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Abstract— Navigation of long chain interconnected modular 

mobile robot is very difficult task where all the modules have 

individual pose variant. This paper enlighten how this problem to 

be solved. The basic shape of the robot is mimicked from slow 

moving biological millipede having large number of legs. 

Kinematic configuration of each module is analyzed to solve the 

path planning problem. The analysis is based on the basic 

kinematic framework of the robot that follows the ACM during 

movement. We have shown that each segment is following the 

path curve following the backbone curve. This methodology is 

suitable to solve the path planning problem of any 

hyper-redundant robot. It is shown that in each instant the module 

pose variants are calculating and the related required data’s are 

handed over to the follower modules to find out the decisive 

variable in respect of its pose. The algorithm developed in this 

methodology is based on geometric intervention of various curves 

and figures. The algorithm is successfully validated through 

computer simulation accounting target generation initiating from 

start till to reach to the goal.  

 

Index Terms— Modular Robot, Joint Position, Path 

Planning, ACM, Cardinal Spline, Potential Field. 

I. INTRODUCTION 

An Autonomous intelligent robotic vehicle navigates 

through its predefined known workspace to perform varieties 

of tasks without intervention of operator require a well 

accepted, fast, optimal and on line navigation algorithm that 

can perform efficiently and effectively[1]. The robot plan its 

action as per the feedback obtained from the environment 

depending on practical constraint. The planning is function or 

task specific and track or path specific. The task is predefined 

or autonomous but the path is environment dependent and 

target oriented. Planning of task is easy but path planning 

necessitates collision free space towards the target that has 

acceptable cost in terms of time, energy and distance. A 

mobile autonomous robot, targeted from one station to 

another plans a feasible path avoiding obstacles in its way 

satisfying autonomy criterion. Path planning is the basic 

requirement of a mobile autonomous vehicle [2,3,4,5]. This is 

a pretty simple problem but difficult to achieve. The 

algorithmic complexity may increase with the number of 

considerable constraints such as planning, avoidance, 

kinematics, dynamics and uncertainty. The configuration 

space, Cspace, [5,6,7,8] of a robot moving on a plane has the 

same dimension as the work space but for a complex robot, 

the dimension of the configuration space is higher. If the 

space is free from obstacles it is Cfree and occupied by 

obstacles it is Cobs or forbidden space. At the boundary of the 

obstacles both are present and the movement of the robot 

along (as close as possible) the boundary termed as ‘wall 

following’. This implies that the work space of the mobile 

robot is throughout Cfree and extended till Cobs. The 

autonomous and intelligent mobile robot is an intelligent 

mobile machine [1,6,7] which is capable to function in a 

structured or unstructured, lightly or densely cluttered 

environment. A fully equipped self autonomy robotic system 

requires intelligent components for interaction with the 

environment and parallel computing platform to compute the 

functional algorithm quickly.  The autonomous and intelligent 

robot decides intelligently to find out a feasible collision free 

path during movement in the workspace. The path planning 

algorithms [5,6,7] guide the robot along the generated 

trajectory in the Cfree zone satisfying implied vehicle 

constraints from initial pose to the final pose. To maintain the 

poses a non-holonomic vehicle may require long path but 

holonomic vehicle, for its intrinsic kinematic constrains, can 

behave instantly. So the spot rotation for non-holonomic 

vehicle is almost imaginary. The fast and feasible on-line path 

planning algorithm is still under exploration and limited to 

point robot but if the robot has any arbitrary shapes and 

obstacles has complicated texture then the planning algorithm 

become complicated. In this work a physical geometric 

modular multisectional robot has considered in 2D workspace. 

