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Real-time Systems 
Philosophy / Scope
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• Close to the problem
– Requirements by observing 

problems first-hand
– Seasoned practitioners, 

mentoring, training
• Systems thinking

– Integration, open systems, 
standards, reuse, integrity

– New products measured 
against supportability

• Earned trust
– Availability & robustness
– Extremely risk averse
– No remote management
– Never a change on Friday
– 24x7 support



Machines Haul Trucks Shovels Loaders Pickups Drills Dozers Aux Totals

FRO 60 7 4 12 4 24 15 - 20 131

EVO 50 9 6 12 4 16 15 – 20 117

GHO 40 3 2 16 2 8 8 – 10 81

LCO 20 3 3 8 3 8 6 – 8 53

CRO 20 3 0 10 2 8 6 – 8 51

CMO 8 2 2 4 1 4 4 25

Teck Coal - 6 Mines
460 Mobile Computers
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Mobile Computing
in context
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“Turn-key” Systems
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He who fails to plan, 
plans to fail
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Open Systems
Architecture
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• Industry standard operating system & applications
• Connectivity between field equipment and office via 

customer-supplied network (TCP/IP)
• Off the shelf computing equipment and software 

Open Systems
Philosophy
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http://images.google.com/imgres?imgurl=http://technotricks.files.wordpress.com/2007/12/cisco.png&imgrefurl=http://technotricks.wordpress.com/2007/12/04/cisco-launched-3750g-integrated-wireless-lan-controller/&h=304&w=535&sz=84&hl=en&start=18&um=1&tbnid=UyEUbMih67hlVM:&tbnh=75&tbnw=132&prev=/images?q=cisco+&um=1&hl=en&rlz=1T4GGIK_enCA252CA252&sa=G
http://www.alvarion.com/
http://www.planar.com/
http://www.microsoft.com/windows/embedded/eval/xpe/default.mspx
http://www.wencomine.com/index.html


• One Computer, All Applications
– I/O capability and processing power
– Multiple network interfaces
– Industrial temperature and vibration
– Goal – an openly available, off the shelf computer 

available 5+ years from now… the same or 
interoperable box used by other mines, etc.

• Daylight Readable Touch Display
– Waterproof, aluminum housing
– Available in sizes from 8” to 21”
– Ruggedized

• GPS
– NMEA standard
– Low precision, 3 - 5m accuracy
– High precision, cm accuracy

Open Systems
Computing Platform
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• Future upgradeability 
– Hardware / network independence from vendor software

• No proprietary vendor hardware hostage situations
– Platform for future strategic initiatives
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Platform for 
continuous 
improvement

Open Systems
Rewards
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Wireless Challenges
400 km2 of mountainous mine
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Fording River Lookout

Cardinal River Zroback Ridge



Open Wireless
Design (future-proof)
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Users

Fixed Access 
Points
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5.8 GHz (54 Mb/s)Mine Office

Equipment

2.4 GHz  (WiFi)
(10 to 54 Mb/s)

2.4 GHz  (WiFi)
(10 to 54 Mb/s)

5.8 GHz (54 Mb/s)

Future 
Technology
(e.g. 802.20)



Network Security
Wireless and Plant

• All wireless networks have 
vulnerabilities

• Divide the wireless and plant 
networks into zones

• Isolate high-risk control 
networks with access control 
lists

• Defined quality-of-service 
(VoIP)

• Vendors operate wirelessly 
with limited privileges at low 
encryption

• Vendors self-manage their 
servers in an isolated de-
militarized zone (DMZ)
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Lessons-learned
• 90% coverage is easy in most of the 

mine
• 80% of the effort is expended

in certain areas
– Switchbacks
– High benches
– Slots

• Availability in-motion depends on 
more than signal strength

• Dual-antenna outperforms single by 
20% in some areas

• High encryption affects hand-off
• Rain is worse than snow
• Lightning protection
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Field Technology
Opportunities

• Shovel PLC diagnostics
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• Realtime tire monitoring
• Remote diagnostics
• GPS Slope monitoring
• In-field computer based training
• Keyscan access to equipment
• Condition based monitoring
• Autonomous equipment
• Product quality optimization



Questions?
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