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Abstract—Registering multiple views is an essential and chal-
lenging problem for many intelligent transportation applications
that employ a mobile sensing platform or consist of multiple
stationary sensors. In this paper a novel algorithm is presented for
multiple-view registration under a loop closure constraint. Differ-
ent from most existing methods, which use general optimization
techniques, our method studies the mechanism of adjusting the
poses of views in a loop and provides a highly efficient and accurate
solution. We prove that translation vectors can be decoupled if
the same point set is used in each view to associate the previous
and subsequent views, leading to our solution for such decou-
plable cases. If this condition does not hold, an exact solution
of translation vectors is provided when rotation parameters are
given, which results in our iterative solution for general cases by
updating rotation and translation alternately. In our method, the
effect of the accumulated pose error in a loop can be distributed to
all views efficiently through loop factors, and only a few iterations
are needed. Most important of all, in each iteration our method
has linear computational complexity with respect to the number of
views, which is much superior to that of state-of-the-art methods.
A series of experiments was conducted, involving simulation of
thousands of views and real vehicle-borne sensing data that in-
clude 65 371 point pairs in 352 views. Experimental results show
that our proposed method is not only stable and highly efficient but
also provides competitive accuracy relative to existing methods.

Index Terms—Loop closure, matrix exponentiated gradient
(MEG), multiple-view registration.
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I. INTRODUCTION

IN recent years, the rapid development of range sensors and
stereovision techniques has greatly facilitated the acquisi-

tion of real-world 3-D object data. Compared with conventional
2-D vision systems, such data provide detailed and accurate
spatial information of measured objects and this, in turn, has as-
sisted the development of a wide spectrum of intelligent trans-
portation systems and computer vision applications, ranging
from intelligent vehicles and robots [1], [2], crowd surveillance
and tracking [3], road safety [4], and 3-D environment mod-
eling [5], to simultaneous localization and mapping (SLAM)
systems [6]–[8].

In the past decade, there has been extensive research focusing
on a single stationary sensor, and many mature systems have
been developed. However, such systems have limited spatial
coverage and can only collect data from one viewpoint. In real
systems such as [9]–[11], it is necessary to deploy multiple sen-
sors at different places or mount sensors on a mobile platform to
increase the visibility of objects of interest, such as pedestrians
near an intersection or inside a railway station. Therefore, it is a
common problem to register point sets captured from multiple
viewpoints. Traditional approaches for solving the two-view
registration problem are the iterative closest point (ICP) [12]
method and its variations [13], [14], which are popular owing
to their simplicity and good performance. In addition, a number
of methods have been proposed to address this issue from
different aspects such as feature extraction, matching criteria,
and numerical solutions. The reader may refer to [15], [16]
for a detailed review and [17] for the open-source library of
ICP variants and the performance evaluation on real-world 3-D
point data sets.

In general, the problem of two-view registration [12]–[16]
can be regarded as a nonlinear parameter estimation problem,
by minimizing the cost function under some conditions. This
framework can be directly extended to the case of multiple
views, by defining the cost function as a sum of the matching
error of associated point pairs between each of the two related
views [18], [19]. An alternative way of solving this problem
is to introduce additional estimates to the position of feature
points [20]–[22], assuming that the ground truth of these feature
points satisfies the pose constraint for the related views.

When only two views are involved, the explicit solution to
this registration problem is available if the relation of associated
point pairs is given. However, when addressing multiple views,
in general, it is unlikely to give an explicit solution. Essentially,
it is a problem of optimizing a complex cost function over large
parameter space. Therefore, various numerical methods have
been developed to solve this problem. Most existing methods
such as [14], [18], and [19] have satisfactory performance
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