This means that the robot is a long chain of similar building 

blocks with ability to carry various payloads in different 

module. A collision free path planning strategy is essentially 

require to realize the autonomous motion of a mobile robot 

through work space populated with obstacles. Various 

techniques such as visibility graph, Voronoi diagram, cell 

decomposition, behavior based model, genetic algorithm 

[6,7,9] etc are very much fruitful to search for the free space in 

the environment. All the methods are ‘off-line’ and check 

whether the goal is reachable or not prior to start moving. Path 

planning for a single section robotic body and multi-section 

robotic body is completely different. As the system is a chain 

of segments the speed of each segment is same but the 

velocities are different. The path of the first segment is 

followed by other segments and thus the first segment is 

assigned as master and other segments are assigned as 

follower. The modular robot should have the ability to 

perform as per the requirement and can take decisions 

independently to avoid collision with any unwanted 

perturbation which has appeared in its path. In each step of 

online planning, the robot considers the environment as static 

and forgets all the conditions at the next moment. It starts 

again to examine the surroundings as well as the goal to react 

in the next moment and considers the environment again to 

cope up from any undesirable situation.  
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II. THE BASIC METHODOLOGY 

The basics of path planning and navigation till not revealed 

out completely. The centre of gravity (CG) of any single 

segmented mobile robot follows the trajectory but the 

individual segmental CG of a chain of multisegment mobile 

robot cannot be able to follow that, where as they follow 

certain other techniques and those are discussed in the 

following. Some works are cited based on the Active Chord 

Mechanism where the kinematics of snake type robots are 

analyzed and explained. The ACM is based on certain 

mathematical formulation and the same ACM is responsible 

for the movement of the robot. But in our analysis we have 

shown that the ACM is not responsible for robot navigation 

rather the navigational algorithm develops the ACM and 

propelling action comes from the planning algorithm.  

A. Robot Follows Straight Line  

The computer generates path points in the workspace from 

the path planning algorithm. In broad sense these path points 

are continuous in nature. All the generated path points are 

minutely discrete in nature. The path planning algorithms 

generate discrete path points which follows certain planning 

rules following the planning algorithm as shown in Fig-1. 

To reach to the target pose starting from the initial pose the 

autonomous robotic vehicle follows these discretely 

generated points. There is sudden change in position of the 

robot from kth pose to k+1th pose. These sudden changes 

creates stair casing effect on the robotic path which can only 

be connected by straight lines. In path planning problem the 

robot has to predict the next incremental position in terms of 

Cartesian coordinates that means there is no information 

present between two successive positions for e.g. k
th

 and k+1
th

 

positions. The robot virtually jumps from k
th

 position to k+1
th

 

position. The robot targeted the valid predicted position 

following LOS (Line of Sight), which results a straight line.  

Therefore it is to be concluded that all mobile robot minutely 

follows straight line path.  

B. Closeness of Path Points  

Consider a step distance dsk connecting two consecutive 

path points k
th

 and k+1
th

 generated by the planning algorithm. 

The heading angle at k
th

 position is k. This implies that at this 

stage the robot should change its orientation at k
th

 position 

within very short period, Fig-2. The time required for change 

in orientation is additive and the change in rotation occurs on 

the spot. During change of orientation the robot experiences a 

jerky motion. The amplitude of jerk depends on the 

magnitude of change of orientation angle. The jerk may be 

reduced by reducing the magnitude of ‘’ and the possibility 

is inherited in the step size‘s’ which implies that smoothening 

the movement reduces the stair casing effect.  

 This may be possible only by selecting smaller value of ‘s’  

that results small ‘’. Therefore to reduce the relative heading 

angle, step size required to be minimized. Minimization of 

step size produces dense path points and relatively low 

heading angle (see Fig-3) that minimizes jerks due to 

translation as well as rotation. The basic problem of the above 

is that the computational algorithm need to handle huge 

amount of data related to path, obstacles and configuration 

space. It is to be mentioned that all the mobile robots rotate on 

spot before targeting to the next position. 

 

C. The Modular Robot  

The robotic systems those are composed of different similar 

or dissimilar modules which can be disconnected and 

reconnected as per the requirement in different arrangements 

to form another robotic system enabling new functionalities 

are termed as modular robot. The modular system has a large 

number of interchangeable modules which demonstrate the 

locomotion versatility over a variety of terrain and 

manipulation versatility with a variety of objects. This robot 

shows the promise of cost effectiveness, versatility and 

 
Fig 2. Heading Angle an Enlarged View. 

