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    ABSTRACT 

This paper presents the design and fabrication of a modular re-configurable robot for 

locomotion. The robot consists of two types of identical modules namely active modules and 

passive modules, which are modeled in PRO/E. Each module has a docking mechanism using 

permanent magnets. The robot can be manually re-configurable into several different 

bio-inspired configurations can be made by rearranging the connectivity of their identical 

modules. In this paper two configurations inspired from snake (limbless animal) and lizard 

(legged animal) are addressed and tested. Each active module has a single degree of freedom 

joint actuated through a servo motor. The modules are fabricated using Poly Lactic Acid (PLA) 

material through 3D printing technology. Each active module has its own independent 

electronic circuits and control unit. The two configurations are made and locomotion is 

produced by synchronized motion of the joints. The results of locomotion are presented. 

Keywords: Modular re-configurable robot, bio-inspired locomotion, 3D modeling, limbless and 

legged motion. 

1. INTRODUCTION 

Manually re-configurable modular robots 

are modular robots that have to be 

assembled by the operator. Re-configurable 

robots are the robots that built from several 

homogeneous or heterogeneous modules. 

Every module has actuators, sensors and 

memory. These types of robots involve the 

motion of components relative to one 

another. It will move with the help of joints 

and motors which are capable of doing this 

motion. The main features of this robot are 

that it allows several configurations and can 

perform different tasks which can be 

helpful in many industries and in other 

applications [1]. The modular robot 

comprises of various self-sufficient modules 

that are coupled by attractive interfaces 

(i.e. permanent Magnets). Every 3D printed 

module has contained the standard 

electronic segments, including a 

micro-controller and a servo actuator. [2] 

Re-configuration simply means to assemble 

a system in different ways without 

considering the means of re-configuration 

[3]. There are two types of robots namely 

self-re-configurable robots and manually 

re-configurable robots. Self-re-configurable 

robots are those which can change its shape 

by its own [4] and manually re-configurable 
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robot are those which can be changed by 

the operator [5] & [6]. Example of self and 

manually re-configurable robots is given in 

the Figure 1 and Figure 2, respectively. 

 

 

Figure 1: Metamorphosis by a 

self-Re-configurable robot, M-TRAN III [7] 

 

 

Figure 2: Three legged robot Manually 

Re-configurable robot [8] 

 

Docking allows a module to physically 

connect to two or more modules, resulting 

in the formation of a larger robotic 

configuration for performing a certain task. 

Some docking frameworks additionally 

encourage correspondence and power 

transmission between modules. 

Locomotion is directional movement that 
enables someone or something to move 
from one place to another.    

Locomotion is of different types:                

 Bipedalism locomotion is a form of 
locomotion where an organism moves 
by means of its two rear limbs or legs.  

 Quadrupedalism locomotion is a form 
of locomotion in animals using four 
limbs or legs. 

 Limbless locomotion is a form in which 
organism moving without legs,   
primarily using the body itself as a 
propulsive structure. 

 This locomotion can be achieved 
through different configurations of a 
re-configurable robot.  

2. DESIGN AND MODELING OF THE ROBOT 

The robot consists of six similar modules 
that can be connected together by the 
permanent magnets. By using the 
permanent magnets we configure the 
modules into the inchworm and three 
legged configuration. The configurations 
are made from the active and passive 
module. A single active module of the 
modular robot has one re-volute joint and 
has single Degree Of Freedom (DOF). The 
conceptual design of the active single 
module is given in Figure 3.  
 

    
Figure 3: Active Single Module 
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Mechanical design of the modules in the 
software describes the characteristics of 
the modules and it also describes the 
clear view about the modules. There are 
many software’s which are used for 
modeling the mechanical design and for 
the analysis of the design. Some popular 
software’s which are used for modeling 
the mechanical designs are Creo, 
Solidworks, Catia, Adams, etc. 

Creo is a computer graphics system for 
modeling various mechanical designs and 
for performing related design and 
manufacturing operations. It used for 
generating the 3D solid parts and their 
drawings. Creo software is used for 
modeling the mechanical design of the 
modules. Make the 3D model of active 
module on the creo. This active module 
has two parts. 

