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Modern 3D Cameras
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Modern 3D Cameras
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Potential to Revolutionize Diverse Application Domains



3D Revolution
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Structured Light Outside Visible Spectrum
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Structured Light Outside Visible Spectrum
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Can We Build Structured Light Systems Outside Visible?



Imaging in Short-Wave InfraRed (SWIR)

Visible Wavelengths (400-700 nm)

Images courtesy: http://www.sensorsinc.com/gallery/images



Imaging in Short-Wave InfraRed (SWIR)

Visible Wavelengths (400-700 nm) SWIR Wavelengths (1500-2500nm)

Strong Ability to See Through Scattering Media (Haze, Smoke)

Images courtesy: http://www.sensorsinc.com/gallery/images



Cost of Visible vs. SWIR Sensors
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Cost of Visible vs. SWIR Sensors

Visible CMOS Sensor SWIR Sensor
(Indium-Gallium-Arsenide)
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High Cost of SWIR Sensors

2D SWIR Camera
Cost: $100,000
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High Cost of SWIR Sensors

2D SWIR Camera 1D SWIR Camera
Cost: $100,000 Cost: S100

Structured Light 3D Imaging Using 1D Sensor?



Conventional Structured Light
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Conventional Structured Light
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Conventional Structured Light
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Conventional Structured Light
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Structured Light Coding Schemes

Projector patterns
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[Shirai and Suwa, 1971]
[Agin and Binford, 1976]



Structured Light Coding Schemes
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Structured Light Coding Schemes

Projector patterns

Correspondence m Correspondence
c
g
©
o
S
0
j
o
o
> | Peak Location > Binary Code
U_') B T > (7) @rrrrrr e sranss s raans s nnaan >
C C
3 3
c =
[0 [0
X X
2 : = :
time time
Light Striping Binary Codes
[Shirai and Suwa, 1971] [Minou et al., 1981]

[Agin and Binford, 1976] [Posdamer et al., 1982]



Patterns with Translational Symmetry
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Patterns with Translational Symmetry
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Conceptual 1D Projector
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Conceptual 1D Projector
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Conceptual 1D Projector
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Conceptual 1D Projector
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Conceptual 1D Projector
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Projector-Camera Duality
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Projector-Camera Duality
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Imaging with Conventional Lens
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Imaging with Conventional Lens
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Imaging with Cylindrical Lens
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Imaging with Cylindrical Lens
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Dual Structured Light 3D With 1D Sensor
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Dual Structured Light 3D With 1D Sensor
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Dual Structured Light 3D: Point Scanning
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Fast Dual Structured Light 3D
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Fast Dual Structured Light 3D
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Fast Dual Structured Light 3D
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Fast Dual Structured Light 3D
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Fast Dual Structured Light 3D
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Example Captured data
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Example Captured data
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Example Captured data
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Example Captured data
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Hardware Prototype
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Results: 1D Visible Sensor
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Results: 1D Visible Sensor
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Results: 1D Visible Sensor
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Results: 1D SWIR Sensor

3D Reconstruction
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Summary: Dual Structured Light
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Summary: Dual Structured Light
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Dual Structured Light 3D Extreme 3D Imaging Using
Using 1D Sensor SWIR and Other Sensors



