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goal configuration without considering the foothold position.
In this stage, the environment is modelled through a camera
which doesn’t provide a detailed view of the environment.
During the second stage, a low range laser camera is used
which provide a detailed view of the environment and the
candidate foothold positions are extracted using this information.

Abstract— Abstract Rapidly exploring Random Trees (RRT),
a sampling based algorithm, efficiently computes a path between
a start and a goal configuration. RRT-Connect, is a variant of
RRT that works by incrementally building two RRTs rooted
at the start and the goal configurations. Significant amount of
research has been done on the motion planning of six-legged
robots. We improve upon a certain technique which employs
a human-like approach. Initailly, a rough path is calculated
using a motion planning algorithm. This path is then further
divided into start and goal configurations and another motion
planning algorithm is used to compute these paths which may
force the robot to take detours. Our proposed technique brings
an improvement to this approach by making use of another
human behaviour in the algorithm.
Index Terms— RRT-Connect, legged robots, hexapod, motion
planning

II. R ELATED W ORK
A lot of research has been done in the field of legged
robots, with more emphasis on four legged and six legged
robots. In [1], complete motion planning of a six legged
robot is done. The stability of the robot is also discussed
in detail. Static stability of the robot is ensured in various
ways, so that the robot doesn't become unstable at any point
or during motion. Workspace of each leg is also defined,
so that they don't collide with each other during motion.
The maxim extension of each leg is also restricted by the
following equation, r < l1+l2, where l1 and l2 are the
length of the joints and r is the extension. The planning
is done on a rough terrain, foot trajectories are calculated,
and a collision detection module detects collisions with the
obstacles. Preprocessing is done on the terrain to find all
the candidate footholds in the environment. This algorithm
was then tested on a real world environment. In [2], a four
legged robot's motion planning is done using R* for efficient
planning on a rough terrain. Triangular geometry is used in
order to test the stability of the robot. Stance graphs are
generated and on the basis of cost, path is computed. Another
criteria for stability of the robot is described. As long as
the COM remains inside the convex hull of the robot, it
will be stable. In each of the above mentioned techniques,
preprocessing of the terrain is done which is contrary to
that fact that in real world, this kind of information is not
available and the robot has to do with the limited amount of
information it has. In [3], a unique human-like technique is
proposed. A camera is used to scan the environment. A rough
estimate of the environment calculated. In addition to this, the
robot is also equipped with a laser sensor. It has a much lower
range but the output is highly detailed. This is in contrast with

I. I NTRODUCTION
Motion planning has become a vital problem as robots are
beginning to become a part of our modern industry, as well
as daily life. Motion planning is a domain that takes a start
configuration, a goal configuration and the environment and
returns an obstacle-free path as output. This output varies
with environment and the type of robot under consideration.
There are two main types of robots i.e. wheeled robots
and legged robots. While planning for a robot, stability is
the main thing that one must keep in mind. In case of
wheeled robots, the most significant and the only stability
criteria is the slope of the terrain. If it is greater than
a certain angle, then robot will become unstable and will
eventually fall down. Legged robots need a relatively more
complex criteria for their stability as they involve complex
architecture and more degrees of freedom, resulting in a more
complex configuration space. Thus, legged robots require
more computation and time. In this paper, we are using a
technique that allows a legged robot to traverse previously
unseen terrain, without any pre-processing [1]. Initially, the
planner computes a rough path between the start and the
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the behavior of humans. A human can only see fine details of
the world that are closer but as the distance increase, the fine
details are lost. The paper puts forward a motion planning
technique which finds an initial rough path between the start
and the goal configuration using A*. This path is then further
divided into sub-paths. The first start point remains the same
and a goal point is selected on the path within a close vicinity
of the robot. The path between these points is found using
RRT. A new path is found with deviations because now the
robot has to consider the footholds as well. When the first
goal point is reached, it becomes the new start point and
a new goal point is selected. In this way, the whole path
is traversed. The problem with this approach is, as during
the first stage i.e. strategic part of the planning, the camera
doesn’t provide info about the fine details of the terrain.
As a result, during the execution of the second stage i.e.
tactical planning, the robot may deviate a lot from the initial
path due to absence of candidate footholds. The paper is
organized in the following manner: Section II explains the
work related to the field of legged robots and their motion
planning. Section III and IV describe the procedure and the
algorithm we followed for the motion planning of the six
legged robot. In Section V, the problem with a certain motion
planning technique has been address and a solution to this
problem has been proposed.

The collision detection is done using an approximated collision detection model of the six legged robot. The collisionfree path returned by the path planning module is a set
of coordinates, in three dimensional space. The following
method is employed for traversing the robot on the collisionfree path.

Fig. 1: Geometry to find the direction to follow
figure
The motion of the robot is directed using the above
mentioned geometry.

III. P ROCEDURE
For planning and motion of a six legged robot, some of
the required steps are:
• Hexapod model
• Gait development
• Path planning
• Varying footstep height
The simulation software [4] we used has a hexapod model
which consists of 18 motors in total, 3 per leg. Obstacles
are also modelled in the environment. The gait used in the
simulation software is free-gait. The sequence of the legs to
move is fixed and two legs are moved at a time. Path planning
module is used to generate the required path between the start
and the goal configurations. To traverse over rough terrain or
unequal subsequent flat surfaces, the footstep height of the
legs are varied in real time.

