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Google Chauffeur
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Motivation
◦ Environments where humans can not operate

◦ Great distances where manual control is not feasible

◦ Regular tasks

◦ Time saving

◦ Improving safety

◦ …
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Introduction
◦ AGV – Autonomous Ground Vehicle

◦ AUV – Autonomous Underwater Vehicle

◦ UAV – Unmanned Aerial Vehicle
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Mobile robot navigation
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Indoor – Map-based systems
◦ The robot is provided with a map

◦ Needs to localize itself within the map
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Indoor – Map-based systems
◦ Robot needs to correct its trajectory if it does not match the 

calculated trajectory

http://www.cs.cmu.edu/
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Indoor – Map-based systems
◦ The robot is provided with a map

◦ Needs to localize itself within the map

◦ Robot needs to correct its trajectory if it does not match the 
calculated trajectory

◦ Different approaches
◦ Force fields

◦ Occupancy grids

◦ Landmark tracking
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Prominent robot: FUZZY-NAV
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Force field
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Occupancy grid



Indoor – Map-building systems
◦ In a first step the robot explores the map until enough information is 

gathered

◦ In a second step the navigation is started using the autonomously 
generated map

◦ Different approaches:
◦ Stereo 3D reconstruction

◦ Occupancy grid

◦ Topological representation (feasible alternative to occupancy grids)
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Stereo 3D reconstruction
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Topological representation
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Indoor – Mapless systems
◦ The robot is not provided with a map

◦ Needs to detect and drive around obstacles

◦ Needs to localize itself within the envirnonment

◦ Different approaches:
◦ Optical Flow

◦ Appearance-based
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Optical Flow
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Appearance based
◦ Based on stored image templates of a previous recording phase

◦ Robot selflocates and navigates using these templates
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Mobile robot navigation
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Outdoor – structured 
environments
◦ Represents road following

◦ Detect lines of the road and navigate robot accordingly

◦ Different approaches
◦ Laser range finders

◦ Machine learning

◦ GPS

◦ Obstacle maps
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Meet STANLEY
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Outdoor – unstructured 
environments
◦ Random exploration

◦ Only needs reactive obstacle detection

◦ Mission-based exploration
◦ The robot has a goal position

◦ Robot needs to map the environment

◦ Robot needs to localize itself in the map

◦ Different approaches
◦ Stereo vision

◦ Ladar

◦ Visual odometry
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Prominent example: Curiosity
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Visual odometry
◦ Incremental motion estimation by visual feature tracking

◦ Select features

◦ Match in 3D with stereo vision to get 3D coordinates

◦ Solve for the motion between successive 3D coordinates
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Ladar – Laser detection and 
ranging
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Autonomous driving
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Autonomous driving - goals
◦ Reliable pedestrian detection

◦ Detect and interpret road signs

◦ Detect obstacles (other cars, trees on the street,…)

◦ Follow the road in given borders

◦ React to street signals like red lights

◦ …
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Approaches – Reliable 
pedestrian detection
◦ Stereo vision [CHOI2012]

◦ Predict pedestrian motions [BERGER2012]

◦ Shape recognition [FRANKE1998]
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Approaches – Detect road 
signs
◦ Stereo vision [FRANKE1998]

◦ Detection based on shape, color and motion [FRANKE1998]

◦ MSRC [GALLEGUILLOS2010]
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Approaches – Obstacle 
detection
◦ Obstacle maps [CHOI2012]
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Approaches – Road following
◦ Follow the road in given borders

◦ Dark-light-dark transitions [CHOI2012]
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Approaches – Street signals
◦ React to street signals like red lights

◦ Camera-based [LEVINSON2011]
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Thank you for your attention
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STANLEY details
◦ VW Tuareg

◦ Drive-by-wire system by VW

◦ 7 Pentium M processors

◦ 4 Ladars

◦ Radar system

◦ Stereo vision camera pair

◦ Monocular vision system

◦ Data rates between 10Hz and 100Hz
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Curiosity details
◦ 900kg

◦ 2.90m x 2.70m x 2.20m

◦ Plutonium battery

◦ RAD750 CPU up to 400MIPS

◦ Multiple scientific instruments

◦ Stereo 3D navigation with 8 cameras (4 as backup)

◦ $2.5 billion
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Google Chauffeur details
◦ 150’000$ Equipment

◦ LIDAR
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