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Image Quality Assessment based on Laplacian of Gaussian

XUE Wufeng, MOU Xuangin
(Institute of Image Processing and Pattern Recognition, Xi'an Jiaotong University)

Abstract: With the development of various medical imaging devices, medical images of different
modalities play more and more important role in the area of clinical diagnosing and research. In
order to provide reliable guidance for medical image system, the quality of medical image has
become a hot research topic recently. In this paper, for image quality assessment models are
propsoed based on the Laplacian of Gaussian (LOG) signal of natural images. the whitening
power of LOG filter for natural images and distorted images is first analyzed, which justify the
proposed LOG-COR model and the LOG-MSE model. Then, based on the peripher inhibition
mechanism of retina, a nonliear normlization transform is applied to the LOG signal to obtain a
new representation of the images, which is called NLOG signal. The mutual information is
analyzed to show its redundancy reduction power. Two models NLOG_MSE and NLOG-COR are
proposed. Experiments with three databases show that LOG-COR, NLOG-COR and NLOG-MSE
deliver better performance than the well-know SSIM; LOG filter is a effective stucture extrctor for
image quality assessment; and that NLOG can reduce the contrast variation in a large area across
the image and make image representation more independent, so that it can be used to predict the
image distortin with MSE compuation.

Key words: LOG filter; non-linear normalization; image quality assessment
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85 Fig.1 The whiten matrix for two reference images and their distorted images. All the images are from LIVE
database °!. The name of each image is shown under each image itself.
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Fig.2 The profile of the PCA-whiten resulted filter for the image parrots and its distorted images. Left: the original
profile; Right: the profile after normalized the maximum response to 1.
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Fig 3. The 2-dimensional LOG filters (Top row) and their 1-dimensional profile (Bottom row).
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Fig.4 Example of a natural image in the spatial domain (a), the LOG domain (b) and the NLOG domain (c). The
150 distributions of the coefficients in the LOG domain and NLOG domain are also illustrated in (c) and (d).
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Fig.5 The mutual information between neighboring coefficients in the LOG domain and the NLOG domain for
LIVE database (left), CSIQ database (middle), and TID2008 database (right).
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245 Fig.6 Scatter plots comparison of LOG-COR and NLOG-MSE with distorted images from one reference image in
LIVE database.

# 1 HT LOG MEMGREIF M 5 EE AR VPO PR AR LA 2 5 F A VR 1 F AL
Tab.1 The performance evaluation of the proposed IQA models and comparison with other state of art IQA
250 models.
. LIVE(779 & E{%) CSIQ(866 & &1%) TID2008(1700 ®@IEM%) Ikl F
- SRC PCC RMSE SRC PCC RMSE SRC PCC RMSE SRC PCC
PSNR 0.876 0.872 1336 0.806 0.751 0.173 0.553 0.523 1.144 0.694 0.664
IFC 0.926 0.927 1026 0.767 0.837 0.144 0568 0.203 1314 0.703 0.537
NSER 0942 0939 9362 0934 0947 0.084 0.740 0.796 0.813 0.837 0.868
SSIM 0948 0.945 895 0.876 0.861 0.133 0.775 0.773 0.851 0.841 0.836
VIF 0.964 0.960 7.61 0.919 0928 0.098 0.749 0.808 0.790 0.844 0.875
MAD 0.967 0.968 6.907 0947 0950 0.082 0.834 0.829 0.751 0.894 0.893
IW-SSIM 0957 0.952 835 0.921 0914 0.106 0.856 0.858 0.689 0.896 0.895
GMSM 0.960 0.956 8.049 0.929 0913 0.107 0.848 0.837 0.735 0.895 0.884
FSIM 0.963 0.960 7.67 0.924 0912 0.108 0.880 0.874 0.653 0.911 0.904
GMSD 0.960 0.960 7.62 0.957 0954 0.079 0.891 0.879 0.640 0.924 0.917
LOG-MSE 0927 0.913 11.136 0.876 0.646 0.200 0.757 0.737 0.907 0.827 0.754
LOG-COR 0.934 0.928 10.214 0.922 0916 0.105 0.835 0.826 0.756 0.881 0.873
NLOG-MSE 0.947 0945 8.952 0.945 0947 0.085 0.851 0.836 0.736 0.898 0.890
NLOG-COR 0.941 0937 9536 0931 0.933 0.094 0.838 0.827 0.755 0.886 0.880
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