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Abstract:

Recently, the use of different visual navigation algorithms as a navigation-aided system has been become of interest by
many researchers. In most of these approaches, to improve the accuracy of the navigation problem, undesired predicted
landmarks are used again in comparison with the output of the algorithm by appropriate filtering units for fusion and
integration in the system. However, the number of points with a specific feature, the amount of noise, and the presence
or absence of color noise have a direct impact on the performance of the conventional filters such as extended Kalman
filter (EKF). In this paper, in addition to demonstrating how to model SLAM-based video navigation systems and
systematically design and implement filtering unit, an observability-constrained EKF (OC-EKF) has been proposed for
improving the performance of the system and minimizing the system errors. The main contribution of the proposed
scheme is that it has provided the SLAM filtering mechanism as a constrained optimization issue that considers the
observability constraints in the estimation problem. Besides, the performance of OC-EKF is compared with the standard
EKF (STD-EKF) and the first estimate Jacobean EKF (FEJ-EKF), H;-based Kalman Filter (KF), and Robust KF;
where, the robust performance of the proposed scheme against uncertainties, white and color noises have been verified
through comprehensive simulation results. As shown in the Monte Carlo simulation results, the proposed OC-EKF not
only provides more accurate navigation, but also behaves more robustly against system uncertainties and noises.
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1. Motivation of the work

Appropriate performance of SLAM-based navigation
systems in noisy environments, or environments where
the number of feature points is significantly reduced, is
severely affected and the proper filtering method to
integrate information has a significant impact on the
performance of the system navigation. To do so, in this
article, after proposing an in-detailed modeling of
SLAM-based navigation systems, appropriate filtering in
noisy system to improve the performance of the system is
introduced as the main motivation of the work.

2. Contributions

As one of the main contribution of this article, we have
shown how observability constraints can be applied to
SLAM-based navigation systems. Although the main
feature of the FEJ-EKF filtering method is to improve the
performance, but this method is not robust and is also
dependent on the initial estimation value. While the OC-
EKF filter optimizes the expected square error of the
linearization points while satisfying the observability
conditions. In fact, the most important contribution of the
proposed scheme is that it transforms the filtering
problem into a constrained optimization problem that
includes observability constraints in the estimation
problem.

3. Procedures

SLAM includes the following three basic operations that
are repeated at each step time:

1) When a robot moves and reaches a new point of the
scene, due to the noises and unavoidable errors, this
movement increases the uncertainty in the accurate
positioning. A viable solution requires a mathematical
model for this step, which is called a movement model.

2) Through a series of image processing processes, the
robot processor has discovered interesting features from
the environment that should be included in the map. We
call these features signs, marks, or points with special
features. Due to the errors in external sensors, the
location of these signs is unclear. Furthermore, since the
location of the robot is currently uncertain, these two
uncertainties must be properly combined. A viable
solution at this stage requires a mathematical model to
determine the position of points with special
characteristics, which is called the inverse observation
model.

3) The robot observes the points with special features that
have already been mapped and uses them to correct its
positioning by considering all the points with special
features in its visible space; Therefore, in this case, both
localization and signal uncertainty are reduced. A viable
solution is the need for a mathematical model to predict
the measured values from the predicted marked location
and the positioning of the robot, which is called direct
observation.

Ys

By using these three models plus an estimation and
filtering unit for data fusion, we can create a solution for
the proper use of visual navigation systems.

4. Findings

In addition to showing how to accurately model SLAM
navigation systems and systematically implement their
filtering, to compare the performance of the STD-EKF,
the generalized Kalman filter based on the Jacobian first
estimate. FEJ-EKF, Hsbased Kalman filter, robust
Kalman filter and the proposed method of observable-
constrained extended Kalman filter OC-EKF are
discussed. As shown in the results of the Monte Carlo
simulations, the OC-EKF filter is more resistant to the
uncertainties of the system by maintaining better
performance and compared to other nonlinear filters
investigated in this research, and even with various
uncertainties, it has provided better accuracy for accurate
navigation of the complex.

5. Conclusion

This article deals with the design of OC-EKF in order to
increase the accuracy of navigation systems based on
SLAM. The usual filtering method of these systems is
based on linear filters or the standard Kalman filter.
Although the EKF filter has been introduced as one of the
most appropriate solutions to improve the data fusuion of
the SLAM-based navigation systems, however, the
number of marks with special characteristics, the amount
of noise, and the presence or absence of color noise have
a direct impact on the performance of conventional EKF.
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