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Birefractive Stereo Imaging
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Depth from Refraction or Reflection

Reflective stereo 
[Shimizu and Okutomi 2006]

- Large form factor
- View direction change

Refractive stereo 
[Chen et al. 2012]

- At least two shots

Bi-prism stereo 
[Lee & Kweon 2000, Cui et al. 2014]

- Chromatic aberration
- Reduced sensor resolution

+ No chromatic aberration 
+ Full sensor resolution

+ Compact
+ Consistent view direction

+Single shot

3

Birefractive stereo



Birefringent Crystal
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Crystal

[Hetch, Optics, Addison-Wesley 2002]
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Birefringent Crystal

[Hetch, Optics, Addison-Wesley 2002]

Weak Strong
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Light Transport

Birefringent crystal
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Double Refraction

Birefringent crystal
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Double Refraction
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Double Refraction
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Captured image Corresponding points

Birefringent Material for Imaging
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BIREFRACTIVE STEREO MODEL
Corresponding points Depth
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Ordinary Ray Model
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Ordinary Ray Model
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Extraordinary Ray Model
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Birefractive Stereo Model
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Birefractive Stereo Model
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Birefractive Stereo Model
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Birefractive Stereo Model 
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Birefractive Stereo Model
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Birefractive Stereo Model
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Birefractive Stereo Model
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CORRESPONDENCE ESTIMATION

Captured image Corresponding points Depth
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Correspondence from a Double-refraction Image
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Depth Estimation Process

Double-refraction image Gradient profile Handling ambiguous pixels

Sparse depth map 
without cost aggregation

Sparse depth map 
with cost aggregation Dense depth map
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BIREFRACTIVE STEREO
CALIBRATION
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Camera Calibration

• Camera

–Intrinsic parameters
• Focal length and center of projection of the camera [Zhang 2000]
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Birefringent Crystal Calibration

• Orientation of the crystal w.r.t. the camera 

(essential point: E)

• Optical anisotropy of the crystal (optical axis: a)
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Birefringent Crystal Calibration

• Orientation of the crystal w.r.t. the camera 

(essential point: E)

• Optical anisotropy of the crystal (optical axis: a)
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Calcite Characterization
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RESULTS
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Single-shot Depth Imaging vs. Ours

OursDepth-from-defocus

Low accuracy

Lytro Illum: Light-field camera

Large sensor
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Two-shot Depth Imaging vs. Ours

OursRefractive stereoBinocular stereo

42



Refocusing
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Image Depth map Refocusing



Decolorization via RGBD Segmentation
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Generating 3D Anaglyph Stereo Images

Image Depth map

3D anaglyph photoImage of the displaced view point
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DISCUSSION AND CONCLUSION
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Limitation: Impact of Noise 

ISO 100

Double refraction ISO 1600 ISO 800 

ISO 1600 with denoisingISO 800 with denoising
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Limitation: Impact of Depth-of-field
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Conclusion

•Birefractive stereo imaging
–Birefractive stereo model 

–Correspondence matching algorithm 

–Birefractive stereo calibration
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