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An elastic isotropic medium is described with three parameters. In seismic migration the 

perturbation of one elastic parameter affects the images of all the three, which means that 

these parameters are coupled. For an effective quantitative reconstruction of the true elastic 

medium reflectivity one can apply an iterative linearized migration/inversion, where 

minimization of the misfit functional is done by the conjugate gradient method. The final 

result of the iterative approach can be obtained directly by Newton’s method, using the 

pseudo-inverse Hessian matrix. 

 

Calculation of this matrix for a realistic model is an extremely resource-intensive problem, 

but for a model of a scatterer in a homogeneous elastic medium it is quite feasible. This paper 

presents the numerical results of elastic linearized inversion for this simple model, calculated 

both with iterative approach and Newton’s method. Experiments show that in the both cases 

the elastic parameters have coupled weaker than in the case of migration. The iterative 

approach allows achieving acceptable quality of the inversion, but requires a large number of 

iterations. For faster convergence it is necessary to use the preconditioned conjugate gradient 

method. The optimal preconditioning will improve the convergence of the method as well as 

the quality of inversion. 

 

Key words: Linearized inversion, seismic migration, elastic isotropic medium, coupling of 

elastic parameters. 

 

Introduction  

A classic seismic migration (Claerbout 1971) allows for qualitative estimation of reflection 

capability in an elastic medium, but the true values of the medium in this case remain 

unknown (Zhu et al. 2009). Moreover, the migration result gives information about 



heterogeneities of each of the three parameters used to describe an elastic isotropic medium, 

so the true perturbation of one of them in a migration image can look like as perturbation in 

each of the three parameters. There have been a number of optimization methods to estimate 

the elastic parameters both qualitatively and quantitatively (Ампилов et al. 2009; Virieux and 

Operto 2009). Their application gives more accurate estimations of true characteristics of the 

medium and reduces the coupling effect of the parameters. Uncoupling the elastic parameters 

mathematically is an extremely resource-intensive problem due to the optimized character of 

the solution (Gelis et al. 2007; Virieux and Operto 2009). That is the reason inversion 

methods are applied first-hand, so the elastic characteristics could be properly accessed with 

account for the required computation time and operation memory. For instance, one can apply 

an iterative linearized migration/inversion (Beydoun and Mendes 1989; Jin et al. 1992; Tura 

et al. 1993), which advantages are described in Оstmo et al. (2002), where the method was 

applied to an acoustic wave equation with constant density in the frequency domain. If 

computations are considered, this approach has proved more effective than a full waveform 

inversion (Tarantola 1986; Mora 1987; Fichtner 2010).  

 

The objective of this research has been studying the mutual effect of elastic parameters when 

the iterative linearized inversion is applied. This paper presents the method’s theoretical basis 

and a number of numerical experiments, using a point scatterer in a homogeneous isotropic 

elastic medium as the model. For such a simple case the solution can be obtained by Newton’s 

method (Fichtner 2010), which allows for direct estimation of the elastic parameters’ 

maximum inversion quality, available for the iterative inversion, so one can make a 

conclusion about applicability of this method for a particular case.  

 

Effectiveness of the iterative approach mainly depends on initial problem’s conditionality. Its 

optimal preconditioning has significantly improved the iterative approach’s convergence 

[Axelsson, 1996], so one of the objectives of this study has also been finding an efficient 

preconditioning method for the iterative linearized inversion.  

 

Method 

A system of motion equations for an elastic isotropic medium in the frequency domain can be 

expressed as Lu = f, where the wave operator L affects the displacement vector u in the 

following way:     
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improve the convergence rate one has to use an appropriate preconditioning. In the paper it 

has been shown that the obvious solutions including the inverted diagonal and block-diagonal 

parts of the Gesse matrix are far from being optimal, since they are strongly dependant on the 

problem conditions. So, finding optimal preconditioning has been an important scientific 

problem that determined effectiveness of both linearized and nonlinear inversion. The further 

study should be aimed at finding an optimal CG preconditioner in the context of a linear 

iterative inversion, in such a way it could be applied as an effective and accurate tool for 

estimation of the parameters of elastic isotropic medium.                 
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