 

 
 

Fig 1. The Path Curve and the Path Lines Traced By the 

Robot 

 
Fig 3. Reduction of Step Size Resulting Reduction of 

Heading Angle 
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robustness which are elements for a successful research result. 

The robots have a large numbers of degrees of freedom 

(DOF). The robot may change its posal shape to suit in 

different curved path. This robot may have the shape of a 

snake or slithering robot which can travel through small zone 

like holes and pipes for specific function. The influence area 

of one module is typically local, if one module is not working 

properly, since it can only affect locally, the errors it 

introduces may be compensated by the modules around it. 

Basically there are redundant modules that can compensate 

the failing modules. Redundancy increases with the increase 

of number of modules. 

D. Segmental Pose  

The frontal module is the master for all other successor 

modules. Kinematics of all the successor modules depends on 

the kinematic configuration of its predecessor module. All the 

module are decoupled but the junctions are the drivers of all 

the modules, these junction points conform the Back Bone 

Curve of the modular robot. All the junctions, the head and 

tail of the robot pass through the back bone curve as well as 

the path curve. The rear side of the i
th

 module is directly 

connected with the front of (i+1)
th

 module (Fig-4). In this 

manner the robot gets its basic kinematic shape. This implies 

that the segmental pose of the i
th

 module carries only the 

positional information of the tail of (i-1)
th

 module and front of 

the (i+1)
th

 module. It means that the pose information of any 

intermediate module depends on the joint information of the  

two attached modules.  

 This pose information is generated through the path planning 

algorithm for all the modules. This modular robot has many 

segments and all the segments must pass through the curve 

constructed by path data points. For off line planning, where 

the environment is known prior to the robot, construction of 

curve is easy but in unknown environment generation of 

curved path from start to GOAL point is not possible. In this 

unknown environment the robot is awaiting for the 

information of existence of the next predicted point to 

traverse. A series of path points generated during the course 

of action and presently the C.G. of the robot is passing 

through the generated path (Fig-5). The tracking method is 

also interesting. Each of the generated predicted points, which 

are existing, is targeted as soon as the robot reaches its current 

location.  For a single segmented wheeled or legged robot the 

CG guiding technique of path following is considered. But in 

case of a multi segment robot CG guided path tracking fails 

instead back bone guiding methodologies are adopted which 

follows the Active Chord Mechanism (ACM). In which the 

main consideration of segmental pose is the frontal and rear 

joints should pass through the path curve. For this doctrine at 

any instant the joints must lie on the back bone as well as the 

path curve and the pose of any segment depends only on the 

stepwise path points. This is very important because the 

points present in this connection must be spread throughout 

the whole body length of the modular robot. The kinematic 

configuration of any modular robot at any instant depends on 

the back bone curve generated by path points. 

 

III. FINDING JOINT POSITIONS 

To find the positional information of each segmental joint 

as well as the tail and head we have presume a very lucid and 

easy method. Consider the equal segmental length throughout 

the body be ‘ds’ ; the step size between (n-k)
th

 and (n-k-1)
th

 

path points be sn-k  and the kinematic configuration of the 

robot at that instant is shown Fig-6. It is to be noted that the 

relation between segmental length and the maximum step size 

become ds>(Sn-k)max. In any instantaneous   step the head 

follows each of the step position. But where will be the 

position of other joints and the tail? To find these locations we 

considered intersection points of circle of radius ‘ds’ and the  

line connected by two closest points of the boundary of the 

circle (Fig-7). The intersection between the set of path points 

and the circle is considered as internal points of the circle and 

all other path points are external points. Out of all the internal 

points maximum two are closest to the periphery of the circle 

and out of all the external points maximum two are closest to 

the outside  of the circle. There are two sets of points so 

formed are either side of the circle and each sets of points are 

closely spaced.  

