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ABSTRACT

In Adhoc network, absence of Centralized infracdtrte is a peculiar characteristics. The nodes @héc can both acts as
router and host. The topology of adhoc networlksaid and meant to be more unpredictable. The ntwdtenging issues
starts from the design of routing protocol for tlsismplex and rapid changing topology. A lot of e¥sbers have gone
through varieties of studies on these routing prots. Actually a very good understanding of perfamce and
characteristics of routing protocol will supportehdeployment of appropriate protocol for the netewobased on the
scenario and it extends to a better optimizatianmost of the previous work complete reviews onhalsuitable and
available routing protocols were not done. In thaper a detailed description on all the possibletiog protocols of
MANET, VANET and FANET is done and this will reallpport to conduct a comprehension analysis orp#rrmance

of all suitable routing protocols based on its netkvand topology scenarios.
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INTRODUCTION

Unmanned aerial vehicle nowadays called as Dron¥ i$4popular in remote sensing. But nowadays theyneostly used
in agricultural purpose popularly known as dronéhout pilot. The UAV can be operated either undemote control by
a human operator or by on-board computers. Unmaaeedl system consists of an Unmanned Aerial \lehiBase
station controller and a communication system betwboth of them. Variety of drones is being usedvaudays.

Especially one has to focus on the pay load (Typ=amera it holds) as shown in figure 1. [1].
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Figure 1: Payload.

Nowadays the drones become very simple to handiegi®at advantage. The other good thing to beratobel
from the drone is, they are very stable. BecauseNtlimber of propellers as shown in figure is fogpawith quite good
spacing so that good photography or remote semsinigl be done. Also in this kind of drones, thenivbe any pilot in
the device but of course pilot is in the groundwddays drones are equipped with GPS or GNSS reseiVhey can be
programmed or controlled by the controlling statifdrj.

UAV used for missions which are more dangeroushfanans. They are used in military applications.yTaee
loaded with missiles and plan and executed. Comaigrcalso it is used. Agriculture, crowd monitogindelivery

products (not heavy).Now even powerful drones attirgg introduced. Aerial photography, remote segsSurveillance,
police monitoring also some of its applications.[1]

Early Days of UAV

1918 1936 Vietnam War Era

Kettering Bug DH.82B Queen Bee Firebee
U.S. Army o U.S. Navy

Figure 2: History of UAV.

Unmanned aerial vehicle was tested in 1918, artb86 improved version came in US navy. Also in Kéh

war which was used by US for very long time for @b®0 years in firebee.
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Types of UAV
Rotary Wing / Multirotor
e Advantages Disadvantages a
< | | -
VTOL Shorter battery L. -
life [ "';"
Surveillance or | Multiple points o i
Trimbsle Z%5 Surveying Of fa”ure Ul Phantom 3 Professional
_ Fixed Wing
I Advantages Disadvantages

Longer Battery |May need
life launcher device |

Better for large | Needs open
areas area for
Altavian Nova F7200 | takeoff;’!anding : Teimble LS

Figure 3: Types of UAV.

\_\

The most Important thing, nowadays the UAVs are &tad Light weight stable and robust. They are hgwvin

either Rotary wing or Multirotor or propeller asosim in figure 3.The most popular is Rotary wing- [1

Payload is counted based on Weight of the drord2df can carry. The weight of the drone additionafigludes
the most important features such as sensors an@r@arand of course it includes the Packages foredgl Usually the
Military UAVs have more pay load than the populaories. Greater pay load UAVs holds multi sensos mywadays
they are becoming popular. Camera also dual therRBIG imaging system LIDAR [light detection and garg]
technology, sticking on GPS systems and the numbsensors are also very high to process more silataltaneously.
The flight time is guaranteed to be reduced whemiities extra weight because it requires additippaver to lift it. For
heavy payload more battery is needed will reduedltght timing as shown in figure 4.Numbers offdient payloads are
available with different users and capabilities.UA¥nsor payloads includes HD video and photographiR thermal
imaging, Radiation level monitoring, Volatile orgaicompounds. Used in Construction, mining, sutaede Fire fighting

and rescue

Figure 4: UAV.

The following are the advantageous of UAV
» Accurate (GNSS receivers).
» Payload and survey cost can be changed [Flexible].