Every single active module consists of 
servomotor for actuation, micro-controller 
and battery for power and magnets for 
docking. IN active module it has single 
degree of freedom, 2 faces docking and 
used to perform the sine wave motion. The 
3D model of the single active module is 
given in Figure 4(a).  
 

    
Figure 4(a): 3D      Figure 4(b): 3D 
Model of a Single     Model of single  
Active module       Passive module 
 
Passive module has the triangular shape, 3 
faces docking, for the Purpose of Length 
extension and for the branched 
configuration. The 3D model of the passive 
module is given in Figure 4(b). 

The different views of single active module 
such as Front view, Side view and Top view 
are given in Figure 5. 
  

 
 
Figure 5:   Front, Side and Top Views 

The Drawing details are shown in Figure 6 

and Figure 7 respectively.         

 

Figure 6: Drawing of first part of active 
module on Creo 

        

 

Figure 7: Drawing of second part of 
passive module on Creo 
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The goal of work is to design, fabricate and 

control a robot that can perform tasks in 

different situations like inspection of pipes 

etc. It has multiple configurations using 

servo motors. In this paper there are two 

configurations one is series which will show 

inchworm motion and the second 

configuration is three legged in which one 

passive module is used and other modules 

are active modules. 

There are two different configurations one 

is cross /branched configuration and the 

other is series configuration. The pro-e 

model of the branched and serial 

configuration is given in figure 8 and figure 

9, respectively.  

 

Figure 8: Branched configuration 

 

Figure 9: Series configuration 

3. MECHANICAL HARDWARE & ASSEMBLY 

In this section, we will describe the base 

architecture, the material and components 

of the modular re-configurable robot to 

give a brief over view of the proposed 

system. Each module fabricated using the 

3D printer. The Poly Lactic Acid (PLA) 

material is used for fabricating the 

modules. PLA material is high strength 

combined with low shrinkage and low 

warping. High strength prevents the module 

to deform their shapes at high 

temperature. The fabricated parts of the 

active module using 3D printer are given in 

the Figure 10. 

 

Figure 10: 3D print of the active module 

Body frame is the structural component of 

the robot while the other components are 

placed in it. Its shape and size depends 

upon the shape and size of the robot. The 

selection of material for constructing the 

body frame of robot depends upon following 

factors like light weight and availability. 

 

Nuts and bolts are used for the attachment 

of servo motor and the remaining 

components of the active module. The fully 

assembled single active module is given in 

Figure 11. 

 

 
Figure 11: Assembly of the single active 
modules 
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Total length of a single active module is 3.2 

inches and the overall length of the robot in 

serial configuration is 19.2 inches. Six 

batteries are fixed in the overall inchworm 

robot and the three batteries are in the 

three legged star configuration and the 

inchworm configuration and three legged 

configurations are given in Figure 12 & 

Figure 13 respectively. 

 
Figure 12:  Inchworm configuration 

 
Figure 13: Three legged (Star)  

           configuration  

4. ELECTRONICS & INTERFACING 

In this section, we are discussing the 

electronics components and their 

interfacing in the robot. The main 

electronics components are servo motor, 

micro-controller and batteries. 

4.1  Servo Motor 

It is used for actuation of modules. It is tiny 

and light in weight with high output power. 

It can rotate approximately 180 degrees [9]. 

A robot is equipped with the actuators in 

order to create motion. Thus motor and 

drives are called actuators. In this robot 

SG90 servo is selected, due to its 

robustness, high torque output, and high 

controllability. The servo modules provide 

an interface between controller and 

motors. After 20 ms, servo checks for new 

signal that will determine its new position. 

The servo motor installed in the single 

active module is given in the Figure 14.   

 
Figure 14: Servo motor installed in 

module 

4.2 Micro-controller (Pic 18f252)  

In this robot pic 18f252 micro controller is 

used. It is 8-bit micro controller having 28 

pins. It is used for programming and 

generates the sine wave for servo motor. 

The controller will control the servo motor. 

 

4.3 HC-12 Wireless Serial Port Module  

The HC-12 module is attached to RX and TX 

pins on it. We will give command through 

laptop to all HC-12 modules mounted on the 

PCB then the controller receives the signal 

and gives the angles to the motor to rotate 

the module. 

4.4 Battery (LIPO) 

Batteries are used to provide the power for 
the servomotors and microcontroller 
respectivelyy that are located in the each 
module of robot. 

