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•  Society and Automobiles 
•  Research Challenges for Self-Driving 

Vehicles 
•  Brief Overview of our Technical Approaches 
•  Opportunities and Open Problems 
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•  About 1.2 million people die every year in 
automotive accidents globally 

•  Traffic delays are expensive. 

•  Loss of independence and self-esteem of senior 
and disabled citizens 
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•  Exogenous: The complexities & uncertainties of the real 
world 
–  Weather, lighting, and road conditions; construction; accidents; 

obsolete information, loss of GPS. 
•  Endogenous: Online and safe recovery from failures of 

sensors, actuators, computing or communications. 
–  Mis-calibration, wear and tear, failures. 

•  Verification: How to verify and validate correctness? 
•  Interactions: Vehicular Networks 
•  Reliability: cost and maintenance, customer acceptance 
•  Human factors 
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Shoulder Detection Result 

12 
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•  Our autonomous vehicle is controlled by a large C++ code base 
(> 450k lines in total). 
–  The behavior layer is a very safety-critical part, with 24k lines of C+

+ code. 
–  A combination of numerical computation (difference equations 

encoding control laws) and logical control. 

Translator SMT Solver 

How do we reason about the code directly?  

Prof.	
  Ed	
  Clarke	
  and	
  Dr.	
  Sicun	
  Gao	
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Original Code (DistanceKeeper.cc) Output Logic Formula  
 

SMT solver dReal 

www.cs.cmu.edu/~sicung
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Autonomous vehicles cannot perfectly follow planned trajectories due to 
§  Modeling uncertainties 
§  Uncertain measurements 
§  Disturbances 
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With 
Traffic Lights 

Using V2V 
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Traffic Volume (cars / second) 

•  100% market penetration of autonomous vehicles 
•  Overall performance improvements over traffic light with green light 

duration of 10 seconds: 
•  PB-IP:  77.65% 
•  V2V-IP: 83.27% 
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•  Cranberry 
Township, PA 

•  Located 20 miles 
north of Pittsburgh, 
PA 

•  1.8 mile stretch 
along Rt. 19 
corridor 

•  11 intersections are 
instrumented 

30 
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Super Intelligence 
•  The Vision system 

–  Human eye: very high resolution with 
depth info, iris/aperture control, focus 

•  The (Re)cognition system 
–  Near-instant detection and 

identification of objects and organisms 
–  Learn from a few examples  

•  (Unreasonable?) reasoning power 
–  Logical reasoning, generalization and 

specialization 
–  Spatial and temporal intelligence 
–  Intuition and experience 
–  Adaptability (to new vehicles, cultures, 

rules) 

•  Coordinated sensing & actuation 
–  Interactions: eye contact, social 

exchanges, game theory 

Fundamental Weaknesses 
•  Distractability 

•  Dozing off, conversations, 
diversion of interest, intoxication 

•  Imperfect sensing 
•  Drivers with poor vision, age 

impairments,  
•  Eyes at the front only 

•  Non-ideal reasoning 
•  Incorrect understanding of 

vehicle dynamics 
•  Poor multitasking 
•  Overconfidence 
•  Instincts and intuition can be 

wrong at critical moments 
•  Potentially slow reactions 

•  Poor reflexes due to age or 
health 
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•  Proving correctness 
–  Massive interactions among complex layers 

•  Sensing (perception) 
–  Over-approximation of human cognition of the environment 
–  Under imperfect sensing/perception 
–  What is necessary?  What is sufficient? 

•  Humans in the loop 
–  When to take over control from the human driver? 
–  How many models of humans? 

•  Dealing with unexpected conditions 
–  When in doubt, slow down, stop or pull over to the shoulder 

(if any)? 
–  What happens when GPS fails (or corrupted)? 
–  Graceful degradation and actuator adaptation 

•  Cooperation among vehicles and with infrastructure 
–  What about availability? 

 


