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Summary
We propose using a Convolutional Neural Network (CNN) to perform velocity analysis automatically. We interpret velocity analysis as an image classification problem where we generate a training
dataset by modeling synthetic data. After the training process, we test the trained model with another
synthetic dataset that was not part of training. In general, the CNN model can predict a reasonable
velocity model from unseen input data. However, if the new input data is significantly different from
the one used for training, the model will hardly pick the correct velocity. In this case, we use transfer
learning to the update the CNN base model with a small portion of the target data. We exemplify our
algorithm with a marine dataset from the Gulf of Mexico.

Introduction
Building a velocity model is a critical step in seismic data processing. Traditionally, a processor picks
a geologically consistent stacking velocity from the semblance (Taner and Koehler, 1969; Neidell and
Taner, 1971). In general, velocity analysis is a time-consuming task because it requires the visual
examination of a large number of semblance panels by a processor. Recently, there has been a
significant improvement in the field of deep learning due to progress in computer speed and memory
(LeCun et al., 2015). CNN is one of the most powerful algorithms to classify images among various
approaches of deep learning (LeCun et al., 1989; Simard et al., 2003; Krizhevsky et al., 2012; He
et al., 2016). It is superior in extracting features because it uses spatially invariant filters capable of
considering the local connectivity of input images (LeCun et al., 1995). In this study, we propose an
algorithm to perform automatic velocity analysis using a CNN.

CNN structure
The CNN architecture we use consists of two convolution layers and two fully-connected layers followed by softmax-classification layer. The output feature maps I j of (i + 1)th the convolutional layer is
represented by
i
I i+1
= MP(ReLU( f (K i+1
(1)
j
j , I )))
where K is the filter matrix in the current layer i + 1. Similarly, j represents the number of filters (or
the number of output feature maps) and f (•) indicates the convolutional operator. A ReLU (Rectified
Linear Unit) is the activation function and MP is indicates maximum pooling operator. The final output
I is flattened through fully-connected layers. We apply ReLU and Dropout to each fully-connected layer
(Srivastava et al., 2014). We also use the softmax classifier to estimate the probability of each
class. The cost function to train the CNN is given by the cross-entropy. Finally, we use a stochastic
gradient descent algorithm implemented in Tensorflow (Abadi et al., 2016).

Training data and transfer learning
We define the input data by using two images: the guide image (G) and the target image (T ). While
G is the entire semblance, T includes only the values in specific τ interval where τ is two-way zero
offset traveltime. To define the labels, we divide the semblance velocity axis into 40 compartments
and define each compartment as one class. That is, one class represents a specific velocity bin. We
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use five synthetic custom velocity models to generate the training data. First, we simulate data from
the velocity models by solving the acoustic wave equation with the Finite Difference Method. Then
we use analytically computed RMS velocities to assign the target labels to predict. We also conduct
CMP sorting and apply automatic gain control to the data to equalize amplitudes. Then, we compute
the semblance panels for each model. We also normalize the semblance panels to a common to
a predefined scale. After the training, our model can predict stacking velocities from unseen data.
However, if the target data and the training data are significantly different, the base model can barely
output the correct labels. To overcome this limitation, we use transfer learning (Pan et al., 2010;
Yosinski et al., 2014), which is an additional training process with a small portion of target data that
permits to update the CNN.

Examples

Figure 1: (a) Velocity field predicted via CNN and (b) the label velocity model.
Figures 1 show the label model (b) and the predicted velocity model (a). In the real data case,
however, given that the CNN was trained with synthetic data and that our real marine dataset is quite
different from the synthetic data, we have to adopt transfer learning. In other words, we extracted
nine velocity profiles (dashed lines in Figure 2) from the real data which were obtained via manual
velocity analysis and use them for transfer learning. Figure 2 shows the predicted velocity field via
CNN. White lines indicate the positions of the CMP locations where we adopted transfer learning.
To verify our result, we first perform the NMO correction. Figure 3 represents the results of the
NMO correction performed using both the velocity from the manual analysis (Red lines) and the
velocity from the CNN prediction (White lines). Finally, we compare stack sections for both the manual
analysis (Figure 4 (a)) and the CNN prediction (Figure 4 (b)) We can observe the notable similarity of
the two sections.

Conclusion
In this study, we have developed a method to perform velocity analysis automatically via a CNN.
We expect the trained CNN model to act like a professional human processor who can consider the
entire trend of the semblance and at the same time select focused energy at different times. Both
synthetic and real examples are tested with our method, and the results are considered reasonable.
Our approach has the potential to update the base model continuously as new data is incorporated
into our analysis. As the training data accumulates, the CNN can continue to evolve. When the base
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Figure 2: The predicted velocity model from CNN. We use 9 semblance panels from a total number
of 1400 at CMP: 202,302,402,502,602,1002,1202,1402,1599 to perform transfer learning. Dashed
lines indicate the location of them.

(a)

(b)

Figure 3: NMO corrected data for CMPs number (a) 350 and (b) 1252. From left to right: Semblance, CMP, CMP after NMO with manually picked velocity and automatically estimated velocties,
respectively.
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Figure 4: (a) Stack section obtained with manual analysis velocity model. (b) Stack section obtained
via the velocity model predicted by the CNN.

model failed to predict the velocity field correctly, transfer learning with a small portion of the target
data was used to improve predictability.
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