X61, X60B, Tramway of Nice, AVE, ...

* TrainScanner:
— Since 2015: ManchesteréWCMli) protot_}/Be ) )
- Xlorebtq.come: rest of WCML, NTV, AMTRAK, X60, new Spanish HST, ENNO, Australia (NSW), Netherlands,
zerbaijan...

« Motes:

Since 2009 on Madrid High Speed Line and Barcelona Metro & Pendolino
Since 2012 on London Metro

Since 2013 on Chicago and NY Metro

Since 2014 on Switzerland Regional Train

Since 2015 on Santiago de Chile Metro

* TrackTracer:
— Since 2014: Audits in Reims, Algiers, Sydney, Paris (RATP T3), Bar-le-Duc, RATP DEV Metrolink (Manchester)
- More to come:
* Permanent installation: Reims, Sydney, PRASA, WCML, AMTRAK
* Audits: LAM Tour, Mexico, Dubai, Dublin, Kazakhstan, ...

» Offers: SEMITAN (Nantes), NSW Australia, Metro Dubai, Grand Paris, Network Rail, Morocco, HS2,
Ireland, ...
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