Lithium ion polymer (also known as 'lipo' or 
'lipoly') batteries are thin, light and 
powerful. The output ranges from 4.2V 
when completely charged to 3.7V. Lithium 
Ion Battery - 3.7v 2000mAh has a capacity 
of 2000mAh.
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                         Figure 15: Proteus Schematic Capture 
 
 

4.5  PERMANENT MAGNETS 

A permanent magnet is used for docking 

between two modules. We are using eight 

permanent magnets in one module. The 

magnets, which we are using, have a pulling 

weight of 1000 grams. Through which we 

can dock two modules easily.  The magnet 

shape is disc and their thickness is 5mm & 

diameter is 10mm. 

4.5 INTERFACING   

Electronics is the control managing the 

advancement and use of devices and 

frameworks. Electronics is a power full tool 

in any mechatronics project, which provides 

a platform at which robot, or a system is 

made intelligent and capable of performing 

operations based on analog and digital 

signals.  

 

The Proteus Design is made to develop the 
PCB circuits. First, we make the schematic 
circuit. Then simulate the code in the 
software and verify the code by the motor 
rotation. Then make the Printed circuit 
board layout in the software. Then view in 
the 3D visualizer to visualize in the 
software. The proteous circuit design and 
layout are given in Figure 15 & 16 
respectively. The made PCB with complete 
circuit is shown in Figure 17. 

 

   

Figure16: Proteus PCB 2D layout 
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Figure 17:  Final PCB 

In this robot, six servomotors are used for 
joint actuation attached on body frame. 
Each of them is separately connected to the 
battery using jumper wires, and battery is 
placed at the head of the module. The 
signal pin of each servomotor is connected 
to the single pin of respectively Pic 18f252 
for providing control signal (PWM) for 
servos. The battery also provides power to 
the Pic 18f252. The electronic circuits are 
placed in the body of each module on which 
controller is attached. Our each module is 
independent. The block diagram of single 
active module is given in Figure 18.   
 

 

Figure 18: Block Diagram for Single 
Module 

Working Principle 

Power is continuously provided to the servo 
motor and the position of servomotor is 
controlled by a PWM signal having a 
frequency of 50 Hz. We use PIC 18f252 
(micro controller) to generate PWM signals 
of 50 Hz for each of the servo motor as 
shown in figure 4.6.  Each micro controller 

is generating a PWM signal for respective 
motor and all of the six servomotors are 
separately connected to the each micro 
controller.  

The HC-12 module is attached with the 
micro controller which receives the signal of 
start and stop from the laptop. HC-12 is 
connected to each micro controller RX and 
TX pins. One HC-12 is connected with laptop 
which sends the signal of start and stop. 

5 EXPERIMENTAL RESULTS AND 
DISCUSSION 

With the help of the lipo batteries give the 

power i.e. voltage to servo motor, HC 12 

wireless module and the micro-controller 

and as a result the each servo motor 

actuates and moving the modules in  their 

respective direction. We test the robot on 

concrete floor and on the carpet. On the 

concrete floor for serial configuration we 

notice that it takes 100 sec for covering the 

distance of 2.2 cm. So its speed on the 

concrete surface is 2.2cm/s. The speed of 

the serial configuration of modular 

re-configurable robot on the carpet is 1.2 

cm/s. The speed of the robot is slower on 

carpet as compared to the concrete floor 

because the concrete floor has greater 

friction than on the carpet. For star 

configuration there is no specific front side 

that we consider and note their speed. 

The robot is moving properly with the speed 

as discus above. As we further increase the 

speed of the servo motor the robot starts 

slipping and covering no displacement. In 

this robot HC 12 modules are used to 

synchronize all the servo motors. With help 

of the HC 12 module we can increase or 

decrease the speed of all the servo motor 

wirelessly by giving the command through 

the computer. 
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5. Conclusion & Future Work 

In this article the modular Re-configurable 

robot is proposed. The Design of the active 

and passive modules and then Fabricate and 

assemble the modules and then Interface 

the electronics and at the end test the 

robot for two configurations. In this robot 

the locomotion is develop for 1 DOF and in 

future work the it will develop for 2 degree 

of freedom. And Many other configuration 

can be made by increasing the number of 

modules such as four legged robot. 
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