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Standard Camera vs Event Camera

✗ low frame rate

Standard Camera

✓ high temporal resolution

Event Camera
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Standard Camera vs Event Camera

✗ low frame rate

✗ redundant data

✗ high power consumption

Standard Camera

✓ high temporal resolution

✓ no redundant data

✓ low power consumption

Event Camera

✗ low dynamic range

✓ high dynamic range
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Can we use event cameras for SLAM problems?

feature detection & matching 
[Leutenegger et al., ICCV’11]

image alignment

a sequence of events
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3-DoF Tracking and 2D Reconstruction

this has only been successful with restricted motion and 2D reconstruction [Kim et al., BMVC’14]

localisation 
pure rotation motion

mapping 
panoramic mosaic

3D scene 
unknown & unstructured

m

m ⏊ g = no events

m || g = events
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ETAM 2D
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Towards 3D SLAM

localisation 
6-DoF hand-held motion

mapping 
3D

3D scene 
unknown & unstructured

same gradient 
but lower event rate

same gradient 
but higher event rate

same objects at different distances
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Method Overview

EKF-Based 6-DoF Tracking

Gradient Estimation 
(pixel-wise EKF)

Reconstruction

SE(3) Camera Pose Estimate
Log Intensity & Inverse Depth

u v p t

event

Inverse Depth Estimation 
(pixel-wise EKF)

3D Mapping

real-time 6-DoF tracking and 3D reconstruction method purely based on a stream of events
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Virtual Keyframe

virtual projective reference frame consists of gradient, intensity and depth
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EKF Based 6-DoF Event Camera Pose Estimation
EKF-Based 6-DoF Tracking

Gradient Estimation 
(pixel-wise EKF)

Reconstruction

SE(3) Camera Pose Estimate
Log Intensity & Inverse Depth

u v p t

event

Inverse Depth Estimation 
(pixel-wise EKF)

3D Mapping
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EKF Based 6-DoF Event Camera Pose Estimation
EKF-Based 6-DoF Tracking

Gradient Estimation 
(pixel-wise EKF)

Reconstruction

SE(3) Camera Pose Estimate
Log Intensity & Inverse Depth

u v p t

event

Inverse Depth Estimation 
(pixel-wise EKF)

3D Mapping
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EKF Based 6-DoF Event Camera Pose Estimation
EKF-Based 6-DoF Tracking

Gradient Estimation 
(pixel-wise EKF)

Reconstruction

SE(3) Camera Pose Estimate
Log Intensity & Inverse Depth

u v p t

event

Inverse Depth Estimation 
(pixel-wise EKF)

3D Mapping



Real-Time 3D Reconstruction and 6-DoF Tracking with an Event Camera
Hanme Kim, Stefan Leutenegger, and Andrew J. Davison

EKF Based 6-DoF Event Camera Pose Estimation
EKF-Based 6-DoF Tracking

Gradient Estimation 
(pixel-wise EKF)

Reconstruction

SE(3) Camera Pose Estimate
Log Intensity & Inverse Depth

u v p t

event

Inverse Depth Estimation 
(pixel-wise EKF)

3D Mapping
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EKF Based 6-DoF Event Camera Pose Estimation
EKF-Based 6-DoF Tracking

Gradient Estimation 
(pixel-wise EKF)

Reconstruction

SE(3) Camera Pose Estimate
Log Intensity & Inverse Depth

u v p t

event

Inverse Depth Estimation 
(pixel-wise EKF)

3D Mapping
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EKF Based 6-DoF Event Camera Pose Estimation
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EKF-Based 6-DoF Tracking

Gradient Estimation 
(pixel-wise EKF)

Reconstruction

SE(3) Camera Pose Estimate
Log Intensity & Inverse Depth

u v p t

event

Inverse Depth Estimation 
(pixel-wise EKF)

3D Mapping
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Pixel-Wise EKF Based Gradient Estimation
EKF-Based 6-DoF Tracking

Gradient Estimation 
(pixel-wise EKF)

Reconstruction

SE(3) Camera Pose Estimate
Log Intensity & Inverse Depth

u v p t

event

Inverse Depth Estimation 
(pixel-wise EKF)

