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1. Compositing Equation

Ii = αiFi + (1 − αi)Bi

Background color Bi ∈ R3Foreground color Fi ∈ R3

Image color Ii ∈ R3 Translucency αi ∈ R

2. Foreground Estimation

I α F

and →

Goal: Obtain foreground image F from image I and alpha matte α

Problem: Underconstrained

6 unknowns in Fi and Bi, but only 3 equations (one per color channel)

3. Motivation

αI αF

vs

Naive: Color bleeding Solution: Estimate foreground F

Naively composing image I onto white background leads to color bleeding

αI = α(αF + (1 − α)B) = α2F + α(1 − α)B 6= αF

4. Our Method

Reformulate global cost function by [LLW07] as local cost function over neighbors
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Penalize color gradients in regions of large alpha gradients
control regularization with parameter εr

weight gradient term with parameter ω

Problem: Iterative approach infeasible, solution only propagates slowly across image

Solution: Multi-level approach

1. Downsample input image and α until small

2. Solve at lowest resolution, use upsampled result as initialization for larger size

5. Average Runtime per Image

Setup Method Time [s] Std. dev. [s]

HPC

Multi-Level (Ours) 2.04 0.296

Closed-Form [LLW07] 26.3 5.48

IndexNet [LDSX19] 74.5 10.1

KNN [CLT13] 38.2 6.47

Mac

Multi-Level (Ours) 1.48 0.251
Closed-form [LLW07] 27.9 7.93
IndexNet [LDSX19] – –

KNN [CLT13] 148.0 56.2

6. Quality of Estimated Foreground

Sum of absolute differences (SAD) for 27 images in dataset by [RRW+09]

IndexNet [LDSX19] adapted for foreground estimation instead of alpha matting

7. Memory Usage

Method Memory [MB] Data Type

Multi-Level (Ours) 1182 64-bit float

Closed-Form [LLW07] 7 781 64-bit float

IndexNet [LDSX19] 91 648 32-bit float

KNN [CLT13] 7 850 64-bit float

8. Open Source Implementation

https://github.com/pymatting/pymatting [GUCH20]
Easy installation via pip install PyMatting

from pymatting import *

image = load_image("image.png", "RGB")

alpha = load_image("alpha.png", "GRAY")

# Estimate foreground

foreground = estimate_foreground_ml(image, alpha)

# Concatenate RGB and alpha channels

foreground_with_alpha = stack_images(foreground, alpha)

save_image("result.png", foreground_with_alpha)
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