Supplemental Document

1. Polarization dataset experimental verification and analysis

We use demosaicing method in DoFP polarization imaging to obtain an accurate es-
timate of the unsampled polarization information, so as to strictly restore the polarization
state of the light wave such as Stokes vector, DoLP, and AoP. Therefore, compared with
the visualized comparison focusing on the smooth and visually good visual results, we
believe that the objective indicators evaluation deserves more attention. This section aims
to prove that the proposed PAIPRI exhibits a better demosaicing performance compared
with the existing methods for DoFP polarimeters. We compared the demosaicing perfor-
mance of the proposed PAIPRI with that of the seven existing methods, including the bi-
linear interpolation (Bilinear), the bicubic spline interpolation (BS), the gradient-based in-
terpolation (Gradient), the Newton polynomial interpolation (NP), the residual interpola-
tion with minimized residual (PRI), the residual interpolation with minimized Laplacian
energy (MLPRI) and edge-aware residual interpolation (EARI). The objective evaluations
for Morimatsu dataset images [1] are shown here. Dataset images were collected by a JAI
CV-MO9GE 3-CCD camera mounted with a SIGMAKOKI SPF-50C-32 linear polarizer.
There are 40 real scene 16-bits RGB color images in 0°, 45°, 90°, and 135° polarization di-
rections in this dataset. The size of each polarization image is 768x1024. We selected the
raw image in the G channel as the ground truth. According to the spatial sampling modes
of the DoFP polarimeters, we down sampled the raw image as the input image of these
eight methods. When implementing PRI in this section, we used the bilinear interpolation
results of the low-resolution observed image instead of the ground truth image as the
guide image [9]. The source codes of EARI [1] are downloaded from the author’s websites,
and the error in calculating the Stokes vector is corrected (the pseudo-inverse instead of
transpose of M should be used).

We selected PSNR as the objective evaluation indicator [3-16]. The performance of
demosaicing method is affected by the image content. In order to fully evaluate the ro-
bustness of these comparison methods to different scene, we displayed the PSNR of each
scene image, instead of just giving average PSNR of 40 images. The PSNR of the recon-
structed Ios, S2, and DoLP images for dataset [1] are illustrated in Table S1-Table S3 (Similarly,
there are reconstructed results of Iss, Iooe, I135°, So, S1, and AoP, which are not exhibited to
save space). The methods using the neighborhood information cannot reconstruct the cor-
rect information at the boundary of the filled image. Therefore, pixels within 10 pixels
from the boundary are excluded in calculation of PSNR to eliminate the interference of
the incorrect information at the boundary on the methods performance evaluation.

Table S1. PSNR of Io- Reconstructed by Different Methods on Dataset.

Image Num-

ber Bilinear BS Gradient [4] NP [8] PRI [9] MLPRI[11] EARI[1] PAIPRI
1 49.27 50.00 48.57 54.01 49.27 50.00 49.52 53.59
2 47.22 49.10 46.85 50.15 47.22 49.10 45.92 49.05
3 38.51 39.27 39.20 41.63 38.52 39.30 37.87 42.83
4 38.68 39.28 39.03 43.89 38.68 39.29 38.63 43.05
5 39.09 39.29 38.21 40.63 39.09 39.29 39.20 40.98
6 31.90 32.63 31.73 34.56 31.90 32.66 31.95 35.55
7 38.16 39.88 38.93 41.47 38.16 39.89 37.84 41.46
8 38.98 40.15 39.96 45.50 38.99 40.17 38.96 44.51
9 43.01 43.68 43.14 48.18 43.01 43.68 40.16 48.07
10 39.72 40.08 39.64 39.38 39.72 40.08 39.32 39.97
11 43.06 46.30 43.23 49.37 43.06 46.30 43.57 49.89
12 43.89 45.39 44.85 46.08 43.89 45.39 43.59 46.53
13 42.65 45.73 43.35 4791 42.65 45.77 42.25 49.07




