" [ FON H CHARNEY The Hatter Department Sponsors ACknowledBments
N9°N NV0IAIN i VAN el ki b of Marine Technologies
Ul niversity of H"’“& 1.1_.3 o :D,I_, ,m; R— NI WY DID* RIITIO0T 2NN S P eCt ra | S ensi t IV lty E St m at | on w |t h O Ut a Ca merad (.' ) sciENcE We thank Olena Kovalenko for
e w) FOUNDATION help with data analysis and
— - w, THE INTERUNIVERSITY —_ G rgo r_l) S O l omatov De r_‘j a2 AK k 3j Nna k N N —— visvalization. This poster was

wmm wmm FOR MARINE SCIENCES |colorlab.science

W IN EILAT

—0. 7/ o— designedandillustrated by Yarden
TECHNOLOGY PARTNERS Be'n Tabou De Leon

University of Haifa & |V Eilat

L_oSS

.I_

5 i et
._ i [
L . . i ¥ S - i
1 e it F L - d b e N "
N . L - — a B i f 5 S e
f g B i f | o e > R
e el et n | ) L b 1 . i E: - |
) f

E x‘:orimem“al Dsta General A$Sumpﬂor\s

A seemingly low-cost alternative to the expensive monochromator setup is an indirect
approach that uses a photograph of a color chart. Using the image formation model for clear air,
3 linear system of equations describing the spectral sensitivities can be constructed from the
RGB values, the patch reflectances and the light spectrum, Yet, most color charts contain too
few patches with linearly independent reflectances to guarantee a unique solution. On top of
that, the light spectrum is usually also not known (necessitating an expensive radiometer to
measure), contributing with even more unknowns and making the system non-linear!

The gold standard of spectral sensitivity estimation involves 8 monochromator- a device
that produces narrowband light. After being reflected off a surface, this light can be
captured by the camera, while aradiometer measures its spectrum, This is 3 direct method
for measuring the camera's sensitivity to a single wavelength, and it can be repeated for
all wavelengths in the camera's sensitivity range, revealing the sought spectral
sensitivities in the process. This specialized optical setup costs more than $40,000, making

it inaccessible for many research |aks.

Commonly, the sought out spectral sensitivities are obtained by solving an optimization
problem whose objective function is comprised of two terms: one that originates from the
system of equations and is specific to the camera under consideration (“specific term”) and
one that corresponds to additional assumptions made about all possible spectral
sensitivities (“universal term”). Using a monochromator would yield nearly perfect
information for the specific term, rendering the universal term unnecessary.

Every camera captures colors differently, in the unique color space of its sensor, determined by
its spectral sensitivities. Many tasks in computer vision and related fields would become easier
if camera sensitivities were Known, but manufacturers do not make this information public,
Consequently, researchers working on color-sensitive tasks have to estimate the spectral
sensitivities of their camerasthemselves,
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We predicted the spectral responses for 1000+ cameras in the market.
Knowing camera response not only reduces the number of unknowns but

Number of occurrences

8- B also helps relate BRGB values to spectral quantities. We give an example
6- from the marine domain where we recover the diffuse downwelling
i attenuation coefficient K.
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The image formation model for short-distance
imaging underwater is given as:
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Where pis the reflectance

Our reconstruction errors range from 4-17 % with a median of
~8%, which is low enough to be comparable to the errors that
might arise due to flaws or irreqularities in sensor fabrication
when two copies of the same camera are being manufactured. In
our ground-truth database, several cameras had derivations from
two sources, and our reconstruction errors change significantly
depending on which source we use as the ground-truth.

We designed a framework for spectral sensitivity estimation that not only does not require any
specialized hardware (including a color chart), but also does not require physical access to the
camera itself. Similar to other work, we formulate an optimization problem that minimizesan
objective function composed of a “specific term” and a “universa| term”, Different than other

work, we utilize publicly available high-quality calibration data to construct both terms.
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To formulate the “specific term”, we used the two colorimetric mapping matrices provided

by Adobe DNG (for illuminants A and D65). To formulate the “universal term”, we used an

autoencoder trained on a database of ground-truth curves that we collected from the
literature.




