Accepted Manuscript

__|Robotics and |
__|Autonomous Systems

Pose estimation by omnidirectional visual-inertial odometry

Milad Ramezani, Kourosh Khoshelham, Clive Fraser

PII: S0921-8890(17)30873-4
DOI: https://doi.org/10.1016/j.robot.2018.03.007
Reference: ROBOT 3005

To appear in:  Robotics and Autonomous Systems

Received date: 5 December 2017
Revised date: 13 February 2018
Accepted date: 23 March 2018

Please cite this article as: M. Ramezani, K. Khoshelham, C. Fraser, Pose estimation by
omnidirectional visual-inertial odometry, Robotics and Autonomous Systems (2018),
https://doi.org/10.1016/j.robot.2018.03.007

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.robot.2018.03.007

Pose estimation by Omnidirectional Visual-Inertial
Odometry

Milad Ramezani®*, Kourosh Khoshelham?®, Clive Fraser®

% Department of Infrastructure Engineering, The University of Melbourne, Parkville VIC
3010, Australia

Abstract

In this paper, a novel approach to ego-motion estimation is proposed based
on visual and inertial sensors, named Omnidirectional Visual-Inertial Odome-
try (OVIO). The proposed approach combines omnidirectional visual features
with inertial measurements within the Multi-State Constraint Kalman Filter
(MSCKF). In contrast with other visual inertial odometry methods that use
visual features captured by perspective cameras, the proposed approach utilizes
spherical images obtained by an omnidirectional camera to obtain more accurate
estimates of the position and orientation of the camera. Because the standard
perspective model is unsuitable for omnidirectional cameras, a measurement
model on a plane tangent to the unit sphere rather than on the image plane is
defined. The key hypothesis of OVIO is that a wider field of view allows the in-
corporation of more visual features from the surrounding environment, thereby
improving the accuracy and robustness of the ego-motion estimation. More-
over, by using an omnidirectional camera, a situation where there is not enough
texture is less likely to arise. Experimental evaluation of OVIO using synthetic
and real video sequences captured by a fish-eye camera in both indoor and out-
door environments shows the superior performance of the proposed OVIO as
compared to the MSCKF using a perspective camera in both positioning and

attitude estimation.
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