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Fusion algorithm of infrared polarization images based on wavelet transform

YU Wensun GU Guo-hua YANG Wei
( College of Electronic Engineering and Optoelectronic Technology ~Nanjing University of Technology and Engineering

Nanjing 210094  China)

Abstract: In order to improve the quality of the infrared image significantly and improve the recognition rate of an
artificial target because the degree of polarization of the image can better highlight the artificial target the polarization
angle can better describe the different objects surface alignment and image I reflects the information about the intensity of
the scene the fusion algorithm of infrared polarization images based on wavelet transform was put forward. Firstly three
infrared images at polarization angle of 0° 60 120° were collected with an infrared camera and a polarizer. Secondly
after calculating the / @ U images the ima@nc polarization and polarization angle were obtained. Finally high-quality
infrared polarization images were obtained by fusing image / the images of degree of polarization and polarization angle
together. After analyzing the performance data of each image the results show that the obtained image data by means of
fusion algorithm of infrared polarization image based on wavelet transform is reasonable the quality of the infrared image
and the recognition rate of the artificial objects were improved.
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Fig.9 Fusion algorithm in reference 4
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Table 1  Fusion performance indicators

standard average

deviation gradient

entropy

signalto—

noise ratio

0° infrared image
I image
polarization image
polarization angle image
fusion algorithm of this article
fusion algorithm

in reference 4

0.1557
0.2901
0.0859
0.3626
0.1442

0. 1889

0.0058
0.0180
0.0092
0.0852
0.0228

0.0204

5.0280
6.4713
5.0488
6.1220
5.6910

6.6934

0.0238
0.1089
0.0438
0.3139
0.1437

0.1274

©

10

11

ZENG H F. Key technology research about infrared polarization
imaging D . Nanjing. Nanjing University of Science and Tech—
nology 2012:19-40( in Chinese) .
ZHAO Y Q PAN Q CHEN Y M. Imaging polarization spectral
remote sensing and application M . Beijing: National Defence
Industry Press 2011:22-245( in Chinese) .
LIAO Y B. Polarization optics M . Beijing: Science Press
2003:45-63( in Chinese) .
DU A P. Imaging polarization detection of a number of key techni—
cal research D . Xi” an: Northwestern Polytechnical University
2006: 33-44( in Chinese) .
WOLFF L B. Applications of polarization camera technology J .
IEEE Export 1995 10(5): 30-38.
WALRAVEN R. Polarization imagery J . Optical Engineering
1981 20(1):1448.
WOLFF L B ANDREOU A. Polarization camera sensors J . Im-
age and Vision Computing 1995 13( 6) :497-510.
ZENGHF GUGH HE W] eral. Adaptive fusion algorithm
of polarization images in visible light J . Photonics Reported
2011 40( 1) :132435( in Chinese) .
JIA'Y H. Digital image processing M . Wuhan: Wuhan Univer—
sity Press  2007: 1095( in Chinese) .
WUY LIUBH LIG etal. Adaptive wavelet transforms using
lifting J . Application Research of Computers 2002 6( 1) : 18-
20( in Chinese) .
ZHAOY Q PAN Q ZHANG H C. Method of stokes images cal—
culation based on adaptive unsubsample lifting scheme J . Pho-

tonics Reported 2005 34(8) : 12704273 ( in Chinese) .


