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Challenges and Opportunities

The environmental stress require sustainable solutions
Largest growth coming from the emerging markets, as will new competitors
Dual markets to serve —complexity in products and manufacturing

Technology growing at exponential rate enabling numerous possibilities
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Fuel Efficiency Improvement Potentials
Example: Wheel Loader

Productivity [t/h] Productivity increase potentials

FE [t/L] =
FC [L/h] Fuel consumption reduction potentials
e Site optimization Up to 30% or more
e Machine use optimization -40% up to +40%

e Machine optimization:
- - Reduction of losses Up to 50%
- Optimizing the systems interactions

- Decoupling of systems
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Technology Paradigm Shift;
Machine and System Intelligence

A
Competitive

Value Full Autonomous Site

Feedback
Control

Mechanically Actuation

-

Time / Investment
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Communicating Machines

Real Time Communication is an Enabler for
- Active Safety

- Site Automation

- Site Resource utilization optimization

- Optimized energy consumption

- Machine awreness of surroundings
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What is the potential then?

Quarry & Aggregates Road Construction

Supplies Production

M/I_/l/

Digging Transport Crushing & Loading Road base/
Screening Customers Pavement

Mass
Excavation

Drainage/
o Enforcement

Blasting

Asphalt &
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26630 sites in Europe

UEPG (European Aggregates Association)

“For Freeways in USA, Road works :
increase the accident rate with 21.4%"” :

Process Variations in:
Distances

¢ Traction Uneven
UtI|I‘ZatI0n o capacities astes
¢ Vehicle availability

In 2011, 3 898 000 000 ton aggregates was
produced in Europe. Using 40 ton load trucks that
is 100 000 000 transports/year. Twice as much
considering both within quarry and towards the
end customer.

Stone quality/type
Stops/speed
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Connected vehicles are coming soon...
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Cadillac to Introduce Advanced ‘Intelligent and Connected’ Vehicle
Technologies on Select 2017 Models

Super Cruise and V2V technologies slated for production in about two years
2014-09-07
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DETROIT - Cadillac will begin offering advanced “intelligent and connected” vehicle technologies on certain
2017 model year vehicles, General Motors CEOQ Mary Barra said Sunday during her keynote address at the
Intelligent Transport System (ITS) World Congress in Detroit.
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A 2015 Cadillac CTS, equipped with W2V technology,
notifies the driver of the approaching Cadillac SRX from
the left before the driver could see the vehicle.

In about two years, an all-new 2017 Cadillac vehicle will offer customers an advanced driver assist
technology called Super Cruise and in the same timeframe the 2017 Cadillac CTS will be enabled with
vehicleto-vehicle (V2V) communication technology.

Video

“Atide of innovation has invigorated the global auto industry, and we are taking these giant leaps forward to
remain a leader of new technology,” Barra said. “We are not doing this for the sake of the technology itself
We're doing it because it's what customers around the world want. Through technology and innovation, we

will make driving safer.”

Super Cruise. the working name for GM's automated driving technology. will offer customers a new type of
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Communicating with the Surroundings

Communicating with Road Vehicles, Pedestrians, Road

owner/operators and Traffic Management Centers

The benefit - Establish a virtual electronic cage that

consider People, Machines and Approching Traffic
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What it looks like

Snowplow 7

35m behind(P)
Moving at 13mph
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Communicating with the Site

Managing the Site;

Processes, Machines, Personnel and Tasks

The business potential - Deploy site
management systems to
eliminate waste in the process
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4 Back Machine monitoring

[ °
Articulated hauler A
OI I I I I I u I l I Ca I OI l a e n e S Current task: Move gravel from "1” to "2
Current driver: Rune Mallstrém
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Task Cycle Efficiency (T /1)

Reliable Ad-Hoc Communication '

Fuel details Video stream

Accurate Positioning

Dumptruck| Dumptrucke  Excavator A  Wheel loader
A

Sensor and Data Fusion

Visualization and Trajectory matching

Increased Awareness

a Crash Avoidance
Sensing Accuracy
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Automation of commercial vehicles

Where are the potential;
Safety
Environment
Productivity

Total Cost of Ownership

Driver Automation

S

»

Driver : Semi-
only i tsiod autom.
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Two main application areas for highly

automated vehicles

Public roads

Important factors;

Type of road networks
Automation — scenarios based

Regulatory framework - legal aspects

Public acceptance

Controlled environments

Harbor areas
Goods terminals
Mine areas

Industrial and construction sites
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Finding the synergies to make it happen
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PR Compact Heavy _
Long-haul Regional distribution  City distribution Construction construction oqu:pment construction eguipment Road machinery
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Crawier excavators Articulated haulers Moter graders
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Vehicle
Automation -
two ways

forward with
ANy Synergies § o e oo

Renault
Trucks

Controlled
environments

"uD
Trucks

Mack
Trucks

Eicher

B Skidsteer loaders Asphalt milling machines



Degree of Autonomy

Machine Control

The Way to a Utomatlon Autonomous vehicles and sites

Driverless Predefined mission

Automated safe & green

Driverless Predefined Routes .. .
driving & vehicles

Highly automated driving,

Remote Supervision & “Platooning” like concepts

Partly automated

Remote Control o _
driving & vehicles, e.g. C-ACC

Scenario based automation of

Driver support - )
driving "tasks”, e.g queue assist

Low speed control and manouevers

Active safety & Driver assistance

>

sl Public roads Controlled environments Time
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What it looks Iikg

External Autonomous Production Asphalt Mill.mp4
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Automation Challenges

Customer needs &
application scenarios

Technology,
User acceptance, iti
e e opportunities,
labllity & lega limitations &
framework

dependability

Production / logistic &
fleet management

From “either/or”-automation to shared control
- focus on transitions

- driver or system initiated

- intended or unintended

1O
1

Transitions initiated
by operator

——~Transitions initiated

by automation /

Flemisch et al, 2010
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Challenges to Manage

Several areas require industry collaboration

Investment and product cost
System reliability

System compatibility (mixed fleets)
Standardization

Regulations

r 4

Construction Equ:pment will reshape the land and form the future ustamable socrety
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