
Rlsc -road and Lane Based Stable Cluster Formation
in Infrastructured Vehicular Adhoc Network
RadhaKrishna Karne  (  krk.wgl@gmail.com )

Noorul Islam University: Noorul Islam Centre For Higher Education

Research Article

Keywords: VANET, Infrastructure Service, Various Lane, Fast Driving, Data Transmission, Dual Cluster,
Active Leader, Direction, Speed

Posted Date: May 31st, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1346735/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1346735/v1
mailto:krk.wgl@gmail.com
https://doi.org/10.21203/rs.3.rs-1346735/v1
https://creativecommons.org/licenses/by/4.0/


RLSC -ROAD AND LANE BASED STABLE CLUSTER FORMATION IN INFRASTRUCTURED 

VEHICULAR ADHOC NETWORK 

Abstract 

Vehicular Adhoc network - VANET is a technology that can provide assistance, safety and 

service to vehicles on the road. It is a network that communicates between vehicles 

wirelessly and infrastructure through the Internet. In this way, faster data and services 

can be shared through wirelesscommunication with different vehicles on different roads. 

It is a network communication system disseminated in a standardized way. One of the 

challenges is to establish a connection between vehicles traveling between various lanes 

on the larger road during fast driving and transmit data in these few seconds. In this 

proposed method RLSC -road and lane based stable cluster formation in infrastructure 

vehicular adhoc network, rapid data transmission is accomplished between clusters. 

Cluster data transmission is an advanced technology for effectively managing network 

resources and improving the network.Group-based vehicle communication is conducive 

to rapid data transmission. In this proposed model, dual clusters lead theway. If the active 

leader crosses the transmission range of thearea due to mobility,next level vehicle will 

become another active leader of the region. The selection of the leader is based on 

several parameters. Essentially, the leader should be locatedin the midpoint of the 

broadcastarea in each cluster. And the group must travel in the same direction at the 

same speed. On this basis, the vehicles lineup in a row and then start the race as the 

leader. Therefore, it can be seen that more packagedeliverieshave been completed 

Keyword: VANET; Infrastructure Service; Various Lane; Fast Driving; Data Transmission; Dual Cluster; 

Active Leader; Direction; Speed; 

Introduction 

Vehicular adhoc network is a heterogeneous wireless network as shown in Figure.1. This network will 

provide motorists with the information they need, road conditions, and safety features. Helps to 

establish wireless communication between drivers, especially during road travel, and thereby share 

road conditions with them. For example, news about heavy snowfall on the road, news about road 

repairs, news about diversion due to road works, information about delays caused by accidents, 

emergency assistance, various current affairs of the road are shared. Thus, before each vehicle 

decides to travel on the road, it is important to know the conditions of the road when receiving these 

messages from the other vehicle and continue the journey accordingly. In addition, the rules, safety 

features and special features of the area required to travel on that road will be communicated to each 

vehicle traveling in that area through the nearest road side units and through the base station. 



Entertainment information such as free internet service, weather, free audio and video, etc. will also be 

shared. This vehicle wireless connection helps to make road travel much easier and less stress free. 

 

 

 

 

 

Figure.1 VANET 

At the same time wireless connections on roads traveling at moderate to high speeds are one of the 

most complexsituations. Data must be shared at the same speed as neighboring vehicles that 

disappear at lightning speed. Road deviations, detours, roundabouts, etc. can cause loss of 

connections during communication, making it difficult to share data immediately. And evaluate the 

originality of the data being shared and then use the information. Channel choices are essential for 

quick connections. Also note that the data is shared according to the bandwidth of the channel. 

Similarly, redundancy can sometimes occur when data is shared due to heavy vehicular traffic on the 

roads, as well as congestion. Accurate protocols are needed to deal with all this and set the right paths 

and deliver data.  

The network will establish a four-lanehighway, separate vehicles traveling at different speeds, 

select vehicles traveling at a uniform speed, form a group in thearea, and establish network 

connections.Then select the leader in the cluster group by focusing on various parameters. 

Therefore,a dual leader wasselected, it has two leaders, called the main and main assistant. The 

next leader takes action when the primary leader leaves its region. Run on the network connection to 

reduce the loss on the network. Clusters run at different speeds on different lanes. Therefore, the 

network connection will be longer.This will avoid unnecessary repetitionand save network 

resources. 

In Part II of this document, previous studies on VANET are given as related works. Part III describes 

the implementation steps of the RLSC protocol format. In Part IV, the highlights of this VANET are 

given in the form of results and discussion. The final format of this paper is given as a conclusion in the 

V part.    

Related Works 

Internet 

V2V 

V2I 

RSU 



Wireless communication allows for the exchange of more tailored and comprehensive data. 

VANET addresses all of these concerns relating to vehicle communications as well as 

ongoing wireless communication research. [17]. In these mobile networks, vehicles are self-

organized and communicate each with each other, requiring no infrastructure or centralized 

coordinating entity. Mobile vehicles in VANET might play the role of stationary sensors in 

infrastructure-based networks[1]. It uses GPS and DGPS-equipped devices. It uses various 

technologies such as wireless communications, computational technology, sensing 

technology, inductive loop detection, video vehicle detection, Bluetooth detection. From the 

last few years, we have investigated many research efforts on various issues related to V2R, 

