Advanced Transportation Systems
NSF CPS Large Project @ Carnegie Mellon
Advanced transportation technologies such as autonomous vehicles must become robust along multiple dimensions before widespread adoption that has the potential of significantly reducing fatalities, accidents and traffic congestion.  
The NSF-sponsored large CPS project at Carnegie Mellon seeks to create scientific and engineering foundations that will lead to autonomous vehicles that can drive in the real world.   Our project goals are to meet:
1. Endogenous Requirements: Design and develop architectural principles for composing practical and dependable cyber-physical platforms (consisting of computing, communications, sensor and actuator components) that can tolerate a reasonable number of component failures and still be operational, and then gracefully degrade before entering fail-safe states after the next failures.
2. Exogenous Requirements: Create autonomous driving capabilities to handle a wide range of (a) weather conditions (e.g. sunny, rainy, hazy, foggy, snowy), (b) lighting conditions (e.g. sunny, dark, twilight, cloudy), (c) road conditions (e.g. paved, unpaved, uneven, slippery, icy, wet, dry, snow-covered), (d) loss of GPS.
3. Safety Requirements: Permit autonomous vehicles to handle most if not all kinds of real-life conditions such as the presence of bicyclists, adult or child pedestrians, pets, construction detours, traffic lights,  accident sites, high-speed roads (like highways), and large or small parking lots.
4. Collaboration Requirements: Enable vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I) communications to allow vehicles to seamlessly coordinate and cooperate at intersections, and during passing or lane-changes,
5. Correctness Requirements: Make core scientific contributions in developing new verification and validation techniques for hybrid systems such as autonomous transportation systems.   We will leverage the theoretical work of Prof. Ed Clarke and Prof. Andre Platzer in the NSF Expeditions project titled “Computational Modeling and Analysis for Complex Systems”, and specialize it for direct applicability to autonomous transportation.
The poster captures progress that we have made along multiple dimensions. Insights into modeling and analyzing hybrid systems are being obtained using both statistical model checking and theorem proving techniques.  Safe trajectory planning with proven properties of safety using approximation techniques is possible.  Significant progress has been made on real-time resource management and scheduling techniques.  Fault-tolerance considerations are being actively taken into account. Vehicular networks, including vehicle-to-vehicle and vehicle-to-infrastructure protocols, are being designed to enable cooperative driving.  A prototype of a new autonomous vehicle with integrated sensors and actuators is also making rapid progress with additional support from General Motors. 

