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Dynamic real-time restoration algorithm of defective pixels based on

spatio-temporal statistics feature

Yang Dezhen'?, Yu Songlin', Feng Jinjun®

(1. North China Research Institute of Electro-optics, Beijing 100015, China;
2. Beijing Vacuum Electronics Research Institute, Beijing 100015, China)

Abstract: Restricted by the technology and material of infrared focal plane array (IRFPA), the infrared detector
inevitably had some defective pixel such as blind pixel and flick pixel. The gray distribution and scale of blind
flick pixel and infrared point target are consistent, which is easy to cause false alarm and missed detection of
remote infrared detection system. Therefore, a dynamic real-time defect repair algorithm based on spatio-temporal
statistical characteristics for infrared point target detection was proposed. Based on the indepth analysis of defect
pixel, a spatial extreme value filter operator was constructed to extract the current frame feature mask, accumulate
the historical mask value in the time domain, and make multi-dimensional judgment in combination with
probability dynamic statistics. And the image pyramid was introduced to extract blind pixel, flick pixel and defect
pixel clusters. Finally, the defect elements were eliminated by multi-scale median filter. The experiment takes

DDR3 as off chip storage for FPGA hardware transplantation. The results show that the proposed algorithm cound
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be applied to all kinds of scenes requiring point target detection, dynamically update and repair new defective

pixels, low computational complexity, strong real-time performance, the defect rate was reduced from 6 %o to

0.046 %o, and the detection accuracy reached 98%.
Key words: blind flick pixels real-time detection;
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Fig.1 Blind element 15x%15 neighborhood gray distribution on clean background
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Tab.1 Comparison of temporal and spatial gray distribution characteristics of defect element, target and clean

background
Type Gray distribution of spatial Gray distribution of temporal
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Pl 8 AIFIJTHEHY FPGA SEBRAE AT L. (a) BRI S Hh IR B (b) 22 RO AL EBEDE; (o) F T W TR Rl xf LLBE; (d) T 45T %
5 30 HEN; (o) ORI
Fig.8 Comparison of FPGA implementation using different methods. (a) Original image output by the detector; (b) Multi-scale adaptive median filter;

(c) Local contrast method based on saliency; (d) Structural elements and 3o criterion; (e) Proposed algorithm
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Tab.3 Effects and problems of different algorithms for eliminating isolated pixel, flickering pixel and defective

pixel clusterss

Isolated Isolated Defect Timin
Algorithm blind . . . pixel & Existing problems
. flickering pixel summary/ms
pixel cluster

AMF Valid Valid Valid 0.325 Background detail information are lost; Dim target will be removed

LCM Valid Invalid Invalid 0.830 Dim target will be removed

SE-3¢ Valid Invalid Invalid 3.421 Dim targets may be removed;Algorithm running time is a little long
OCSVM Valid Invalid Invalid Difficult to implement on FPGA; Dim target may be removed
DDABS Valid Valid Invalid 0.326 Unable to adjust time-consuming flexibly
Proposed Valid Valid Valid 0.329 N/A
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Fig.9 Diagram of the performance improvement for point target detection. (a) Multiscene infrared point target detection; (b) Target neighborhood,;
(c) 3 D image of grayscale distribution of point target neighborhood; (d) Target neighborhood with the proposed algorithm; (e) 3 D image of the

grayscale distribution of point target neighborhood with the proposed algorithm

R 4 AREFEE=LIGFRHENMERE LR

Tab.4 Comparison of detection performance of different algorithms in three kinds of scenes

Clean background Ground background Complex cloud background
Algorithm

SCR, BSF PF, DAR SCR, BSF PF, DAR SCR, BSF PF, DAR

Proposed 1.21 1.36 2.34 0.98 1.45 1.63 8.21 0.95 3.15 1.92 8.92 0.95
AMF 0.12 1.81 6.43 0.52 0.31 2.72 3.24 0.49 0.32 3.32 2.93 0.48
LCM 1.16 1.23 1.89 0.83 0.84 1.28 1.42 0.76 0.78 1.76 1.39 0.73
SE-30 1.19 1.32 2.18 0.87 1.34 1.36 2.32 0.85 1.45 1.52 1.73 0.81
OCSVM 1.03 1.32 1.35 0.76 1.16 1.29 1.24 0.74 1.13 1.47 1.16 0.77
DDABS 1.21 1.36 1.92 0.91 1.42 1.54 421 0.88 2.38 1.74 5.21 0.82
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