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Abstract

Polar transform is a geometric transform, that transforms points form cartesian coordinates to so-
called polar coordinates. In case of 2D space, a point in polar coordinate system is addressed by radius
and angle. In image processing, polar transform is usually used to convert rotations around the origin of
polar coordinate system to translations.

This document describes the implementation of forward and inverse polar transforms in two very
simple classes for the Insight Toolkit ITK www.itk.org. The paper is accompanied with the source and
testing code for purposes of testing of this implementation.

1 Polar Transform

Forward (from cartesian to polar coordinate system) and inverse (from polar to cartesian coordinate system)
polar transforms are defined on 2D space by following equations:

r =
√

x2 + y2

α =
{

arccos( x
r ) y≥ 0

2π−arccos( x
r ) y < 0

(1)

Point [x,y] ∈ R2 is transformed to point [r,α] ∈ [0,∞)× [0,360).

x = r cos(α)
y = r sin(α)

(2)

Point [r,α] is transformed to point [x,y].

2 Implementation and usage

Polar transform is implemented in 2 classes: CartesianToPolarTransform for forward transform and
PolarToCartesianTransform for inverse transform. Both classes are templated over the scalar type of
points, that will be transformed, and over number of dimensions.
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The dimension must be at least 2 to be able to compute above equations. If the dimension is greater than 2,
the first 2 dimensions (x1 and x2) are transformed to polar coordinates and the other are left unchanged:

xc[i] = xp[i] for all x > 2 (3)

In case of 3 dimensions, this leads to cylindrical transform, where the axis of the cylinder is the z axis of the
cartesian coordinate system. In case of more dimensional space, the transform leads to multidimensional
cylinder. The cylinder is always oriented so that the first two cartesian coordinates are transformed to radius
and angle. To change the orientation of the cylinder in the input image, it is necessary to inversely reorient
the image.

Very important is the position of the origin of the polar coordinate system in cartesian coordinate system.
By the above equations, it is stated, that the polar origin is located in the cartesian origin. To change the
position of polar origin in input image, you have to inversely change the origin of the input image.

Due to the nature of polar transform, these classes are able to transform only points. They are not able to
transform neither vectors nor covariant vectors.
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