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Event Camera

⚫ Asynchronous events

⚫ Temporally dense information

⚫ No image blur. 

⚫ High dynamic range

Event versus Frame Cameras
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Frame camera

⚫ Synchronous images

⚫ Spatially dense information

⚫ Adjustable exposure

⚫ Images absolute intensity

⚫ Images static scenes.

Events and Frame data from picnic dataset



By fusing event and frame data it should be possible to 

have it all 

⚫ Images that are spatially and temporally dense

⚫ Full image available at any time stamp.

⚫ Images with High Dynamic Range (HDR) in absolute 

intensity scale.

⚫ Able to image both static scenes and highly dynamic 

scenes without blur. 

Fusing Event and Frame data
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High Dynamic Range Reconstruction
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High Dynamic Range Reconstruction

19-Jun-21Event Frame Fusion 5

Raw 

Frame

E2VID

Event 

only

ECNN

Event 

only

Asynchronous

Kalman

Filter

Event-Frame

DSEC dataset

Gehrig et. al



Temporal interpolation
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Output of an event camera
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Image reconstruction
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Image reconstruction from integration

19-Jun-21Event Frame Fusion 9

Transfer function interpretation 

of direct integration



High pass the state estimate filter
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Integration High pass filter

Integration with high passIntegration without high pass



High-pass filter realisation

19-Jun-21Event Frame Fusion 11



Complementary filter

19-Jun-21Event Frame Fusion 12



Frequency interpretation
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High-pass reconstructionLow-pass reconstruction

A complementary filter 

with both high- and low-

frequency input is all-pass



Asynchronous implementation
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Kalman Filtering
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Asynchronous Kalman Filter
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Results
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⚫ Exploit the asynchronous 

nature of the sensor with 

algorithm design and 

implementation.

⚫ Use both frame and 

event data.  

Asynchronous Kalman filter (AKF)
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⚫ A shallow algorithm (no deep learning)

As the quality of event camera sensors 

improves so will the output of the AKF



Event Frame Fusion 
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Asynchronous Kalman Filter
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Details



Noise in the event data
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Noise in frame data
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Riccati computation
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Filter update
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Frame augmention
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Conventional computer vision image 

processing: 

• Use events to deblur conventional 

frames

• Use events to interpolate between 

conventional frames



Linear convolution
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Each event #(K) events



Results
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