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ABSTRACT 
Cooperation among multiple unmanned vehicles is an extremely challenging topic from a theoretical and 
practical standpoint, with far reaching implications in scientific and commercial mission scenarios. The 
problem of time coordination for a fleet of multirotor UAVs along predefined spatial paths according to 
mission requirements. With the solution proposed, cooperative control is achieved in the presence of time-
varying communication networks, as well as stringent temporal constraints, such as simultaneous arrival at the 
desired final locations. The proposed solution solves the time-coordination problem under the assumption that 
the trajectory-generation and the path-following algorithms meeting certain stability conditions are given. 
Communication is processed in all defined or undefined path by the use of path following and directed 
communication graph. Path can be found and communication is processed in all direction and informed to 
overall network increase the network topology. Dijikloyd algorithm is used for finding shortest paths in a 
weighted directed graph with positive and negative edges. Primloyd algorithm is used for finding shortest 
paths in a weighted undirected graph for overcoming the complexity in matrix coding. In case of congestion or 
collision then the whole network is informed about it to all the communicators. Hence, communication is taken 
place in a defined path or undefined path in a secured manner. 
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INTRODUCTION 

 
 With the enormous amount of communication technology development and embedded systems, the space 
communications have been very much technologically updated. Particularly without the intervention of the 
human, the aircrafts have been designed with the aim to flyover in the space for commercial and surveillance 
purposes. The Unmanned Aerial Vehicle (UAV) is a type of aircraft with no pilot on board. Based on the pre-
programmable data, the UAV can be remote controlled. In recent times, the field of air vehicle autonomy has 
many research scopes in the area of Sensor fusion, Handling communication between multiple agents, Path 
planning, Trajectory generation, Task allocation and scheduling and Cooperative tactics. The ultimate aim is to 
completely avoid the pilot in operating the UAV and also to be away from aircraft collision. When the UAV is 
operated and controlled through the inbuilt programs by the Air Traffic Controller (ATR), there are some 
toughest tasks to be achieved in order to minimize the distance between the starting point and the ending point. 
The number of paths available for dynamically may vary the UAV direction during its board time from the usual 
path is the critical problem. This paper is focused on controlling the presence of time-varying communication 
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networks, as well as stringent temporal constraints, such as simultaneous arrival at the desired final locations. 
The coordination task is accomplished by adjusting a coordination variable under the trajectory generation 
algorithm, 3D path following algorithm and time coordination system [1]. In their presented work, optimization 
algorithms are formulated in the expanded space where subsystems are disjoint. The design action is based on 
the hierarchical application of convex optimization tools [4]. Coordinated Path Following and Vehicle 
Coordination algorithm, to solve the problem of temporary communication failures under the Lyapunov-based 
theory. The proposed solution solves the time-coordination problem under the assumption that a path-following 
algorithm meeting certain stability conditions [6], [14]. The exponential convergence of the time-coordination 
error is proven using Lyapunov theory. POMDPs and tractable algorithms are compared with the large teams of 
interchangeable robots. To decentralize Partially Observable Markov Decision Process (POMDPs) as long as 
maintaining cooperation between multi-robots by using POMDP policy auctions [5], [10]. The global trajectory 
planning and the local controller were merged into a compact MPC based algorithm with unique obstacle 
avoidance function. The ability of the approach to avoid collisions of the formation with static as well as 
dynamic obstacles during its movement into the desired target region by using Hawk-eye approach [2], while in 
[3] new robust and adaptive control scheme which is capable of dealing with the system nonlinearities and 
external disturbances due to close formation. A discrete Kalman filter is introduced in [7] for fusing the local 
estimates of the quadrotors. Control strategy controls the flexible payload to a desired pose while also 
controlling the deformations to zero, the key idea behind the method is based on common techniques validated 
by carrying a flexible ring. The merits of this approach are Communication is easy in defined path [8]. Model-
dependent and Model-independent control techniques are presented in [9] for designing the autonomous 
quadrotors. Relevant work includes Sliding-Mode control theory [11], Model-independent Coordination 
Strategy [12], stability properties of a group of mobile agents [13], Iterative algorithm has a local convergence 
behavior that employs a semi definite programming solver at each recursive step [15] and linear matrix 
inequalities [LMI] are combined with logic-based switching shed light on the various control strategies [16] 
.This limitation motivated us to reformulate the path following problem in a different way. The goal of this 
paper is to provide a new solution in all defined or undefined path by the use of 3D path following and directed 
communication graph. Path can be found and communication is processed in all direction and informed to 
overall network increase the network topology. Dijikloyd algorithm is used for finding shortest paths in a 
weighted directed graph with positive and negative edges. Primloyd algorithm is used for finding shortest paths 
in a weighted undirected graph for overcoming the complexity in matrix coding. In case of congestion or 
collision then the whole network is informed about it to all the communicators. Hence, communication is taken 
in a secured manner in both defined and undefined path. The objectives of this paper are to find the solution for 
undefined paths in Co-operative networks of UAV. To provide best routing conditions for all type of paths. To 
find the shortest path in both defined and undefined paths. This paper is organized as follows. In Section II, we 
introduce the proposed work. In Section III, we describe the path-following problem by giving a suitable set of 
algorithms. In Section IV, we formulate the communication flow diagram; simulation results are discussed in 
Section V. Finally, in Section VI, the main conclusions are presented. 
 