» Low cost for the measurement of 3 D mapping.
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» Radiometric and temporal properties.

* In many times in a day survey could be done in nfaatures and happenings in the mission.
* Quality Camera.

« GPS.

» Precise processing

Since UAV used to collect huge data’s, the processequires very special software’s not the Stahdare.
Many times videos are recorded in the form of digitideo or high definition video. Intense procegsiand lot of

challenges are there.
» UAVs are available in wide ranges like many sizepss, with more rotating motors 4,6,10 based ostadaility.
e Deployment easy.
» Itis much cheaper than the conventional air e@ystems.
» Heightis 100 to 300 meters. [aerial path to fewskm
e Storage is necessary.
» Based on the storage facility, Transmission tealescare very important.

e Sometimes based on the application like real tind®/$hould transfer directly to receiver.This is thecessity

for UAV based remote sensing.
» High efficient Storage capable and high payloaddscare becoming popular nowadays.
* Remote sensing

» To cover large areas it is not fit (drawback)[1]

Humanitarian Efforts

Search and Rescue
Post disaster assessment

Floods

Disaster Hazard Emergency
Mapping Monitoring Delivery
Emergency response Volcanos Medicine
coordination Glaciers

Figure 5: Applications of UAV.

Flying adhoc networks [UAV networks] is an adhoawmk or hybrid of adhoc and infrastructure based

networks.UAV are attractive in society. They arenoaonly called as Drones. Many applications are dpeied.
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 UAV - un manned flying device flies because of trus

« UAV has 4 different propellers

Figure 6: Basics of Aerial Systems.
Different forces acting on the UAVs are shown gufie 6 such as wl w2 w3 w4
Weight of the UAV is mg [acting downwards]
Since UAV has to fly from the ground upwards a#l thpropellers runs so fast
Upward thrust such as T1 T2 T3 T4 as shown in &dur
Condition to fly: The total upward thrust T = TI+iE23+T4 > mg
Where T is the thrust
W is the angular velocity of the motors
These thrust and Angular velocity help UAV to clinb.

If you look at any aerial device, it can rotate3imlifferent ways such as Yaw (along z axis), Patdrig y axis)

and roll (along x axis).UAV can show 3 differentians Yaw Pitch Roll.

Altitude = Yaw

Figure 7: Aerial System.
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Three types of operations are possible with UAV
e Manual by human operator
» Autonomous to achieve mission
* Autonomous with minor human interventions[2]

UAV networks is about multiple UAVsS, communicate @rg each other, Fly together either in mode of
synchronous or asynchronous. Individual UAVs malit to each other in the network. They can depldpestar or mesh

topology. They must have flexible in deployment antonomous
UAV Networks
* Routing is very important
« Adaptive in nature
*  Will help UAV nodes to send data
*  Multitasking
» Task together
e Together will cover large areas
e They must be easily reconfigurable
e They should be reconfigure themselves to perfoffferdint mission for which they are deployed.
« UAV nodes move extremely fast, pitch role and yamnfast
» Propellers also will move fast
»  Will get more thrust to move fast
*  UAV mobility will be high
e Topology keep on changing dynamically
The challenges of Routing Protocol of UAV are
e The routing protocol designed as proactive andtireaoouting protocols
» lIts very challenge to design routing protocol iis thynamically changing topology
e These networks must not consume power
* They should perform sensing communication
* So more energy needed
» Battery should survive long time

» Hardware software must be energy efficient

Impact Factor (JCC): 7.1882 NAAS Rating 3.80
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» Lots of environmental disturbances — wind, rairbir

e Localization is very important issue

» Fast localization algorithm needed

» Coverage is very important issue

» Every area must be covered at least by single UAV

» Path planning is also important- Prediction is afsportant

e Malfunctioning of UAV must be considered

e Intermittent link nature

«  Dynamic topology changing

» Lack of suitable routing algorithm.

