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Slide Title
Motivation
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Safety, Efficiency, Access, Quality of life
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Motivation

3

Infrastructure-Free Navigation, No GPS, 
Perception and Environment Understanding!
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Oxford’s vision
Motivation
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Drive some of the people!
Some of the places!
Some of the time.

“Autonomy on offer rather than on demand”
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Prior Maps
Learn the environment and navigate

•Build priors with (potentially expensive) survey vehicles.!

•Use priors to localise robots with cheap sensors.
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Learn the environment and navigate: Laser Mainly
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laser

camera

calibrate

Add laser, timing and extrinsic calibration.

Laser Mainly: Scene Priors
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Laser Mainly Priors: Scene Priors
Learn the environment and navigate: Laser Mainly
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Given just a camera we can understand our motion.
Sibley, Mei, Reid, Newman
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Slide Title
Learn the environment and navigate: Laser Mainly
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We map cheaply and accurately



Oxford Mobile Robotics Group

Laser based Navigation: L3
Learn the environment and navigate: Laser Mainly
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Why is this interesting?
Learn the environment and navigate: Laser Mainly

• Usually, ground strike makes 2D motion estimation break badly.!

• We embrace it ! Aim at the ground, synthesise a 3D swathe over a 
period of time and match to a prior map...!

• That’s it...!
– No GPS.!
– No Inertial.

It’s cheap.
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How well does it work?
Learn the environment and navigate: Laser Mainly

It’s accurate.
• 50 km of trials. Better than a £100K INS.

11



Oxford Mobile Robotics Group

If Only The World Were a Static Prior
Learn the environment and navigate: Laser Mainly
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Wang, Posner, Newman
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Learn the environment and navigate: Laser Mainly
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Asset Removal
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Learn the environment and navigate: Laser Mainly
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Asset Detection
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Vision Mainly: EBN
Learn the environment and navigate: Vision Mainly

Let’s experience the changing faces of the 
world. All of them.
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Churchill, Newman
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An example (visual) experience
Learn the environment and navigate: Vision Mainly
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Vision Mainly: Learning Scene Signatures
Learn the environment and navigate: Vision Mainly
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Matching point features across images with large 
appearance changes is a futile endeavour.
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Learn the environment and navigate: Vision Mainly
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Instead, we search for larger, distinctive elements 
specific to a particular place. We call these 

elements, scene signatures.

McManus, Upcroft, Newman, RSS2014
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Learn the environment and navigate: Vision Mainly
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Visual Memory Live Stream

McManus, Upcroft, Newman, RSS2014
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Learn the environment and navigate: Vision Mainly
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1. Collect	
  images	
  under	
  
varying	
  appearances	
  at	
  the	
  
same	
  loca5on.

Training Images for Place

2.	
  Determinis5cally	
  sample	
  
patches	
  of	
  various	
  shapes.

3.	
  For	
  each	
  candidate	
  
shape,	
  compute	
  HOG	
  
features	
  and	
  train	
  an	
  SVM	
  
classifier,	
  using	
  adjacent	
  
patches	
  as	
  nega5ves.

4.	
  Test	
  the	
  stability	
  of	
  each	
  
classifier.

McManus, Upcroft, Newman, RSS2014
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If Only The World Were a Static Prior
Learn the environment and navigate: Vision Mainly
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Prior Map Building
Learn the environment and navigate: Distraction Suppression
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•Minimise dynamic objects in prior map (or remove 
them with batch processing)



Oxford Mobile Robotics Group

Initialisation
Learn the environment and navigate: Distraction Suppression
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•Localise using  
EBN

•Generate 
synthesised 
LASER image
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Detect Depth Inconsistencies
Learn the environment and navigate: Distraction Suppression
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(e) Depth-weighted stereo  
disparity difference.

Stereo (Disparity) Monocular (Optical Flow)
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Apply Distraction Mask
Learn the environment and navigate: Distraction Suppression
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The Oxford Robot-Car
Conclusions

An Overview of techniques 
for Persistent and robust 
long-term autonomous 
driving:!
! !

• VO, EBN, LAPS, L3!
• Distraction Suppression!
• Scenes Signatures
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Driving Autonomy...
Conclusions

• Modern robotics will provide the solutions to the transport’s future.!
• Autonomy is the future.!

- safety.!
- efficiency.!
- access.!

• Infrastructure-free.!

• Oxford’s vision: autonomy on offer rather than on demand.!
- driving is a passion.!
- realistic substrate for full autonomy.!

• The technology is coming.!
- and the opportunities are (almost) endless.
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Questions 
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The Oxford RobotCar
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