1A-44

Robust Stereo with Flash and No-ﬂash Image Pairs
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Filtering to reduce depth quan�za�on error

Flash/no-ﬂash for stereo matching:

Abstract:
We propose a new stereo technique using a pair of ﬂash
and no-ﬂash stereo images that is both eﬃcient and
robust in handling occlusion boundaries. Our work is
mo�vated by the observa�on that the brightness
varia�ons introduced by the ﬂash can provide a robust
cue for establishing stereo matches at occlusion
boundaries. This photometric cue is computed per pixel,
and though on its own is not robust to reliably resolve
depth, it can provide a new discriminant to support
patch-based stereo matching algorithms.
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Among many possible solu�ons, we choose to stay simple and local,
which o�en means eﬃciency and robustness in prac�ce.
Stereo camera captures a pair of stereo images with ﬂash, Fl and Fr,
and without ﬂash, Gl and Gr. Denote the ra�o between ﬂash and
no-ﬂash images as:

Dispari�es are o�en computed in a unit of pixel because sub-pixel computa�on
is expensive and less reliable, which leads to low precision depth map. We
propose a simple yet eﬃcient algorithm to increase the disparity precision.
Observa�ons: both the disparity and R are locally linear for any planar surface.
Basic idea: Smooth depth along the dimension when R varies li�le.

* R map is determined by distance and surface normal *
We use this par�cular property of R to solve the well-known diﬃculty
l, the matching cost of
of depth discon�nuity in stereo.
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Consumer stereo cameras with ﬂash:
Stereo cameras have found its ways to consumer products
(e.g., digital cameras, mobile phones, and tablets.)
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Stereo camera with a ﬂash captures various depth cues. We use
them for robust and eﬃcient depth recovery on mobile devices.
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Mo�va�on:

Experiments were done using a Fujiﬁlm FinePix Real 3D camera. Two stereo pairs
were captured in succession with a shu�er lag of 0.x sec with and without ﬂash.
We le� most se�ngs (e.g., focus, exposure, f#, ISO, and WB) in automa�c mode.
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(a) Stereo images without ﬂash (b) Stereo images with ﬂash

(c) R map (right view)

Figure: At occlusion boundary, tradi�onal ﬁxed neighborhoods have diﬀerent
backgrounds in the le� (a) and right (b) images. Our cross-bilateral weight that mul�plies
distance term (blue) and ra�o term (red) compares mostly only foreground pixels.

The proposed matching cost can be used with various stereo
algorithms. We choose the simplest winner-takes-all (WTA)
strategy for eﬃciency and then reﬁne depth map using
Le�-Right-Consistency (LRC) [8].
Below is an es�mated depth map in comparison to two
tradi�onal stereo techniques, one using shi�ed window and WTA,
and one using shi�ed window and dynamic programming.
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Raito map:
where If and Ia are the intensity of ﬂash and ambient light, respec�vely.

Stereo [1]:
texture, patch-based => depth
Shading [2]:
near-ﬁeld, no-texture, pixel-based => normal
Shadow [3,4,5]:
near-ﬁeld, depth boundary => normal & layer
Light fall-oﬀ [6,7]: *really near* ﬁeld
=> rela�ve depth
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(a) Flash Stereo (WTA)

(b) Tradi�onal Stereo (WTA) (c) Tradi�onal Stereo (DP)

(d) Flash stereo (WTA, LRC)

(e) Tradi�onal sterero
(shi� window, WTA, LRC)

(f) Tradi�onal sterero
(shi� window, DP)
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