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Abstract 
The traditional first arrival picking method requires a lot of human-computer 
interaction. With the increasing amount of seismic acquisition data, the efficiency of 
manual picking is gradually difficult to meet the needs of seismic exploration. In order 
to make effective use of massive seismic data, the deep features of the data are mined 
through deep learning. The automatic first arrival picking process based on unet mainly 
includes making data labels, training network models and testing actual data. The 
results show that this method can achieve very good results when the seismic data is of 
good quality. 
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1. Introduction 

For seismic data processing, the first arrival wave is mainly used for static correction processing. By 
picking up the first arrival time of seismic data indoors, and then using refraction wave static 
correction or tomographic static correction to invert the near-surface model, the field static correction 
can be obtained. 

Most of the traditional first arrival picking methods are based on the instantaneous characteristics of 
seismic waveform signals, and the most typical method is the energy ratio method. In actual seismic 
data processing, human-computer interaction is required, which leads to low efficiency. In recent 
years, deep learning has achieved remarkable results in speech recognition, image processing and 
other fields, but it is still in its infancy in terms of first arrival picking. In this paper, the first arrival 
automatic picking algorithm based on deep learning can save manpower to a certain extent. 

2. Network Model 

 
Figure 1. U-Net network structure 
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U-Net network is a full convolution network, which is used for image segmentation. The classic unet 
network has four layers, consisting of the encoder on the left and the decoder on the right, showing a 
U-shaped structure. There is a layer of jumping connection between each layer, which makes the 
network have the function of integrating high-dimensional and low-dimensional features, thus 
reducing the loss of details and improving the segmentation accuracy of the network. 

3. Making Data Labels 

In the process of seismic data processing, first arrival picking is a time-consuming and laborious task. 
Therefore, in the process of making the first arrival label, commercial software is usually used to pick 
up the first arrival of the original shot gather, and the quality of the first arrival is guaranteed by 
manual interactive modification. The number of traces and sampling points of the label are consistent 
with the shot set. The difference is that the label is a binary data body. For the label, the value before 
the first arrival is 0, and the value after the first arrival is 1. 

 

 
Figure 2. Seismic data 

 
Figure 3. Data label 
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4. Training Network Model 

The training data set is divided into training set and test set according to the ratio of 4:1, and the 
corresponding sample numbers are 5600 and 1400 respectively. In the training process of the network, 
the cross entropy loss function and the random gradient descent method with momentum  are used. 
The initial learning rate is set to 0.1, and it decays according to exponential law in the iterative process. 
Using a larger initial learning rate can ensure that the loss function value converges quickly. After 
the number of iterations reaches 120 times, the loss function gradually converges, and the training 
process is terminated at this time. 

 

 
Figure 4. Loss function curve 

 

5. Testing Actual Data 

Input the test data into the trained network model, and get the segmentation result with the first arrival 
position as the boundary. In the network result, each point is a probability value, and the range is 0~1. 
The value above the first arrival time is approximately 0, and the value below the first arrival time is 
approximately 1. In the result, traverse each trace from top to bottom. When traversing to the first 
point with a value greater than 0.5, the point is determined as the first arrival. 

 

 
Figure 5. Test data 
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Figure 6. Network result 

 
Figure 7. First arrival picking result 

6. Conclusion 

In this paper, the deep learning network is trained and tested by using actual seismic data. The results 
show that when the signal-to-noise ratio of seismic data is high, using a deep learning network for 
first arrival picking can achieve very good results. 
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