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ABSTRACT

As a typical robot, mobile robot is also an important research and development
direction in the field of robot research and application. Since the 1990s, human beings
have begun to extensively study and design the mobile functions of robots and
develop different mobile mechanisms to cope with various complex environments.
The research on mobile robots has become a hot topic in modern society. Mobile
robot can be summarized into four parts: the mechanical body of the robot, the power
and transmission system, the control system, and the environment perception
detection system.

This paper mainly carries out modular design and analysis on the ontology part
of the mobile robot, in order to improve the structural performance of the robot to
adapt to climbing, obstacle avoidance, grasping and other tasks in complex
environment. Based on the research results of mobile robot at home and abroad, this
paper compares the advantages and disadvantages of various mobile mechanisms in
various working environments, and designs a wheeled mobile robot to accomplish the
expected goals. Through the design simulation analysis of the mobile robot, the
parameters of each mechanism of the mobile robot are determined.

In this paper, the ontology design and development of mobile robot are carried
out based on multi-source information fusion technology under complex environment.
The statics and kinematics models of the mobile robot are established based on the
analysis of the wheeled mobile structure. The structural design was carried out by
using software such as solidworks simulation. With the continuous in-depth
exploration of unknown natural environment and the continuous progress of science,
there will be more and more robots to replace human beings to carry out necessary
labor.

Key words: Mobile robot; Complex environment; Structure design; Statics analysis;
Kinematics
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Intelligent mechanical design

Following Pfeifer’s approach in attempting to create an acceptable definition of
“intelligence” we will briefly discuss the related terms necessary to produce a suitable
definition of IMD.

Intelligent Mechanical Design (IMD): This term is used to describe complete
mechanical designs (designs that are self-controllable, reliable, feasible, and
compatible) that resolve the functionality-usability trade-off in an optimal way.
Mechanical design must always be considered with respect to a particular
environmental niche.

Self-controllable: A mechanical design is self- controllable if it can be controlled
by a set of internal hardware, independence of external motive forces.
Self-controllability should always be considered with respect to a specific system.

Reliable: A mechanical design is reliable if, in the majority of cases, it fulfills its
design specification.

Feasible: A mechanical design is feasible if it can be manufactured as a real
mechanical structure using current manufacturing methods and commercial materials.
Feasible mechanical design is influenced by a number of requirements, such as cost,
size, weight, water tightness, dust resistance, etc.

Compatible: A mechanical design is compatible if the design of the
sensory-motor architecture has compatibility with the size, weight and shape of the
hardware. Compatibility should always be considered with respect to a specific
system.

The functionality-usability trade-off: Represents a compromise between, on the
one hand, adding new functionality, and on the other, achieving usability
conditions[5].

Environmental niche: The environmental niche for a robot can be thought of as
the range of each variable in its environment. We use the term of “environment” here
to mean essentially two things. First, the direct-physical meaning: the area or space in
which the robot is used, including natural and artificial objects. Second, the
indirect-physical meaning: the artificial parameters governing its function. This
requires some explanation, here we use an example. Consider a robot designed to
compete in a can-collecting competition (see Fig. 3). The task of the robot is to collect
objects in its environment and bring them to a can room located in a corner of the
competition area. The rules of the game include limitations in size of the robot that the
robot should fit in a box with specific dimensions, and the cost for making the robot is
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also limited. In this case, the environmental niche can be itemized as follows.

Environmental niche:

e A flat surface (Direct)® Indoor environment (Direct)

e A set of cylindrical can (Direct) ® A light (Direct) ® A can-room (Direct)

e Size limitation (Indirect) ® Cost limitation (Indirect)

Environmental niche constraints:

e Can size (D, H) (Direct) ® Light height (H1: if H4 > H1) (Direct) ® Can-room
size (L2, W2, H2) (Direct) ® Can room door size (W3: if W3 < W4, H3: if H3 < H4)
(Direct) ® Robot size (L4, W4, H4) (Indirect) ® Cost (cost < X $) (Indirect)

In this example, limitations in size and cost illustrate the second aspect of the
environmental niche. Note, because of the robot size limitation, some environmental
niche constraints should be considered to be conditional constraints. As an example,
the height of the ledge (H1) is a constraint, if it is lower than the maximum height of
the robot (H4 > H1). In this approach all design parameters that influence the
mechanical design can be considered part of the environmental niche and must be
considered in the fourth MDP presented in the next section.

Principle 4 was applied, in the form of material morphology, to remove the tilt
sensor from the robot hardware. Namely, we used different materials for the front and
back wheels. In this approach the robot adjusts its tilt angle passively. Also we
installed a passive encoder on the top of the robot via a simple arm jointed to the
top-back of the robot. This provides precise navigation for the robot including
counting the number of manholes as the robot passes them. When the passive encoder
does not send signal to the on-board main computer, it means robot is in a manhole.
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