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We present a method using machine learning to augment 
prestack depth migration velocity model building by training a 
convolutional neural network (CNN) to predict velocity models 
from seismic shot records. PSDM velocity model building in 
complex structure land environments is challenging due to the 
limited geological constraints, sparse seismic data, and 
complicated near surface. Given these challenges, we have found 
that automated methods such as reflection tomography and full 
waveform inversion often struggle to produce a reasonable 
velocity model. Our results show that machine learning offers a 
viable alternative. 
 
The workflow involves 4 steps as shown in Figure 1. First, we 
create representative training velocity models. Then we generate 
synthetic seismic shot records over the models using finite 
difference acoustic modeling. Next, we use the shot records (as 
input) and velocity models (as target) to train the CNN. Finally, 
we evaluate the CNN on synthetic test data and field data. 
 
We have evaluated the CNN on several 2D synthetic and field 
datasets. The CNN accurately predicts velocity models on 
synthetic data. On the field data the CNN shows accurate 
results to depths of 1000-2000 meters but struggles to resolve 
the deeper velocity model. An example of shallow imaging 
improvements using machine learning is shown on a 2D 
example from Canada Figure 2. The image in figure 2a) was 
migrated with a model created using a traditional workflow, 
incorporating first arrival tomography in the shallow and 
converging over many model iterations using interpretative 
guidance and seismic diagnostics. There are also reflection 
statics applied to the input. The image in figure 2b) was 
migrated with the model predicted by the CNN, with no statics 
applied on input. Note the improved imaging of the shallow 
synclines and dipping reflectors. 
 
Based on the promising results, we plan to incorporate this 
machine learning method into our PSDM model building 
workflow. We will use the shallow model from the CNN and 
combine with a deeper model using our interpretative approach. 

Figure 2: Machine learning workflow 

Figure 2: PSDM results using a traditional 
velocity model building workflow (a) vs the 
machine learning workflow (b) 

Figure 1: machine learning workflow 


