
➢ Monte Carlos simulation

➢ Two-Step solution

𝑔: 𝐈 → 𝑒, ℎ: 𝐈, 𝑒 → 𝐓
➢ Image formation model

➢ Formulating𝛀 and 𝚽 based on Beer-Lambert law and

Fresnel’s equation, i.e., 𝛀+𝚽 ≠ 1
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MOTIVATION

➢ Absorption effect varies with different colors,

thicknesses, and orientations of glass in the real-world.

➢ Absorption effect darkens the transmission image.

➢ Existing single reflection removal methods assume the

image formation model without absorption effect.

Explicitly considering the absorption effect

helps recovery transmission image with more

accurate overall intensity.

ABSORPTION EFFECT MODELING
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NUMERICAL APPROXIMATION

Tensor addition
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Residual Block

Conv. layers (stride=1)

Tensor concatenation

Deconv. layer (stride=2)

Avg. pooling (stride=2) 

Conv. layers (stride=2)
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The mean value of 𝛀 can be used to numerically

approximate the absorption effect 𝒆.

➢ Two-branch network 𝑔 with sharing weights

– ReLU6: cut off large values produced by strong reflection which is

sparse.

– Zero-Center: subtract the uniform impact caused by the weak

reflection which is dense.

ESTIMATING 𝒆

ReLU6 and zero-center help propagate 𝒆 through layers.

➢ Gradient penalized network ℎ guided by 𝑒

– Considering 𝑒 as a variable and reformulate the optimization with

the form of Partial Differential Equations.

– Constructing an initial value problem and constraining it to have a

unique solution with the Lipschitz constraint.

RECOVERING 𝐓

Lipschitz constraint reliefs the impact of the

perturbation of 𝒆 when recovering the transmission 𝐓.

FRAMEWORK

EXPERIMENTAL RESULTS

CONTRIBUTIONS

➢ The first formulation to consider the absorption effect in the context of

reflection removal and show that the absorption effect can be numerically

approximated by the average of refractive amplitude.

➢ A two-step solution, with a two-branch training strategy and the constraint of

Lipschitz condition, to solve the problem of single image reflection removal

with the consideration of absorption effect.

Codes

Available!


