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Abstract: We present a complete overview of routing protocols, routing algorithms, path
planning, and cloud deployment for vehicle navigation in several fields of study in this
article. In this article, we compare several approaches and algorithms with the goal of
identifying the best feasible ones based on the type of application being utilized. In general,
navigation of vehicles will be based on models and methods. Hence in this paper each
characteristics are examined in detail and the research has been done accordingly. Under each
characteristic, performance evaluation criteria are separately analysed. Questions are also
provided for which the literature review serves as a form of discussion, according to the
research challenge and criteria. For path planning, node-based as well as traditional
algorithms are considered as the best choices. Similarly, the performance is significantly
improved when using hybrid routing protocols and route planning methodologies that prefer
graph based techniques. It has been observed that, a number of future research directions such
as routing algorithm with queuing theory and path planning with critical link methods also
serve the probable domains. This work is a concise comprehensive study of the various
characteristics of a vehicle with respect to navigation. A comparison of techniques,

algorithms and methods by using the standard performance criteria has also been elaborated.
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1. Introduction

Air vehicles are commonly developed for the purpose of military applications. Over the last
few decades, many air vehicles have been used for the purpose of urban surveillance by
means of precision agriculture and in many civil applications. A number of these
applications require many such air vehicles as they involve high scalability, simultaneous
operations and multitasking. The drawback is that using multiple air vehicles is a highly
demanding research area, which is complex with additional computational cost, when
compared to a single air vehicle [1]. Control, navigation and guidance are the major research
areas in a vehicle operation. Number of research workers currently carried out the means of
vehicle operation and the research activities can be categorised into routing protocols routing
algorithms and path planning [2]. This work is an attempt to represent a complete research by
providing an overview of the many components of our navigation, as well as the routing
protocols and route planning methodologies employed. A detailed study of the performance
of the evaluated works is also provided in order to establish the best functioning model. In
[3], the authors have reviewed the 3D (D represents degree of freedom) oath planning
methodology. Similarly, the authors in [4] have presented a comparative note on the different
routing protocols that exist along with their drawbacks. A comparative survey of various path
planning algorithms are described in [5], while [6] shows the various ad-hoc net routing

strategies involved in classifying the air vehicles.

The already existing survey work has not provided a complete record for comparing the
various techniques and algorithms based on the performance criteria [7]. To overcome this
drawback, the main aim is to realise a comprehensive study on the various navigation aspects
of the air vehicles and further compare it with equivalent methodologies to determine the
optimal mode of operation based on the results recorded [8]. The ultimate aim of this work is
to provide exclusive guidelines for the researchers with the help of performance comparison
so that based on the application and requirement; they will be able to choose the appropriate
characteristics for their research work. Potential future research work is also briefly discussed
according to the performed analysis. The rest of the work can be organized as follows [9].
The next session gives a brief overview of the methodology selected in this paper. The

various path planning algorithms are detailed in the next session followed by using the
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routing algorithms and routing protocols. A comparison is drawn on the algorithms and
methods used with definitive answers described in section 6. Finally a conclusion is drawn in

section 7 according to the observed results [10].

2. Methodology

A complete review of the various works in the field of vehicle navigation is made in this
work to select the best methodology. The crucial steps in methodology are formulation of
research questions and performance evaluation [11].

2.1 Performance evaluation criteria

This paper aims to provide a comparative study of techniques, algorithms and methods that
are used by air vehicles for the purpose of navigation [12]. For routing protocols, routing
algorithms and path planning, many methods are compared and analyzed. Table 1 gives a

summary of the performance criteria for the different categories studied.
2.2 Research questions

The primary objective of the proposed methodology is to comprehend the various crucial
aspects of air vehicle navigation using an elaborate comparison of the various methods and
algorithms used. Also, this paper has analyzed the different methodologies [13] in order to
determine the best algorithm for specific applications. The following research questions

provide a brief view of the work’s aim.