http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=1&LKText=%5B1%5DZENG+H+F%2EKey+technology+research+about+infrared+polarizationimaging%5BD%5D%2ENanjing%3ANanjing+University+of+Science+and+Tech%2Dnology%2C2012%3A19%2D40%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=1&LKText=%5B1%5DZENG+H+F%2EKey+technology+research+about+infrared+polarizationimaging%5BD%5D%2ENanjing%3ANanjing+University+of+Science+and+Tech%2Dnology%2C2012%3A19%2D40%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=1&LKText=%5B1%5DZENG+H+F%2EKey+technology+research+about+infrared+polarizationimaging%5BD%5D%2ENanjing%3ANanjing+University+of+Science+and+Tech%2Dnology%2C2012%3A19%2D40%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=2&LKText=%5B2%5DZHAO+Y+Q%2CPAN+Q%2CCHEN+Y+M%2EImaging+polarization+spectralremote+sensing+and+application%5BM%5D%2EBeijing%3ANational+DefenceIndustry+Press%2C2011%3A22%2D245%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=2&LKText=%5B2%5DZHAO+Y+Q%2CPAN+Q%2CCHEN+Y+M%2EImaging+polarization+spectralremote+sensing+and+application%5BM%5D%2EBeijing%3ANational+DefenceIndustry+Press%2C2011%3A22%2D245%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=2&LKText=%5B2%5DZHAO+Y+Q%2CPAN+Q%2CCHEN+Y+M%2EImaging+polarization+spectralremote+sensing+and+application%5BM%5D%2EBeijing%3ANational+DefenceIndustry+Press%2C2011%3A22%2D245%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=3&LKText=%5B3%5DLIAO+Y+B%2EPolarization+optics%5BM%5D%2EBeijing%3AScience+Press%2C2003%3A45%2D63%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=3&LKText=%5B3%5DLIAO+Y+B%2EPolarization+optics%5BM%5D%2EBeijing%3AScience+Press%2C2003%3A45%2D63%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=4&LKText=%5B4%5DDU+A+P%2EImaging+polarization+detection+of+a+number+of+key+techni%2Dcal+research%5BD%5D%2EXi%E2%80%99an%3ANorthwestern+Polytechnical+University%2C2006%3A33%2D44%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=4&LKText=%5B4%5DDU+A+P%2EImaging+polarization+detection+of+a+number+of+key+techni%2Dcal+research%5BD%5D%2EXi%E2%80%99an%3ANorthwestern+Polytechnical+University%2C2006%3A33%2D44%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=4&LKText=%5B4%5DDU+A+P%2EImaging+polarization+detection+of+a+number+of+key+techni%2Dcal+research%5BD%5D%2EXi%E2%80%99an%3ANorthwestern+Polytechnical+University%2C2006%3A33%2D44%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=5&LKText=%5B5%5DWOLFF+L+B%2EApplications+of+polarization+camera+technology%5BJ%5D%2EIEEE+Export%2C1995%2C10%285%29%3A30%2D38%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=5&LKText=%5B5%5DWOLFF+L+B%2EApplications+of+polarization+camera+technology%5BJ%5D%2EIEEE+Export%2C1995%2C10%285%29%3A30%2D38%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=6&LKText=%5B6%5DWALRAVEN+R%2EPolarization+imagery%5BJ%5D%2EOptical+Engineering%2C1981%2C20%281%29%3A14%2D18%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=6&LKText=%5B6%5DWALRAVEN+R%2EPolarization+imagery%5BJ%5D%2EOptical+Engineering%2C1981%2C20%281%29%3A14%2D18%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=7&LKText=%5B7%5DWOLFF+L+B%2CANDREOU+A%2EPolarization+camera+sensors%5BJ%5D%2EIm%2Dage+and+Vision+Computing%2C1995%2C13%286%29%3A497%2D510%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=7&LKText=%5B7%5DWOLFF+L+B%2CANDREOU+A%2EPolarization+camera+sensors%5BJ%5D%2EIm%2Dage+and+Vision+Computing%2C1995%2C13%286%29%3A497%2D510%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=8&LKText=%5B8%5DZENG+H+F%2CGU+G+H%2CHE+W+J%2Cet+al%2EAdaptive+fusion+algorithmof+polarization+images+in+visible+light%5BJ%5D%2EPhotonics+Reported%2C2011%2C40%281%29%3A132%2D135%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=8&LKText=%5B8%5DZENG+H+F%2CGU+G+H%2CHE+W+J%2Cet+al%2EAdaptive+fusion+algorithmof+polarization+images+in+visible+light%5BJ%5D%2EPhotonics+Reported%2C2011%2C40%281%29%3A132%2D135%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=8&LKText=%5B8%5DZENG+H+F%2CGU+G+H%2CHE+W+J%2Cet+al%2EAdaptive+fusion+algorithmof+polarization+images+in+visible+light%5BJ%5D%2EPhotonics+Reported%2C2011%2C40%281%29%3A132%2D135%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=9&LKText=%5B9%5DJIA+Y+H%2EDigital+image+processing%5BM%5D%2EWuhan%3AWuhan+Univer%2Dsity+Press%2C2007%3A10%2D95%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=9&LKText=%5B9%5DJIA+Y+H%2EDigital+image+processing%5BM%5D%2EWuhan%3AWuhan+Univer%2Dsity+Press%2C2007%3A10%2D95%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=10&LKText=%5B10%5DWU+Y%2CLIU+B+H%2CLI+G%2Cet+al%2EAdaptive+wavelet+transforms+usinglifting%5BJ%5D%2EApplication+Research+of+Computers%2C2002