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Rain has multiple interesting effects

Blur from wet air

Color shifts

Puddles

Streaks

These are often quite strongly coupled to scene geometry



Rain - multiple extrinsic phenomena,
including smoothing, raindrops, loss of saturation,

glossy/wet surfaces, etc. etc.



Rain - phenomena

Garg and Nayar 07

Refraction causes each drop to contain a tiny image



Backscatter

• Refraction in drops causes backscatter of headlight light
• makes driving in rain at night harder

• Neat trick 
• (Tamburo et al 14)
• Do not illuminate raindrops by

• having headlights that are highly steerable (multiple micro mirrors)
• very fast exposure with usual illumination identifies raindrops

• too fast for driver to resolve
• now direct light between drops



Tamburo et al 14



Rain - phenomena

Drops move fast, and so create motion blur (streaks)

Garg and Nayar 07



Rain - phenomena
Shallow free space - individual rain streaks

Deep free space - more bulk, fog-like effects
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Rain - phenomena
Shallow free space - individual rain streaks

Deep free space - more bulk, fog-like effects

Hu et al 19



Strategies

• Train on rainy data
• tough to get more labels in sufficient quantity
• BUT

• you could drive the same road many times, as above
• and fix labels

• Simulate rain and fine-tune methods
• labels remain the same

• Derain images



Simulating rain

Tremblay et al 20



Simulating rain - issues

• Near field:
• drops are bright, discrete, likely ballistic motion

• how bright?
• where?
• how moving?

• likely air is “wet”
• so some fogging, depending on depth

• Far field:
• fog like effects

• So we need to know
• depth, environment map, falling drops, camera movement



Simulating rain
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Simulating rain

Minor errors in environment map have
no real effect on rain appearance
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Simulating rain

• Trick:
• rain causes color effects, specular effects etc.

• CycleGAN is good at this, but bad at streaks
• Physics based simulation is bad at this but good at streaks

Tremblay et al 20
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Improvements on simulated data
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Improvements
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Deraining - strategies

• Essentially
• obtain images with/without rain (with rain by synthetic)
• train network to reproduce without rain image from with rain
• starts with Eigen et al 13

From Eigen et al. 13



Rainy windows

From Eigen et al. 13



Rain streaks

Li et al 16



Streaks

Wei et al 19



Both rain streaks and haze

Yang et al 17