» Due to the mobility they are prone to connectif@iyure among the nodes

A new class of solution is needed

Table 1: Classifications of MANET VANET and UAV Networks

MANET VANET UAV NETWORKS
gﬂo%?:fcrv\;\:%e(s)fhg(r)iisdes Here vehicles are mobile It has adhoc as well as
within the communication wireless nodes. infrastructure based airborne
DESCRIPTION ranae in an adhoc manner Communication takes place| nodes. Communication takes pla
Cer?tralized Infra structure .i< between vehicles to road sideamong UAVs and between UAV
not available T units and among vehicles | and control station.
e High speed
e 6m/sto10m/sin
. Speedis low Urban areas and 20 * Speedis 0to 100 m/s
Mobility . omls to 30 m/s in High * Movement could be 2 or
«  Random moment ways. 3 dimension controlled
* Movement is limited according to mission
by traffic and traffic
rules
Topolo Random. adhoc Star with road side and adhocStar with control unit,adhoc or
pology ' among vehicles mesh among UAVSs.

Multi UAV network have the following limitations

e High power requirements

» Frequent link breakages

e Prone to malfunction

* Prone to Environmental effects

*  Very complex|2]

www.iaset.us
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Advantages are as follows
e High reliability
» High survivability

» Efficient speeded up missions

Mohamed Syed | brahim, P. Shanmugaraja & Mary Theres Vini

» The UAVs can act as both server and client

» It can transfer packets to other clients and conin@s[2]

The Connection between UAV and Control statiorsiodlows

e It uses star topology to connect also it applietiratart too.

e In multi star topology, one node from each grouprazts to control station

e High latency

» Highly dependent on ground station.

Among UAVs the connection will be done by Mesh aerdrchical Mesh network

* Flexible reliable

* Nodes are connected

e Secure

Table 2: Classifications of Star and Mesh Network

Star Network

Mesh Network

Point to point

Multi point to multipoint

Infra structure based

Infrastructure based or adhoc

Not self-configuring

Self-configuring

Single hop from node to central point

Multi hop gommication

Devices cannot move freely

In adhoc devices are autonomous and free to mowdrhstructure
based movement is restricted around the contrdteen

Links between node and central points are
configured

Inter node links are intermittent

Nodes communicated through central
controller

Nodes relay traffic for other nodes.

In this paper, viewed the routing protocols such as

* Topology based
* Position based
* Hierarchical

*  Deterministic

» Stochastic

e Social network based routing

Impact Factor (JCC): 7.1882

NAAS Rating 3.80
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In our work, we introduce a comprehensive survey bftopology-based routing protocols, 22 positiassl
routing protocols, 5 cluster-based routing protecd different data forwarding-based routing protecand 6 field

experiments of routing protocols in UAV networksldPANETSs with their various categories.

After discussing network architecture, various mogittechniques, and taxonomy of routing protocaldJAV

networks, we compare the routing protocols qualidy in terms of their major features, charactérss and performance.

Then, we address important open issues and resefalenges in designing routing protocols for UAV

networks.
The Design Consideration of UAV networks is asdoié

As we aware in the UAV networks the topologies demndynamically and very fast so the routing prokoc

should have the quality of scalability, adaptapiéihd robust communication protocols [3].
Topology

» Itis the arrangement of Nodes in the network. msuee the coordination and collaboration amongtiges, the

UAV supports peer to peer communication in coortimewith single or multi cluster moment in thetwerk

» Single cluster is the best choice for small missidrereas Multi cluster is the best for the multipiessions. In
this design the cluster head of each cluster igoresible for the communications with other cludteads and

down link communication. [4].
Mobility
»  Mobility model plays vital role in ensuring the iefency of communication among the UAVSs.
»  The mobility models are application dependent.
» If global path plan is preferred, then the moven@n AVs are regular.
» If the path plan is not defined then the mobilitgdel will be autonomous.
e Group mobility model [Manhattan grid] is the bekbize for the autonomous military mission.

« Random way point mobility [Gauss—Markov mobility ded] model is the suitable choice for the patrgjlin

applications because UAVs adopts flexible trajeetof6].
«  Mobility model of FANET is highly challengeable tih&’ ANET and MANET.
* The speed of nodes in UAV network varies from 3@@0 km/h. Also it control the efficiency of rougiri5].
Latency
» Itis impossible to create a network without latgruut it can be controlled.

« Remote sensing applications like disaster monitpri@earch operation as well as destroy operatiaulgh
possess very low latency. Position based, congestimtrol protocol and adaptive delay-constrainedting

plays vital role in minimizing the latency and &rcalso improve the QoS [7][8].
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Frequent Link Disconnection

* In high density network, UAVs link disconnectionopability is less whereas in low density netwolkis are

frequently disconnected.
Prediction
» Itis very important to predict the future positiohUAVs in every second.
» It's very challenging to predict the position deerépid changing topology.

