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Introduction
 Issue: Make hazy images clean and find the best transmission matrix

 Related work: discrete wavelet transform, U‐net, dehaze

 Challenge: low contrast, faint color and shifted luminance
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Atmospheric Scattering Model 

 Image dehazing model : 𝐼(x)=J(x)t(x)+A(1−t(x))

 Transmission function：𝑡 𝑥 ൌ 𝑒ିఉௗ ௫

6

I(x) : observed image

J(x) : clear image

A : global atmospheric light

t(x) : medium transmission

β : scattering coefficient

d(x) : scene depth



ill‐posed problem

 Image dehazing model : 𝐼(x)=J(x)t(x)+A(1−t(x))

 Prior‐based：color attenuation prior, dark channel prior, etc.

 Learning‐based：Lightweight model, multi‐scale model, U‐Nets, etc.
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I(x)             J(x)

How to find A, t(x) ?
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U‐Net
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problem



Bouns
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In this class, 
which method can be used for down‐sampling and

preserve high frequency information and low frequency information
on images?
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Discrete Wavelet Transform
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(Scaling & Convolution)



2‐point Haar wavelet
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2D DWT
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Sample
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3次 2‐D DWT 的結果
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WAVELET U‐NET AND THE CHROMATIC 
ADAPTATION TRANSFORM FOR SINGLE 

IMAGE DEHAZING



WAVELET U‐NET AND THE CHROMATIC ADAPTATION 
TRANSFORM FOR SINGLE IMAGE DEHAZING
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 Issue：edges and colors are two key factors to obtain better

dehazed images, Clear edges and balanced color make the dehazed

images look natural and detailed.

 Proposed：two‐stage and end‐to‐end network.

– Wavelet U‐Net

• Up‐sampling：DWT

• Down‐sampling：IDWT

– Chromatic adaptation transform

• implemented by convolutional layers mathematically to enhance images



Wavelet U‐Net
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• 2D‐DWT , 2D‐IDWT

𝜙 𝑥  𝑚𝑒𝑎𝑛𝑠 𝑙𝑜𝑤 െ 𝑝𝑎𝑠𝑠
𝜓 𝑥  𝑚𝑒𝑎𝑛𝑠 ℎ𝑖𝑔ℎ െ 𝑝𝑎𝑠𝑠

 𝜙௅௅∶ 𝑠𝑐𝑎𝑙𝑖𝑛𝑔 
𝜓௅ு , 𝜓ு௅, 𝜓ுு: 𝑤𝑎𝑣𝑒𝑙𝑒𝑡 



Wavelet U‐Net
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Chromatic adaptation transform
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• Target : calibrate luminance and color

• Color Corrected Mode

ൌ 𝐹ᇱ · 𝑥 ൅ 𝑥 ( residual module )
(F’ is 3x1x1 convolutional kernal)

(light‐weight matrix)



Evaluation
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• PSNR

• SSIM



Qualitative dehazed results
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MULTI‐SCALE FEATURE AGGREGATION 
NETWORK WITH WAVELET STRUCTURE 

SIMILARITY LOSS FUNCTION FOR SINGLE IMAGE 
DEHAZING



MULTI‐SCALE FEATURE AGGREGATION NETWORK WITH WAVELET 
STRUCTURE SIMILARITY LOSS FUNCTION FOR SINGLE IMAGE DEHAZING
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 Issue：Focus on multi‐scaling and high frequency feature

 Proposed：Y‐Net, W‐SSIM

– Y‐Net

• This network reconstructs clear images by aggregating multi‐scale features maps

– Wavelet Structure SIMilarity (WSSIM) loss function

• DWT divide the image into differently sized patchs with different frequencies and

scales

• Accumulation of SSIM loss of various patches with respective ratios



Y‐Net
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• Formulate :

• Patch Weights :  r ‐ low frequency patch, (1‐r) – high frequency patch 

Wavelet SSIM loss
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Set : r=0.4



• Algorithm :

• SSIM : 

Wavelet SSIM loss
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(Luminance, Contrast and Structure Similarity)



Wavelet SSIM loss
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Evaluation
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• PSNR

• SSIM



Evaluation
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• FADE : fog aware density evaluation

• Ablation Study



Qualitative dehazed results
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Conclusion

 W‐UNet and chromatic adaptation transform helpful in 
improve constrast.

 Y‐Net and W‐SSIM make more edge detail with multi‐
scaling

 Discrete Wavelet Transform can perfectly replace down 
sampling and up sampling.

 Discrete Wavelet Transform can remain more high 
frequency feature whenever in loss‐term or Network
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Thanks for your listening !
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