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Changing Concept of “Systems”

• System of Systems
– No longer stand-alone ECUs

• ABS � ESC 
• IC engine � Hybrids 

– Not a Single Domain anymore
• Chassis, Navigation, Body and Powertrain systems interacting for 

performance
– Not a Single Vehicle anymore

• V2V and V2I change the boundary of responsibility

• Use of Open Standards
– Open Software Architectures 

• Enables Mixed-Source Software IP
– Open Intra-Vehicle Communication Standards

• Enables Mixed-Source Hardware Integration
– Open Inter-Vehicle Communications

• Enables Advanced Data Sharing

Courtesy: General Motors

Technical Challenges

• Compositionality : Interactions among different modules and 
components
– Embedded systems composed of heterogeneous components designed 

and implemented by different vendors

• Isolation and Extensibility :
– The industry cannot afford to hit the reset button every time someone develops a ‘new’ 

technology.

• Cross-Domain Tools 
– Tools that allow each engineer to work in her own domain but integrated across 

domains

• Both Physical and Electronic domains

• Multi-Domain Technical Competency
– Identify, attract and organize the right talent to develop cyber physical 

systems

Courtesy: General Motors
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The Urban Challenge
• Urban Autonomous Vehicle 

Race
– Autonomous
– November 3rd, 2007

• 60 miles in less than 6 hours
– Multiple autonomous vehicles 

competing with each other on a 
simulated urban course 

– Qualifier determines the finalists
– 30 mph max speed limit

• $1M government funding each 
to 11 teams

• Cash Prize
– $2M, $1M and $500K prize to 

winners

Urban Driving Skills
• Safe and Defensive Driving 

– California DMV rules of the road

• Negotiate 
– Stationary and Moving Vehicles
– Blocked Roadways
– Intersections and Roundabouts

• Capable of turns, stops, passing, merging, 
following

• Reasoning about traffic 
• Roads included curves, paved/unpaved roads
• Parking (in unstructured environments)
• Progressing in the face of adversity
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Automobiles Automobiles in the USin the US

3 million people are injured every year. 

About 42,000 automobile fatalities every year.

The The GlobalGlobal EpidemicEpidemic

Global annual cost of road 
injuries in medical care, 
disability and property 

damage is $518 billion . 

About 400,000 automobile 
fatalities every year.
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Automobiles and TrafficAutomobiles and Traffic

• The average US driver spends a week stuck in 
traffic per year.

• In the EU, 80 billion euros wasted per year due 
to traffic congestion.

Automobiles and IndependenceAutomobiles and Independence

Women (age 74)

• Life Expectancy ( 74 + 21) = 95 years

• Driving Expectancy (74 + 11) = 85 years

• Years of Transportation Dependency (95 - 85) = 10
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Intermediate MilestonesIntermediate Milestones

• Pedestrian, child, bicyclist, animal warning
• Virtual Valet
• Highway Chauffeur
• Traffic jam Chauffeur
• Dependable/safe embedded computing and 

communications
• Cables (tend to) go away

Technical Challenges

• Interactions between different modules and components
– Embedded systems composed of heterogeneous components designed and 

implemented by different suppliers

• Interface to Legacy – We cannot afford to hit the reset button every time 
someone develops a ‘new’ technology.

• Validation of Tools 

• Technical Competency of the workforce
– Identify, attract and organize the right talent to develop cyber physical systems

• Tools that allow engineers to work in their domain but integrated across 
domains
– Both Physical and Electronic domains
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What’s Ahead?What’s Ahead?
• External: The complexity and uncertainty of the real world

– Weather, lighting, and road conditions; construction; accidents; and 
obsolete information.

• Internal: Online and safe recovery from failures of sensors, 
actuators, computing or communications.
– Sensors

• Calibration, wear and tear, failures.
• Occasional loss of GPS

• Vehicular Networks
– communicate securely and coordinate carefully

• Consumer acceptance
– Reliability, cost and maintenance

• Legal implications
• Incremental deployment

Broader ImplicationsBroader Implications

• If a car can drive itself in relatively unstructured and 
uncontrolled environments and be safe,
– Rail : “cars” on well-defined rails (“railroads”) with different 

physical dynamics

– Aviation : A2A and A2I (A2X ~ V2X)

– Mobile autonomy
• Assisted living for seniors, young, the busy, the bored at home
• Healthcare: mobile and infrastructural entities that understand, 

alert, alleviate and aid