 
Fig 5. Instantaneous Pose of a Mobile Robot Passes through 

Path Points 

 
Fig 4. Kinematic Configuration of Modular Robot Consists 

Of M Numbers of Modules 



                                                                                

 

 

   

   ISSN: 2277-3754 
    ISO 9001:2008 Certified 

  International Journal of Engineering and Innovative Technology (IJEIT) 

             Volume 2, Issue 6, December 2012 

 

 

30 

 Out of these two sets of points one set is already considered 

for calculation of positional information of the previous joints 

so only one set of boundary points are left for finding the 

intersection points which will lead the joint location. Let the 

i
th

 circle is centered in joint Ji and the valid boundary path 

points found out as per the Boolean algebra be the two 

consecutive points of the generated path, and  they are (n-m)
th

 

and (n-m-1)
th

.  

 This pair of the path points generates the valid solution for 

the position of the Ji+1 joint as shown in Fig-8. The line joining 

this pair of points intersects the circle provides two solutions 

but only one solution is closest to the periphery of the circle 

between (n-m)
th

 and (n-m-1)
th

 points and that is the valid 

solution. 

 

The exact solution of intersection points of circle and the line 

connecting the above mentioned two points cannot be found 

but an approximate solution can be interpreted by the 

following error minimization method. Where ( , )pq pqx y  

divides lines segment joining ( , )n m n mx y   and 

1 1( , )n m n mx y    in ratio :p q and lies between them, pqd  is 

the distance of the point from the centre of the circle and pq  

is the error in measurement. We choose that point for which 

this error is minimum.  

1

1

n m n m
pq

n m n m
pq

p x q x
x

p q

p y q y
y

p q

  

  

   
  


   

 

                  (1) 

2 2( ) ( )pq j pq j pqd x x y y                 (2) 

pq pqd ds                      (3)  

IV. PATH PLANNING ALGORITHMS 

The above methods are implemented in path planning of 

modular robot using an off-line technique where the robot 

passes through many via positions (intermediate stations) and 

have the ability to avoid obstacles without failure maintaining 

curvature continuity at each point. The same methodology is 

also implemented in path planning of the same modular robot 

through classical artificial potential field (PF). The PF is a fast 

and efficient on-line path planning technique and simulation 

results are projected as and when required. From above 

discussion we have noted that to get a smooth and stabilized 

movement of a robot the path planning algorithm be fast and 

real time. There are many on line path planning methods 

present in the literature those are on soft computation and 

classical technique. Classical techniques are faster but the 

generated are near optimal. Out of the entire path planning 

techniques the Potential Field Method (PFM) is one of the 

best path planning algorithm, which produce fast, agile and 

near optimal paths. Its major drawback is that it may be stuck 

up in local minima but this problem is limited to densely 

clutter static obstacle environment but in a dynamic 

environment the instantaneous entrapment disappear within 

few moments due to displacement of other mobile agents.  

The trap situation occurs when the resultant repulsive force 

vector cancelling out the attractive force vector and nullify the 

net driving force vector. For e.g. the resultant repulsive force 

vector rP ep


  is generated due to the presence of obstacle 

forces 1P


, 2P


 and 3P


 due to their respective obstacles, Fig-9. 

While the attractive force vector and the vector sum of 

repulsive force vector become collinear then the driving force 

vector become null and the trap situation appears. This 

situation may over rule if the obstacles are mobile agent but it 

prevails if the obstacles are static. From the trap created by the 

static obstacle the robot fails to come out such as entrapment 

within the boundary of walls. But if the obstacles are scattered 

 
Fig 6. Instantaneous Segmental Pose of a Modular Robot 

and the Generated Path Points 

 
Fig 8. Enlarged View of Instantaneous Segment Circles and 

the Path Points 

 
Fig 7. Instantaneous Segment Circles and the Path Points 
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and there are enough room to pass the robot with its greatest 

segmental pose this trap situation may be avoided. 

 
The nearest obstacles are considered as real and the others are 

treated as virtual obstacle and an extra weight factor is added 

to nearer obstacles. This forcibly found the predicted position 

and the existence of the predicted position is quantified by 

checking feasibility using the PFM.  

