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Abstract— This paper is based on the control system design and the navigation system of the unmanned aerial vehicle. The 
UAVs are unmanned aerial vehicle. The unmanned aerial vehicle is used in many military situations such as the surveillance 
and for the warfare situations. The navigation management in the unmanned aerial vehicle is an important factor that the 
UAV must have the self-ability of the control systems. This paper is based on the spatial co-ordinate generation and the 
database management using the base station which is based on proportional, derivative and the integral controller. In order 
for a UAV to navigate safely in terrain areas and the collision between them, the spatial co-ordinate with the cellular control 
algorithm is installed in the avionics system. In this paper the spatial co-ordinate in cellular concept is introduced and the 
collision avoidance simulations in order to demonstrate its navigation and collision avoidance performance. 
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I. INTRODUCTION 
 
Recently, the research in developing the unmanned 
combat aerial vehicle (UCAV) has grown enormously 
due to its heightened in the military operations. The 
use of unmanned aerial vehicle for real time 
surveillance, electronic warfare and the decoys. 
UCAV is from the family of unmanned aircrafts 
developed for performing reconnaissance missions. 
Long-range drones have an autopilot system for 
following predesigned waypoints and continue 
motion based on planned mission, when they are out 
of the control of station's communication range. The 
concept of producing the optical flow based vision 
follows the method of relative moment between the 
pixels from one frame to another frame. The concept 
of using the computer based vision provides the 
morphological computation of the pixels. This paper 
provides the concept of tracking the UAVs in the 
spatial co-ordinates of the cell coverage area of the 
respective base station. This bases station does not 
provide only the positions of the UAVs but also the 
updated reporting of the constrained environment.  
 
This paper gives a better idea about the navigation of 
the UAVs. The spatial co-ordinates are used in the 
navigation algorithm. The airway path system will be 
constructed into cells like structure. Each cell will 
contain its own information and its certain neighbour 
information. The spatial co-ordinates represents the 
co-ordinate points which is allowable for the flight 
and which are not allowable for the flight. This will 
be done by the predetermined DTM generation of the 
terrain model of the cell. Then the aircrafts are 
navigated along the determined path in the cell by the 
predefined conditions and the conditions based on the 
path of another aircrafts in the cell. The positions of 
the cells are updated for the every transition of an 
aircraft from one spatial co-ordinate to an another co-
ordinate. 
 

II. LITERATURE SURVEY 
 
An autonomous navigation of the unmanned aerial 
vehicle is briefly discussed in many articles and 
studies. In [1] the collision avoidance system by the 
optical flow method is avoiding the obstacles by 
using the relative moment of the pixels form one 
frame to another frame. Reference [2] discusses about 
the computer based vision by using the 
morphological segmentation algorithm. These 
strategy gives the provides the better solutions for 
surveillance UAV, but in the poor weather condition 
it difficult to process the images. These concepts also 
provide complexity in the program. The processing 
error may also occur. [4] The genetic algorithms also 
provides the better path planning and the navigation 
but the procedure left the effect of discontinuity. That 
the concept does not gives the actual position of the 
UAV. 
 
III. PROPOSED METHOD 
 
The paper deals with the autonomous outdoor 
navigation of the unmanned aerial vehicle. The 
concept deals with network design and the path 
panning and the generation of the control signals. The 
concept first deals with the structure of the network in 
which the UAVs are controlled by the base stations. 
 
These base stations are implanted in the VOR (VHF 
omnidirectional radar range). VORs are assigned 
radio channels between 108.0 MHz and 117.95 MHz 
(with 50 kHz spacing); this is in the Very High 
Frequency (VHF) range. These base stations are 
arranged in the form of the network alternative 
manner that the each node is connected with a equal 
cost. The base station consists of the terrain model of 
the coverage area of the range in the spatial co-
ordinated values with the three axes. The base 
stations will be connected to form a network and each 
one consists its own neighbour’s information. These 
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information are used in the path planning. The path 
planning method is done by distance vector 
algorithm. 

