
Introduction 

 Reverse time migration (RTM) 

      Correlation between the source (forward) and receiver (backward) wavefields. 

      The image obtained is contaminated by  low frequency artifacts. 
 
 Different techniques to improve the imaging condition: 

      The Laplacian filter (Guitton et al., 2007); 

      Decomposition of the wavefield into one-way components (Liu et al., 2011). 
 
 Present Method: 

    (1) Apply the one-step wave-extrapolation matrix method (Pestana, 2014) for RTM problems; 

    (2) Separate the analytical wavefield into its up- and downgoing components (Shen and                               
           Albertin, 2015); 

    (3) Apply the causal imaging condition proposed by Liu et al. (2011). 

Our method solve a first order wave-equation using the source analytical wavefield and can 
provide an explicit separation of the wavefield. 
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First order wave equation in time - Chebyshev expansion 

The acoustic wave equation in two dimensional space can be written as follows 
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Inserting the analytical wavefield (𝑃 = 𝑃 𝒙, 𝑡 + 𝑖𝑄(𝒙, 𝑡)) into the first-order partial equation 
in time, we can get the following coupled set of equations (Pestana, 2014): 
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where 𝑈 = ,𝑃, 𝑄-𝑇 is the 2 𝑁𝑥 × 𝑁𝑧  component vector of the pressure field and its Hilbert 
transform, 𝑨 is an anti-symmetrical matrix and Φ is a pseudo-differential operator in the space 

domain, defined by  𝜙 = 𝑣(𝑥, 𝑧) 𝑘𝑥
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The solution of Eq. (2), including an analytical source term, can be obtained by Tal-Ezer’s 
technique (Pestana, 2014) and it is written as: 
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where 𝐽𝑛 represents the Bessel function of order 𝑛 and Γ𝑛 are the modified Chebyshev 
polynomials, which satisfy the following recurrence relation: Γ𝑛+1 𝜉 = 2𝜉Γ𝑛 𝜉 + Γ𝑛−1(𝜉), 
with Γ0 𝜉 = 𝐼 and Γ1 𝜉 = 𝜉. 

 

Explicit wavefield separation 

The down-going component of source wavefield, 𝑆𝑑, in space and time 
becomes (Shen and Albertin, 2015) 
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where 𝑆  is the source analytical wavefield. The up-going receiver wavefield 
component in  forward time, 𝑅𝑢, is obtained using the analytical receiver 
wavefield in Eq. (4) with 𝜅 replaced by 1 − 𝜅. 

Conclusions 

We use a causal imaging condition in which are correlated the down-going 
component of source wavefield, 𝑆𝑑, and the up-going component of the 
receiver wavefield, 𝑅𝑢 (Shen and Albertin, 2015):  
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This imaging condition avoids noise along wavepaths and artifacts 
generated by using the conventional principle of cross-correlation. 

Causal imaging condition 

• The one-step extrapolation method is capable to extrapolate the 
analytical wavefield in time up to the Nyquist time limit in stable way 
and free dispersion noise when the number of terms of the Chebyshev 
expansion is appropriately chosen. 

• The causal imaging condition was implemented in the RTM algorithm. 
Application to synthetic data set demonstrate that it can effectively 
remove the undesired low-frequency noises in the image. 
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