The robot moves a step distance‘s’ along the relative 

heading angle ‘’ as per the navigational information 

obtained from path planning algorithm. The time requirement 

for travelling in each step depends on mainly two 

characteristics; robot’s navigational characteristics such as 

velocity, acceleration etc and the computational time 

requirement of the path planning algorithm.  The 

computational time requirement depends on the gaits, 

kinematics, dynamics and path planning algorithm. In which 

path planning algorithm plays the key role. Faster the 

algorithm quicker is the computation time. In this respect the 

PFM is well known as faster on line path planning algorithm.  

A.The Spline Method 

The Spline used in computer graphics or CAD is piecewise 

polynomial that satisfy certain continuity criteria across 

various curve section. The graphical representation in CAD 

are based on different curve fitting algorithms and the piece 

wise curve so constructed has certain order or degree of 

polynomial [10, 11,12,13]. A wide class of one-dimensional 

spline functions are used for data interpolation and/or 

smoothing Fig-10. 2D curves are broadly categorized as 

explicit, y=f(x), and implicit, 2 n
0 1 2 np=a +a u+a u +....+a u (n

th
 

order parametric curve).  

The Cardinal Spline  

For local interpolation splines are used from long back but 

the classic use of path planning is merely a difficult task. 

Cardinal Spline [14] is a generalized form of Catmull-Rom 

spline and general third order parametric spline 

[10,11,12,13,15] can be represented in matrix form as 

follows. 

3 2( ) 1 .

a

b
P u u u u

c

d

 
 
      
 
 

                      (4) 

Where u  is bounded as; 0 ≤ u ≤ 1. 

The coefficients a, b, c  and d  are different in each section 

of the Cardinal Spline and need to be determined, considering 

the boundary conditions P(0) and P(1), and considering 

tangent continuity at the extreme points. Each segment of 

Cardinal Spline uses four consecutive control points to set the 

boundary condition.  The gradient at Pk is the gradient of the 

line connected Pk-1 and Pk+1. Similarly the gradient at Pk+1 is 

the gradient of the line passing through the control points Pk 

and Pk+2, as shown in Fig-11. Thus the result of the curve 

segment so formed by the four control points is connecting the 

intermediate two points, whereas at the starting and ending, 

control points give the continuity at the intermediate points. 

 
Thus equation (1) can be expressed as 

1

3 2

1

2

( ) 1 . .

k

k

c

k

k

P

P
P u u u u M

P

P







 
 
      
 
   

(5) 

Where, Mc is the cardinal matrix and obtained as and s is 

defined as 

2 2

2 3 3 2

0 0

0 1 0 0

c

s s s s

s s s s
M

s s

   
 

  
 
 
 
   

(6) 

    

 
Fig 9. Vector Composition of Potential Forces 

 
Fig 10. Curve Segments and the Control Points 

 
Fig 11. Control Points and the Gradients  
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1
(1 )

2
s t 

 
(7) 

The value of t i.e. the tension parameter conform the 

looseness or tightness of the curve passing through the control 

points.  

Formation of the path curve 

Minimum four control points are necessary to generate a 

smooth continuity curve that only passes through the 

intermediate two control points. But initial and final positions 

are the two extreme points of the curve through which the 

curve must pass. To solve this problem initial and final 

control points are repeated only. Thus number of control 

points increases by 2 and the total becomes (m+2). This does 

not affect the basic relation of the Cardinal Spline generation 

but solve the problem of path planning. The robot behavior 

adapts, by selecting the appropriate perception, trajectory 

generation and execution of control functionalities. Basically, 

two kinds of navigation modes are used for solving most of 

the navigational problems, such as reflex mode and planned 

mode [4]. In reflex mode the environment is easy, i.e., 

essentially flat and lightly cluttered and the robot can 

efficiently move just on the basis of information provided for 

navigation.  Whereas, in the planned mode the environment is 

complex and the robot may be trapped in dead-ends for 

instance: in such cases, trajectory planners need a model of 

the environment and the path planning leads to off-line 

planning only. 

