pr/

Birefractive Stereo Imaging for
Single-Shot Depth Acquisition

ST TN

~ ' l ~G‘
' _ -
h ' ' <

Seung;Hwan BaekJr Diego Gutierrez®  Min H. Kim'

KAISTT Universidad de Zaragoza, I3A"

SIGGRAPH
ASIA 2616
MACAO



MACAO

: : : /
Birefractive Stereo Imaging gpmg

500 1550
[mm]



MACAO

(/
Depth from Refraction or Reflection S‘;

Bi-prism stereo Reflective stereo Refractive stereo
[Lee & Kweon 2000, Cui et al. 2014]  [Shimizu and Okutomi 2006] [Chen et al. 2012]

Right virtual camera

camera

transparent medium

- Chromatic aberration - Large form factor _ At least two shots
- Reduced sensor resolution - View direction change

Birefractive stereo

+ No chromatic aberration + Compact

: . . . +Single shot
+ Full sensor resolution + Consistent view direction
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[Hetch, Optics, Addison-Wesley 2002]
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Conventional camera

Prototype = Birefringent  Captured image Corresponding points
crystal
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Corresponding points Depth

BIREFRACTIVE STEREO MODEL
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Ordinary Ray Model SH’

Birefringent

crystal

Ordinary ray

Bl it o vttt sl




. ’
Extraordinary Ray Model Sh@

A 4
—

Birefringent
crystal

\

Q

Extraordinary ray

19



. «2
Extraordinary Ray Model Qp

Sensor

\ 4
—

Birefringent
crystal

th mhg
—

Q

/ walk-off

plane

Extraordinary ray




I I i SIGGRAPH
Birefractive Stereo Model Qp

A

Ordinary ray

Birefringent
crystal

Extraordinary ray

Sensor

AN




\

SIGGRAPH

Birefractive Stereo Model WD e

Sensor

Birefringent
crystal

walk-off
plane

Ordinary ray -~

Extraordinary ray

AN
\




I I i SIGGRAPH
Birefractive Stereo Model Qp

Sensor

Birefringent
crystal

NV

Ordinary ray -~

Extraordinary ray




Birefractive Stereo Model

\ 4

Extri

Ordinay:

hordinary ray

Birefringent
crystal

Vf
), SIGGRAPH
ASIA 2016
- MACAO

Sensor

Q

2V oV




I I i SIGGRAPH
Birefractive Stereo Model Qp

Sensor

Birefringent
crystal

NV

Ordinary ray -~

Extraordinary ray




Birefractive Stereo Model

26



Birefractive Stereo Model
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Captured image Corresponding points

CORRESPONDENCE ESTIMATION
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Intensity

Position

= ordinary image + extraordinary image
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I(B)=1(v,..(P."))

Intensity of the corresponding e-ray pixel

Intensity of an o-ray pixel
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C,(P.z)=|er(P)-0I(v,..(P.2))|

Difference of the gradient profiles

of the corresponding o-ray and e-ray pixels
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Ambiguity from Superposition

X gradieni
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Dual Matching Cost

X gradieni

-0—0—0—0—0—0—0——

Position

C (P,Z),ifmin C (P, Zv) <minC, (P, Zv)
C,(P,z),otherwise
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Handling ambiguous pixels

Dense depth map
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« Camera

—Intrinsic parameters

* Focal length and center of projection of the camera [Zhang 2000]
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* Orientation of the crystal w.r.t. the camera

(essential point: E)

 Optical anisotropy of the crystal (optical axis: a)

o Birefringent.

3 ' - - = = T 3 2 ® 3 ® z s 2 s z : 2 = 2 :
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* Orientation of the crystal w.r.t. the camera

(essential point: E) oP,
| oP
! )

Sensor plane

* Optical anisotropy of the crystal (optical axis: a)
y _____/
EI minimize Y |2, -y, (Pe,z;a)H2

{P;,P,}ell

e
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Calcite Characterization
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Depth map Decolorization

44



Generating 3D Anaglyph Stereo Images,,?/z's&‘*;zzz

MACAO

Image of the displaced view point 3D anaglyph photo
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DISCUSSION AND CONCLUSION
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Conclusion S‘;%
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* Birefractive stereo imaging

—Birefractive stereo model
—Correspondence matching algorithm

—Birefractive stereo calibration
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