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Much research has been done on the motion p!anning
problem. In this field, main research is to generate the
motion for specific robot and task without previously
acquired motions. We research the motion planning
reusing knowledge. It is our objective to realize hier-
archical knowledge with reuse. In this paper, we adopt
tree-based representation for expressing the knowl-
edge of the motion and adopt genetic programming as
a learning method. We construct the motion planning
system using hierarchical knowledge. We apply the
proposed method to the six-legged 1ocomotion robot

to show its availability.

Keywords: omni-directional walking robot, motion plan-
ning problem, genetic programming, hierarchical knowl-

edge

1. Introduction

  Robotics technology is constantly improving. Robots
move more variously and more complexly, and are de-
signed for use in various circumstances. According to
these, making robot motions becomes difficult. It is de-

manded to generate robot motions automatically.
  This problem has been approached from many direc-
tions. We focus on the planning problem in which a robot
receives a task from a operator and perform the task in a
work spaoe including obstacles. The core in this research
is to generate motion for performing the task without

human assistance.

  In this work, the trajectory planning problem is used
i) to generate the sequence of angle, velocity, acceleration
or so on for performing a given task. Other work uses the
 task planning problem2･3) in which the robot has symbolic
commands for primitive motions, and the task given by
human operators is represented as the sequence of primi-
tive motions. Many researchers confront these problems4
i2) but common problems arise. One is to work for
specific tasks individually. We must research these prob-
lems on the assumption that robots can do plural tasks

because of their high ability.
  To overcome these problems, we study the cycle of
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FXg. 4. I.ou)motion mechanism

actualized walking of a six-legged locomotion robot and
these tasks are preserved as aequired knowledge. In this
paper, we give additional tasks to this system and we
show reuse of motion knowledge with simulation. We

confirm use of hierarchical knowledge by simulation.

2. Six-legged locomotion robot

  We show the six-legged 1(xomotion roboti"" in
Fig3. This locomotion consists of a parallel link mecha-
nism and is separated into two frames called by A-frame
and Y-frame. By sliding two frames, this robot can walk
in all directions. This robot always stands on at least three

legs, so walking is stable.
  Next we define the coordinates to treat states of robot

as shown in Fig. 3 and Fig. 4. Firstly, we defme 2 as                                        V

the vehicle coordinates systern fixed on the upper surface
of A-frame, Based on this coordinates system, we define
the position of center of Y-frame and the rotation angle
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We show the system in fig. 5.

3.1. Primitive kuowledge
  We show the definition of primitive knowledge as
function nodes for the six-legged locomotion robot as in
Table 1. Function nodes we define here correspond to the
robot structure and show about the motion of each joint.
The argument column shows number of argument. Nodes
of "Paral", "Para2", "Para3" show the motion about rela-

tive movement of Y-frame against A-frame. Inputs of
each node are target speed and time of movemeng

( i, t ),( ab, t ),( e, t ). Similarly we define the nodes from
"Deltal" to "LegY3" as the motion about each leg of
A-frame and Y-frame and define argument as target speed
and time of movement. Next we define the function nodes

as node operator.
  Function node named "Para" has two arguments. In
case these arguments are the motions equal function
nodes, this node executes the motions simultaneously. In
case either argument shows terminal node or variable or
constant number, this argument is converted to the motion
expressing motion of stop. The value this argument has
is utilized as the stopping time. In case both arguments
argl and arg2 show terminal nodes, etc., this node carries
out operation as fo11ows and becomes the node showing

this value.
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4. Motion generation

talk as for Y-frame in the same way of A-frame.
  This motion is executed by expansion and contraction
of each leg of A-frame. We use gravity speed of A-frame
as the objective value about this motion. We constrain the
six-legged locomotion robot to keep the upper surface

horizontal for stable motion.

  Input nodes for this movement are defined in 'Ihble 2.
Node named "dXd" shows the target gravity speed and

node named "t" shows the time to move.

 3.3. 0ne･step walking
  Walking is basic motion of multi-legged robots. ln
case of a six-legged locomotion robot, walking pattern is
restricted to the pattern executed by sliding A-frame and
Y-frame and vertical movement. Here we consider one-

step walking for the second step to the walking. We made
the motion planning system generating one-step walking

using the motion knowledge of vertical movement.
  After here, we talk about the one-step walking motion
of A-frame under the condition that Y-frame is fixed. The

motion exchanging A-frame for Y-frame can be described
in the same way.

  We use the step "Py as the objective value of this
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  s max step
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Gravity position after movement
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Time for moving
  We show the additional function node for this task in

Table 4 and show the terminal node as the inputs for this
task in Table 5 . The function node "A one-step walking"
is one-step walking by A frame touching Y frame on the
ground and the function node "Y one-step walking" is by
Y frame touching A frame on the ground. These function
have two arguments as the input order in Table 3. For
terminal node as input for this task, we use the target
transfer goal position (xdi yd) and we show the constraint

for this robot as follow:

    . The telescopic range of legs of each frarne.
  Os IAis 150 mm

  Os lyis 150 mm

  IAi: Legiof A frame
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Flg. 14. Generated motion

tion generation for complex task easily. Realizing this,
we use tree-based representation as motion knowledge
and construct a system using tree-based representation.
  With this system, we simulate motion generation hier-
archically for six-legged locomotion robots using Genetic
Programming. As acquired motion knowledge, the pro-
posed system has "vertical movement" and "one-step
walking" introduced previously. We give the task "unit
walk" to the system with primitive and acquited motion

knowledge.
  In this paper, we use the tree-based representation as
motion knowledge. We will consider other representation
for motion knowledge in future work and try to generate
other motion and study hierarchical motion knowledge

464

thoroughly.
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