B.  Potential function 

The fastest and cheapest online path planning algorithms 

used in the last decades may be the Potential Field Function. 

This method is particularly attractive because of its elegant 

mathematical analysis, simple to understand, simple to 

implement and computationally fast [6,7,16,17,18,19].The 

potential function methods direct a robot as if it were a 

particle moving in a gradient vector field. Gradients can be 

intuitively viewed as forces acting on a positively charged 

particle which is attracted to the negatively charged goal. 

Obstacles also have a positive charge which forms a zone of 

repulsive force vector directing the robot away from obstacles. 

The combination of repulsive and attractive forces hopefully 

directs the robot from the start location to the goal location 

while avoiding obstacles. The robot follows a path "downhill" 

by following the negated gradient of the potential function. 

Following such a path is called gradient descent, i.e., 

( )
( )

dc t
Uc t

dt
 

 
(6) 

The robot at the point where U(q)=0, such a point q is 

called critical point. The critical point may be maximum, 

minimum or saddle; it can be determined by second derivative 

matrix (Hessian matrix) of real-valued function. 

When the Hessian is nonsingular at q′, the critical point at q′ 

is non-degenerate, implying that the critical point is isolated 

(saddle). When the Hessian is positive-definite, the critical 

point is a local minimum; when the Hessian is 

negative-definite, then the critical point is a local maximum. 

Generally, we consider potential functions whose Hessians 

are nonsingular, i.e., those which only have isolated critical 

points. This also means that the potential function is never 

flat. 

Knowing the potential function (on which the performance 

of the approach will depend), the force can be determined as 

follows: 

F(q) ( )U q


  
(8) 

Where q indicates the position of a robot, U(q) is the 

artificial potential value at the position q, F(q) indicates the 

force experienced by the robot at the position q, and  

1

( ) :

n

U

q

U q

U

q



 
 
 

  
 
 
    

(9) 

The combined force experienced by the robot at a position 

X is calculated by considering the attractive and repulsive 

forces as given below. 

res att repF (q)=F (q)+F (q)  (10) 

The robot moves in the direction of resultant force with a 

speed proportional to the magnitude of the resultant force 

noting that the maximum velocity is predefined by the 

actuation system and the computational interval. 

V. SIMULATION 

Many animals have highly redundant bodies and 

appendages and the robotic community was motivated by this 

animal morphology. Horn [20] developed the static, 

kinematics and dynamics of an ell like locomotion system. 

Hirose [21] investigated the importance of the shape of the 

articulated body of the snake. Various kinematic 

configuration of the modular robot has been chosen and 

analyzed to cope up the critical problems of path planning 

algorithm for modular robot. The structure of the robot has the 

specialty to pass through the restricted hole or path, as shown 

in the figure, such as manhole, active endoscope, predefined 

2 2

2

1 1

2 2

2

1

n

n n

U U

q q q

U U

q q q
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survey area and so many to perform specific tasks. This aimed 

at the dexterity of the modular robot to work at the complex 

and cluttered environment. 

A. Off-line path except obstacle 

The Cardinal spline algorithm is implemented to a Modular 

Robot which has the ability to pass through via points, 

considered as control points, as well as has the capability to 

avoid obstacle. Presently robotic research aims at building of 

autonomous mobile robots, which can plan its collision free, 

time optimal path through the structured environment in the 

presence of static obstacles. This spline method is used to get 

collision-free path of a modular robot working in lightly 

cluttered 2D workspace. A simulation result is shown in 

figure-5. The robot is considered as a point robot. It starts 

from the initial position and tracked all the intermediate via 

points (as shown in the figure above) and finally reached the 

target location. It follows a zigzag but smooth path which 

resembles that it can survey a certain space passing through 

some intermediate target and can reach at the goal safely and 

silently. 

