
Smooth Motion, Cinematic Look:  
Reducing Judder in HDR with Locally Varying Frame Rates





MITIGATE JUDDER - CAMERA PANNING SPEEDS

Source: American Cinematography Manual (p. 815).

"24 frames per second 90° Pan with a 50mm Lens you 
should take at least 23s for a pleasing motion look”







HIGH DYNAMIC RANGE (HDR)

HDR Displays: 
• Darker darks 
• Brighter brights  
• Increased Luminance



25 FPS - Standard Frame Rate (SFR)



50 FPS - Higher Frame Rate (HFR)



Classic Cinema Look
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Can we remove unwanted judder (especially) in 
HDR content and keep a cinematic motion look?



A Luminance-aware Model of Judder Perception (Chapiro et al.)

• Model for Judder 
Perception 

• Based on Mean Luminance, 
Frame Rate and the 
Average Speed of the Clip



Emulating displays with continuously varying frame rates (Templin et al.)

• Emulate different 
Frame Rates 

• Frame Rate Maps 

• Reduce Judder



Emulating displays with continuously varying frame rates (Templin et al.)

60 FPS

30 FPS

Locally Varying Frame Rates



Still Frame Velocities

Emulating displays with continuously varying frame rates (Templin et al.)



Still Frame Frame Rate Map

Emulating displays with continuously varying frame rates (Templin et al.)
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Research Question: 
Can coherent judder based frame rate maps effectively 
reduce perceived judder in High-Dynamic-Range 
content and preserve a cinematic feel?



Our method

Frame Rate Map based on the Judder Score calculated for each image



Our method

Still Frame Frame Rate Map
(50 - 25 FPS)



Our method
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Judder Score: 
7,6

Judder Score: 
4,5

Judder Score: 
9,6



Study Design

Study Design based on the ITU-R BT.500

• 50 FPS

• 25 FPS

• Chapiro

• Templin

Three Sequences in 
Random Order:
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Results of the Study



Where did the audience perceive judder?



Where did the audience perceive judder?



What did the audience experience as cinematic?



What did the audience experience as cinematic?



What does the audience experience as cinematic?
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Conclusion



Results

Thank you!