II. Proposed Work: 
 In this section, a proposed work for cooperative path-following control algorithm of UAV is introduced. In 
order to overcome the existing problems, here it is proposed a Dijikloyd and Primloyd algorithm is used for 
finding shortest paths for source to destination in both defined and undefined paths. 
 
2.1. Overview of the Proposed UAV Environment: 
 In this section, we propose aDijikloyd and Primloyd algorithms for finding shortest paths in a weighted 
directed graph and weighted undirected graph. The Fig. 1 shows the block diagram of the proposed system. 
Communication network is used to exchange the information among the vehicles. Dijikloyd and Primloyd 
algorithm is referred by UAV which way it needs to travel. If the path is clear the UAV will select the Dijikloyd 
algorithm and go through the path already assigned by us i.e. predefined path. If the path is not clear the UAV 
will select the Primloyd algorithm and go through the undefined path. The undefined path is identified by 
nearest path/node from the original/predefined path. Path following allows each vehicle to follow its assigned 
path with the desired speed profile. If the path is identified it will check the time coordination if it’s clear it will 
continue to the travel path. If the time coordination is not clear it will wait until to get the clear paths. Time 
coordination regulates the vehicle according to time where one vehicle cannot collide with each other. Time 
coordination will check the reference generation whether any vehicle is travelling on the path or not. If all are 
clear the vehicle will travel on the path following. 
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Fig. 1: Block diagram of proposed UAV environment and interactions between them. 
 
III. Path-Following: Problem Formulation: 
 We now address the path-following problem of a fleet of multirotor UAVs. As already mentioned earlier, 
path can be found and communication is processed in all direction and informed to overall network increase the 
network topology. Dijikloyd and primloyd algorithm is used for finding shortest paths for source to destination 
in both defined and undefined paths. 
 
3.1. Dijikloyd algorithm for defined path: 
 Dijikloyd algorithm is the combination of dijkstra’s algorithm and Floyd-warshall algorithm. Dijkstra’s 
algorithm is a graph search algorithm that finds the path with reduced cost between the vertex and it solves the 
single-source shortest path dispute for a graph with non-negative edge path costs, producing a shortest path tree 
to the destination vertex. This algorithm is often used in routing and subroutine in other graph algorithms for 
superficial directed graphs with non-negative weights. The Fig. 2 shows the node diagram of the dijikloyd 
algorithm for defined path.For a given source vertex in the graph, the algorithm finds the shortest path with 
lowest cost between that destination vertex and every other vertex. Floyd-Warshall algorithm is a graph analysis 
algorithm for finding shortest paths in a weighted graph with either positive or negative edge weights. A solitary 
execution of the algorithm will find the lengths of the shortest paths for finding the transitive closure of a graph 
between all pairs of vertices, though it does not return details of the paths themselves. The Floyd algorithm is an 
example of dynamic programming. Dijikloyd algorithm is a graph search algorithm for finding shortest paths in 
a weighted directed graph with positive and negative edge weights. The merits of this algorithm are easier to 
code and fast computation of path finder networks. 
 
