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Abstract This paper is conceived as a tutorial on rotation
averaging, summarizing the research that has been carried
out in this area; it discusses methods for single-view and
multiple-view rotation averaging, as well as providing proofs
of convergence and convexity in many cases. However, at the
same time it contains many new results, which were devel-
oped to fill gaps in knowledge, answering fundamental ques-
tions such as radius of convergence of the algorithms, and
existence of local minima. These matters, or even proofs of
correctness have in many cases not been considered in the
Computer Vision literature. We consider three main prob-
lems: single rotation averaging, in which a single rotation
is computed starting from several measurements; multiple-
rotation averaging, in which absolute orientations are com-
puted from several relative orientation measurements; and
conjugate rotation averaging, which relates a pair of coordi-
nate frames. This last is related to the hand-eye coordination
problem and to multiple-camera calibration.
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1 Introduction

In this paper, we will be interested in three different rotation
averaging problems. In the following description, d(R,S)

denotes the distance between two rotations R and S. Various
different possible distance functions will be described later in
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the paper; for now, d(·, ·) is thought of as being any arbitrary
metric on the space of rotations SO(3).
Single Rotation Averaging. In the single rotation averaging
problem, several estimates are obtained of a single rotation,
which are then averaged to give the best estimate. This may
be thought of as finding a mean of several points Ri in the
rotation space SO(3) (the group of all 3-dimensional rota-
tions) and is an instance of finding a mean in a manifold.

Given an exponent p ≥ 1 and a set of n ≥ 1 rotations
{R1, . . . ,Rn} ⊂ SO(3) we wish to find the L p-mean rotation
with respect to d which is defined as

dp − mean({R1, . . . ,Rn}) = argmin
R∈SO(3)

n∑

i=1

d(Ri ,R)p.

Since SO(3) is compact, a minimum will exist as long as the
distance function is continuous (which any sensible distance
function is). This problem has been much studied in the lit-
erature, but there are still open problems, some of which are
resolved here.
Conjugate Rotation Averaging. In the conjugate rotation

averaging problem, n ≥ 1 rotation pairs (Li ,Ri ) (the left and
right rotations) are given, and we need to find a rotation S
such that Ri = S−1LiS for all i . This problem arises when
the rotations Ri and Li are measured in different coordinate
frames, and the coordinate transformationS that relates these
two frames is to be determined.

In the presence of noise, the appropriate minimization
problem is then to find

argmin
S

n∑

i=1

d(Ri ,S
−1LiS)p.

This problem is sometimes referred to as the hand-eye coor-
dination problem, see for example Daniilidis (1998), Park
and Martin (1994), and Zhang (1998).
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