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Use this polarization-induced color to create a hyperspectral camera.
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Ordinary Digital Camera Hyperspectral Camera

700 nm
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[Park et al. 2007]

[Han et al. 2010]

[Hidaka et al. 2020]

[Chi and Ben-Ezra 2007]

[Oh et al. 2016]
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• Use dispersion or diffraction
• e.g. CASSI, computed tomography, [Du et al. 2009], [Baek et al. 2017],[Habel et al. 2012], [Jeon et al. 2019]

• Transform spectral into spatial information → trade off spectral resolution for spatial resolution
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https://www.britannica.com/technology/prism-optics https://pixels.com/featured/light-dispersed-by-diffraction-grating-giphotostock.html

Dispersion Diffraction
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Pixel Value (for channel k)

Camera Response (for channel k)
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Pixel Value (for channel k)

Illuminant spectrum
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Pixel Value (for channel k)

Reflectance spectrum (unknown)
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Pixel Value (for channel k)

All Visible Wavelengths
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Filter Transmission Spectrum
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is component-wise multiplication)(
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If we take measurements of the spectrum through a set of M filters 

with transmission spectra t1, …, tM:

Can use a least squares solver with constraints (smoothness, positive, etc.)

to solve for r!

The more filters, the more overconstrained the system
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Digital Camera

Linear polarizer
Waveplate = 


Clear Filter + Clear Tape
Linear polarizer

Tape entirely covers clear filter

$5.99

$6.79

$23.56 $23.56$34.95
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Filter transmission spectrum

(color = sRGB projection)



PIP

DIY hyperspectral imaging via polarization-induced spectral filters

Physical Capture ProcessPhysical Capture Process

17

ColorChecker 

viewed through filter

Filter transmission spectrum

(color = sRGB projection)
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Pear scene

viewed through filter

Filter transmission spectrum

(color = sRGB projection)
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700 nm690 nm680 nm670 nm660 nm

650 nm640 nm630 nm620 nm610 nm

600 nm590 nm580 nm570 nm560 nm

550 nm540 nm530 nm520 nm510 nm

500 nm490 nm480 nm470 nm460 nm

450 nm440 nm430 nm420 nm410 nm

Original scene

Recovered reflectance spectra
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Analyzer Clear filter Linear polarizer

Camera FOV

Grid of waveplates 
at varying angles

Subject

Each grid square 
creates a unique filter

Filter Mosaic: Single-Shot Strategy
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Recovered reflectance spectrum

Filter Mosaic: Single-Shot Strategy Analyzer Clear filter Linear polarizer

Camera FOV

Grid of waveplates 
at varying angles

Subject

Each grid square 
creates a unique filter

Analyzer Clear filter Linear polarizer

Camera FOV

Grid of waveplates 
at varying angles

Subject

Each grid square 
creates a unique filter
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RecapRecap

1. We create broadband spectral filters with a continuous spectral gamut using 
polarization and birefringence. 

2. We take measurements of an unknown spectrum using these spectral filters.

3. We solve for the unknown spectrum by solving a linear system given the 
known camera responses and filter transmissions.

4. We construct a low-cost prototype of this design using an ordinary digital 
camera, linearly polarized filters meant for casual photography, and clear 
packing tape as a birefringent material.

26

This procedure could be 
used with materials of 

any price/quality.
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Future WorkFuture Work

• Smarter choice of filter set from continuous space


• Remove assumptions with more complex physically based rendering


• e.g. incident light is unpolarized, incident light enters normal to filter plane


• Realize theoretical system design with higher cost/quality materials or even liquid 
crystals

• Liquid crystals have variable birefringence controlled by electric currents — could be dynamically driven 


• e.g. concurrent work [Sankaranarayanan et al. 2021]

27
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dartgo.org/hyperspectral

for a tutorial on how to build your own 
hyperspectral camera!

http://dartgo.org/hyperspectral
http://dartgo.org/hyperspectral
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