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Introduction

We investigate the mathematical model of the 2D acoustic waves
propagation in homogeneous and heterogeneous areas. The hyperbolic first
order system of partial differential equations is considered and solved by the
Godunov method of the first order of approximation. This is direct problem
with appropriate boundary conditions.

As the main aim of the work we solve coefficient inverse problem of
recovering density of the medium. Inverse problem is reduced to an
optimization problem which is solved by gradient descent method.



Direct problem



Two-dimensional system of equations of acoustic waves propagation

Equations (conservations laws)
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Boundary and initial conditions

u,v,p =

u,v,p =

u — velocity in direction x
v — velocity in direction y
p — pressure

p — density
c — sound speed

Direct problem: find u, v, p inside (2
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Types of medium
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Godunov method for 1D acoustic equations.

Part 1. Finding solution of decay of discontinuity on each boundary
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Inverse problem



What is the goal of solving inverse problem?
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The statement of inverse problem

Equations (conservations laws)

du 10dp

—+—-———=0
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Boundary and initial conditions Additional information (data)

u,v,p =0

(x,y)€EIQ fi(®) = p(x;,y;, 1),

i=1..N

u,v,p =0
t=0

Inverse problem: find density p inside ()
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Method for solving inverse problem

Inverse problem is reduced to optimization problem. Cost functional is

T
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Idea: to reduce deviation of approximated and measured data
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Method: gradient descent method




How to compute gradient from one source?

Classical method: Pn+1 = Pn — aJ'(Pn)
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Gradient method with changing position of source
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Gradient method

Gradient descent method with 03 o
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Algorithm for solving inverse problem

* Solve direct problem for exact density and gather data for each position of source Vj =1..K

fj(xi,yi, t) = pj(xi,yi,t; ,Oexact) Vi=1.KVi=1..N

* Setinitial approximation pg

1)

2)
3)

4)

ForeachsourceVj =1..K

1) Solve direct problem and gather trace pj(xi, Yi, t; pn)
2) Compute difference pi(xi, yi, t; pn) — fj(xi, i, £)

3) Solve adjoint problem

4) Compute gradient Ji =i (pn)

Summarize all gradients
Make descent step

K
Pn+1 = Pn — azjj’(pn)
Jj=1

Check residual and relative error. If not enough, go to point 1.
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Numerical results



Numerical model. Different amount of receivers.

Numerical grid: 500 x 500. L, = Ly, = 0.3. R;.,c = 0.01. Velocity is constant in the whole domain.
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Numerical results. K =2 and K = 4.
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Numerical results. K =8 and K
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Relative errors

Niterations = 1000

|pexact — Prumericai ”LZ

X 100

Rel.error =
“pexact”Lz

“ Relative error (exact data) Relative error (noisy data)

2 5.7 % 5.9 %
4 4.1 % 4.5 %
8 2.8 % 3.1%

16 2.6 % 2.8 %




Thank you for attention!



How to compute gradient from one source?

A 1
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U,V - solution of direct problem

W1, Y, Y5 - solution of adjoint problem

Y1, Y2, Y3 =0
11)1, l/)2' l/)3 =




