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Abstract

Corner detection is a key kernel for many image processing procedures including pattern recogmi-
tion and motion detection. The latter, for instance, mainly relies on the corner points for which
spatial analyses are performed, typically on (probably live) videos or temporal flows of images.
Thus, highly efficient corner detection is essential to meet the real-time requirement of associated
applications. In this paper, we consider the corner detection algorithm proposed by Harris, whose
the main work-flow is a composition of basic operators represented by their approximations using
3 x 3 matrices. The corresponding data access patterns follow a stencil model, which is known to
require careful memory organization and management. Cache misses and other additional hinder-
ing factors with NUMA architectures need to be skillfully addressed in order to reach an efficient
scalable implementation. In addition, with an increasingly wide vector registers, an efficient SIMD
version should be designed and explicitly implemented. In this paper, we study a direct and ex-
plicit implementation of common and novel optimization strategies, and provide a NUMA-aware
parallelization. Experimental results on a dual-socket INTEL Broadwell-E/EP show a noticeably
good scalability performance.

Keywords: corner detection, Harris algorithm, multicore, multithread, SIMD, GFLOPS, NUMA,
scalability.

1. Introduction

The common characteristic of image processing algorithms is the heavy use of convolution
kernels. Indeed, the typical scheme is an iterative application of a stencil calculation at the pixel
level. This yields non-local and unaligned memory accesses, thus making it hard to achieve a
real-time performance implementation.

Harris corner (and edge) detection [12, 26] is an important kernel in image processing, espe-
cially for motion detection and object recognition/detection/tracking [45, 33]. Roughly speaking,
the procedure is a serial combination of 3 x 3 filters (derivatives and gaussians), surrounded by
basic arithmetic and selection operations. This leads to a stencil computation which exposes two
correlated challenges concerning memory accesses and redundant computation. Since this kernel
is likely to be called intensively on image processing applications, which includes the embedded
context, fastest (at least real-time) implementations are crucial, hopefully on various hardware
targets.

A thorough implementation study is provided by Lacassagne et al. in [17], where some of the
basic ideas considered in this paper are mentioned, especially arithmetic operations optimization
using the separability property of the filters, computation reduction, memory accesses optimization
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