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• Map Building

• Localization

• Path Planning (Global, Local)

• Autonomous Navigation

State of the Art in Autonomous Navigation

Necessary Technical 
Elements



Development and Experimentation in Small 
Sized Passenger Vehicles in 



What is Missing in Passenger Vehicles?

• Autonomous navigation in dynamic environments is 
feasible

• The navigation is safe: “Obstacle collision free”

• However,  

How comfortable is it ?

• Safe & Reliable ≠ Comfortable (sense of ease, relief)



Safe vs Comfortable



Comfortable Navigation Locations

Human-Comfortable Navigation for an
Autonomous Robotic Wheelchair
Morales et. al., (IROS 2013)
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Comfortable Navigation Locations



Modeling Turns and Corners:
3D Environmental Visibility Map

Non-blind corner Blind corner

Visibility Analysis for Autonomous Vehicle 
Comfortable Navigation
Morales et. al., (ICRA 2014)



Non-blind corner Blind corner

Discomfort Comfort

Visibility Analysis for Autonomous Vehicle 
Comfortable Navigation
Morales et. al., (ICRA 2014)

Modeling Turns and Corners:
3D Environmental Visibility Map



Including Human Factors for 
Planning Comfortable Paths
Morales et. al., (ICRA 2015)



Including Human Factors for 
Planning Comfortable Paths
Morales et. al., (ICRA 2015)



Watanabe & Morales et. al., (IROS 2015)
Communicating Robotic Navigational Intentions
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Autonomous Vehicle Facing 
Pedestrians



Communicating Navigational Intentions

Watanabe et., al., “Communicating Robotic Navigational Intentions”

IROS 2015











Conclusions

• Self driving vehicles are for humans

• We have to consider the humans in the control 
loop

• We have to keep developing 
“Human Centered Autonomous Driving Vehicles”