1. RQ1. What are the probable areas in research of multiple or single air vehicle
working?

2. RQ2. Which routing protocol, routing algorithm and planning algorithm is the best
choice?

3. RQ3. What is the performance of each routing protocol, routing algorithm and

planning algorithm based on performance criteria?
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3. Air Vehicle Three Degree-of-Freedom Path Planning

To choose the optimal path from source to destination, path planning plays a crucial role by
considering all the requirements and constraints involved in vehicle navigation. Over the past
few decades, the field of path panning has grown substantially with a large portion in 2D
planning. However, the use of 2D planning will not be appropriate to provide effective
solutions, when used in 3D domains [14]. On the other hand, 3D planning will enable a
positive growth by considering a number of constraints like temporal, physical and geometric
constraints and ambiguities. A summary of the 3D path planning is also discussed in this
work. Fig.1 shows the different categories which fall under 3D path planning algorithms [15].

Algorithms

— Private Cloud Conventional

Community Cloud PRM Series

Public Cloud Voronoi

Hybrid Cloud Artificial Potential

RPT Series

Fig.1. Algorithms used in Path Planning and Cloud Deploying
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4. Conventional Algorithms

Information of the workspace needs to be represented mathematically using the conventional
algorithms. The conventional algorithm can also be classified into passive and active
algorithms.

4.1 PRM Series Algorithms

In 1994, PRM series of algorithm was incorporated in the 3D environment by Kavraki and
Latombe [16] resulting in delivering a fast exploration performance. This was also elaborated
by using an obstacle-based nodes [17] generation strategy by Amato et al. in [18]. At each

step, the road map candidate points are selected on the obstacle surface.

4.2 VVoronoi Algorithms

The Voronoi diagram was introduced by the Shamos and Hoey (1975) to introduce the
computational geometry field. Similarly, a 3D Voronoi diagram was proposed by Lucknikov
et al and can be used to determine the process of path planning in 3D complex system. Using
Dijkstra’s algorithm, geographical information system, Liu and Zhang used this algorithm to
identify the shortest path [19].

4.3 Artificial Potential Algorithms

Due to the low computational complexity, potential field methods are commonly researched
and incorporated globally. When using artificial potential algorithm, it is possible to allocate
free space to allow the air vehicle to be initiated similar to the reaction of particles in a
potential field cause of force [20].

4.4 Rapidly-Exploring Random Trees (RRT) Series Algorithms
The following are the algorithms based on RRT series and they are discussed below.

e The tree version of Rapidly-Exploring Random Graph (RRG) is the Rapidly-
exploring Random Trees-Star (RRT), which is used to handle differential constraints,

keeping the RRG’s asymptotic optimal property intact; the bad connections are
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removed by using the RRT, which helps to enhance the solution and substantially
reduce its cost.

Though the rapid exploring random graph, RRT promises to deliver completeness and
has an overall positive performance, where it doesn’t consider the result quality. It is
also worth noting that, the RRT algorithm is not asymptotically optimal. Hence, the
RRG methodology is introduced to enable optimality in an asymptotic environment.
Voronoi bias problem is common in RRT and was solved by the Dynamic Domain
Rapidly-Exploring Random Tree (DDRRT) algorithm. This algorithm enables quick
exploration. The drawback is that this method is similar to that of a typical RRT when
post-smooth processing is involved. The path created by the DDRRT algorithm is not
a beneficial path.

Lavalle in 1998 introduced the rapidly-exploring random trees RRT. This
methodology was introduced to handle path planning issues like kino-dynamic, non-
holonomic and holonomic constraints. The advantage of this methodology is that it

can handle many DOF problems simultaneously.

5. Deployment Models

Hybrid Cloud: More than one distinct cloud infrastructures (public, community or
private) are put together through proprietary or standardized technology to enhance
application and data portability will form the hybrid cloud.

Public Cloud: One type of cloud infrastructures that gives access to the public is
known as public cloud. It could be operated, managed or owned by a government,
academic or business organisation in a combined form. This type of architecture will
be available in the cloud provider environment.

Community Cloud: The community cloud is dedicated to provide exclusive service
to customers from a specific organization with a specific concern. It could be
operated, managed or owned by one or more than one organization such as third
party, community or even a combination of it. It could also be located on either the

premises or away from it.
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e Private Cloud: This infrastructure is designed to provide an exclusive environment
from a particular organization, which has been held by many consumers. It could be
operated, managed or owned by a third party, organization or a combination of the

two.