« Also it's highly important to choose the appropgiabuting protocol which ensures the predictiorlJaéfVs in
FANET.

Flight Formation

* In the high speed UAV flight network, when a singJAV tries to enter or exit the design controllecés

challenges.
* This is because of the nonlinear dynamic inversiamirol on the inner and outer loop controller [10]
Collision Avoidance

» Kalman filter based obstacle’s position estimatiod prediction algorithm calculates reference triajgcbased

on the information of other UAV’s position[11]
Combat with External Disturbances

e In the critical application like mission accomplisént, the Mutual collision avoidance problem must b
considered and treated seriously. Particle swartimggation is used to overcome the collision avoida and

communication constraint problem.[12]
Scalability

* It's very important to propose a routing protocdhieh supports more number of UAVs in the multi UAV

networks.
» Increase in the number of UAVs will faster the nogssoperations and accomplishment[13]
UAV Network Architectures and Communications
e Multi UAV networks are used in both military andritian applications
*  Multi UAV networks consist of UAVs and Ground caoitstations.
* Two types of communications exist in this type efuorks, as like UAV to UAV and UAV to ground statti

* In case of any single UAV failure, the communicatiar coordination will be taken place by any of titeer

UAVs in the network which ensure reliability andhauability.

Impact Factor (JCC): 7.1882 NAAS Rating 3.80
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Design Issues in UAV Networks
* Latency
e Scalability
» Adaptability[14][15]
Communication in UAV Network

» Flying adhoc network is a subset of MANET and VANRIesearchers proposed 802.14.4 for the commumicati

among UAVs because of the lower bandwidth requirdnand 802.11 for UAV to ground communication

because of the higher bandwidth requirement, ladgta rate and long distance communication.

e For air to air communication adhoc network is uséttreas for the communication between UAV and gioun

station only a specific UAV is selected.[16][17]

A. Design Techniques for Routing in UAV Networks

* The UAV network is different from other networks #wey have unique routing mechanism. But some ef th

common techniques also could be utilized for datagmission.[18]
» Unicast, broadcast, multicast, and geocast roaieghe different delivery schemes in data transions
» Hop-to-hop direct data communication is Unicastaihis between a sender and a receiver.

» Flooding of messages to all the nodes in a completeork is Broadcasting, needs high bandwidth@rethead

and shows efficient output in scattered networks.
* Geocast routing &position-based routing has saraeifes.
» Geocast routing uses multi cast routing and dddipaickets to all the nodes in a specific geodcaphrea.
* Multicast routing construct networks based on tiemesh structure.

* The main challenge in the tree based multicastimguapproach is the necessity to rebuilt when tpology

become unstable. Failure in rebuilding leads tquent disrupted in a highly dynamic network.
B. Cooperative Routing
* Increases the communication reliability by impleti@gncooperative and direct transmission
* By using broadcast scheme, in the cooperativerrgutodes support each other with information trassion
* Neighbouring node acts as relay node
C. Path Discovery
» Itis the process of discovering the shortest afidble path between the destination node and sawde.
e Itis done by transmitting the Route request (RREQ)

e The best and suitable path is selected based @rébise condition and response.

www.iaset.us editor @ aset.us
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e This mechanism is being used in the existing rgugirotocols of UAV which in turn reduces the cast dime.
D. Single Path

* The single path routing protocol learns the roung select the best route to the destination.

» The routing path is calculated based on the predéfrouting table

» In case of any failure in the network, alternagpath cannot be found, and it leads to its limitatd packet loss
E. Multiple Paths

e It provides multiple routes and choices betweam@®and the destination

e It has many routes and itis efficient and rekabl

» Path failure or jamming attacks can be managediwdfiis multiple path routing

« Complexity is the major challenge in this routieghnique[19]

F. Quorum-Based Routing

It is developed to improve location service

* Forwarding scheme and location service which iernided to learn the position of specific nodes \ae/

important for position based routing

» Four different approaches are there for locatiamise such as some for some, some for all, alstome, all for

all.

