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Challenges for Detection in Rain
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Challenges for Rain Generation
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Challenges for Rain Generation

• No Proper Constraint: Artifacts and Distortions

• No Effective Strategy: Unrealistic Rain Amount



Penn.png

6/23

Brief Workflow
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Detailed Workflow
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TPS: Motivation
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TPS: Formulas

Triangular Probability Similarity (TPS) Loss:

LTPS (X,Y,Z) = 1
HW

H∑
i=1

W∑
j=1

(|D(X)i,j − D(Z)i,j |

+ |D(Y)i,j − D(Z)i,j |
− |D(X)i,j − D(Y)i,j |)

(1)

Where H and W represent the height and width of the probability matrix D(Z).
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SeNCE: Motivation
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SeNCE: Formulas
Semantic Noise Contrastive Estimation (SeNCE)

LSeNCE(X,Y,Z) = −
N∑

i=1
log

e
xi ·zi
𝜏

e
xi ·zi
𝜏 + Q(N − 1)∑N

j=1
j≠i

wij · e
xi ·zj
𝜏

(2)

Where
wij = softmax

(
F(i, j)
𝛽

)
j

(3)

Where

F(i, j) = (1 − mPA(X,Y)) (xi · zj) + (mPA(X,Y)) (1 − xi · zj) (4)
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Quantitative: Clear2Rainy (Rain Generation)

Methods BDD100K Dataset (clear → rainy) INIT Dataset (clear → rainy)
Content↑ Style↑ KID↓ FID↓ Content↑ Style↑ MMD↓ ED↓

UNIT [4] 3.24 3.48 88.85 18.099 2.58 2.66 34.231 35.702
MUNIT [2] 2.44 2.80 189.12 26.538 2.80 2.72 34.425 36.458

CUT [5] 3.32 3.38 85.29 21.901 3.16 2.90 33.704 34.777
QS-Attn [1] 3.34 3.58 85.59 21.614 2.46 2.66 33.836 34.853
MoNCE [8] 3.10 3.30 75.66 18.595 2.18 2.24 33.579 34.814

Ours 3.58 3.70 72.19 19.341 3.42 3.04 33.535 34.774

Table 1: Quantitative comparison for image rain generation at BDD100K test clear and INIT
test clear. KID is in 10−4, and MMD is in 10−5.
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Quantitative: Rainy2Clear (Deraining)

SAPNet trained on
images from

BDD100K Dataset (rainy → clear)
Quality↑ Perf↑ MUSIQ↑ DBCNN↑

Rain100H [7] 3.20 2.08 53.267 46.585
UNIT [4] 3.37 3.49 56.036 45.912

MUNIT [2] 3.04 2.20 55.074 41.923
CUT [5] 2.88 3.92 59.974 54.491

QS-Attn [1] 2.94 3.22 61.064 57.311
MoNCE [8] 2.78 2.37 48.952 37.083

Ours 3.53 4.33 61.853 57.826

Table 2: Quantitative comparison for image deraining at BDD100K test rainy. SAPNet [9] is
used for deraining, and it is trained on images from different rain generation methods.
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Quantitative: Object Detection in Rain
Pretrained Finetuned mAP mAP_50 mAP_75 mAP_s mAP_m mAP_l

COCO None 0.171 0.373 0.134 0.093 0.300 0.409
Clear 0.231 0.492 0.190 0.151 0.366 0.454
UNIT 0.215 0.462 0.178 0.113 0.404 0.546

MUNIT 0.178 0.394 0.147 0.108 0.291 0.438
CUT 0.243 0.512 0.203 0.149 0.410 0.548

QS-Attn 0.248 0.513 0.213 0.151 0.401 0.574
MoNCE 0.246 0.510 0.211 0.151 0.400 0.570

Ours 0.262 0.526 0.237 0.158 0.419 0.646

Table 3: Quantitative comparison for Yolov3 [6] object detection at BDD100K test rainy.
The Yolov3 object detector are pretrained on COCO [3], and finetuned on generated rainy
images from different rain generation methods. mAP is computed on the most challenging
100 rainy images.



Penn.png

15/23

Qualitative: Clear2Rainy (Rain Generation)
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Qualitative: Rainy2Clear (Deraining)
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Qualitative: Object Detection in Rain
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Qualitative: Day2Night
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Qualitative: Clear2Snowy
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Conclusion
Summary
• TPSeNCE: Unpaired Image-to-Image Translation
• Rain Generation benefits Deraining and Detection
• Generalize to Snowy and Night

Contributions
• TPS: Suppress Artifacts and Distortions
• SeNCE: Optimize the Amounts of Generated Rain

Future Works
• Extremely Heavy Rain
• Strong Light Sources
• Diffusion Models
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Thank you for your attention!
This project is sponsored by General Motors Israel.

Scan the QR Code to access our Github webpage.
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