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Isotropic Maze Navigation Cornll Unversty

Numerical artifacts at the source and corners.
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{rw<x>|F<x> —1, xeq,

u(x) =0, X = X.
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F(z,y) = 0.5z +0.5.
u(x) = 2acosh (1 + 0.25F(x)|x]|).[FLZ09, LQ12]
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Singularities in Second-Order Derivative§=))) cmeivmer

If F(x) =1 and x, = (0,0),

u(x) = |x| = 2?2 + 3%

The second-order derivatives are

u y? 0%u x?

o2 - (m2 +y2)3/2’ 8y2 - (x2 +y2)3/2’

Dongping Qi, Alexander Vladimirsky — Rarefaction Fans and Dynamic Factoring in Eikonal Equation 5/28



Rarefaction Fans in Eikonal Solution. Dynamic Factoring Techniques vigz erm o) cles. Other Uses

Singularities in Second-Order Derlvatlve Cornell Uniersy

If F(x) =1 and x, = (0,0),

u(x) = |x| = 2?2 + 3%

The second-order derivatives are

0%u B y? 0%u x?

or2 (a:2 +y2)3/2’ 8y2 - (x2 +y2)3/2’

0%u 0%u
@_)OO az—)oo z,y — 0
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Asymptotic behavior of u:

u(x) =~ T(x) = %

X is the source of rarefaction fan.
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X is the source of rarefaction fan.

Additive factoring (v =T + 7) [LQ12]

VT (x) + V7(x)|F(x) = 1.

Multiplicative factoring (v = 7'7) [LQ12, FLZ09, TH16]

VT (x)7(x) + T(x)V7(x)|F(x) = 1.
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Factored Eikonal Equation (&) cometvnivesy
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F(z,y) = 0.5z +0.5. L error convergence.
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Cases GIobaI Factoring is Not The Best () s
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F(z,y) =12z + 2. F(z,y) = bz + 20y + 2.
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Double sources.
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value function log( Frobenuis norm of Hessian )
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Characteristics. log of Hessian's norm.

Dongping Qi, Alexander Vladimirsky — Rarefaction Fans and Dynamic Factoring in Eikonal Equation 10/28



Rarefaction Fans in Eikonal Solution. Dynamic Factoring Techniques. Maze Navigation & Perm

Dynamic Factoring Kernel
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Maze Navigation & Permeable Obstacles.
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Original FMM.

Dongping Qi, Alexander Vladimirsky — Rarefaction Fans and Dynamic Factoring in Eikonal Equation 12/28



ction Fans in Eikonal Solution. Dynamic Factoring Techniques. Maze Navigation & Permeable Obstacles. Other

R b
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Original FMM.

F(x,y) =1.
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Original FMM. Dynamic factoring.
F(z,y) =1+ 0.5sin(27x) sin(27y).
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Original FMM. Dynamic factoring.
F(z,y) =1+ 0.5sin(27z) sin(27y).
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Maze Navigation: Convergence
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F(z,y) = 1.

Maze Navigation & Permeable Obstacles.
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Discontinuous Speed Function &) comenun
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Single permeable obstacle. Discontinuous speed.
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Determine Rarefaction Region by Snell’s{Eawsmiumery
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9 XES()

T(x)= SR, xe s
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X€S2.
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Single Permeable Obstacle (&) comentmversy
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Different trajectories. L error convergence.
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Several Permeable Obstacles
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Three permeable obstacles.
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Other Uses.
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Inhomogeneous Permeable Obstacle  (Z]) cmavmens
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Inhomogeneous permeable obstacle. Convergence.
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Discontinuous Boundary Condition

Dynamic Factoring Techniques
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Rarefaction fans may appear due to isolated sources,
non-smooth obstacles (boundaries) or discontinuous
boundary conditions.

Dynamic factoring can discover rarefaction fans
automatically and help remove numerical artifacts.

Future works: [QV19]
Anisotropic speed function;
Polygonal or curved-boundary obstacles;
3D “rarefying edges”?
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ﬁ Sergey Fomel, Songting Luo, and Hongkai Zhao.
Fast sweeping method for the factored eikonal equation.

@ Songting Luo and Jianliang Qian.
Fast sweeping methods for factored anisotropic eikonal equations: multiplicative
and additive factors.

ﬁ Dongping Qi and Alexander Vladimirsky.
Corner cases, singularities, and dynamic factoring.

@ Eran Treister and Eldad Haber.
A fast marching algorithm for the factored eikonal equation.
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Large gradient. Different methods.
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Single obstacle. Different methods.
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unit slope.
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Single permeable obstacle. Different methods.
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