» Restricted directional flooding, greedy forwardirapyd hierarchical approaches are the types of faliwgr

scheme
G. Grid-Based Rouitng
* The network area is divided into hierarchy of sgsar
» Each node maintains routing table which holds tiiermation of all other nodes
e This table is periodically broadcast
» The centre of the grid is considered as the pasidimode
 When a node closely reaches the position, theipositformation will be forwarded progressively.
» This will guarantee that the information reachesdbrrect nodes
H. Store-Carry and Forward
» Store carry and forward technique is being uséaeifnetwork faces disconnection issues from it$ reday node.

» It is more necessary if the network is faulty here is more important to transfer data to its mekdy node of

course the next node is out of transmission range.

e The store carry and forward technique utilizesdbeent packet node to transfer the data untitdich the next

Impact Factor (JCC): 7.1882 NAAS Rating 3.80
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node or destination.
e But this technique does not work well in the fasiving or dynamic changing topology of UAV.
» It leads to the term inefficient. Also this workehif the UAV nodes are sparsely distributed.
» This technique assures high through put in delkeyraat routing protocol.
I. Greedy Forwarding
» This technigue gives good output when the UAV nattesdensely deployed in FANET.
» The basic idea is to reduce the number of hop#igonnectivity.

» Also this technique chooses the relay node basetheravailability of nodes geographically nearestthe
destination node.

e ltis a progress based forwarding strategy.

* In case if there is an absence of Nodes geogrdphiezarer to Destination node, the algorithm faitel leads to

Cal minimum.
* Overhead and local optimum problem are the linotai
J. Prediction
Direction, geographic location and speed of the WAve some of the common tools to be consideregréafiction.
Path discovery is also used to find the best atideapath between the source and destination.
K. Routing Protocols

At the beginning the routing protocols of MANET aW®NET were proposed to be used for UAV networksic8
parameters like dynamic changing topology, high ifitglseeks researchers to recommend specific mgutirotocol for
UAV.[20]

TOPOLOGY BASED ROUTING PROTOCOLS

Topology based Routing protocol uses the existifigrmation of the node to transfer the packets foora node to another
node. Also it exploits the IP address of the nddethe network to accomplish this [21]. Static, &stive, Reactive and

hybrid are the types of topology based routing geot

A. Static Routing

Table 3
DATA-CENTRIC b: LOAR CARRY AND DELIVER MERngﬂé;EigﬁﬂNG
ROUTING (DCR) ROUTING (LCAD

(MLHR)

As shown in the figure the data gets transferred
from one ground station to another suing flight| It can form flat based structure
Secure, throughput is the strength A hierarchical networks which connegt
Challenge is transmission delay several clusters[23]
The transmission delay is avoided in Multi UAV

Better results in clustef
based Topologies
Itis used in one to
many transactions[22]
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B. Proactive Routing Protocol (PRP)

Table 4

The routing table must be updates and shared pesibdbased upon the change in topology

It contains latest information by exchanging thetirg messages among the communication nodes

Uses Routing table to store all the routes
Advantage :
Drawback :

Bandwidth
Network delay[24]

OPTIMIZED LINK
ROUTING (OLSR)

OLSR is very popular

The factors of Multi point relay affect the perfante of OLSR; also it is
selected by the sender which in turn covers tworfgghbors.

In OLSR, Multi point relaying is used to avoid c@sgion and control messages
This is not very useful in the dense network and density environments [26]
D-OLSR M-OSLR and CE-OSLR are the types of OLSRP®T-

OSLR routing is used for traffic monitoring in FANE[B0]

In [31], OLSR performs well than AODV in terms ddtd delivery of UAV
networks.

DESTINATION SEQUENCE
DISTANCE VECTOR
ROUTING (DSDV)

It is a table driven protocol routing protocol
Increment and full dump are the two types of updppackets
Uses numbered sequence to control freshness notles [33].

c: BABEL

It is a loop-avoiding distance vector protocol.

Gives better result for the unstable communicatietworks and which operates
in IPv4andIPv6networks.

A metric is used to calculate the shortest pathénnetwork

Limitations

It produces more traffic to update the routing éalduring topology changes[34].

BETTER APPROACH TO
MOBILE AD HOC
NETWORK (BATMAN)

It maintains the information about the presencallcfommunication nodes.
The best next hop is quickly recognized to commateiavith the destination
node.

