Levels of Autonomous Driving
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	No driving automation
	

	Level 1
	

	Driver assistance
	

	Level 2
	

	Partial driving automation
	

	Level 3
	

	Conditional driving automation
	

	Level 4
	

	High driving automation
	

	Level 5
	

	Full driving automation
	



Perceptual Aspects of Levels of Automation
[image: ]
	Level
	

	Environment perception by human
	

	Environment perception by vehicle
	



Example Setup of Exteroceptive Sensors for a Self-Driving Vehicle
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Data Flow in Software Stack
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Object Detection with KITTI Dataset
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Gartner Hype Cycle for Emerging Technologies
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Growth of V2X Technology
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Sensor Setup for KITTI Vehicle
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Sensor Setup for NuScenes Vehicle
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Principal GPS Satellite Constellation
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Modulation of L1 Carrier Frequency
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Structure of GPS Navigation Message	Comment by Johnson, Lila: Please translate the table into the empty table provided
	Subframe
	Word
	Description

	1
	1-2
	Telemetry and handover words

	
	3-10
	GPS date (week number), satellite clock correction information, satellite status, satellite health

	2-3
	1-2
	Telemetry and handover words

	
	3-10
	Satellite's ephemeris data

	4-5
	1-2
	Telemetry and handover words

	
	3-10
	Almanac



	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Six Kinematic Degrees of Freedom
[image: ]
	Pitch
	

	Yaw
	

	Roll
	



Illustration of Physical Principle behind Accelerometer
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Applied Acceleration to the Accelerometer
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Functional Principle of Vibrating Structure Gyroscope
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Determination of Translation and Orientation from Accelerator and Gyroscope Measurements (Dead Reckoning)
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Basic LIDAR Measurement Principle
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Different Realizations of Scanning LIDARs
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Scanning (a) versus Flash LIDAR (b)
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Time and Frequency Deviation of Transmitted and Received Wave
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Detected Object with Radial Velocity Pointing Away from RADAR System
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	Doppler frequency results in a downward shift of the measured signal frequency
	



Example RADAR Setup for Self-Driving Vehicles
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Physical Principle behind CCD and CMOS Image Sensors
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Principle of Projected Structure Light for Depth of Estimation
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Different Sensor Characteristics of RADAR, LIDAR, and Camera
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Topics of Different Parts of Vehicle Dynamics
	Longitudinal vehicle dynamics
	Lateral vehicle dynamics
	Vertical dynamics

	Driving resistances
	Steering
	Axle and suspension 

	Driving performance
	Driving agility
	Comfort behavior

	Acceleration
	Oversteering, understeering
	Driving in uneven roads

	Braking
	Lateral tire behavior
	

	Fuel consumption
	
	

	Emission
	
	

	Longitudinal tire slip
	
	

	Propulsion layout
	
	



	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Longitudinal Forces Acting on a Moving Vehicle
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Bicycle Model for Lateral Vehicle Dynamics
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	ME 360/390 — Prof. R.G. Longoria
	

	Vehicle system dynamics and control
	



Visualization of the Slip Angle
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Passive Vertical Quarter-Car Model
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Passive Vertical Half-Car Model
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Full Vertical Vehicle Model
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String Stable (a) and String Unstable (b)
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Exemplary Static Engine Map
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Steering Control Systme for Lateral Vehicle Control
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Geometry Used to Determine Circular Arc
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Example of a Moral Dilemma: Decision between Human and Barrier
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OSI Model for Network Protocols
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PC5-Based (Left) and Uu-Based Communication (Right)
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Example of a Moral Dilemma: Decision between Two Groups of People
[image: ]

Development of Car Sharing in Europe
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