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Abstract

In the age of data, the efficient analysis and processing of data have attracted the wide attention of
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researchers. The graph model is used to establish the structure of the data, and then the data is
analyzed and processed, and the graph signal processing is developed. It was originally developed
in undirected graphs, in which the Laplacian operator on the graph plays an important role. Since
data networks in areas such as neuroscience and social networks are oriented, signal processing
needs to be extended to directed graphs. In the case of digraphs, the reference operator is re-
placed by the wandering operator on the graph. Then the eigenvector set of the random walk op-
erator is taken as the non-orthogonal Fourier basis of the function on the digraph. The variation of
the eigenvector obtained from the Dirichlet energy of the random walk operator is associated with
the real part of the relevant eigenvalue, and the frequency interpretation is found. In the directed
graph, the wavelet transform and the extraction wavelet transform are reviewed respectively as
extensions of spectral wavelet and diffusion wavelet frames. All of the above are proposed under
the premise that the operator can be diagonalized. However, the data model in real life is not li-
mited to diagonalized operators, so this paper extends the operators to the extended matrix of in-
teger terms, thereby proposing the compact-supported Parseval wavelet framework on the di-
rected graph and its multi-resolution analysis, and also finding the frequency interpretation based
on such matrices. This kind of wavelet frame is not only simple and efficient in construction, but
also has great advantages in nature: There is a definite order of vanishing moment, so that as
many wavelet coefficients as possible are zero or as few non-zero wavelet coefficients as possible,
which is conducive to noise elimination.
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