6. Performance Evaluation

6.1 Routing Protocol

Fig.2 shows the different types of routing protocols that are used to determine the path in

which the air vehicle is to travel.

Routing Protocols

Dynamic Static

Positional | l Hierarchical | l Hybrid | | Proactive | | Reactive

Fig.2. Types of Routing Protocol

Table 1 showcases the performance evaluation of the routing protocols based on the type of
environment in which it is incorporated. It indicates that, these protocols do not have
tolerance for fault, are not load optimized and do not have enough energy. Position-based
protocols are in need of the system location in order to determine the optimal shortest path
towards destination. The dynamic protocol is used in reactive protocols, which require
frequency updates in an ever-changing environment. At a regular basis, the proactive

protocols are used and are not used in the dynamic environment. Moreover, their inefficient
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energy usage also leads to an increase in the overall cost analysis of the system. The

advantages of these protocols are combined to form the hybrid protocol. When sparse and

large networks are concerned, the hierarchical protocols are considered as the best option,

since it can be used with many optimization parameters.

Table 1. Routing Algorithm Performance Evaluation

a%%ﬁ;?}?n CT RC Adaptiveness IC OE Complexity
Queuing
Theory High Separate Yes High Static Low
Deterministic Mild Separtate No High Dynamic Medium
Probabilistic Mild Mix Mix High Static Medium/High
Graph Moderate Mix No Low Static/Dynamic Low

6.2. Performance Evaluation of 3D Path Planning & Routing Protocol

Various 3D path planning algorithms and their performance evaluation are listed in the table

below based on the Fault Tolerance (FT), Operation, Adaptiveness and Complexity

parameters.

Table 2. Performance of 3D Planning Algorithm

3D path planning algorithm FT Operation Adaptiveness Complexity
Learning Based
NN No Static/Dynamic No Low
Evolutionary Yes Static Yes Medium
Hybrid Yes Static Yes Low
Model based
Linear No Static/Dynamic No Medium
Optimal control Yes Dynamic Yes High
Static
Cell Based
A star Yes Dynamic Yes Medium
D star Yes Dynamic Yes Low
Dijksta No Static/Dynamic No Low
Conventional
RRT No Static/Dynamic No Low
Artigicial Potential Yes Static /Dynamic Yes Medium
PRM Yes Dynamic Yes Low
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It is observed in Table 2 that, the cell-based and conventional algorithm showcases the
similar outputs. Hence they are considered as the best options, when it comes to easy
implementation and quick convergence. However, the drawbacks with these two algorithms
are their fault tolerance and lack in adaptivity, which will result in distortion with other
requirements that need to be addressed. This indicates that, the model-based algorithm is the
only appropriate alogorithm when dynamic constraint occurs and will also require the
investment of cost function. However, this model cannot be executed in real time and it is
also complex in nature. Many advantages are observed in the learning based algorithms, they
are fault tolerance, adaptivity and low complexity. However, the biggest drawback is the
requirement of financial aspects in order to incorporate the complex methodology, which is
not appropriate for small appliances. A combination of learning-based algorithm and cell-

based methodology results in developing a hybrid algorithm.
7. Conclusion

One of the emerging fields that has gained increased research attention in the past few years
are air vehicle operations and planning. In this paper, a detailed review has been made on the
routing protocols, routing algorithms, path planning algorithms and cloud architecture. This is
followed by a comparative study on various protocols and algorithms, which are evaluated to
determine the performance and credibility of each system. Accordingly, it has been identified
that, when the device to be built requires less number of components, cell-based path
planning is used. Similarly, hybrid algorithm and learning-based algorithms are considered to
be more appropriate for large and complex networks. In recent years, vehicles are using
hybrid protocols to provide more positive aspects when compared with the other similar
protocols. Some of the possible future scope that can be implemented in the near future are
the incorporation of satellite communication for the betterment of path planning and the use

of improved routing algorithms with a cost-effective methodology for larger networks.
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