 

B. Off-line path with obstacle 

Subsequently a question may arise in the robotic 

researcher’s mind, whether this spline algorithm possess any 

obstacle avoidance ability? I have tried to find out the answer  

 

and got it. The following result shows clearly that the 

algorithm has the ability to bring the fruit shown in Fig-13. 

The obstacles are small in number and all the obstacles are 

grouped together to avoid the complexity of the algorithm. 

 In Fig-12, Fig-13, Fig-14, Fig-15 and Fig-16   it is shown 

that the algorithm is useful to track each of the module of the 

robot through via points and at the same time it can avoid any 

obstacle around its path. It is to be noted that the continuity 

and gradient is as per the requirement of the tracked path and 

can be set through the tension parameter. It is also to be noted 

that the path is obtained by defining the appropriate via points 

and the target.  

 

 
 The algorithm is capable of planning the path of a modular 

mobile robot on line as well as off line with limited number of 

obstacles as checked by the algorithm. It is not capable of 

avoiding moving obstacles if appeared on its path. There is no 

local minima or maxima problem and path so formed is 

optimal and very smooth which depends on the tension 
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Fig 14. The Modular Robot Passing Around the 

Obstacle 

 
Fig 12. Tracing The Path Through Via Points 
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Fig 15. An Enlarged View of Obstacle Avoidance 

 
Fig 13. Obstacle Avoidance by Spline Method 
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parameter. The value of tension parameter closer to zero gives 

least length but closer to one produce maximum length. So the 

optimality of the path depends on the environment, working 

requirement and the researcher. This parameter may be 

optimized suitably for the space and the on the consideration 

of number of modules.  

C.  Online simulation 

Online path planning by using Cardinal spline is little bit 

complicated but off line planning to find out the optimal path 

is easier. It is to be noted that offline planning is possible only 

in the static environment but if the environment itself is 

dynamic the question of offline planning is imaginary. 

 
Moreover an autonomous mobile robotic system requires on 

line path planning fulfilling its esteemed title. A robot is said 

to be autonomous if all its mobile characteristics has the 

ability to take independent decision by own at any time. So it 

is obvious that offline path planning is not applicable to 

autonomous robot. Any system with autonomous ability does 

not result an optimum path but they assure non collision with 

the mobile or static obstacles. The planning algorithm so 

 
chosen must have inherent simplicity and leads least 

computational burden. Potential field is one of such algorithm 

but the only problem is local minima. In real time problem for 

any animal this is evitable and from its own intelligence they 

overcome from this problem. In our work we did not consider 

this situation but we are very much concerned about this. But 

this is computationally least complex algorithm and our robot 

is modular which leads the methodology through kinematics 

of the robot backbone little complicated. This drives the 

researcher to find a suitable fast and elegant robot kinematic 

configuration model which is applicable to solve online path 

planning problem. Potential function obviously proclaimed 

this ambition. The path generated through this for a modular 

mobile robot is shown in Fig-17, Fig-18 and Fig-19 in a 

lightly cluttered static environment feasible at 2D workspace. 
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Fig 16. The Robot Reaches at the Goal Station 
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Fig 18. An Enlarged View of Obstacle Avoidance of 

Modular Robot 
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Fig 17. On-Line Obstacle Avoidance of the Modular Robot 
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Fig 19. The Modular Robot Reaches to the Target Station 

and the Traced Path Is Shown 
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D. Angular fluctuation 

 
The robot rotates instantaneously in an amount of absolute 

heading angle to align itself towards the next predicted 

position. From analysis it is shown that the fluctuation of 

change of heading angle is more in present method comparing 

to the proposed method as shown in Fig-20.  The present 

method leads huge angular velocity and acceleration in 

proportion to the huge change of heading angle in comparison 

to the angular velocity and acceleration of the proposed 

method that resulted in proportion to the change of heading 

angle. It is also to be noted that due to less variation of angular 

rotation the robot leads a smooth and less vibratory path. The 

algorithm so developed is uniquely applicable to holonomic 

robot such as legged robot. To utilize this for nonholonomic 

robot the algorithm has to be changed accordingly, where 

only the midpoint of the two CG may need to be found out 

with other parameters. 

