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Abstract. Snake-like robots have the ability of automatically performing various tasks that require man-equivalent 
capabilities by reaching areas difficult or impossible to reach for human beings. However, problems in path planning 
and design of such robots prevent them from being fully functional. In this paper, a path planning algorithm for snake-
like robots is presented. Snake-like robots are modeled with discreet serial links employing many degrees of freedom. 
They are able to follow smoothly curved paths consisting of many points by determining their configurations to reach 
the goal while avoiding obstacles in the workspace. Simulations have been accomplished to show the effectiveness of 
the algorithm. 
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1. Introduction 

Snake-like robots are typical examples of redun-
dant robots with many degrees of freedom. They are 
intended to be intelligent and biologically-inspired 
mobile robots. Snake-like robots can change their con-
figurations to achieve specific tasks using a number of 
links and joints on their long and thin bodies. They 
have become a widely used robot type and well-suited 
for a large number of applications [1]. 

Many issues on snake-like robots have been 
considered studying natural animals in the hope that 
structure and morphology of biological snakes may be 
applied to them [2]. Snake skeletons are made up of 
repeated small pieces whose motions are relatively 
limited with respect to each other. There are a few 
examples of snake-like robots having the ability of 
realistic snake-like motion simply because there are 
many problems on path planning and design of such 
serpentine robots [3]. 

Snake-like robots might be considered as a combi-
nation of mobile robots and highly redundant manipu-
lators. They are mobile robots since their whole bodies 
move from one place to another. They are usually 
designed with wheels although there are examples of 
locomotion without the attributes of wheels [4]. 
Wheels do not appear in nature, but the idea of long 
body with many contact points has evolved from 
snakes. Snake-like robots are also highly redundant 
manipulators, because highly redundant manipulator 

motion resembles snake motion with relatively large 
number of degrees of freedom [5].  

When a redundant robot has a large number of 
discrete links, it may be referred to as serpentine robot 
[6]. When a redundant robot bends continuously along 
its length, instead of having discrete joints and rigid 
links, it is known as continuum robot [7]. There has 
been lots of research on both types. 

In this paper, a solution to the path planning prob-
lem for snake-like robots is proposed. The snake-like 
robot is presented with a highly redundant manipu-
lator with discreet serial links. A smoothly curved path 
is determined from the snake-like robot’s links to the 
goal using numerical potential fields. The snake-like 
robot performs a kind of serpentine motion on this 
path. The robot’s head moves on the path while the 
rest of its body follows the head’s trace by determi-
ning their configurations to reach the goal.  

2. Finding global paths to the goal 
A potential, )(rΦ , is defined by the Laplace 

equation 

02 =Φ∇  (1)  
in a closed region, Ω , of continuous, equal con-
nectivity. )(rΦ  does not have local minima. The La-
place equation in two dimensions can be represented 
on equally spaced and connected grid under Dirichlet 
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boundary conditions by the following partial differ-
rence equation, 

4/)( )1,()1,(),1(),1(),( −+++−++ ΦΦΦΦ=Φ jijijijiji , (2) 

where i = position on the grid in the x direction, j = 
position on the grid in the y direction. The direction of 
the largest descent α is determined by means of the 
field values of surrounding grid points as follows; 
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Then using α , the x and y components of the 
straight line between two successive points are 
calculated; this line starting from the current point and 
ending at the next point is drawn in the direction of 
the largest descent.  

3. Following the path points 

Following the path means keeping the ends of the 
links on the path. Figure 1 shows a robot link and a 
small portion of the path. To follow the path, the end 
of the link, point B, is made to approach to the path 
points by calculating the shortest distance BC 
numerically. 

Before the link moves, starting from the second 
point of the path, the distance from point B to this 
point is calculated and compared with the distance 
from point B to the first point. If the distance for the 
second point is shorter than the one for the first point, 
the procedure continues. The distance from point B to 
the third point is calculated and compared with the 
second one. If it is shorter than the second one, the 
next point is taken into account and the procedure 
continues. Otherwise, the procedure stops and the se-
cond point is taken as the shortest distance BC. 
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Figure 1. Finding shortest distance, angle and direction of rotation

Using the coordinates of point C and the shortest 
distance BC that have just been determined, distance 
AC can be calculated. Since all of the sides of triangle 
ABC are known, angle α  is determined by means of 
cosines theorem. If α is more than a fixed value E, the 
link is rotated by E. If it is less than E, the link is 
rotated byα  itself. In other words, the link is rotated 
as much as required, preventing shaking. One final 
note is that the above procedure is carried out for each 
link and its path at each increment.  

3.1. Propagation procedure through links 

The relationship between robot links is attained by 
way of a propagation procedure carried out through 
links. Suppose that the end-effector, i.e. snake’s head, 
is taken as link i. It is moved repeatedly until its tip 
reaches the path. When the link reaches the path, the 
link is said to be settled. Then, link (i-1) is moved and 
link i is settled again. As soon as (i-1) is settled, link 
(i-2) is moved and both link (i-1) and link i are re-

settled. This procedure continues until the base link 
which is the furthest link in the opposite side of the 
snake’s head is reached. Therefore, the robot achieves 
first part of the snake-like motion. 
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 Figure 2.   Two subsequent configurations of a two link 
snake-like robot 
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3.2. Moving the base of the snake-like robot 

The snake-like robot starts to move and gradually 
takes the shape of the path (Figure 2). When the 
snake-like robot completely stretches, i.e. mapped on 
the path, the algorithm starts to move the robot’s base 
from its current position to the next position on the 
path. Whenever the robot’s base is moved to the next 
point on the path, all the links of the snake-like robot 
are adjusted in the way that the tip of each link is kept 
on the path points until the robot reaches the goal. 

3.3. Computer Simulations 

There are two examples of snake-like robots given 
in this section. A snake-like robot with 9 links in a W-
space cluttered with many arbitrarily shaped obstacles 
is shown in Figure 3a.  

Simulations are performed on a P4, 2.4 Mhz Lap-
top with 512 MB RAM. Figures 3a-d show the snap-
shots of the snake-like robot reaching the goal without 
colliding with obstacles. 

        
a b 

        
c d 

Figure 3. Snapshots of the snake-like robot for the first example 

     
a b                                

Figure 4. Snapshots of the snake-like robot for the second example 

The total time for the motion is about 2 seconds.  
In the second example, the workspace contains 8 
snake-like robots with various numbers of links. Fi-
gures 4a-b show the snapshots of the snake-like robots 
reaching the goal point successfully without colliding 
with obstacles. As it can be seen from these examples, 

the algorithm presented here can employ many de-
grees of freedom. 
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4. Conclusions 

In this paper, the path-planning problem for snake-
like robots has been considered. The algorithm presen-
ted here guides snake-like robots to the goal through 
obstacles. These robots are modeled with highly re-
dundant manipulators with discreet serial links. Using 
numerical potential fields, a smoothly curved path is 
determined from the snake-like robot’s links to the 
goal. The snake-like robot performs a kind of serpent-
tine motion on this path consisting of a number of 
points. As seen from the examples given, snake-like 
robots with many degrees of freedom follow the path 
to reach the goal. The algorithm is robust and imple-
mented in real-time. 
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