3.2. Primloyd algorithm for undefined path: 
 Primloyd algorithm is the combination of Prims algorithm and Floyd-warshall algorithm. Prims algorithm is 
a greedy algorithm that finds a minimum spanning tree and ordering the edges by weight for a weighted 
undirected graph. This means it finds a subset of the corner that forms a tree that includes every vertex using a 
priority queue, where the total weight of all the corners in the tree is minimized. The Fig. 3 shows the node 
diagram of the primloyd algorithm for undefined path. The algorithm operates by building this tree one vertex at 
a time, from an erratic starting vertex, at each step adding the cheapest possible connection from the tree to 
another vertex until all vertices are in the tree. The Floyd-Warshall algorithm compares all possible paths 
through the graph for finding the simplest path between each pair of vertices. 
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Fig. 2: Node diagram of the Dijikloyd algorithm for defined path. 
 
 If there are negative cycles, the Floyd-Warshall algorithm can be used to detect them. The Floyd-Warshall 
algorithm typically only provides the lengths of the paths between all pairs of vertices. With simple conversion, 
it is possible to 

 
 

Fig. 3: Node diagram of the Primloyd algorithm for undefined path. 
 
 Create a method to reconstruct the actual path between any two endpoint vertices and can be stored in a 
single matrix. The next matrix is updated along with the matrix of minimum distances dist, so at fulfilment both 
tables are complete and accurate, and any entries which are infinite in the dist table will be null in the next table. 
Primloyd algorithm is used for finding shortest paths in a weighted undirected graph for overcoming the 
complexity in matrix coding. The merits of this algorithm are simple and easier to code. 
 
IV. Algorithm and Communication Flow Diagram Of Dijikloyd And Primloyd Algorithm: 
 Let the node at which the UAV is starting called the initial node. The distance from initial node to 
destination node is taken as Y. 
 
4.1. Algorithm for finding defined path using dijikloyd algorithm: 
 Let the node at which we are starting UAV be called the initial node. Let the distance of node Ybe the 
distance from the initial node to Y. Dijikloyd algorithm will assign some initial distance values and will try to 
improve them step by step. 
� Assign a tentative distance value to each and every node: set zero to the initial node and to infinity for all 
other nodes. 
� Mark all the nodes distance from the initial node and from a queue. 
� Take the minimal distance value from the queue. 
� If any queue is empty or distance is maximum then get the neighbour of the current node. 
� If there is no neighbour calculate new distance for a neighbour distance which is neighbour + current node 
distance. 
� If there is neighbour calculate the negative feature of node i.e. the threshold value is more than the negative 
value. 
� The new distance value should be less than the old one in both the cases of step 5 and step 6. 
� If step 7 satisfies proceed to the next node, if not discard. 
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4.2. Algorithm for finding undefined path using Primloyd algorithm: 
 Let the node at which we are starting be called the initial node. Primloyd algorithm will also assign initial 
distance values and will try to find out undefined path in a step by step manner. 
� Initialize a tree with single vertex, assign a tentative distance value to each and every node. 
� Declare the variables n, X, Y, num=1. Set the input number of rows then initialize X=1 and Y=1. 
� Trace the possible paths and find the shortest distance between the traced paths. 
� If X is less than or equal to n and Y is less than or equal to n then print num value and increment num, Y. 
� If the identify the candidate model then get a neighbour of the current node. 
� If X is less than or equal to n and y is not equal to n then print n and increment X value. 
� If X is not less than n then stop. 
 