VI. DISCUSSION 

The robot is considered as a multi-section/ modular mobile 

robot. Each module has same dimension along the central axis. 

The consecutive two modules are connected via a universal 

joint and termed as junction. In front of the front module there 

are navigational sensors and at the both sides along the central 

axis there are proximity sensors and the means of locomotion 

are considered to be attached at suitable positions of each 

module. Each junction and front and rear points of the front 

and rear modules have to pass through the path so generated 

by the planning algorithm. Each module has some flexibility 

to impart springing action to accommodate the compliance 

characteristics of the robot and this is achieved by the coupler 

of the joints. This allows each of the modules to expand or 

contract to a certain amount without affecting the basic shape 

of the rigid portion of each module. To find out an optimal 

trajectory the cardinal spline method is utilized offline. If 

there is any obstacle appears at any time that will be avoided 

by this methodology. Generally for online planning cardinal 

spline gives poor results and also resulted non-tangent 

continuity between the paths of via positions and the path 

generated during obstacle avoidance. Cardinal spline 

provides a good backbone curve known as ACM (active 

chord mechanism). Online path planning of this robot in an 

unstructured unknown environment is a difficult task. The 

computations related to the robot is much higher compare to 

point robot and if the path planning algorithm is little 

complicated then the total computation time required will be 

more which may lead collision instead of avoidance. The 

obstacle may come closer before the end of single step 

computation of taking decision. It is to be noted that the robot 

is a long chain of quasi-rigid link. The avoidance is possible 

only for the frontal module and all other modules are the 

follower of the first module so the first module is termed as 

master and others are follower. If anything collide with the 

later sections laterally it is not possible to avoid by the present 

algorithm. But once the obstacle is avoided by the front 

module and if the obstacles are mobile and intelligent enough 

then there is no chance of collision. The robot has an initial 

and final station those maintain the tangent continuity always 

and for our robot these station are the segment of a circular 

path. 

VII. SCOPE FOR FUTURE WORK 

The methods are simple and the computational complexity 

is less so, they can be used in wheeled or legged modular 

robots for implementations. Only the body segments are 

considered in the present work the locomotors will be 

considered in future work. Dynamic properties of the robot is 

not considered in the present work, which will be considered 

in future study. Only 2-D workspace is considered in the 

present work but in future, an attempt will be made to 

consider a 3-D workspace. Both the approaches have some 

inherent limitations and an attempt will be made to improve 

its performance. 

VIII. CONCLUDING REMARKS 

Modular multisectional robot comprised of many 

interconnected modules forming as serially connected link 

structure. Computationally fast and elegant path planning 

algorithm is the only choice for online navigation of this robot. 

Kinematics is the deciding factor for pose variation. Finding 

the pose in each stepping movement require huge 

optimization that slowing the movement due to demand of 

huge computation. In this analysis we have a novel curve 

fitting method that finds out the positional information of 

every intersection of each module of the modular robot. 

Present scenario is such that the robot’s CG passes through 

every step position and heading angle is calculated separately. 

But our analysis does not require any optimization and 
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Fig 20. Fluctuation of heading angle in each instant. (a) 

Present method (b) Proposed method 
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calculation for heading angle. These reduce the computation 

time drastically and favored to online path planning. This 

method is not only applicable in modular robot but also can be 

used in any mobile robot to solve online as well as offline path 

planning problem. To utilize its elegance it requires a problem 

free and fast responding path planning algorithm. To judge its 

utility the   path planning problems of modular multisectional 

robots working in a 2D workspace have been solved using the 

principle of cardinal spline and potential field method. The 

performance of both the approaches depends on the nature of 

the functions used. As the potential field approach is found to 

be computationally not so complex, it can be used for on-line 

implementations where as the cardinal spline approach results 

a smooth path and suitable for off-line planning for its 

simplicity and elegance. Cardinal spline may also be 

applicable on-line in a workspace with few numbers of 

obstacles. 
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