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Fig.1 Polarization super-pixel structure
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Tab.1 The non-uniformity of the detector at different
blackbody temperatures

Data type 15°C 25°C 35C
Raw data 2.0800 2.1800 2.0900
Response correction data 0.0396 0.0388 0.0385

Polarization correction data 0.0233 0.0237 0.0226
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Fig.5 (a) Superpixel response curves; (b) Response curves of different pixels in the same detection direction; (¢) Comparison curves of normal pixels

and blind pixels
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Fig.6 (a) Dead blind and thermal blind detected by the national standard method; (b) The response blind and polarization blind detected by the proposed

method
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Tab.2 The blind element determination parameters of

THECHE o AR VR ARG D H R B e W T R R the proposed method
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I B I 563 A FMRAE B I 86 A4, ot i & ¢ Rl Mean(RSE) 0.0069 0.0071 0.0063 0.0062
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Tab.3 Blind metadata statistics table
Detect method Blind element category 0° 45° 90° 135°
Dead pixel 5 11 6 8
National standard method Overheated pixel 129 126 133 124
Total blind element Total: 542, blindness rate: 0.662%
Response blind element 140 142 146 135
The proposed method Polarization blind element 8 18 26 34
Repetition number 6 17 23 30

Total blind element

Total: 573, blindness rate: 0.699%
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Fig.7 (a) Original intensity image; (b) Intensity image after non-uniformity correction of the national standard method and blind pixel replacement;

(c) Intensity image after non-uniformity correction of the proposed method and blind pixel replacement; (d) Polarization image; (e) Polarization

angle image
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Data calibration and imaging for division-of-focal-plane polarization-

integrated mid-wave infrared detectors

WANG Long'?, ZHOU Jian>**, CAO Yaoyun'?, WANG Fangfang™*, YING Xiangxiao®’, TANG Shouhai’,
WANG Lingfang', LIU Yunmeng**, ZHOU Yi'**", CHEN Jianxin'**

(1. School of Physics and Optoelectronic Engineering, Hangzhou Institute of Advanced Study, University of Chinese Academy of Sciences,
Hangzhou 310024, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. National Key Laboratory of Infrared Detection Technologies, Shanghai Institute of Technical Physics, Chinese Academy of Sciences,
Shanghai 200083, China;
4. Key Laboratory of Infrared System Detection and Imaging Technology, Shanghai Institute of Technical Physics, Chinese Academy of
Sciences, Shanghai 200083, China)

Abstract:

Objective  Due to the process defects of the micro-polarizer array and the matching error between the polarizer
array and the focal plane array, the polarization modulation of the incident light with the same intensity and the
same polarization direction is different, resulting in more blind pixels and more serious non-uniformity problems
in the polarization integrated imaging system. Due to the influence of blind pixels and non-uniformity, infrared
images will introduce noise, information loss and error increase. Therefore, the data preprocessing of polarization

integrated detection system is particularly important.

Methods In this paper, the linear response model of the polarization detector is established. On the basis of the
response correction, the parameters of the micro-polarizer are calibrated, and the polarization correction of the
incident radiation is realized. A blind pixel detection method based on nonlinear least squares fitting Marius curve
is proposed. The standard curves of each channel are calibrated. Using the curve deviation and fitting parameters,

the simultaneous detection of response blind pixel and polarization blind pixel is achieved.

Results and Discussions  The self-developed mid-wave infrared polarization integrated detector is used for
experimental verification. The correction results show that the non-uniformity after polarization correction is
reduced by 98.14% and 40.46% respectively compared with the original data and response correction data. 563
response blind pixels and 86 polarization blind pixels are detected. The imaging results show that the blind pixel
recognition of this method is accurate, while the national standard method has the problem of blind pixel missed
detection. The corrected polarization information can highlight the target contour of the imaging scene. The
problem of the original data of the detector is effectively solved, which provides a reference for the data

processing and polarization imaging quality improvement of the polarization integrated detector.
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Conclusions  This paper first analyzes the classification and causes of blind pixels. Due to the limitations of
traditional detection methods and the influence of focal plane inhomogeneity, it is impossible to accurately
determine the response blind pixels and polarization blind pixels. On the basis of non-uniformity correction, a
nonlinear least squares fitting Marius response curve is proposed, and blind pixel detection is realized by means of
curve deviation and fitting parameters. The experimental verification was carried out based on the polarization
integrated detector developed by our research group. There are 563 response blind pixels detected by curve
deviation and 86 polarization blind pixels detected by fitting parameters. The results show that the method in this
paper can detect blind pixels more accurately than the national standard method, and reduce missed detection to a
certain extent. Finally, the blind pixel compensation and imaging work are carried out. The imaging results show
that the polarization imaging can better highlight the edge contour contrast of the target. The data preprocessing
method of polarization integrated infrared detector in this paper can provide reference for subsequent high-quality

polarization imaging detection.

Key words: polarization integrated detector;  non-uniformity correction;,  response curve fitting;  blind

pixel detection;  polarization imaging
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