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Abstract The histogram of oriented gradients (HOG) is
widely used for image description and proves to be very effec-
tive. In many vision problems, rotation-invariant analysis is
necessary or preferred. Popular solutions are mainly based
on pose normalization or learning, neglecting some intrinsic
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properties of rotations. This paper presents a method to build
rotation-invariant HOG descriptors using Fourier analysis in
polar/spherical coordinates, which are closely related to the
irreducible representation of the 2D/3D rotation groups. This
is achieved by considering a gradient histogram as a contin-
uous angular signal which can be well represented by the
Fourier basis (2D) or spherical harmonics (3D). As rotation-
invariance is established in an analytical way, we can avoid
discretization artifacts and create a continuous mapping from
the image to the feature space. In the experiments, we first
show that our method outperforms the state-of-the-art in a
public dataset for a car detection task in aerial images. We
further use the Princeton Shape Benchmark and the SHREC
2009 Generic Shape Benchmark to demonstrate the high per-
formance of our method for similarity measures of 3D shapes.
Finally, we show an application on microscopic volumetric
data.
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1 Introduction

A good image descriptor should be able to capture substan-
tial image patterns and be robust to object deformation or
other common transformations. Gradient histogram based
features, like HOG (Histogram-of-Oriented-Gradients, Dalal
and Triggs 2005), are widely used for 2D image description.
They prove to be very robust, and work as a key compo-
nent of state-of-the-art object recognition frameworks (e.g.,
Felzenszwalb et al. 2010; Bourdev and Malik 2009). The
HOG descriptor employs a histogram binning on the gradient
orientation and a spatial aggregation with soft binning. The
spatial aggregation cancels out fine details of spatial place-
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