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1. Additional Comparison to Existing Datasets
We further highlight here the difference in dataset diversity between our datasets and prior works. The common datasets used
in the field have been limited to polarization states, the number of spectral bands, scene count, and scene diversity, whereas
our study expands the scope to include factors mentioned above.

Table 1 provides a comprehensive comparison between previous studies and our current research at a glance. In the
”Polar.” column, cells colored red indicate datasets encompassing only linear polarization states, whereas green cells denote
datasets that include both linear and circular polarization states. Assessing the ”# of bands” column, datasets providing
grayscale polarization data are marked in red. Those offering spectral bands of 10 or fewer are colored yellow, while green
cells indicate datasets that provide Stokes vectors for more than 10 spectra. In terms of scene count, works featuring 1
to 100 scenes are highlighted in red, those with 101 to 1000 scenes are in yellow, and green cells represent datasets with
more than 1001 scenes. For scene diversity, datasets colored red consist of very limited scenes, such as synthetic scenes or
objects in consistent conditions. Yellow cells represent limited scene types, like diverse objects or scenes within restricted
environments, whereas green cells indicate natural scenes encompassing diverse environments.

Dataset Polar. # of bands Scene count Scene diversity
[10] LP 1 522 Outdoor scenes
[1] LP 1 300 Indoor objs.
[8] LP 6 10 Indoor objs.
[14] LP 3 40 Indoor objs.
[2] LP 3 3 Indoor multiview
[2] LP 3 2 Synthetic multiview
[4] LP 3 6 Indoor multiview
[9] LP 3 807 Reflective objs.
[11] LP 3 500 Outdoor scenes
[6] LP 3 44,300 Synthetic
[12] LP 3 3,200 Reflective objs.
[13] LP 3 4,500 Transparent objs.
[7] LP 3 2,000 Indoor/outdoor scenes
[3] LP, CP 18 67 Flat objs.
[5] LP, CP 21 4 Synthetic multiview
[5] LP, CP 21 4 Indoor/outdoor multiview

Ours (RGB) LP, CP 3 2022 Indoor/outdoor scenes
Ours (hyperspectral) LP, CP 21 311 Indoor/outdoor scenes

Table 1. Summary of relevant existing spectro-polarimetric image datasets.

• Lei et al. [10] (first row) offers grayscale linear polarization data confined to outdoor scenes.
• The work of [1] presents a dataset analogous to that of [10], both designed for shape-from-polarization (SfP) studies. The

distinctive aspect of [1] is its focus on indoor objects, contrasting with the broader scene diversity of [10].
• [8] provides linear polarization data across 6 spectral bands, though with a limited range of captured objects.
• The study by [14] introduces a novel demosaicing technique for linear polarization data, showcasing a limited set of indoor

object examples.
• [2] offers two varieties of linear polarization trichromatic data, including a few multiview datasets of indoor and synthetic

scenes.
• [4] provides indoor scenes with vast number of views for trichromatic linear polarization state.
• [9] supplies linear polarization trichromatic data with a focus on reflected objects, encompassing a collection of under 1000

instances.
• [11] provides outdoor linear polarization trichromatic data, supplemented with NIR and LiDAR information.
• [6] produces synthetic linear polarization trichromatic data for the purpose of polarization scene rendering.
• Both [12] and [13] generate linear polarization trichromatic data with a considerable number of examples, though specifi-

cally limited to reflective and transparent scenes, respectively.
• [7] delivers a diverse indoor and outdoor scenes, but only in linear polarization across three wavelength channels.
• The work by [3] includes both linear and circular polarization states over 18 spectral bands. However, the dataset primarily
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comprises flat objects captured in a laboratory environment, with the majority being refrigerator magnets, and the remainder
consisting of 3D-printed and glued objects.

• [5] offers two types of datasets, each featuring linear and circular polarization data across 21 spectral channels. or each
dataset type, they provide four examples: one comprising synthetic multiview data and the other containing multiview
datasets of indoor and outdoor scenes.
Our dataset comprises two distinct types: one with extensive trichromatic Stokes data and the other with hyperspectral

Stokes data encompassing 21 spectral bands, ranging from 450 nm to 650 nm at 10 nm increments. Both datasets provide
linear and circular polarization information for a variety of indoor and outdoor natural scenes.

