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Abstract: Seismic wave traveltime calculation plays an important role in many areas of seismology, such as
seismic tomography, migration and microseismic location. Solving the eikonal equation with the finite difference
method is an essential method for calculating traveltime. The conventional method of solving the eikonal equation
needs to calculate the traveltime field of each source. As the number of grids increases, it will consume a lot of time
and memory. We introduce the EikoNet based on a deep neural network. Its samples are generated by sampling in

the three-dimensional space, using the given velocity model as labels to optimize the network. Furthermore, it can
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transmit information about seismic wavefield and velocity structure during calculation and is highly suited for

GPU. The EikoNet can quickly determine the traveltime between any two points in a three-dimensional domain

without meshes, significantly improving calculation efficiency and reducing memory consumption. Numerical ex-
periments of the EikoNet and the fast marching method (FMM) on several velocity models show that the EikoNet

has higher efficiency while maintaining high accuracy.
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Overview of the processing workflow. (a) Neural network architecture composed of fully connected layers and residual

blocks. Each residual block is composed of three fully connected layers with 512 neurons. ELU activations are applied on all
hidden layers. (b) Summary of Eikonal equation for Ts_,, and V;. (c) Sampling of source-receiver pairs across the 3-D volume
to build the training data set. (d) Network training through the minimization of loss function relating predicted and observed
velocity values. (e) Inspection of neural network outputs by passing user-defined source-receiver pairs (modified from Smith

et al., 2020)
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