%2C6%281%29%3A18%2D20%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=10&LKText=%5B10%5DWU+Y%2CLIU+B+H%2CLI+G%2Cet+al%2EAdaptive+wavelet+transforms+usinglifting%5BJ%5D%2EApplication+Research+of+Computers%2C2002%2C6%281%29%3A18%2D20%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=10&LKText=%5B10%5DWU+Y%2CLIU+B+H%2CLI+G%2Cet+al%2EAdaptive+wavelet+transforms+usinglifting%5BJ%5D%2EApplication+Research+of+Computers%2C2002%2C6%281%29%3A18%2D20%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=11&LKText=%5B11%5DZHAO+Y+Q%2CPAN+Q%2CZHANG+H+C%2EMethod+of+stokes+images+cal%2Dculation+based+on+adaptive+unsubsample+lifting+scheme%5BJ%5D%2EPho%2Dtonics+Reported%2C2005%2C34%288%29%3A1270%2D1273%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=11&LKText=%5B11%5DZHAO+Y+Q%2CPAN+Q%2CZHANG+H+C%2EMethod+of+stokes+images+cal%2Dculation+based+on+adaptive+unsubsample+lifting+scheme%5BJ%5D%2EPho%2Dtonics+Reported%2C2005%2C34%288%29%3A1270%2D1273%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=11&LKText=%5B11%5DZHAO+Y+Q%2CPAN+Q%2CZHANG+H+C%2EMethod+of+stokes+images+cal%2Dculation+based+on+adaptive+unsubsample+lifting+scheme%5BJ%5D%2EPho%2Dtonics+Reported%2C2005%2C34%288%29%3A1270%2D1273%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=4&LKText=%5B4%5DDU+A+P%2EImaging+polarization+detection+of+a+number+of+key+techni%2Dcal+research%5BD%5D%2EXi%E2%80%99an%3ANorthwestern+Polytechnical+University%2C2006%3A33%2D44%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=4&LKText=%5B4%5DDU+A+P%2EImaging+polarization+detection+of+a+number+of+key+techni%2Dcal+research%5BD%5D%2EXi%E2%80%99an%3ANorthwestern+Polytechnical+University%2C2006%3A33%2D44%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=4&LKText=%5B4%5DDU+A+P%2EImaging+polarization+detection+of+a+number+of+key+techni%2Dcal+research%5BD%5D%2EXi%E2%80%99an%3ANorthwestern+Polytechnical+University%2C2006%3A33%2D44%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=4&LKText=%5B4%5DDU+A+P%2EImaging+polarization+detection+of+a+number+of+key+techni%2Dcal+research%5BD%5D%2EXi%E2%80%99an%3ANorthwestern+Polytechnical+University%2C2006%3A33%2D44%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=4&LKText=%5B4%5DDU+A+P%2EImaging+polarization+detection+of+a+number+of+key+techni%2Dcal+research%5BD%5D%2EXi%E2%80%99an%3ANorthwestern+Polytechnical+University%2C2006%3A33%2D44%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=1&LKText=%5B1%5DZENG+H+F%2EKey+technology+research+about+infrared+polarizationimaging%5BD%5D%2ENanjing%3ANanjing+University+of+Science+and+Tech%2Dnology%2C2012%3A19%2D40%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=2&LKText=%5B2%5DZHAO+Y+Q%2CPAN+Q%2CCHEN+Y+M%2EImaging+polarization+spectralremote+sensing+and+application%5BM%5D%2EBeijing%3ANational+DefenceIndustry+Press%2C2011%3A22%2D245%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=3&LKText=%5B3%5DLIAO+Y+B%2EPolarization+optics%5BM%5D%2EBeijing%3AScience+Press%2C2003%3A45%2D63%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=4&LKText=%5B4%5DDU+A+P%2EImaging+polarization+detection+of+a+number+of+key+techni%2Dcal+research%5BD%5D%2EXi%E2%80%99an%3ANorthwestern+Polytechnical+University%2C2006%3A33%2D44%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=5&LKText=%5B5%5DWOLFF+L+B%2EApplications+of+polarization+camera+technology%5BJ%5D%2EIEEE+Export%2C1995%2C10%285%29%3A30%2D38%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=6&LKText=%5B6%5DWALRAVEN+R%2EPolarization+imagery%5BJ%5D%2EOptical+Engineering%2C1981%2C20%281%29%3A14%2D18%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=7&LKText=%5B7%5DWOLFF+L+B%2CANDREOU+A%2EPolarization+camera+sensors%5BJ%5D%2EIm%2Dage+and+Vision+Computing%2C1995%2C13%286%29%3A497%2D510%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=8&LKText=%5B8%5DZENG+H+F%2CGU+G+H%2CHE+W+J%2Cet+al%2EAdaptive+fusion+algorithmof+polarization+images+in+visible+light%5BJ%5D%2EPhotonics+Reported%2C2011%2C40%281%29%3A132%2D135%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=9&LKText=%5B9%5DJIA+Y+H%2EDigital+image+processing%5BM%5D%2EWuhan%3AWuhan+Univer%2Dsity+Press%2C2007%3A10%2D95%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=10&LKText=%5B10%5DWU+Y%2CLIU+B+H%2CLI+G%2Cet+al%2EAdaptive+wavelet+transforms+usinglifting%5BJ%5D%2EApplication+Research+of+Computers%2C2002%2C6%281%29%3A18%2D20%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303005&LinkType=RE&Index=11&LKText=%5B11%5DZHAO+Y+Q%2CPAN+Q%2CZHANG+H+C%2EMethod+of+stokes+images+cal%2Dculation+based+on+adaptive+unsubsample+lifting+scheme%5BJ%5D%2EPho%2Dtonics+Reported%2C2005%2C34%288%29%3A1270%2D1273%28in+Chinese%29%2E