It does not calculate the complete route

It is faster

Packet size is very small

Advantage

It shows better results in data rate and packst los

It won't embed any routing information in the rogipackets [35]

OPTIMIZED LINK
ROUTING WITH
EXPECTED
TRANSMISSION COUNT
(OLSR-ETX)

It shows good result for the criteria’s rapid mapiand dynamic topology
changes.

(OLSR-ETX) performs good than the traditional OLSR

Packe transmission, end-to-end delay, and overf32dd

C. Reactive Routing Protocol (RRP)

e Ondemand routing protocol

e Stores a route between 2 nodes while communicatiet other

» It overcomes the limitation of overhead problenpdactive

» Itleads to high latency because of the time iesatturing the process of finding new routes

»  Source routing and hop by hop routing are the tategories of RRP

* Packet carries the address of destination whearilssfrom source

* In hop by hop routing the intermediate nodes asparsible because the packet carries the addresxbfiop.

Impact Factor (JCC): 7.1882
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D. Position-Based Routing
 GPSis used to define the nodes in Position baagthg
» Suitable for highly dynamic UAV Communication neiks
» Single path and multi path are the two types oftfmosrouting

* Those two types are further classified into hetenegus networks, delay tolerant networks (DTNs} aon-

delay-tolerant networks (Non-DTNSs).
Single-Path Heterogeneous Routing
» It supports the interaction between the fixed natdhe ground station with other UAVs.
e It extends the coverage.
A. Uav-Assisted Vanet Routing Protocol (UVAR)
» After modifying a few VANET routing protocols, itay be used in UAV networks.

» Traffic density, distance between the nodes, coivigctand the distributions of vehicles are thedifferent

parameters of UVAR.
« HELLO messages exchanged between nodes
e Dijkstra algorithm is used to send HELLO messagdw/een the nodes. [51]
B. Connected-Based Traffic Density Aware Routing Rstocol (CRUV)
e This is suitable for the scenario, if the curreslbicle cannot find the connected segment, then daYor it.
* Periodically HELLO packets are exchanged betweervéhicles.
* This supports efficient routing.
» Ifthere is a connected segment, the source vebatéets the UAV to which to deliver the data.[538-5
C. Uav-Aided Vehicular Networks (UAV-VN)

« UAV VN solves the path availability problem in thehicular network with the help of UAVs. Usuallytha

availability depends on the number of vehicles imdooperations.
« UAV mobility is considered to enhance the availipibf path connectivity. [55]
D. UAV Relayed Tactical Mobile Ad Hoc Networks (UAVRT-MANET)
* This is used to implement UAV-aided relay in MANETSs
» It acts better than geographical routing protocol
» Connect the ground vehicles during link breakageUAV under reserved and congestion schemes

» Avoid link breakage and traffic congestion [56].

www.iaset.us editor @ aset.us
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E. Predictive-Optimized Link State Routing Protocol(P-OSLR)
e It works under the prediction of GPS.
* The HELLO packets are flooded with the support 835
* It modifies OSLR.
* P-OSLR s used in highly dynamic networks.
» This approach uses Expected transmission couimddte neighbouring nodes.[57]
F. Predictive Routing for Dynamic UAV Networks (PRDUAV)
* It modifies Dijkstra’s shortest path algorithm.
» It reacts faster to find the shortest path.
« Enhances delivery path and reduces end to end &8y
E. Cluster-Based Routing
Hybrid Routing Protocol (HRP)

* Reactive routing protocol requires more time tacoi®r routes also proactive routing protocols seffeverhead
issue.

» Used to reduce overhead problem also suitableafgelscale networks [36].

Table 5

It works in the concepts of zones.

A set of nodes are assigned to a node.

Zone routing protocol is used inside the zone antbagiodes which is
also call it as intra zone routing.

In case of both source and destination in the same, sources starts to
send its packets immediately.

Inter zone roting methodology is used to conndesibdes of different
zones.[37].

It is used in the multi hop networks.

In TORA the routers maintains the information ofesthouters.

It reacts less to the topology changes.

a: ZONE ROUTING PROTOCOL (ZRP)

b: TEMPORARILY ORDERED ROUTING It maintains acyclic graph.

