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1 Analogy to Chromagenic Color Constancy

In the main paper, we draw an analogy to the chromagenic color constancy
theory [8–10]. Our argument is grounded in the empirical findings from [1, 10],
indicating that even when the chromagenic filter constraints are not satisfied,
color mapping matrices computed to map between the colors of the main camera
and a filtered/second camera still exhibit a certain degree of correlation with the
scene illuminant. Practically speaking, such mapping matrices capture the color
differences (or “distortion”) between the main camera and the filtered/second
camera.

Our analogy is based on the observation that, in a dual-exposure setup,
the long-exposure image, Il, and the short-exposure image, Is, exhibit varying
levels of chromatic differences and distortions based on the scene irradiance
per color channel. We illustrated in the main paper the variations in the red,
green, blue ratios between long and short exposure images and showed that
chromatic histograms exhibit differences in similarity between the two images.
We also demonstrated that these differences can vary based on the scene lighting
condition.

In Fig. 1, we present a similar study conducted on the two-camera dataset [1],
which includes two cameras from a Samsung smartphone device. Comparing Fig.
1 with the corresponding figure (Fig. 2) in the main paper, we observe that both
cases share a similar level of differences based on the lighting condition, albeit
with less extent in the case of dual-exposure imaging. Thus, we draw our analogy
by employing a 3×3 color matrix that maps the rgb-chromaticity of Il and Is
along with the covariance matrix of the ratio between each color channel in Is
and Il to build our dual-exposure feature (DEF).

It is important to note that analogizing Is and Il to images with and without
a color filter does not imply their identity. While both the chromagenic color con-
stancy theory and our method rely on color differences between paired images
of the same scene, the use of two different camera response functions in chroma-
genic color constancy introduces a high level of color differences. In contrast, the
dual-exposure case exhibits a lower level of color differences but remains valuable
for our task. The disparities between Is and Il in dual-exposure scenarios arise
from multiple factors, including varying photon counts captured by the camera
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Fig. 1: In the main paper, we drew an analogy to chromagenic color constancy, demon-
strating that both cases (i.e., two cameras and dual exposure capturing) result in varia-
tions per color channel, and these differences are linked to scene irradiance and camera
response function. Here, we present images captured by two cameras from [1]. It can
be observed that similar variations to the corresponding figure in the main paper in
each channel occur due to the camera response function per channel. Moreover, spatial
variations are noticeable based on scene irradiance and camera response function. (A)
and (B) show scenes captured under indoor and outdoor lighting, respectively. In (C)
and (D), we present the average rg-chromaticity histogram and aggregated red, green,
and blue pixel values from 25 images sharing similar lighting conditions in (A) and
(B), respectively.

and the non-linear nature of the camera response function (where each color
channel is formulated by a different non-linear response function). As a result,
these differences lead to variations in chromaticity, noise levels, and saturation
between Is and Il. Collectively, these factors provide valuable clues derived from
the correlation between dual-exposure images, Is and Il, aiding in the accurate
estimation of the illuminant in a scene.

2 Additional Details

2.1 Mapping matrices

Our DEF employs a 3×3 matrix that maps between the rgb-chromaticity values
of images Is and Il. In the main paper, we presented ablation studies that uti-
lized different mapping matrices between the chromaticity values of Is and Il.
Specifically, we evaluated using the geometric affine transformation instead of the
linear mapping matrix. Here, we use Iνs and Iνl to refer to the rgb-chromaticity
of the long and short-exposure images. The affine transformation matrix, de-
noted as M , between Iνs and Iνl , after appending an additional constant 1 to the
rgb-chroma triples, can be computed as follows:
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