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Underwater Evidence Detection Method Based on Polarization Fusion Image
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Abstract: Polarization detection technology can highlight targets in complex background environments,
providing us with clearer and more accurate target recognition. However, research on the use of polarization
imaging in courtroom science, regarding the detection and search for underwater evidence, is lacking. To
address this issue, this study fuses the polarization and target intensity images using a polarization imaging
device. After decomposing the images using non-subsampled shear waves (NSST) into low and
high-frequency sub-bands, a simplified impulse-coupled neural network model with adaptive parameters is
proposed for the high-frequency sub-band, and an adaptive weighting fusion rule, based on region energy, is
used for the low-frequency sub-band. Correlation algorithm comparison experiments were conducted for
three typical targets at visible wavelengths. The experimental results show that underwater evidence can be
effectively detected using polarization imaging technology. The image fusion algorithm proposed in this
paper effectively highlights the detailed features of underwater evidence, verifying the effectiveness of
polarization detection technology for underwater evidence imaging, which is conducive to breaking through
the existing research gap in the field of courtroom science.

Key words: polarization imaging, image fusion, forensic science, underwater evidence, SPCNN
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Table 1 Comparison of algorithmic sources

Method Methods of fusion
Method 1 Low frequency: take the mean
High frequency: absolute values are taken to be
large
Method 2 Low frequency: localized area energy is taken
to be large
High frequency: localized area energy is taken
to be large
Method 3 Low frequency: local area spatial frequency
taken large
High frequency: local area spatial frequency
taken large
Method 4 Based on the multiresolution singular value
decomposition (MSVD) method!'®]
Method 5 Multiscale wavelet method!'*!
Method 6 A fusion method based on bootstrap filtering??”!
Method 7 Combined visual saliency map (VSM) and least
squares approach(?!]
Method 8 Methods based on latent low rank
representation (LatLRR) [22]
Method 9 A pixel and intra-area based double counting
complex wavelet (DTCWT) approach[?]
Method 10 Optimization method based on gradient transfer
fusion (GTF)1?4
Method 11 Measuring local entropy based on the PCNN
model 123
Method 12 Methods in this paper
2.3 HERS
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Fig.6 Fused images of experiment 2
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Table 2 Evaluation value of experiment 1
Evaluation index =~ Method 1  Method 2 Method3 Method4 Method5 Method 6
SD 56.6778 44.3967 61.1142 45.0537 44.2578 57.4242
EN 6.7723 6.2663 6.8461 6.7132 6.3059 7.3089
o 0.5202 0.3804 0.5115 0.1963 0.3671 0.4375
MI 3.3614 3.2694 3.4411 2.1876 3.5395 3.7182
Method 7 Method 8 Method 9 Method 10 Method 11 Ours
SD 71.0913 57.8436 52.864 72.6199 60.6569 71.8362
EN 6.8551 6.8714 6.9262 6.3219 6.4077 7.3065
Ot 0.616 0.5863 0.3488 0.5945 0.672 0.6876
MI 3.6226 3.1841 3.2632 2.8624 4.0556 4.1478
3 HEHSIR S EERA EETHN fRARE
Table 3 Evaluation value of experiment 2
Evaluation index Method 1 Method2 Method3 Method4 Method5 Method 6
SD 24603  15.8382  27.7079  19.9809 157362  28.43
EN 59118 5.3973 6.1907 5.7575 5.4024 6.4786
Obf 0.7552 0.3946 0.7525 0.4961 0.3708 0.3936
MI 1.6614 3.3193 2.1569 1.4321 3.3528 3.5814
Method 7 Method 8 Method 9 Method 10 Method 11 Ours
SD 25.682 21.8504  24.4234  28.1476  26.8165  29.0425
EN 5.9289 5.7622 5.9289 6.0147 5.796 6.6484
o 0.7664 0.7017 0.7491 0.686 0.693 0.7548
MI 1.8397 2.3353 1.6062 2.0746 3.5282 4.1863
R4 BEHSIEEERE BB TR
Table 4 Evaluation value of experiment 3
Evaluation index Method 1 Method 2 Method 3 Method4 Method 5 Method 6
SD 47.4696  37.8272  66.4415 39.187 37.7084  51.4002
EN 7.2589 6.8949 7.6891 7.0276 6.9039 7.5925
Ot 0.472 0.3749 0.4455 0.27 0.3707 0.3161
MI 2.8271 3.8016 3.3755 2.846 3.8673 2.0153
Method 7 Method 8 Method 9 Method 10 Method 11 Ours
SD 514296 464801 459618 653107  63.6552  66.9828
EN 74264 72903 72644  7.6795 69369  7.8523
Obf 0.4537 0.4673 0.4369 0.5242 0.3981 0.5846
MI 3.041 3.0871 2.5922 3.2463 3.98 4.2387
3 g SE A
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