
Rain, Rain, Go Away:
Computer Vision in Adverse Weather

Ben Zhao, David Toledo, Ethan Masadde, Josh Meier, Julian Tanguma, Nathaniel Li 



2



3



4



5

When a computer is in the driver’s seat, 
it’s just as confused as you



6

3. 
M

itig
ati

ng
 th

e 

   e
ffe

ct 
of

 w
ea

th
er

4. 
Fu

tu
re 

wor
k 

    
+  c

on
clu

sio
ns

1. 
Defi

ning 

    
 co

m
pute

r v
isi

on 

    
    

+ b
ac

kg
ro

und

Presentation Roadmap

2. 
M

ea
su

rin
g t

he
 

eff
ec

t o
f w

ea
th

er



How do autonomous vehicles work

Sensors Perception Motion 
Planning

Controls Hardware
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The Eyes of the Vehicle
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Making Sense of Pixels and Points 
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Making Sense of Pixels and Points
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“There is a 
person on the 
street”



Computer vision (CV)
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Semantic Segmentation
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Instance Segmentation
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Video Instance Segmentation
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“How much does weather affect the 
performance of computer vision? And 

what can we do about it?”
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Team Organization

Data

Instance 
Segmentation

Semantic 
Segmentation
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Part 2 Overview: Setup
Neural Network

Model
…

Model

…Train / 
Validate

…Test
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Model
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Part 2 Overview: Evaluation

…Test

Model
…

Model Model

Segmentation 
Masks

Scores 0.71 0.15 0.41

…
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Data
Generation 
in Carla
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What is Ground Truth?
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Convolutional Neural Network: Encoder
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…

Filters

Layers

Feature MapsInput



Convolutional Neural Network: Kernel / Filter
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Filter
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Convolutional Neural Network: Feature Maps
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Convolutional Neural Network: Feature Maps
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Banners
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Convolutional Neural Network: Feature Maps
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Convolutional Neural Network: Decoder
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…

Feature Maps Segmentation
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Metrics: Mean Intersection over Union (MIOU)

35

IoU = 

Area of Intersection

Area of Union



Semantic Segmentation Results
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Semantic Segmentation Results
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Training Set

Clear Day Clear NightFoggy DayRainy Day



Semantic Segmentation Results
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Training Set

Clear Day Clear NightFoggy DayRainy Day
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Interpreting MIOU

   RGB Image      Ground Truth       Prediction 

Tr
ai

ni
ng

 S
et

Test Set



Segmentation Results: Closer Look
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Video Instance Segmentation Reintroduced
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Metrics: Mean Average Precision (MAP)
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+1

Precision = 
True Positive

True Positive + 
False Positive

If IOU threshold = 0.5…

True Positive
True Positive

False Positive

+1

False Positive

True Positive:

False Positive: +1+1

If IOU of prediction > threshold:

else:



Instance Segmentation Results
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Training Set
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Instance Segmentation Results

Training Set
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Weather Mitigation Strategies

Domain 
Adaptation

Deweathering

Sensor Fusion
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Domain Adaptation

70% 30%

49



Domain Adaptation Results
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Domain Adaptation Results
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Domain Adaptation Results
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Foggy Day(without Domain Adaptation): MIOU .328

Foggy Day(with Domain Adaptation): MIOU .619
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Domain Adaptation Results



Domain Adaptation Results, Instance Segmentation
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Trained on only Clear Day

Foggy Day(with Domain Adaptation): MIOU .619

Domain Adaptation Results

Domain Adaptation: Trained on clear/foggy split
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Deweathering: Image Processing
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Look Up Table



Deweathering: Domain Translation

Restoration 
Generator 
Network
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Deweathered (IP) Foggy Image Deweathered (DT) Foggy Image

Foggy Image On Clear Day Trained ModelGround Truth
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Deweathering: Quantitative Results
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Training Set

* 0 being our baseline MIOU score



Image Processing: Quantitative Results 
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Training Set

* 0 being our baseline mAP score



Sensor Fusion
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LIDAR Camera



Data Transformation
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Projection Max Pooling + 
Interpolation



Mid Fusion Strategy
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Sensor Fusion Baseline
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Sensor Fusion Results
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Improving MaskTrackRCNN’s Tracking Branch
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1. Greedy vs Globally Optimal Association

2.     Incorporating Motion Cues in Score 
Calculation
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Future Work: Adding Snow to Carla



69https://pixabay.com/images/search/nvidia/ 

Future Work: Train On LUTs

Neural Network

…Train / 
Validate

https://pixabay.com/images/search/nvidia/
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Future Work: Sim to Real



Future Work: Real Time Performance
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Future Work: Training with all weathers
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70% 30%

What have we talked about?
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Metrics: Not all are equal
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Early Fusion Architecture
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Deep Supervision Architecture
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Entropy Fusion
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Mid Fusion: Surgery Qualitative Results
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Lidar Only: Qualitative Results
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Sparse LIDAR: Qualitative Results
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Depth Encoder Feature Maps
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Instance segmentation metrics
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