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Interest in field robots has been increasing since the radiation accident at the Fukushima nuclear
plant due to the Great East Japan Earthquake in 2011. Field robots play a very important role as a
means to protect human safety and discover new things. Mobile robots used for monitoring increase
understanding of the environment and ecosystem to ensure better protection. Mobile robots are
expected to solve problems of conventional monitoring methods such as monitoring posts, manual
transport, bio-logging, and monitoring cars by reducing human labor costs and improving human safety
and flexibility through microscopic monitoring.

The locomotion performance is one of the most important research subjects for mobile robots.
Previous studies have focused on moving on rough terrain, and such robots are effective for a given
target area and purpose. However, almost all of the robots with a high locomotion performance have
many actuators to cope with complex environments. This leads to a complex robot design and high
power consumption. These factors reduce maintainability and increase control complexity. In addition,
many studies on controlling mobile robots use geometry sensors such as cameras and lasers in order to
recognize obstacles and know the robot’s position. This also leads to high computational cost and
power consumption. In order to overcome these problems, the author focused on locomotion with a
minimum number of actuators and autonomous movement using only simple sensors.

The objective of this study was to design a mobile robot platform with a high locomotion
performance on rough terrain that has a simple design and low power consumption as a first step
towards developing a large-scale and long-term monitoring system. The author proposes a method for a
simple design and low power consumption by reducing the number of actuators and proposes a novel
mechanical and control design to realize a high locomotion performance. In order to realize these
concepts, the author set two design requirements: locomotion performance on rough terrain with a
minimum number of actuators and outdoor navigation by simple sensors. Compared to other unmanned
ground vehicle-type robots, the proposed robot is effective for long-term operation with reduced energy
consumption and improved maintainability. The simple design can greatly reduce the unit cost, which
can help with realizing the production of multiple robots for large-scale monitoring.

Chapter 2 introduces novel mechanical designs that help increase the locomotion performance with
simplicity and low power consumption. Three important elements for designing a target robot are
introduced: the locomotion mechanism, wheel shapes, and a shell shape. A novel locomotion
mechanism using a driving mechanism that can drive multiple axes at once is introduced first. Then
two novel wheel models are presented that can adapt to locomotion on rough terrain: an elliptic leg and
notched wheel. Finally, a novel shell shape of the robot is introduced that can also contribute to a high

locomotion performance, especially in areas thick with tall grasses.
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Chapter 3 introduces a novel control design to increase the locomotion performance with simplicity
and low power consumption. Three important elements of autonomous control design are introduced:
environmental recognition, motion control, and navigation. A novel method of estimating surface
conditions is presented to recognize the environment, and the possibility of acquiring details on the
mobile environment with only internal sensors is discussed. A novel motion control design based on the
subsumption architecture proposed by Rodney Brooks is then presented to realize autonomous control
using only simple sensors. A navigation method is presented at the end of the chapter for efficient
movement to get to the destination. Novel methods of generating a cost map and the selected path
planning method are described as parts of the navigation method.

Chapter 4 introduces some application examples using the developed mobile robot. Experiments
were conducted in various environments, and the elemental technologies introduced in Chapters 2 and
3 were used in combination. Monitoring in an urban park was conducted with the objective of image
acquisition, and the camera on a smartphone with an omnidirectional lens was used to take pictures.
Monitoring in a pasture was conducted with the objective of monitoring the radiation level. A Geiger
counter was used for measurement. Monitoring in a forest was conducted with the objective of
measuring geometric data. A laser range finder system was used. Another example application was
tunnel and ceiling inspection. This example was in response to new demands originating from the small
size and light weight of the robot.

Chapter 5 presents the overall discussion. The effect and validity of the proposed methods are
discussed from the viewpoint of monitoring and locomotion performance. Then, the originality and
impact of the proposed methods are considered. The main features of this proposal are described: the
mechanism using only two motors and the control using only internal sensors. Finally, the limitations of
the proposal are described: the limit of utilizing static mechanics as a model, the limit at which the
energy efficiency is not optimized depending on the application, and the limit of the application range.

Chapter 6 describes the conclusions based on this proposal and details of plans for future studies.

To increase the locomotion performance of an autonomous mobile robot for monitoring on uneven
terrain, this thesis proposes a novel mechanical design that uses only two actuators and a novel control
method that uses only internal sensors based on the concept of a simple design and low power
consumption. The effectiveness and validity of the methods were evaluated through verification
experiments and application demonstrations.

The results showed that the mechanical shape of the part where the robot contacts the outside world
is important, and a new wheel shape and casing shape are proposed. The importance of recognizing the

surface with internal sensors is described, and methods of motion control that can adapt to the real

No. 2



environment and path planning using locomotion data are proposed. Examples of various applications
using robots developed on the basis of these designs are presented, and their practicality and potential
application are discussed and demonstrated.

The significance of the thesis is that it not only proposes a novel design to increase the locomotion
performance but also describes the effects by introducing a generalized model and analysis from
experimental data. Such descriptions will contribute to the design of other mobile robots to adapt to the
target environment and help with selecting design parameters. The proposed design is simple and has
low power consumption, which will contribute to reducing the manufacturing cost and the long-term
goal of a monitoring system using multiple robots.

The results of this study can contribute to the further popularization of robots used outdoors and are
expected to become the basic technology for future robot development owing to their generality and
high potential applicability. Further developments based on this study will involve establishing a novel
method of environmental monitoring. The study contributes not only to robotics but also to
developments in the fields of environment and ecology. This can lead to great strides towards building

a society where human beings coexist with nature in the future.
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