ALGORITHM (TORA) It increases network adaptability by finding thevreutes quickly in case
of failure.
Advantage:

loop-free and multipath routing method

Proactive tree-based routing protocol

HYBRID WIRELESS MESH ROUTING Supported by IEEE 802.11s standard

PROTOCOL (HWMP) Path selection

Applications : video surveillance in multi-hop netiks[38]

It's a combination of on-demand routing and Boidfef/nolds
mechanism

Maintains Routes and connectivity

Results shows its better than AODV in terms of padelivery ratio,
end-to-end delay, and packet loss[39]

Based on AODV protocol

Link stability metric is used for LEPR design

Broken path and end to end delay is reduced[38-39]

Good results in precision agriculture scenario

Advantage : Packet delivery ratio

ON-DEMAND ROUTING WITH BOIDS OF
REYNOLDS PROTOCOL (BR-AODV)

Link stability ESTIMATION-BASED
PREEMPTIVE ROUTING (LEPR)

REACTIVE FLOODING ROUTING (RFR)
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e The swarm intelligence topology management appraagbed in FANTS for cluster-based network [45].
Cluster-Based Routing Protocol (CBRP)

» The geographical areas are divided into severarsggrids, consisting of cluster members.

» One of the cluster members will act as cluster hitaslresponsible for data routing.

* It's not necessary by individual nodes to discaeertes so this approach reduces over head
Modularity-Based Dynamic Clustering Relay Routing Rotocol (MDCR)

e This aims at the transmit power of the mobile desiand the energy efficient UAV aided mobile

» During clustering the UAVs are relocated to theitimss based on the centroids of the cluster.

e Graph based clustering approach is used in MDCR [47
Bio-Inspired Clustering Scheme for Fanets (BICSF)

This approach uses the hybrid mechanism of growmwvewarm optimization and krill herd Uses energy+ameluster
formation. Cluster building time, energy consumpticluster lifetime, and the probability of deliyesuccess with the
clustering algorithms based on grey wolf optimiaatiand ant colony optimization evaluates the peréorce of
BICSF.[48]

Hybrid Self-Organized Clustering Scheme (HSCS)

Its work good in drone-based cognitive 1oT. HSC8suglow worm swarm optimization (GSO) and dragoraftorithm
(DA). GSO manages cluster head. DA manages eftectuster member tracking methodology. It improthes network
stability by identifying the dead cluster [49]

Swarm Intelligence-Based Localization and Clusterig (SIL-SIC)

It is based on the particle swarm optimization (PSMe location of the target UAV is identifies dkugh Anchor UAV by
SIL SIC. Energy-efficient swarm-intelligence-baséastering (SIC) algorithm is also expanded based80. Improves
the cluster energy efficiency SIL-SIC identifieetbluster head based on particle optimization aggvoFor energy-
efficient clustering, cluster heads are selecteddas improved particle optimization. Advantagensames less energy

and prolongs network lifetime.[50]
F. Deterministic Routing Protocol

This is very useful if the future availability atite location of other nodes are known in terms obifity, availability, and
motion. A tree approach is used in the design leicten process between the source and the ddetinéth tree approach

the source node is root all the other nodes atd nbides.
G. Stochastic Routing Protocols

It is very useful for the network which holds randand unknown behaviour and this protocol minimized to end delay
[40].Types of stochastic routing protocols are epiit routing-based approach ,estimation-basedngutiode movement

and control-based routing ,and coding-based roii@ei4].
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Epidemic Routing-Based Approach

It is very useful if all the routes in the networke disconnected. This approach spread the mestagdl the nodes as
like flooding. The intermediate nodes forward byegsing the probability of the link. Limitations:rdge buffer sizes,

bandwidth, and power.
Estimation-Based Approach

It works well in smaller network whereas in thegkar network it leads to over head. Based on thenatbn process the

intermediate nodes take decision to forward théetac
Node Movement and Control-Based Approach

In this approach nodes will wait for reconnectioncase of any sudden failure. Two types are theraddress this
approach. Proactive and reactive cases. In preacource ferry data to destination. Reactive clsals to unacceptable
delay.

Coding-Based Approach Coding
It works in network coding. Avoid built in redundainformation and retransmission
Social Network (Sn)-Based Approach

It is useful if the mobility of the nodes is nohdbom and so it is fixed. Node stores the visititagp in the database when
it visits a new place. Needs higher buffer size higther bandwidth.
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