14 45.79 49.22 47.69 52.68 45.79 49.22 44.97 52.78

15 36.32 36.26 35.52 40.73 36.32 36.28 36.16 39.62
16 36.19 36.43 35.29 40.71 36.19 36.43 36.30 38.92
17 39.01 39.78 39.86 40.45 39.01 39.87 38.82 42.14
18 44.39 44.72 45.39 47.64 44.39 44.73 44.09 45.88
19 43.47 44.70 43.69 44.31 43.47 44.70 42.79 48.44
20 53.63 54.88 55.87 56.45 53.63 54.88 45.43 57.47
21 41.08 41.98 42.16 44.55 41.08 42.05 41.08 45.30
22 41.22 41.61 40.97 44.97 41.22 41.66 41.01 44.30
23 41.78 43.27 42.41 47.07 41.78 43.28 41.33 47.62
24 39.04 40.63 40.27 45.94 39.04 40.63 38.93 45.93
25 50.80 51.79 50.02 55.77 50.80 51.79 50.46 55.46
26 42.36 44.25 43.47 44.16 42.38 44.47 39.55 45.77
27 41.18 41.94 41.25 44.44 41.18 41.95 41.11 44.77
28 45.48 47.79 45.89 35.17 45.48 47.79 45.04 51.16
29 45.63 47.26 45.13 43.11 45.63 47.26 45.33 50.23
30 36.45 37.53 36.98 42.53 36.45 37.53 36.28 41.33
31 48.33 50.21 50.23 46.29 48.33 50.22 47.10 48.06
32 38.92 40.65 38.45 43.54 38.92 40.65 38.83 44.08
33 38.09 38.56 38.50 43.81 38.15 38.62 38.10 42.34
34 50.90 52.75 51.91 48.59 50.90 52.75 48.77 56.55
35 41.10 41.95 40.82 47.04 41.10 41.95 40.82 46.74
36 41.26 44.01 41.60 43.92 41.28 44.07 40.70 47.41
37 45.59 46.61 46.18 51.37 45.59 46.61 44.61 50.39
38 38.36 39.23 37.34 44.86 38.36 39.23 38.46 43.87
39 47.35 50.25 51.09 54.35 47.35 50.27 45.63 54.59
40 46.81 49.13 47.46 51.31 46.81 49.13 46.91 51.76
Average 42.37 43.70 42.80 45.71 42.37 43.72 41.69 46.69

Table S2. PSNR of S2 Reconstructed by Different Methods on Dataset.

Image Num-

ber Bilinear BS Gradient [4] NP [8] PRI [9] MLPRI[11] EARI[1] PAIPRI
1 46.18 46.23 46.31 48.60 46.18 46.83 46.28 48.52
2 43.91 45.16 43.82 42.47 43.91 45.37 42.43 43.50
3 34.60 34.82 35.57 33.83 34.60 35.45 34.04 36.08
4 34.83 34.94 35.39 35.61 34.83 35.45 34.54 36.11
5 36.48 36.01 36.61 39.69 36.48 36.42 36.56 39.07
6 29.83 29.95 30.25 29.28 29.83 30.77 29.85 30.83
7 34.36 35.57 35.31 33.72 34.36 36.26 34.08 35.17
8 35.93 36.27 37.13 37.42 35.93 36.74 35.96 37.73
9 39.41 39.65 39.71 41.06 39.41 40.42 36.75 41.81
10 35.70 35.59 35.95 38.83 35.70 35.60 35.13 37.46
11 40.11 42.46 41.11 41.35 40.11 43.28 40.32 42.11
12 40.57 41.41 41.86 41.01 40.57 41.93 40.30 41.88
13 39.61 42.04 41.15 39.87 39.61 42.71 39.20 41.65
14 42.72 45.38 44.96 41.78 42.72 46.16 42.24 43.74
15 32.56 32.06 32.53 33.96 32.56 32.86 32.56 33.74
16 32.37 32.18 32.14 31.94 32.37 32.50 32.42 32.74
17 37.33 38.20 38.68 38.84 37.34 39.23 36.95 40.87
18 42.72 43.03 43.90 44.51 42.72 43.64 41.75 44.84
19 39.69 40.19 40.43 38.66 39.69 40.68 38.99 40.29



20 50.75 51.39 53.70 55.11 50.75 52.09 42.78 54.56

21 37.43 37.61 38.82 36.23 37.44 38.23 37.21 38.20
22 38.06 37.90 38.55 39.98 38.06 38.48 37.92 39.55
23 38.01 38.70 39.07 38.43 38.01 39.37 37.70 39.53
24 36.04 36.77 37.64 37.96 36.04 37.62 35.90 38.62
25 47.34 47.64 47.35 48.44 47.34 48.32 46.99 49.04
26 39.05 40.60 40.40 37.46 39.08 41.42 36.94 40.15
27 38.63 39.16 39.39 37.64 38.63 39.85 38.59 39.77
28 41.94 43.64 42.73 25.79 41.94 44.45 41.43 43.76
29 40.95 41.72 40.90 37.50 40.95 42.45 40.61 42.21
30 32.89 33.44 33.64 34.43 32.89 34.03 32.64 34.96
31 45.33 46.84 47.20 41.85 45.33 46.97 44.09 44.66
32 35.13 36.05 35.79 34.25 35.13 36.48 35.06 35.63
33 34.21 34.31 34.63 35.42 34.26 35.09 34.09 35.66
34 48.02 49.39 49.14 46.08 48.02 50.30 45.93 51.14
35 37.58 37.73 37.91 38.86 37.58 38.39 37.30 39.49
36 38.17 40.16 38.77 38.65 38.17 40.98 37.82 40.91
37 41.97 42.35 42.65 42.59 41.97 42.87 41.17 43.35
38 34.75 34.96 34.95 35.92 34.75 35.60 34.78 36.24
39 44.44 46.56 48.14 45.33 44.44 47.50 42.83 47.09
40 43.08 44.48 44.05 45.19 43.08 45.05 43.04 45.65
Average 39.07 39.81 39.96 39.14 39.07 40.45 38.38 40.71

Table S3. PSNR of DoLP Reconstructed by Different Methods on Dataset.