2. Acquisition Setup
To acquire full Stokes parameters, including both linear and circular polarization states, commercial polarization cameras
typically require modifications, as they are originally designed to capture only linear polarization states. In the trichromatic
Stokes imaging system developed by Tu et al. [16], as depicted in Figure 1(a) to (c), the foundational element is a standard
polarization camera. This camera is fitted with a Bayer color filter array, over which four types of wire-grid linear polarizers
are placed, corresponding to the color filters. This arrangement facilitates the capture of linear polarization characteristics.
In addition, micro-retarders with a retardance of 45 � and two distinct fast axes are alternately attached to the system. These
micro-retarders behave like quarter wave plate (QWP) converting the incoming light into circularly polarized light. Conse-
quently, for each pixel, the system captures 4 � 4 RAW intensities, equating to four polarized intensities for every set of four
Bayer color filter pixels.

The hyperspectral Stokes imaging system designed by Kim et al. [5] utilizes monochromatic sensor to capture grayscale
intensity of light from various spectral bands. The light sequentially passes through a QWP oriented at one of four distinct
angles, � 2 f30 �;�45 �; 60 �;�90 �g, during separate exposures. Subsequently, it traverses an LCTF, which functions as a
linear polarizer and selectively capture light at desired wavelengths, before reaching the camera sensor.

3. Spectro-polarimetric Image Formation
After acquiring the RAW intensity data of a scene, several post-processing steps are undertaken to accurately reconstruct the
Stokes parameters. For the trichromatic camera, the captured scene is initially in the form of RAW data with a resolution of
2048 � 2448 pixels. This data is subdivided into 16 distinct segments. The subdivision process involves categorizing each
pixel based on its row and column indices (n;m). Here, pixels are systematically assigned to specific segments using the
formula (n mod 4)� 4 + (m mod 4), effectively distributing them across these segments. Each of these segments possesses
a resolution of 512� 612 pixels. We can see 16 segments in the right-most of Figure 1(b). Each partition is assigned to K-th
segments, where K = (n mod 4)� 4 + (m mod 4).

We subsequently demosaic the 512 � 612 image into a 2048 � 2448 image, resulting in each spatial pixel of the 2048
� 2448 image having 16 intensity values. However, due to minor artifacts observed at the borders of the captured intensity,
we crop the image to a resolution of 1900 � 2100 to ensure image quality. Subsequently, utilizing a pre-calibrated 16 � 12
reconstruction matrix, we derive four Stokes vectors for each of the three RGB components, total 12 values for each spatial
pixel.

For the hyperspectral Stokes vector, we acquire 84 measurements with 21 wavelength and four QWP angles for 512�612
pixels. Using these captured images, we can reconstruct s(�; p), the Stokes vector at a wavelength � for a pixel p, by solving
the least-square problem with M(�k; �; p), a per-pixel Mueller matrix of the entire system including a QWP oriented at �k:

argmin
s(�;p)

4∑
k=1

(I�;�kmeas(p)�M(�k; �; p;�)s(�; p))2; (1)

where I�;�kmeas(p) is an intensity measurement for the pixel p at a wavelength � with QWP of fast-axis angle �k.
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Figure 1. Stokes Imaging Acquisition System. (a) shows overview of acquisition system of trichromatic Stokes dataset. (b) illustrates
structure of sensor array, SONY IMX250MYR, used widely in general polarization cameras. (c) represents the polarization sensor com-
bined with micro-retarders which functions like quarter wave plate (QWP). (d) shows overview of hyperspectral Stokes imaging system.
(e) and (f) illustrate sensor array of the hyperspectral system, equipped with LCTF and QWP.

4. Noise and Denoising
Images from the full-stokes camera can contain severe noise, especially for low intensity scenes. To suppress noise, we
applied several approaches such as median filter and deep learning-based denoising network. We first employed a median
filter to captured raw intensities, which is widely recognized for its efficacy in reducing noise while preserving edges in
images. By moving through pixels in an image, it replaces with the median value of neighboring pixels. It reduces more
noise compared to original data while losing details as the size of the median filter increases, as shown in Figure 2.

Similarly, we applied the state-of-the-art single-shot denoising method, KBNet [17], on the captured RAW intensities. The
outcomes, including the visualized polarization characteristics, are illustrated in the last column of the Figure 2. Comparing
to the median filters, KBNet preserves internal details while suppressing severe noise.

