
Residual Interpolation for Micropolarizer Array Patterns of Polarization Image 

Sensors 

 
Ashfaq Ahmed1, Xiaojin Zhao2, Viktor Gruev3, Amine Bermak4  

1Department of Bioengineering, Hong Kong University of Science and Technology, Hong Kong 
2College of Electronics Science and Technology, Shenzhen University, Shenzhen 518060, China 

3Department of Electrical and Computer Engineering, University of Illinois Urbana-Champaign, USA 
4College of Science and Engineering, Hamad Bin Khalifa University, Qatar 

aahmed@connect.ust.hk 

 

Abstract 

In this paper, we have applied residual interpolation to 

low-resolution polarized images of different micropolarizer 

patterns for division of focal plane (DoFP) polarization 

image sensors. We observed the polarization accuracy 

recovery through visual evaluation of intensity, degree of 

linear polarization (DoLP) and angle of linear polarization 

(AoP) images and found that residual interpolation works 

well on a 4-micropolarizer pattern of a rooster image.  

 

Introduction 

Polarization [1, 2] is an important fundamental property 

of light. We get polarization information from Stokes 

parameters (S0, S1, S2) captured by a division of focal plane 

(DoFP) polarization image sensor at each imaging frame. 

Fig.1 shows a 4-micropolarizer (MP), 3-MP and 2-MP 

pattern. In the 2-MP pattern, the blank spaces show that no 

MPs are used.  
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Fig. 1. Different MP patterns: (a) Equally weighted MP patterns 

with four different micro-polarizers; (b) Patterns with three 

micro-polarizers; (c) Patterns with two micro-polarizers. 

 
Results and Analysis 

Fig.2 shows true high-resolution intensity, degree of 

linear polarization (DoLP) and angle of linear polarization 

(AoP) images of a rooster. In the DoLP image, black levels 

show a low degree of linear polarization and white levels 

show a high level of DoLP. For the AoP image, from the 

color bar, an AoP from 0 to 180 degrees is shown by the 

change in colors. 
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Fig.2. The true high-resolution image of a rooster 

 

Fig. 3 shows the intensity, DoLP and AoP of the original  

image in the first column, and those of 4-MP, 3-MP and 

2-MP pattern recovered images after residual interpolation  

 

(RI) [3– 5] are presented in the second, third and fourth 

columns, respectively. According to the visual evaluation, 

RI works well in terms of lost polarization information 

recovery on the 4-MP pattern. 
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Fig 3. The true high-resolution image and comparison of MP 

patterns for (a) intensity, (b) DoLP and (c) AoP. 

 

Conclusion 

   We tested residual interpolation on low-resolution 

images for a DoFP polarization image sensor. The proposed 

algorithm is tested for 4-, 3- and 2-MP array patterns of 

CMOS polarization image sensors. We checked the 

algorithm’s results by visual evaluation, and it was clearly 

demonstrated that residual interpolation works well on a 

4-MP array for both the DoLP and AoP of a rooster image. 
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