
148

��������	�
�����	
�
�������
��
����������
�����������
��������� 
!���!�"

����������	
��
�
���������
����	

��������	�
�����	
�
�������
��
����������
�����������
��������� 
!���!�"

#$%
�
#$&
��'(��

����������	
��
�
���������
����	

����
)�*�����	+
�
,���
-��.��
�
/����
��0�1
�
�2���2
-���	��

#�������3
��
4��.����� 
5�����3
��
����������
����������� 
��������

����
�����
������	�
	��
����������	
��
�
����	
	��	
������
	��
�������	
��
�
����
������
�
���	�	���

����	
����������
���
�����
���
����	���	���
��� ��
��	��	���
��	����
	��
�����
������
	��
����	!�
������

�����	�����
����	���
��	����
	��
�����
���
	��
������
������	��
	��
�����
	��	
�������
	��
����	�
�
���	���

��������
	��	
��	�������
��	��	��
������
��
����
	�
�������
�
���������
����
��	����
���
�������������

������
��
	������		��
����
�
�����
�����
"���������	�
��
�������
������	�
���
	��#��	���
��
	��
����	
����

���������
��	�
��������	
���	���
������	����
$����
������	���
��
	��
����	!�
�������	
���
������	���

6
����
�������
��
����������
�����������(
7��
�����
������2(

���������
����������
����	��
���	����
������	���
���������
����	���
������

/�8��
�������29
!�("(���'

/�8��
����8��29


�'(:(���'

*Corr. Author’s Address: #�������3
��
4��.����� 
5�����3
��
����������
����������� 
7�	��1���
: 
�,�!���
4��.����� 

�������� 
 ����(.�*����	;�(������(�

0 INTRODUCTION

In relation to the development of modern
endoscopes, there is increasing interest in snake-like
robots achieving motion in a desired direction by
undulation of the body as shown in Fig. 1. Such robots
make feasible new solutions to complex problems,
such as the non-destructive testing of mechanical parts
in technical devices, flexible machining of
geometrically complicated cavities and various
surgical operations in medicine [1].
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1 CONSTRUCTION OF THE SNAKE-LIKE
ROBOT

The aforementioned propulsion principle is
applicable to achieve robotic movement in two or
three dimensions. In our research we have considered
just two-dimensional cases on a flat plane. Hence the
joints axes between the links are parallel to each other
and normal to the plane. The robot was composed of
six links connected by hinges (Fig. 3). Between the
links there are five torque actuators.

For our research it is not necessary for the
robot to withstand high mechanical loads and the path
following tolerance is not very strict. Therefore, the
robot needs not to be built of highly accurate and rigid
parts with tight tolerances. Consequently, we have
assembled the robot from simple flexible plastic

elements [5]. These elements also enabled the simple
changing and improvement of the structure. The final
version of the robot is presented in Figures 4 and 5.

As torque actuators we used DC electric servo
motors, of the type usually used in remote control
model aircraft. These motors are convenient for
developing robot prototypes because they have a built-
in feedback loop that simplifies control of their
position angles. Furthermore, these motors are
designed to work with radio control and receiving
units permitting remote control. The servo motors are
positioned on the turning axis of the joints between
adjacent links. The motors do not need any additional
gears, since they generate enough torque for the
change of the angles between links. The motors
receive control signals from the radio receiver unit
placed on the head of the robot.

To assure anisotropic friction, we need suitable
contact of the robot with the ground. Different
materials have already been tested for this purpose
by other researchers [2]. Passive wheels have been
found to be the most appropriate, since they have a
very high coefficient of friction in the transverse
direction and almost no friction in the direction of
rolling. Consequently, we have also utilized passive
wheels. Initially, we used plastic wheels, but these
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�������	 Fig. 2. Scheme of a snake-like robot structure
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lacked sufficient transverse friction for good
propulsion. To increase friction, we replaced the
plastic wheels with rubber wheels.

As a power supply for the radio receiver and
servo motors we utilized rechargeable electrical
accumulators. It is important to achieve uniform and
sufficient friction along the robot. For this reason a pair
of accumulators is placed on each link as extra weight.

2 CONTROL OF THE SNAKE-LIKE ROBOT

The propulsion of the robot results from
friction of the wheels due to undulation of the body
on the surface. This undulation is achieved by
controlling the angles between links by servo motors
[4]. A control variable φ

s
(t) determines the values of

the angles between the links. To control the movement
of the robot along a prescribed planar path this control
variable was determined by a sum of two control
signals. The first component causes undulation of the
robot body, while the second one causes an average
bending that corresponds to the curvature of the
prescribed path. The corresponding control variable
φ

s
(t) is described by the following function:
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( ) ( )( )sin 2 1s trt R t s Rφ πν ϕ= ⋅ ⋅ − − +

( ) ( )( )2 sin 2 1s trt R t s Rφ ξ πν ϕ= ⋅ ⋅ − − +
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3 EXPERIMENTAL RESULTS

Measurements of average velocity and head
trajectory were made on the robot creeping on various
surfaces.

5��(
'(
/���
�������
��
���	���
���	��

%��
&������	
��
'����$�
$������

/��8�����
��
���
�����2
������
2������3
������

���
<���<���
��
���
��.��(
C��3
���
2����.�2
.3
���

�����������
��
 ��������
	
��2
 ���
 �������
�
�
(
C��

������
���
�����������
��
��������
.��>���
���
������

��2
 ���
8����
>���� 
 ���
<���
���������
 �
 ���

����8���
��
 ���
 ��.��(
C��
.��
���2�����
���
<��

>���
�����
�
��
��8
��
���
>����
��
���
��������

2��������(

To analyze the influence of surface on the
effectiveness of creeping we conducted a set of
experiments on surfaces of linoleum (R

a
 �  0.5 µm),

spongy plastic (R
a
 �  10 µm) and smooth plastic (R

a
�  0.1 µm). We found that propulsion of the robot is
most effective on the spongy plastic material, which
has the highest roughness R

a
. The results on linoleum

were also satisfactory, while creeping on smooth
plastic was rather ineffective.
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4 CONCLUSIONS

We have developed a snake-like robot capable
of creeping along a prescribed planar path on various

surfaces. The robot is controlled by a personal
computer, where a user enters control parameters by
keyboard or joystick. Application of a joystick offers
convenient and continuous manual control of the
robot’s movement.

In our experiments, velocity and head
trajectory of the robot were measured. We tested seven
different sets of control parameters and roughly
estimated the influence of the control parameters on
the movement. The highest achieved velocity of the
robot was approximately 0.26 m/s. A surface with a
high coefficient of friction has proven to be the most
suitable for effective propulsion.

At this stage we have only used open-loop
control. The next research step is to upgrade the open-
loop into a closed-loop control, where the controller
constantly receives feedback information from the
robot. The feedback information can contain position
coordinates, indication of obstacles, etc. By applying
the closed-loop control of the robot, increased tracking
accuracy and reliability of the robot can be expected.

Fig. 8. Shape of a snake-like robot at phase delay
ϕ = 1 rad
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Some work has already been done on a development
of a control system with a feedback loop that includes
an infrared optical tracking sensor, where we achieved
some promising preliminary results. Our long term
goals are to fully implement closed-loop control and
to utilize an artificial neural network for autonomous
optimization of the robot movement.
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