3D Mapping
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Pixel-Wise EKF Based Gradient Estimation
EKF-Based 6-DoF Tracking

Gradient Estimation 
(pixel-wise EKF)

Reconstruction

SE(3) Camera Pose Estimate
Log Intensity & Inverse Depth

u v p t

event

Inverse Depth Estimation 
(pixel-wise EKF)

3D Mapping
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Pixel-Wise EKF Based Gradient Estimation
EKF-Based 6-DoF Tracking

Gradient Estimation 
(pixel-wise EKF)

Reconstruction

SE(3) Camera Pose Estimate
Log Intensity & Inverse Depth

u v p t

event

Inverse Depth Estimation 
(pixel-wise EKF)
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Pixel-Wise EKF Based Gradient Estimation
EKF-Based 6-DoF Tracking

Gradient Estimation 
(pixel-wise EKF)

Reconstruction

SE(3) Camera Pose Estimate
Log Intensity & Inverse Depth

u v p t

event

Inverse Depth Estimation 
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Pixel-Wise EKF Based Gradient Estimation

(g ·m) τc = C

EKF-Based 6-DoF Tracking

Gradient Estimation 
(pixel-wise EKF)

Reconstruction

SE(3) Camera Pose Estimate
Log Intensity & Inverse Depth

u v p t

event

Inverse Depth Estimation 
(pixel-wise EKF)

3D Mapping
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Log Intensity Reconstruction

gradient estimation intensity reconstruction

EKF-Based 6-DoF Tracking

Gradient Estimation 
(pixel-wise EKF)

Reconstruction

SE(3) Camera Pose Estimate
Log Intensity & Inverse Depth

u v p t

event

Inverse Depth Estimation 
(pixel-wise EKF)

3D Mapping
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Pixel-Wise EKF Based Inverse Depth Estimation
EKF-Based 6-DoF Tracking

Gradient Estimation 
(pixel-wise EKF)

Reconstruction

SE(3) Camera Pose Estimate
Log Intensity & Inverse Depth

u v p t

event

Inverse Depth Estimation 
(pixel-wise EKF)

3D Mapping
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Pixel-Wise EKF Based Inverse Depth Estimation
EKF-Based 6-DoF Tracking

Gradient Estimation 
(pixel-wise EKF)

Reconstruction

SE(3) Camera Pose Estimate
Log Intensity & Inverse Depth

u v p t

event

Inverse Depth Estimation 
(pixel-wise EKF)

3D Mapping
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Pixel-Wise EKF Based Inverse Depth Estimation
EKF-Based 6-DoF Tracking

Gradient Estimation 
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Reconstruction

SE(3) Camera Pose Estimate
Log Intensity & Inverse Depth
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Pixel-Wise EKF Based Inverse Depth Estimation
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EKF-Based 6-DoF Tracking

Gradient Estimation 
(pixel-wise EKF)

Reconstruction

SE(3) Camera Pose Estimate
Log Intensity & Inverse Depth

u v p t

event

Inverse Depth Estimation 
(pixel-wise EKF)
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Results: Real-Time Demo
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Results: Single Keyframe Estimation

intensity 
reconstruction

depth 
estimation

gradient 
estimation

event 
visualisation

intensity 
reconstruction

depth 
estimation

gradient 
estimation

event 
visualisation

box 
(indoor)

kitchen 
(indoor)

objects 
(indoor)

bikes 
(outdoor)

shelves 
(indoor)

office 
(indoor)

hallway 
(outdoor)

statue 
(outdoor)
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Results: Multiple Keyframes

intensity 
reconstruction

depth 
estimation

gradient 
estimation

event 
visualisation
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Results: Video Rendering

event visualisation rendered video
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Conclusions

• the first 6-DoF tracking and 3D reconstruction method purely based on a stream of events 
with no additional sensing

• runs in real-time on a standard PC

• hope this opens up the door to practical solutions to the current limitations of real-world 
SLAM applications

our method standard camera

fast motion tracking comparison

our method standard camera

dynamic range comparison
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Thank you for your attention! 

For more about our work, please come to our poster session 
(O-4A-01, 11:00 - 12:30).


