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New Problem in Low-Level Vision 

with Wrinkled Film without Wrinkled Film

？

 Film Removal (FR)
 To remove the interference of 

wrinkled transparent films.
 To reconstruct the original 

information under films.
 Application: industrial 

recognition systems.
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 All compositions are

 Our final goal is

+ : linear superposition

- : decoupling operator
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 315 dynamic industrial scenarios.
 Three types: QR codes, text, and products. 
 Diverse properties: coverage areas, film thicknesses, levels of wrinkling.
 Fixed: to minimize the influence of errors external.

How to maintain the 
Data Diversity and 

Robustness?

A-Net

Polarized Images

AoP DoP

C PLM R-Net

Stokes Parameters

Reconstructed 
Image

C Concatenation

Angle Estimation 
Network

Polarization-based 
Location Model

Reconstruction 
Network

C

L-RDB × 3 RDB × 3

L-RDB: Lightweight 
Residual Densely Block

RDB: Residual Densely 
Block

𝑓𝑓𝐴𝐴 � 𝑓𝑓𝑟𝑟 �

𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟

𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖0 𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖90

𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖45 𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖135

𝐼𝐼𝑖𝑖 �

Skip Connection

𝑆𝑆𝐴𝐴𝐴𝐴𝐴𝐴 𝑆𝑆𝐷𝐷𝐴𝐴𝐴𝐴

𝑆𝑆0
𝑆𝑆2 𝑆𝑆1

𝑃𝑃𝐴𝐴

 [Observation] Specular Reflection (Highlight) 𝐼𝐼ℎ  is Polarized.
 [Solution] Estimating a Polarized Prior for Locating 𝐼𝐼ℎ
 The Prior is:
 The polarized version of the prior, can be acquired with 

Malus’s Law and the elliptical polarization model, therefore:

 Since 𝐼𝐼ℎ is the only polarized component that is determined 
by 𝜃𝜃, 𝑃𝑃 can also be formulated as:

 Finally, we estimate pixel-wise 𝜃𝜃, with a learning-based 
network (A-Net), to obtain the angle map 𝐴𝐴:

Two Decoupling
Components

Specular 
Highlight

𝐼𝐼ℎ

Other 
Degradation

𝐼𝐼𝑚𝑚 Two Parts

 [Solution] Reconstructing 𝐼𝐼𝑚𝑚
 To recover the image, we set a 

reconstruction network 𝑓𝑓𝑟𝑟 to 
decouple both 𝐼𝐼𝑚𝑚 and 𝐼𝐼ℎ, with 𝑃𝑃. 

 The reconstruction process can be 
expressed as:

Prior Location (Highlight)

 [Table 1] Quantitative evaluation in image 
reconstruction with 10-fold cross-validation. 

 [Table 2] 
Quantitative 
evaluation of QR 
Reading Rate. 

 [Figure 1-3] 
Qualitative 
Evaluation.

 [Figure 4-6] 
Ablation Study.
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