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Improving

We augment existing databases with controlled, realistic, 
physics-based rain/fog to systematically evaluate 
vision algorithms.

Rain augmentation Effects of rain

Improving robustness
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Rain100H [53] Rain800 [56] DID-MDN [55] Ours Real

User study (N=35) "Rain in this image looks realistic"

Validation

Datasets and code released

1) Fog-like rain

2) Raindrops rendering

Weather Kitti, Weather Cityscapes => 390k images, inc. 7 fogs, 7 rains

Depth Rain mask Rain image Fog image

https://team.inria.fr/rits/computer-vision/weather-augment/

Existing approaches (e.g. GANs): 
- do not generate physically-plausible rain;
- cannot control the amount of rain;
- lack realism. 

Evaluation on our Weather Kitti (15x7580 images) and Weather Cityscapes (15x2995 images)

Curriculum learning using our rain-augmented weather datasets

Synthetic (Weather Kitti/Cityscapes) Real (nuScenes)
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rain 100H [53] rain800 [56] did-MDN [55]

Drops are rendered using a physical simulator [Cha+12] to warp 
streaks appearance [GN07] and estimate their photometry from 
env. map lighting estimation.

Model streak
appearance

How can we systematically evaluate the performance 
of vision algorithms in degraded (rainy) 
weather conditions?
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Environmentmap Oursynthesizedrain(50mm/hr)

Figure4.Comparisonbetweenrainrenderingusinggroundtruth
illuminationor our approximatedenvironmentmap. FromHDR
panoramas[23],wef rstextract limitedf eldof viewcropstosimu-
latethepointof viewof aregular camera. Then,50mm/hr rainis
renderedusingeither(rows1,3)thegroundtruthHDRenvironment
mapor (rows2,4)ourenvironmentestimation. Theenvironments
areshownasreferenceontheleft. Whileourapproximatedenvi-
ronmentmapsdiffer fromthegroundtruth, theyaresuff cient to
generatevisually similar raininimages.

Rainphotographs

Other rain rendering
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rain100H [53] rain800[56] did-MDN [55]
Figure 5. Real photographs (source: web, [35]) showing heavy
rain, sample output of our rain rendering and other recent rain
renderingmethods. Although rainappearance is highly camera-
dependent [15], results show that both real photographsandour
raingenerationsharevolumeattenuationandsparsevisiblestreaks

KITTI Cityscapes
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Weather Cityscapes
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Faster R-CNN Faster R-CNN

Object detection Semantic Segmentation
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Against HDR lighting [HAL19]

Volume attenuation Airlight scattering

3) Composite streak on image

[GN07][Cha+12]

Simulate rain 
physics

Compute streak
photometry

Env. map lighting estimation

Rain causes complex 
visual artefacts.
Yet most datasets are 
recorded in clear weather 
conditions.
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