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Unmanned systems and vehicles  

ǐUnmanned system: any electro-mechanical system which has the capability to carry out a 
prescribed task or portion of a prescribed task automatically, without human intervention 

ǐUnmanned vehicle: a vehicle that does not contain a person 

ǐCan be tele-operated 

ǐCan be autonomous ï takes decisions independently 

 

ǐUnmanned vehicles can come in several flavors: UxV 

ǐLand: UGV (Unmanned Ground Vehicle) 

ǐAir: UAV (Unmanned Aerian Vehicle) 

ǐMaritime: UUV, USV (Unmanned Underwater / Surface Vehicle)  

 



Autonomous / Self-driving cars 

ǐA vehicle capable of sensing the environment, and navigating without human input 

ǐDifferent techniques to detect their surroundings 

ǐRadar (RAdio Detection And Ranging) ï radio waves to determine range, angle and velocity of objects 

ǐLidar (LIght Detection And Ranging) ï illuminating the target with a pulsed laser light, and measuring the 
reflected pulses 

ǐOdometry (odos ï route, metron ï measure) ï use motion sensor data to estimate position change over 
time, relative to a starting location  

ǐComputer vision ï detect other cars, objects on the road, road signs, traffic lights, based on image 
processing, machine learning and artificial intelligence  



Autonomous / Self-driving cars 

ǐBenefits 

ǐReduced mobility costs (no driver needed) 

ǐEnhanced mobility for children, disabled and elderly people 

ǐIncreased safety, increased consumer satisfaction, increased traffic flow, 
lower fuel consumption 

ǐLess need for insurance 

ǐObstacles to widespread adoption 

ǐTechnological challenges ï less and less 

ǐDisputes on liability in case of accidents 

ǐLong time period to replace the existing stock of vehicles 

ǐResistance of individuals to hand over the control 

ǐImplementation of regulations, legal framework 

ǐPrivacy and security concerns (car hacking) 

ǐLoss of driving-related jobs   

 

 

 



What does automated driving mean? 

ǐSAE International ï Society of Automative Engineers 

ǐProfessional association and standards developing organization 

ǐAutomotive, aerospace, and commercial vehicles 

ǐMore than 138.000 individual members worldwide 

 

ǐStandard J3016: Taxonomy and Definitions for Terms Related to On-Road 
Motor Vehicle Automated Driving Systems (2014) 

ǐIdentifies six levels of driving automation from ñno automationò to ñfull automationò 

ǐDescribes categorical distinctions for a step-wise progression through the levels 

ǐEliminates confusion, useful across numerous disciplines (engineering, legal, media) 

ǐEducate a wider community by clarifying for each level what role (if any) drivers have in 
performing the dynamic driving task while a driving automation system is engaged.  



Taxonomy  

ǐDynamic driving task 

ǐIncludes operational aspects 

ǐSteering, braking, accelerating, monitoring the vehicle, monitoring the road 

ǐIncludes tactical aspects 

ǐResponding to events, deciding when to change lanes, turn, use signals 

ǐDoes not include strategic aspects 

ǐDetermining destinations and waypoints 

ǐDriving mode 

ǐType of driving scenario with specific dynamic driving task requirements 

ǐExpressway merging, high speed cruising, low speed traffic jam, etc. 

ǐRequest to intervene 

ǐNotification by the automated driving system to a human driver that he/she should promptly begin or resume 
performance of the dynamic driving task 

ǐAutonomous vs. Automated 

ǐAutonomous ï self governance, taking decisions independently 

ǐAutomated ï operates, takes decisions without human intervention 

ǐAutomated more accurate, but autonomous more widespread  

 

 

 



Levels of automation 



 



Levels of automation 

ǐLevel 0 (no automation) ï The human driver controls all (steering, brakes, throttle, power) 

ǐOnly warnings form the automated system 

ǐLevel 1 (driver assistance) ï Ăhands onò 

ǐMost functions still controlled by the driver 

ǐOne function (steering OR acceleration) done automatically by the car 

ǐDriver must be always ready to take over the full control 

ǐE.g., adaptive cruise control ï driver controls the steering, the automated system controls speed 

ǐE.g., parking assistance ï driver controls speed, the automated system controls steering   

ǐLevel 2 (partial assistance) ï Ăhands offò 

ǐDriver is disengaged from physically operating the car 

ǐHands off the steering wheel AND foot off the pedal at the same time 

ǐDriver must be always ready to take back the control of the vehicle 

ǐOften, the hand is required to be on the steering wheel, to confirm that the driver is ready to take over control, if 
needed 

 



Levels of automation 

ǐLevel 3 (conditional automation) ï Ăeyes offò 

ǐDriver not required to monitor the environment anymore 

ǐThe system (vehicle) does it, the driver can watch a movie 

ǐDriver still present and will intervene if needed 

ǐWithin a limited amount of time, specified by the 
manufacturer 

ǐThe car will handle emergency situations (e.g., fast braking) 

ǐFirst commercial car at level 3 ï Audi A8 Luxury Sedan 

ǐTraffic Jam Pilot 

ǐSlow-moving traffic, up to 60 km/h, on highways, physical 
barrier for the opposite lane    

ǐSome manufacturers (e.g., Ford) want to skip this level  

ǐIf the driver does not have to monitor the environment, you 
cannot expect from him to intervene 

 

 

 



Levels of automation 

ǐLevel 4 (high automation) ï Ămind offò 

ǐVehicles perform all safety-critical driving functions, and monitor the roadway conditions 

ǐDriver may go to sleep, or leave the driving seat  

ǐIt does not cover all driving scenarios, only limited areas (geofencing) or special conditions (traffic jam) 

ǐOutside these scenarios, the vehicle must safely abort the trip, park the car, until the driver retakes control  

ǐLevel 5 (full automation) ï Equal the human driver in every driving scenario 

ǐExtreme environments and road conditions (e.g., dirt roads) 

ǐDriverless vehicles not expected at this level in the near future 

 

 

 



History of automated cars 

ǐExperiments since the 1920s, promising trials from the 1950s 

ǐGeneral Motors Firebird II (1956) 

ǐFor the Ăhighway of the futureò 

ǐElectric wire embedded in the road sends signals to guide the car 

ǐFirst truly autonomous prototype cars in the 1980s 

ǐParkShuttle in the Netherlands, Schiphol Airport (1997) 

ǐWorldôs first driverless vehicle 

ǐMagnets embedded in the road surface 

ǐWould they be allowed on public roads? 

ǐIn 2015, allowed in Nevada, California, Florida, and some other states 

ǐTest circuit is build now near Zalaegerszeg, Hungary 



Tesla Autopilot 

ǐAutopilot 8.0 ï October 2014 

ǐTesla Model S and X, Level 2 (partial assistance) 

ǐAssist highway driving, enable cars to self-steer, adjust 
speed, detect nearby objects, apply brakes and park 

ǐDriver advised to keep his hands on the steering wheel 

ǐForward looking radar (up to 150 meters) ï detect the 
vehicleôs surroundings 

ǐFront camera ï backup for the radar, can see traffic signs, 
traffic lights 

ǐSonar ï 360 degrees, 12 ultrasonic sensors, detect nearby 
obstacles (children, dogs, cars in blind spot) 

ǐGPS, navigation system ï automatically change lanes and 
exit freeway 

ǐActivated also with the turn signal    

 

 

 