Fig. 2: 2D planning of the robot
figure
For the 2D planning of the six legged robot, every obstacle
is considered to be non-traversable, irrespective of its height
and size. Figure 2 shows an example environment setting. The
path is calculated using 2D planning, which doesn't allow the
robot to move over the obstacle even if it can. Real world
planning is done in 3D to cater for rough terrain and uneven
surfaces. A staircase is an example of such a case. If a 2D
planning algorithm is used in this case, the path planner will
fail and no path will be returned. In order to enable the robot
to traverse the stairs, the step height of the feet of the robot
is made a function of the path returned by path planner. It
varies with the path, which itself varies with the profile of
the terrain. As a result, the robot is able to climb the stairs
and reach the goal destination.

IV. A LGORITHM
Using the path planning module, the path is calculated in 3dimensions i.e. x, y and z using RRT-Connect [4]. It works by
incrementally building two Rapidly-exploring Random Trees
rooted at the start and the goal configurations. The trees
each explore space around them and also advance towards
each other through the use of a simple greedy heuristic. The
two trees expand each other until both connect at a certain
point and the path from the start configuration to the goal
configuration is returned.
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RRT-Connect. A new path is found with deviations because
now the robot has to consider the footholds as well. When
the first goal point is reached, it becomes the new start point
and a new goal point is selected. In this way, the whole path
is traversed. The problem with this approach is, as during
the first stage i.e. strategic part of the planning, the camera
doesnt provide info about the fine details of the terrain. As
a result, during the execution of the second stage i.e. tactical
planning, the robot may deviate a lot from the initial path
due to absence of candidate footholds. Returning to the initial
path may not be feasible at all in certain cases.

Fig. 3: Start configuration of the robot

Algorithm 1 Safe Planner
1: procedure M OTION P LANNING (Q S , Q G )
2:
StrategicPath := A*(qs , qg );
3:
qiters := qs ;
4:
while (qiter != qg ) do
5:
begin
6:
qiterg := Next Configuration Path(qiters , drrt );
7:
if TacticalPath := RRT-Connect(qiters , qiterg ) then
8:
begin
9:
while Traverse(TacticalPath) do
10:
begin
11:
if !SafeRadius() then
12:
begin
13:
StrategicPath := A*(qcurrent , qg );
14:
break;
15:
end
16:
end
17:
q iters := q g ;
18:
end
19:
else
20:
drrt := Increase Distance(drrt );
21:
q iter := qiterg ;
22:
end
23:
return Reached;

figure

Fig. 4: Starting traversing the staircase
figure

We propose a solution to this problem by introducing the
concept of safe radius, Rs, which is approximated to be equal
to 10 times the size of the body of the six legged robot.
If the distance between the robot and the path calculated in
strategic planning phase exceeds the safe radius, the strategic
planning phase is executed again. This is advantageous due
to two reasons. One reason is that as the robot now has a
different field of view and the goal configuration is relatively
closer. The second reason is that going back to initial path
will consume time. Rather than doing that, generating a new
path may prove more feasible.

Fig. 5: Traversing the staircase
figure
V. P ROPOSED A LGORITHM
The algorithm proposed in [3] describes a motion planning
technique which finds an initial rough path between the start
and the goal configuration using A*. This path is then further
divided into sub-paths. The first start point remains the same
and a goal point is selected on the path within a close vicinity
of the robot. The path between these points is found using

417

Fig. 7: A-Pod
figure
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Fig. 6: Concept of the proposed algorithm
figure
Fig. 6 shows the concept of the proposed algorithm. The
black line shows that path calculated during the strategic
stage of the planning and the red line shows the actual path
of the robot which is gradually calculated during the tactical
stage of the planning, in accordance with [3]. If our safe
radius modification is applied, the path calculated during
the tactical stage will change in this particular case. When
the robot reaches point A, the safe radius condition is not
satisfied anymore and the robot must compute the strategic
phase planner again. A new path will be generated using the
additional information the robot now has due to a different
field of view than the one the robot has when it was located
at the starting configuration. The tactical planner will be run
again to reach the goal configuration.
VI. C ONCLUSION AND F UTURE W ORK
The paper improves upon a human-like motion planning
approach by integrating another human behavior in it i.e. recomputation of a path if the situation arises. A human first
analyses the environment and the brain plans a roughly approximated path by observing the obstacles. The footsteps are
not planning it this stage as the eyes cannot see distant details
in high resolution. As the human starts to walk and follow
this path, the terrain is taken into consideration and new paths
are planned during walking. Detours are expected due to lack
of candidate footholds. A large detour from the original path
may be required which may result in recomputation of the
original path. This new path will make use of the additional
information the human has due to different field of view. Our
future work includes implementing and testing our approach
on a real world robot and analyzing the results obtained from
it. The robot that we will use is shown in Fig. 7.
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