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Abstract

We propose an effective stopping criterion for higher-order fast sweeping schemes for

static Hamilton-Jacobi equations based on ratios of three consecutive iterations. To design

the new stopping criterion we analyze the convergence of the first-order Lax-Friedrichs

sweeping scheme by using the theory of nonlinear iteration. In addition, we propose a

fifth-order Weighted PowerENO sweeping scheme for static Hamilton-Jacobi equations

with convex Hamiltonians and present numerical examples that validate the effectiveness

of the new stopping criterion.
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1. Introduction

Consider the following static Hamilton-Jacobi (H-J) equation:
{

H(∇φ(x), x) = f(x), x ∈ Ω \ Γ,

φ(x) = g(x), x ∈ Γ ⊂ Ω,
(1.1)

where g(x) is a positive, Lipschitz continuous function, Ω is an open, bounded polygonal domain
in Rd, and Γ is a subset of Ω. H(p, x) is Lipschitz continuous in both arguments, and it is convex
and homogeneous of degree one in the first argument.

This class of first-order nonlinear PDEs arise in many applications such as optimal control,
differential games, computer vision, geometric optics, and geophysical applications. Thus it is
essential to develop efficient high-order accurate numerical methods for such equations. Based
on [22, 27] we propose a fifth-order sweeping scheme for the equation. To design an effective
stopping criterion for the sweeping scheme, we analyze convergence of the first-order Lax-
Friedrichs scheme in terms of theory of nonlinear iterative methods.

Fast sweeping methods are a family of efficient methods for solving static Hamilton-Jacobi
equations [3, 7–9, 11, 18, 19, 25, 28, 29], and some essential ideas of these methods may trace
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