












(a) (b) (c) (d) (e)

Figure 14: Results for a sheep. (a) Captured image. (b) Depth map. (c) Matte. (d) Closeup from the red rectangle in (c). (e) Composite.

(a) (b) (c) (d)

Figure 15: Examples of post-exposure image editing based on the extracted depth and matte. The bottom row shows closeup views of the
top row. (a) Captured image. The colors are misaligned. (b) Color misalignment canceled. (c) Defocus blur removed. (d) Refocused.

The major limitation of our approach is that it does not work for
objects having only a single pure R, G, or B color. Combining
with depth-from-defocus methods may partially solve this problem.
However, this does not mean that objects must have achromatic col-
ors all over. For example, the disparity of the red box in Fig. 4 is
correctly identified as shown in Fig. 10(d), thanks to the alphabets
and the pictures of chocolates printed on the box. Therefore, our
requirement is that objects must not be purely colored entirely, and
we think there are many real-world objects satisfying this require-
ment. We would like to further investigate this limitation.

In our imaging system, the f-number is fixed to 1.8 (full aperture
of our prototype lens) because a large aperture increases disparities
and thus increases depth resolution. Since disparities also increase
when the lens is focused near, our system typically works well for
foreground objects at 0.5 to 2.5 meters away from the camera with
a sufficiently distant (about twice as far away) background. For far-
ther scenes, depth resolution will gradually decrease, and the matte
quality will also deteriorate as color misalignment will be small.

By introducing color filters, the amount of incident light is de-
creased. Increasing the aperture filter area to compensate for this
introduces more defocus. While this degrades depth estimation
accuracy at defocused regions, it suppresses background clutters,
which is beneficial for matting. Color filters may also affect color
demosaicing of the image sensor, although we did not observe any
loss of quality in our experiments, mainly because we downsam-
pled the captured images for tractable computation time.

While our depth estimation works fairly robustly, our matting fails
when the foreground and background colors are similar with little
texture, as shown in Fig. 17(b), since we have few color misalign-
ment cues. Another failure mode is that, as we use a relatively large
window (15 × 15), we cannot recover small/thin features such as

hair strands and holes in foreground objects, once they are missed
in the course of optimization, as shown in Fig. 17(d). We would
like to address the above issues in the future.

(a) (b) (c)

Figure 16: More color misalignment cancellation results. (a) Re-
stored images. (b) Closeups of (a). (c) Closeups of the original.

(a) (b) (c) (d)

Figure 17: Failure cases. Major errors are indicated by the arrow
and circles. (a) Captured image. (b) Matte from (a). (c) Closeup of
the ground truth matte for the girl image in Fig. 12. (d) Our result.
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Appendix A Color Crosstalk Suppression

Let cr , cg , and cb be the mean image colors of a sheet of white paper
through the R, G, and B filters, respectively. For our prototype,

cr = (1.000, 0.335, 0.025)T ,

cg = (0.153, 1.000, 0.162)T , (A.1)

cb = (0.007, 0.190, 1.000)T ,

where the values are normalized with respect to the maximum com-
ponent. Letting M = (cr, cg, cb), we can decompose an observed
color co into the three aperture filters’ contributions by M−1co.

Appendix B Color Alignment Measure and NCC

An equivalent of Eq. (1) in 2D (e.g., in the RG space) would be:

L(x, y; d) = λ0λ1/σ2
rσ2

g . (B.1)

Let σrg be the covariance between the R and G components, then
by λ0λ1 = det(Σ) = σ2

rσ2
g − σ2

rg , we obtain:

L(x, y; d) = 1 − σ2
rg/σ2

rσ2
g (B.2)

Since NCC = σrg/σrσg ∈ [0, 1], the 2D version of the color
alignment measure L has a one-to-one correspondence to NCC.
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Appendix C Computing the Color Lines Model Error

Letting ci be the i-th color in SF (x, y; d), µ be the mean color, and
v0 be a unit vector of the fitted line (the first principal eigenvector),
trigonometry gives the distance li of the point ci from the line as:

l2i = |ci − µ|2 − ((ci − µ)T v0)
2. (C.1)

The average of the first term is, by definition, the variance:

1

N

N
X

i=1

|ci − µ|2 = σ2
r + σ2

g + σ2
b . (C.2)

For the second term, we have:

1

N

N
X

i=1

((ci − µ)T v0)
2 = vT

0

 

1

N

N
X

i=1

(ci − µ)(ci − µ)T

!

v0

= vT
0 Σv0 = vT

0 (λ0v0) = λ0,
(C.3)

by the definitions of the covariance matrix Σ and the eigenvector v0.
Therefore, the color lines model error can be computed as follows.

eF (x, y; d) = σ2
r + σ2

g + σ2
b − λ0. (C.4)

This turns out to be similar to the color alignment measure of
Eq. (1), but we found it more effective for matting to use this un-
normalized, direct error measure. Since estimation errors of back-
ground disparities are typically larger than those of foreground dis-
parities, we discount eB(x, y; d) by scaling it by around 0.7-0.9.
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