4



Figure 2.Polarization Features of Denoised Stokes Vectors.The �rst column shows noisy input data. The second and the third column
represent results after applying median �lter of size 3� 3 and 10� 10 respectively. The last column illustrates result after employing single-
shot denoising method KBNet [17]. Each row presents the polarization characteristics of the red channel from a trichromatic Stokes image,
encompassing sRGB, intensity, DoP, CoP, and AoLP. The last row emphasizes a severely noisy portion of AoLP visualization of the original
Stokes vector and that of denoised Stokes vectors.
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5. Spatio-spectral-polarimetric Reprsentation Methods

5.1. PCA

We conducted principal component analysis (PCA) on both trichromatic and hyperspectral Stokes dataset. We �rst divided
the images into patches of sizeP � P patches,P = 10 in this time, resulting in 190� 210 patches for one trichromatic
Stokes image and 51� 61 patches for one hyperspectral Stokes image, to ef�ciently extract a spatial basis.

After splitting, we �atten the patches and transform into 200 coef�cients. We then derive the basis vectors for these Stokes
patches:

p = c � b + �; (2)

with b as the basis,c the corresponding coef�cient, and� the mean of incoming data. To store 10� 10 size of Stokes
parameters, we need 10� 10 � t � l parameters, wheret denotes the number of Stokes parameters for one pixel, four,
andl represents the number of spectral channels, which is 21 for the hyperspectral Stokes dataset and 3 for the trichromatic
Stokes dataset. However, to represent with coef�cients and bases, we need only 93 parameters for coef�cients and one
additional parameter for� to achieve bits-per-pixel (BPP) 60 with reasonable results. Figure 4 illustrates the obtained bases
of hyperspectral dataset. Each row matches the wavelength across spectral axis, and we can see that bases for each wavelength
exhibit similar spatial characteristics with variations in scale.

5.2. INR Network Architecture

We modify the NeSpoF [5] to ef�ciently represent spectro-polarimetric information of a particular scene. We model the
per-pixel MLP (F p

� ) and spectral MLP (F c
� ) without using intermediate polarimetric features,s0, DoP, �;  , as shown in

Figure 3. The per-pixel MLP extracts the per-pixel polarimetric featuref p and the spectral MLP outputs the Stokes vectors
from the per-pixel featuref p and spectral channelc. We set the hyperparameterk of positional encoding [15] to 10 and 1 for
the pixel coordinate(px ; py ) and spectral channelc, respectively:


 k (x) = [ x; sin(! 0x); cos(! 0x); :::; sin(! k x); cos(! k x)]; (3)

where! k = 2 k � . To achieve BPP 60, we set the number of layers 8, which consumes 2.22 MB to store 100 MB Stokes data.

Figure 3.Network architecture.

5.3. Additional Results

Above, we show that employing PCA and INR can reduce the memory footprint of data. Consequently, this approach also
facilitates effective denoising of the data. As shown in Figure 4(d) and (f) of the main text, a comparison with pseudo ground-
truth(pseudo-GT) Stokes vectors, generated through burst imaging of a hundred images, reveals that the PCA method yields
a mean squared error (MSE) of 2.69� 10� 5, while the INR approach exhibits an MSE of 1.90� 10� 5. Figure 5 presents
visualizations of various polarization characteristics and the componentss1, s2, ands3 of the Stokes vectors of the original
scene. It also showcases the outcomes produced by PCA, NeSpoF, the denoising method, and burst imaging. The denoised
Stokes vectors exhibit the lowest error, however, unlike PCA and INR, they do not facilitate data size compaction.
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Figure 4. Bases obtained via PCA.each row corresponds to a speci�c wavelength along the spectrum axis starting from 450 nm and
increasing in increments of 10 nm, culminating at 650 nm. The columns are broadly categorized intos0 to s3 , and within each group, there
are �ve columns that represent �ve most signi�cant bases.
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Figure 5. Results after Compressive Polarization Representation.Each column shows original Stokes image, Stokes vectors recon-
structed from bases and coef�cients by PCA, results after NeSpoF, Stokes vectors reconstructed from denoising methods by [17] and
pseudo ground truth Stokes parameters obtained by burst-imaging 100 images. Each row illustrates Stokes vectors and polarization char-
acteristics of 550 nm, encompassing sRGB, intensity and AoLP, DoP, CoP visualization, ands1 , s2 , s3 information.
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