4.3. Communication flow of dijikloyd and primloyd algorithm: 
 The communication flow diagram of finding defined path using Dijikloyd algorithm is shown in Fig. 4. The 
Fig. 5 shows the flow diagram of finding undefined path using Primloyd algorithm. In dijikloyd algorithm, start 
with a starting vertex with distance zero. Trace the possible paths from starting vertex and find the shortest 
distance. Mark it as a next starting terminal add the present distance with previous. Repeat the above steps. In 
primloyd algorithm, start with an initial vertex and trace the possible paths. Find the shortest distance between 
the traced paths and fix the shortest path. From the new vertex again repeat the above steps and finally check all 
the vertices have traced. 
 

 
 
Fig. 4: Finding defined path using Dijikloyd algorithm. 
 
V. Experimental Results and Outputs: 
 In this section, we present simulation results for dijikloyd algorithm and primloyd algorithm run in 
MATLAB and NS2.Here nine nodes are generated, three acts as header nodes and seven as UAVs nodes. 
Dijikloyd and primloyd algorithm is used for finding shortest paths for source to destination in both defined and 
undefined paths. Initially explains the command window of showing the defined and undefined paths with less 
computational cost and communication overhead.  
 Fig. 6 (a) shows that UAVs communicating with all header nodes (HN) in a secured manner. Fig. 6 (b) 
shows the X graph for the performance of packets with required time. Throughput, delivery ratio and packet 
delay are calculated based on the number of packets and time taken for the packets. 
 
5.1. Comparative analysis of the proposed system with existing system: 
 In the existing system, Multivehicle cooperative management follows the trajectory-generation algorithm, 
path-following algorithm and the time-coordination control algorithm have been used. A Path-following 
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controller allows each vehicle to converge to and follow its assigned path with the desired speed profile but it 
avoids or detects the congestion and collision in the predefined path only. So there is a need of implementing an 
algorithm to find out the undefined path for overcoming the complexity to find the undirected path. So, it is 
proposed to implement a dijikloyd algorithm and primloyd algorithm to find out the shortest path in both 
defined and undefined paths. 
 

 
 
Fig. 5: Finding undefined path using Primloyd algorithm. 
 

 
(a) UAVs communicating with all HN 

 
(b) X graph for the performance of packets 

 
Fig. 6: UAVs communicating with all header nodes and verifying the performance with X graph. 
 
 The Fig. 7 shows the comparative analysis chart for the existing path communication in defined path with 
the proposed path communication in both defined and undefined paths. The Table.1 shows the comparative table 
for the existing path communication in defined path with the proposed path communication in both defined and 
undefined paths for different number of nodes with required time. 
 
VI. Conclusion: 
 In this work, an efficient path is determined by proposing the Dijikloyd and Primloyd algorithms to direct 
unmanned aerial vehicle (UAVs) and to consider out the shortest paths in both defined and undefined paths. 
Here the performance of calculating shortest path is improved. It is also used efficiently for UAVS. Future 
works, will implement collision avoidance algorithm (i.e.) Robot’s algorithm for finding the collision free paths, 
which is used to avoids/detects collision/congestion in both predefined and undefined paths. Collision detection 
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is simply the act of surveying the known vicinity of the robot and detecting the presence of a possible collision. 
An advantage to using this algorithm is that backtracking can be done easily – by climbing back up the tree and 
grueling a different approach. 
 

 
 
Fig. 7: Comparison of existing and proposed method 
 
Table 1: Comparison table of existing and proposed method. 

PATH SELECTION MODE NUMBER OF NODES REQUIRED TIME 

IDEAL COMMUNICATION-IDEAL PF 
4 
2 
0 

0 
0.8 
2.8 

NON-IDEAL COMMUNICATION-IDEAL PF 
4 
2 
0 

0 
1.6 
4 

NON-IDEAL COMMUNICATION-NON IDEAL PF 
4 
2 
0 

0 
3.6 
8 

DIJIKLOYD 
5 
4 
1 

1.6 
2.4 
3.2 

PRIMLOYD 
5 
4 
2 

4 
2.4 
3.2 
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