
.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Parallel computing in solving eikonal equations

Qi Yingyu
Supervisor: Prof. Tong Ping

Nanyang Technological University, Singapore

Qi Yingyu Supervisor: Prof. Tong Ping (Nanyang Technological University, Singapore)Parallel computing in solving eikonal equations 1 / 29



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Eikonal equation

Outline

1 Eikonal equation

2 Fast Iterative Method

3 Convergency

4 Numerical Results and Comparison

Qi Yingyu Supervisor: Prof. Tong Ping (Nanyang Technological University, Singapore)Parallel computing in solving eikonal equations 2 / 29



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Eikonal equation

Spherical coordinate

Alkhalifah and Fomel 2001
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Eikonal equation

Isotropic eikonal equation

(
∂t
∂r

)2
+

1
r2

(
∂t
∂θ

)2
+

1
r2 sin2 θ

(
∂t
∂ϕ

)2
=

1
c2
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Eikonal equation

Discretization

max(D−r
ijk t,−D+r

ijk t, 0)2 +max(D−θ
ijk t,−D+θ

ijk t, 0)2 +max(D−ϕ
ijk t,−D+ϕ

ijk t, 0)2 =
1

c2
ijk
.

D−r
ijk t =

ti,j,k−ti−1,j,k
∆r , D+r

ijk t =
ti+1,j,k−ti,j,k

∆r ;

D−θ
ijk t =

ti,j,k−ti,j−1,k
r∆θ , D+θ

ijk t =
ti,j+1,k−ti,j,k

r∆θ ;

D−ϕ
ijk t =

ti,j,k−ti,j,k−1
r sin θ∆ϕ , D+ϕ

ijk t =
ti,j,k+1−ti,j,k

r sin θ∆ϕ .
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Eikonal equation

Fast marching method

Alkhalifah and Fomel 2001
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Group marching method

Group Marching Method
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Eikonal equation

Group marching method

Theorem
(Kim 2001) Let L be the close set, and define the set G as a subset of L,

G = {x ∈ L : ϕ(x) ≤ ϕL,min +
1√

2fL,max
}. (1)

where ϕL,min = min{ϕ(x) : x ∈ L} and fL,max = max{f (x) : x ∈ L}
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2 Fast Iterative Method
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Thank you!
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