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Mobile robots that autonomously execute tasks have been applied in various environments, such
as factories, hospitals and houses. One of the basic fundamental functions required by the
autonomous robot is localization. Localization is the solution to estimate the robot posture (position
and orientation) in the world coordinates provided a known map of the environment. In an unknown
environment, where both the robot posture and the environment map are unknown, a technique
called “Simultaneous Localization and Mapping (SLAM)" was proposed. Therein, a consistent map
of the environment is built while simultaneously determining the robot posture within this map with
data gathered by proprioceptive and exteroceptive sensors. While the mobile robot performs tasks
autonomously, an unexpected movement, such as being moved to another place by a human, may
happen due to the interaction with surroundings. This problem is known as ““kidnapping" problem,
which obstructs the robot to track its desired posture correctly within the environment map. Previous
solutions of the kidnapping problem execute global localization within the map directly and
periodically to obtain the correct robot posture. However, these solutions are not applicable to the

robots kidnapped in an unknown environment due to unique situations of the kidnapping.

In this study, we found that there are two situations after kidnapping happened in an unknown
environment. One situation is that the robot is kidnapped to the explored area during processing
SLAM. In this situation, the map of the explored area is available to be utilized to perform global
localization as a solution. Another situation is that the robot is kidnapped to a new area lacking an
environment map. A new SLAM process should be carried out to realize localization in a new map.
Since the solution cannot be determined before ascertaining under which situation the robot is,
solutions about global localization cannot be directly applied. We thus propose two algorithms
(kidnapping detection and kidnapping recovery) for the kidnapping solution in SLAM. Furthermore,

the kidnapping categories are classified for increasing the efficiency of the solution.



A kidnapping detection framework, performing two checks before and after the update process
which is called "Double Kidnapping Detection and Recognition (DKDR)" utilizes different metrics
to detect the kidnapping and recognize the type of kidnapping in real time. To explain one of the
principles of DKDR, we describe a property of filter-based SLAM that corrects the mapping result
of the environment using the current observations after the update process. The Extend Kalman
Filter SLAM (EKF-SLAM) and the Particle Filter SLAM (PF-SLAM) are modified in simulations
and experiments to show that DKDR can be simply and widely applied in existing filter-based
SLAM algorithms. Furthermore, an improved detection method called "Probabilistic Double
Kidnapping Detection and Recognition (P-DKDR)" is proposed by combining probability of
features’ positions and the robot posture to reduce false alarms in a large-scale environment.
Simulations and experiments were conducted for the comparison between DKDR and P-DKDR.

Based on the results from kidnapping detection, two kidnapping recovery methods are proposed
to solve different types of kidnapping. If the robot is kidnapped to the explored area, such as being
stuck or slip around a spot, an improved Mentor Carol Localization (MCL) method called "MCL
with Map Uncertainty (MCL-MU)", which takes the map uncertainty produced by SLAM into the
method, is applied to relocalize the robot posture within the environment map. Furthermore, the
dispersive area of the particles in MCL is limited in a range to increase the efficiency of the method.
In the situation that the robot is moved out of the sensor range, a method called ~"Known and
Unknown Environment's Simultaneous Localization (KUESL)" is proposed to execute a global
localization and a SLAM simultaneously to determine robot posture according to the probability of

estimated results. Experiments were conducted to show their validity and performance.

With discussing the simulations and experiments results, we found that several failure cases exist
due to the specification of sensors and specific environments, such as the reflection problem of laser
range finder in different objects or the robot is kidnapped to a similar environment with the
environment before the kidnapping. Besides these specific situations, the proposed kidnapping
detection and kidnapping recovery methods can detect and recover the kidnapping events
effectively.