Image Num-

ber Bilinear BS Gradient [4] NP [8] PRI [9] MLPRI[11] EARI[1] PAIPRI
1 38.18 38.14 38.54 41.54 38.18 39.08 38.48 41.49
2 42.48 43.77 42.85 41.63 42.48 44.12 38.83 42.25
3 30.46 29.93 31.85 28.17 30.46 30.49 29.65 33.05
4 29.52 28.81 30.37 30.25 29.52 29.14 28.89 32.01
5 35.41 35.01 35.32 36.98 35.41 35.42 35.64 37.53
6 29.38 29.06 29.94 28.69 29.38 29.84 29.77 31.56
7 28.58 26.48 29.45 27.13 28.58 28.15 27.73 31.65
8 31.40 31.24 33.25 33.09 31.41 31.49 31.26 34.17
9 31.01 29.92 31.39 31.13 31.01 30.92 26.94 34.34
10 28.84 27.40 29.28 27.53 28.84 27.63 27.35 30.29
11 38.18 40.84 39.30 40.29 38.18 41.80 38.63 41.21
12 31.75 32.57 33.28 31.68 31.75 32.89 31.41 33.41
13 35.10 37.88 37.06 36.41 35.10 38.38 34.12 38.50
14 37.58 39.71 40.15 37.81 37.58 40.43 35.32 40.12
15 29.55 14.31 29.72 29.55 29.55 28.17 29.20 32.38
16 28.07 27.65 28.28 27.80 28.07 27.96 28.18 28.83
17 34.91 35.16 36.26 34.03 34.91 36.08 34.53 37.72
18 36.20 35.59 37.48 34.94 36.20 36.26 35.71 38.55
19 35.77 36.44 36.97 30.44 35.77 37.06 34.55 37.57
20 45.01 46.24 49.93 49.27 45.01 46.29 38.33 50.11
21 35.85 35.13 37.32 34.97 35.85 35.98 34.97 37.74
22 31.53 30.62 31.92 32.21 31.53 31.14 31.31 33.03
23 29.26 28.69 30.67 25.40 29.26 29.41 27.88 32.19
24 29.67 29.66 31.66 32.00 29.67 30.62 28.59 33.54
25 41.38 41.52 41.70 43.38 41.38 42.17 39.09 43.51
26 36.69 36.97 38.22 34.90 36.70 38.06 35.50 38.93



27 29.83 29.70 30.72 31.29 29.83 30.54 29.68 32.26

28 34.10 35.49 34.83 29.09 34.10 36.49 33.64 36.97
29 31.12 31.44 31.23 30.97 31.12 32.38 31.06 33.52
30 26.70 26.20 27.70 28.48 26.70 26.21 26.21 30.25
31 40.47 41.76 41.97 36.13 40.47 42.07 39.02 40.99
32 27.75 28.05 28.80 26.99 27.75 28.70 27.13 29.34
33 29.85 28.76 30.56 30.21 29.85 29.98 29.96 32.53
34 39.54 41.20 40.78 33.51 39.54 41.77 37.01 43.79
35 33.41 33.51 34.12 35.66 33.41 34.24 32.94 36.32
36 34.38 37.79 35.77 32.59 34.38 38.04 31.62 38.26
37 35.12 35.82 36.56 36.62 35.12 36.19 34.61 38.20
38 28.39 28.08 28.92 30.55 28.39 28.65 28.41 31.04
39 34.64 37.15 40.40 35.42 34.64 37.83 33.76 38.09
40 37.39 38.63 38.50 40.25 37.39 39.47 36.24 41.20
Average 33.61 33.56 34.83 33.47 33.61 34.54 32.58 36.21

It can be observed that for most scene images in the tested dataset, the proposed
PAIPRI performs better than the other seven methods in the objective evaluation based
on the index PSNR. For images containing large amount of horizontal and vertical edges
or textures, the PSNR of polarization channel image I reconstructed by NP [8] is slightly
higher than that of the proposed PAIPRI method. But the PSNR of S, and DoLP images
reconstructed by NP [8] is obviously smaller than that of PAIPRI. For polarization imag-
ing, we obviously pay more attention to the performance of the reconstructed polarization
information such as the Stokes vector, the DoLP and the AoP images. These reconstructed
polarization information images are more susceptible to IFOV errors than the single po-
larization channels. Compared with the optimal results in the other seven methods, the
average PSNR of DoLP images reconstructed by PAIPRI are increased by 1.38dB. This fully
demonstrates that considering the layout of the pixeled polarizer array at the physical
level plays an important role in IFOV error elimination.
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