 
Fig 1. Network structure of the constrained environment 

 
A. Path planning: 
Routers using distant vector algorithm do not have 
knowledge of the entire path to a destination, instead 
they use two methods:1. Direction in which router or 
exit interface the packet should be forwarded. 2. 
Distance from its destination. 
 
The distance vector algorithm provides the shortest 
path for the UAV to form source to destination. The 
distance vector algorithm is used for its better 
knowledge of its information about the neighbouring 
nodes. The operation of UAV consists of guidance, 
navigation, control. In this GNC system the guidance 
serves the path planning for a UAV. There are many 
path planning algorithms which try to make up 
efficient performance for deciding the path from 
source to destination. We are planning to generate a 
path from source to destination by using routing 
protocols. As we plan to make a structure with the 
nodes or a base station which consist of the 
neighboring information, we are using the distant 
vector routing algorithm. This information’s are 
updated for every 30 seconds as like the routing 
algorithm, normally used for packet transmission. 
Distance-Vector is the simplest routing-update 
algorithm, used by the Routing Information Protocol, 
or RIP. On Unix-based systems the process in charge 
of this is often called “routed” (pronounced route-d). 
Routers identify their router neighbours (through 
some sort of neighbour-discovery mechanism), and 
add a third column to their forwarding tables for cost; 
table entries are thus of the form <destination, next 
hop, cost>. The simplest case is to assign a cost of 1 
to each link (the “hop count” metric); it is also 
possible to assign more complex numbers. 
Each router then reports the <destination, cost> 
portion of its table to its neighbouring routers at 
regular intervals (these table portions are the 
“vectors” of the algorithm name). It does not matter if 
neighbours exchange reports at the same time, or 
even at the same rate. 
Each router also monitors its continued connectivity 
to each neighbour; if neighbour N becomes 
unreachable then its reach ability cost is set to 
infinity. 
Actual destinations in IP would be networks attached 
to routers; one router might be directly connected to 
several such destinations. In the following, however, 
we will identify all a router’s directly connected 

networks with the router itself. That is, we will build 
forwarding tables to reach every router. While it is 
possible that one destination network might be 
reachable by two or more routers, thus breaking our 
identification of a router with its set of attached 
networks, in practice this is of little concern. 
C(x,v)=cost for direct link from x to v[node x 
maintains cost of direct links c(x,v)] 
Dx(y)=estimate of least cost from x to y[node x 
maintains the distance vector Dx=[Dx(y) : y € N ] ] 
Node x maintains its neighbours distance vector. For 
each neighbour v,x maintains Dv=[Dv(y) : y € N ]. 
Each node v periodically sends Dv to its neighbours 
and neighbours update their own distance vectors. 
Dx(y)<- minv{c(x,v)+Dv(y)} for each node y€N. 
Over time , the distance vector Dx converges. 
 
B. Generation of the control signal: 
Once the path is decided then the remaining work is 
to provide the signal to the UAV to navigate along 
the path in the network. In this paper the network is 
defined in the way of interconnected zigzag manner 
so that the only two signals are enough to navigate 
the UAVs. The process consist of computation of the 
interconnected nodes to know what signal is 
necessary to navigate a UAV to link to next node or 
base station. To compute this process we are 
generating the unique serial node identifier for every 
node in the network as in the fig.1.1. whenever the 
Unmanned Aerial Vehicle is giving entry into a new 
base station or a node. The base station initialize the 
first position to the arrived UAV above the minimum 
allowable height, then by using the routing table 
which will b available in the base station it evaluate 
the signal to transfer to the UAV to change its YAW 
axes, so that the UAV can navigate along the desired 
path. 

