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REVENUE

COUNTRIES

27K | 50

EMPLOYEES

~559%p Aftermarket

~45% OEM

~459%p revenues from US
~550%0 revenues outside US

~65% Freight ~35% Transit




Freight Rail Today

* Cost effective transportation with low impact on the
environment

> One ton of freight moves 479 miles on one gallon of fuel
> Green house gas emissions reduced by an average of 75%

* 140,000 mile rail network in the US with an average of
S27B of investment annually

* Tremendous improvements in efficiency and safety
since the Staggers Act of 1980 while reducing cost to
customers

> Avg. inflation-adjusted US freight rail rates 46% lower in 2017
vs. 1981

* In the final phases of deploying Positive Train Control
nationwide

> Wabtec I-ETMS being applied to the majority of freight and
commuter trains in the US



Challenges

* Adding more track infrastructure capacity is cost
prohibitive - S1 to 2M+ / mile

* Signal and train control systems based on fixed block
principles from the 19t century

e Operating costs driven by fuel and labor
> Train crews, maintenance of way, signal maintenance, etc.

* Transfer between transportation modes (ocean freight,
rail, trucking) needs to be streamlined

e Demand for continued reduction in environmental
Impact — noise, emissions, etc.

» Safety improvement efforts never end until Zero
Accidents / Zero Incidents!



e e,



Fuel Savings

* Trip Optimizer is an intelligent cruise control system
for trains that adjusts for terrain, train makeup, and
operating conditions

> Train and railroad operating data is transmitted
wirelessly to the train at the start of a trip

> An onboard computer provides closed loop control
based on a physics model to regulate the speed to the
plan
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Improved Availability

* Low-cost sensors, wireless connectivity,
and cloud computing enable collection
and analysis of detailed data on
equipment condition and operating
patterns

> Condition Monitoring
» Predictive Maintenance

* Examples:

> Global Performance Optimization
Center — monitoring over 17,000
locomotives with automatic analysis
and system experts

> GOLINC / EdgeLINC — lloT platform | ke B o »
and extensible edge device - B 4 # b
management that allows over-the-air
device configuration

» LPWAN Communications and Mesh
Networks — cost-effective data
transfer solutions




Movement
Planning

e Creates an automated operating
plan for the entire network that
is updated in real time as needs
change or disruptions occur

 Significant improvement upon
current practice of a fixed plan
implemented by multiple human
dispatchers with limited ability
to accommodate changes or
consider impacts on the larger
network




Advanced Crossing Protection

* Increased rail and automobile traffic
places greater demand on crossing
requirements:

> Constant warning times
> Quiet zones

» Common or adjacent tracks for
freight & passengers

* Wireless Activation improves upon
traditional methods of approach
detection

> Train control computer updates
the crossing equipment with
status and arrival time

* Future challenge - how do we apply
technology to alter driver behavior
rather than just stop the train or
close a gate?



Moving Block

* Increase infrastructure utilization by reducing headways and
allowing following moves

* Eliminate dependence on fixed block signaling systems

Challenges:

> Need accurate and safety
critical position
determination of both the
front and the rear of the train

> Increased back office
processing to safely
coordinate train spacing

> Robust and higher bandwidth
communications between
office and train




Automation

* PTC, cruise control, and other technologies will be
integrated to enable automation in a phased approach
> Improved safety and efficiency
> Reduced operating costs

* Challenges:
> Transitioning from overlay to standalone systems
> Applying technologies developed for other applications to rail
* Vision systems for obstructions

* Onboard and wayside communications infrastructure
* Machine learning / Al

> Regulatory approvals and public acceptance

> Fundamental changes to railroad operations
* Failuresin route
* Hazardous materials
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