 
Fig 2. Flowchart of the signal generation method in base 

station. 
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This evaluation of the generation of the signals will 
be starting with a identification of the serial node 
identifier of the current node and the neighbouring 
nodes. Then the step continues with taking the 
difference of current node’s serial node identifier and 
the current node’s every neighbouring node’s serial 
node identifier. The differenced values are converted 
into the absolute value so that the values this 
evaluation can be done in any direction. The 
evaluated absolute value of current nodes and the 
neighbouring nodes are arranged in a ascending 
order. This gives the information about the position 
of the neighbouring nodes form the current node. 
Based on the position of the neighbouring node form 
the current node, the node allotted a signal by which a 
UAV can navigate along the path. The neighbouring 
node with the greater absolute value will be given the 
ramp signal and the neighbouring node with the 
medium absolute value will be given the negative 
ramp and neighbouring node with the lesser absolute 
value will be given the step signal. The node for next 
hop is selected by the comparison of the array of 
desired path and the neighbouring nodes of the 
current node. The same process is repeated in all the 
hop nodes from the source to destination in iterative 
manner that the previous hop node will be consider as 
the current node in the fore coming cycle. Then the 
signals for every hop will be intimated to the UAV in 
the network to change its yaw axes in order fly along 
the desired path. 
 
IV. SIMLATION AND THE RESULTS 
 
The simulation is done using NS2 (network simulator 
2). The network simulator is a tool which is used to 
simulate the network design and the performance 
analysis. 

 

 
Fig 3. Simulation result of the distance vector algorithm in NS2 
 
Here the NS2 is used to design a network and 
evaluate the distance vector algorithm. Here the 
network is made up of sixteen nodes plus one node 
which is meant for a UAV. The source is taken as the 
node 1 and destination as node 16. Then by using the 
distance vector algorithm the shortest path between 
the node 1 and the node 16 is found by programming 

NS2 with the same cost in all links. The TCP 
connection is used for the data transfer between the 
nodes. Duplex link is established between the nodes. 
The program is modelled with the two ray ground 
propagation. The MAC protocol is used. The shortest 
path between the source and destination can be found 
by using the distance vector algorithm in NS2. 

 

 
Fig 4: Simulation of the network in NS2. 

 
Then after the establishment of the shortest path the 
signal generation is done using the MATLAB by 
integrating the neighbouring nodes of the path and the 
shortest path information in the program. Then the 
signal are variably differentiated based on the next 
hop node to transfer and the current nodes position. 
Then the signal is generated using the MATLAB and 
the generated signal can be incorporated in the 
avionic to change the YAW angle based the signal 
generated. 
 

 
Fig 5: Graph for the signal generation in yaw axes 

 
CONCLUSION 
 
The paper explores the shortest path planning in the 
constrained environment using the distance vector 
routing algorithm and the signal generation of the 
signal to navigate the UAV in the YAW axes. The 
method is executed step by step, exploring the better 
way for the UAV operation in the constrained 
environment. This algorithm do not uses the external 
information in the evolution search process other than 
the internetwork nodes of the system. only based on 
the absolute values of the neighbouring nodes, the 
generation of the signal for navigation to a next hop 
node is processed. This algorithm is pre assigned path 
planning. 
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The cost of the flight route has been given the same 
for all hope so that the number of possible shortest 
path will be increased. Thus the routing a UAV in a 
outdoor path of the constrained environment is done 
with the better network design and the shortest path 
plan and the signal generation algorithm for the 
navigation of the UAV form the source to the 
destination. 
 
FUTURE SCOPE 
 
The paper is designed to navigate the UAV in the 
constrained environment, but the navigation has not 
been considered in the unconstrained environment. 
The unconstrained environment may have the 
difficulty of the node synchronization and the cost of 
the flight route. The unconstrained environment may 
be possible by the information of the previously 
allotted pre planned co-ordinate line or by using the 
artificial intelligence. A future research direction can 

be to find a path planning algorithm in unconstrained 
environment with a pre planned path. 
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