V2V[4]. The fast nodes or vehicles’ mobility on structured roads and streets infrastructure 

makes this large size network highly dynamic. Each vehicle is equipped with wireless 

technology to cooperatively exchange or broadcast information with other vehicles in the 

network[10]. To provide effective VANET applications, we have undertaken extensive 

research in different networking layers to address the existing challenges. Proposes a 

transmission control protocol that adapts communication rate and power based on the 

dynamics of a vehicular network and safety-driven tracking process[14]. They should 

consider the effect of the channel model along with the propagation model and dense traffic 

network scenario for VANET, where network performance significantly degrades[2]. A 

malicious vehicle can broadcast false position information in the network that has adverse 

consequences in safety applications. Vanet routing, safety application, traffic management, 

and data aggregation rely on correct vehicle position information [6]. It has proven the 

clustering algorithms to be an effective approach to forming a network into a connected 

hierarchy of various wireless networks. Sophisticated CH selection algorithms should 

consider over one criterion and a method to combine and process them[15]. VANET is a 

reliable technology for implementing driverless automobiles as it integrates the new 

generation of wireless communication technologies into vehicles. Thus, the primary aim of 

VANET applications is to increase road safety and transportation efficiency[3]. VANET, a 

significant and appealing application of MANET, has fascinated the interest of both the 

transportation industry and academia. VANET encompasses vehicles, substituted as mobile 

nodes, equipped with onboard units [19]. On the other hand, node sensory mobile vehicle 

supplies sufficient high electric power in the system of Inter-Vehicle Communication, so 

energy consumption is the second factor. Security and privacy are the key factors and 

challenges in Inter-Vehicle Communication systems [9]. Specifically, the nodes in VANETs 

are limited to road topology while moving, so if the road information is available, we can 



predict the future position of a vehicle; also, vehicles can afford significant computing, 

communication, and sensing capabilities as well as provide continuous transmission power 

themselves to support these functions [13]. The safety applications give out important and 

safety information from other vehicles’ sensor data or stationary roadside units (RSUs) to 

avoid and report issues such as road conditions and maintenance information, immediate 

brake warning delivered from a preceding remote vehicle, and accident announcement[5].  

A vehicular ad hoc network is a special form of MANET, which is a vehicle-to-vehicle & 

vehicle roadside wireless communication network. It is an autonomous & self-organizing 

wireless communication network, where nodes in VANET involve themselves as servers 

and/or clients for exchanging & sharing information[18]. Secure routing protocols focus on 

providing authentication and path validity. They do not completely address communication 

securing nor prevent eavesdropping or data changing. Hosts must still use end-to-end 

cryptography to protect themselves from these attacks[8]. An ad hoc routing protocol must be 

able to decide the best path between the nodes having unidirectional links, minimize the 

routing overhead to enable proper routing, minimize the time required to converge after the 

topology changes, and maximize the capacity utilization. Therefore, developing support for 

routing is one of the key research areas in ad hoc networks[12]. Connected vehicle focuses on 

localized Vehicle-to-Vehicle, Vehicle-to-Infrastructure and Vehicle-to-Device Systems to 

support safety, mobility, and environmental applications using vehicle DSRC or Wireless 

Access for Vehicular Environments. It based VANET on Wi-Fi and is the core set of 

standards to support cooperative, safety-critical V2X applications[7]. The design of effective 

vehicular communications poses a series of technical challenges. Guaranteeing a stable 

routing mechanism over VANETs is an important step toward the realization of effective 

vehicular communications[16]. Batteries scatter wireless self-organized networks composed 

of many tiny nodes with restricted memory, processing capabilities, and powered. Since once 

it depleted the energy in a node, it is no longer useful, WSNs have a short life span compared 

to other wireless networks[11]. 

RLSC Design and Implementation 

This VANET is set up to run a set of vehicles𝑉and its connected neighbors𝑁 Also, some infrastructure 

devices have been placed for road travel. These are: road side units𝑅𝑆𝑈, gateways𝐺𝑊, base 

station𝐵𝑆, and internet service providers𝐼𝑆. The connected neighbors are within the coverage range𝐶𝑅  



of each vehicle, we call it direct - hop neighbor𝐷𝐻𝑁.The neighbor ratio 𝑁𝑅should be calculated 

according to this.    

𝑁𝑅 = 𝑁𝑉 
 

 

 

At the beginning of the network, hello messages are exchanged periodically to introduce vehicles and 

thus maintain direct neighbors as 𝐷𝐻𝑁. Also, from the start of the network, the distance𝐷𝑖𝑠𝑡 between 

each neighboring, and the varying distance between them, must be constantly updated. To calculate 

these distances as below, we need to update the location points of each vehicle such as (𝑋1, 𝑋2), and 

(𝑌1, 𝑌2). 𝐷𝑖𝑠𝑡 =  √|𝑋1 − 𝑋2|2 + |𝑌1 − 𝑌2|2|𝑍1 − 𝑍2|2 

 

Similarly, since vehicles are moving, they must constantly calculate the moving directions𝑀𝐷 and 

angles 𝐴 of the vehicle and save it to the neighboring list𝑁𝐿.  𝛳 = 𝑎𝑡𝑎𝑛2(𝑌, 𝑋) 

𝐴 = 𝐴𝐸180ᴫ  

Also, nodes like 𝑅𝑆𝑈, 𝐵𝑆, and gateway  𝐺𝑊will continue to send announcements to the network at 

regular intervals𝑡.This notification will allow all vehicles on the network to connect to the infrastructure. 

Although vehicles are in motion due to mobility𝑀, it interacts with vehicles and infrastructure devices in 

the moving region to get fresh connection.    

The 𝑁𝐿needs to be updated at short intervals depending on the speed of𝑆vehicle and the deviations𝐷 

of constantly changing angles and directions𝐷 as shown in Figure.2. 

 

 

 

Figure.2 Mobility Deviations 

Angle 



Here, 𝑋2and 𝑌2  defines the receiver sensor location points and 𝑋1and 𝑌1 defines the sender location 

points.   𝑈𝑝𝑑𝑎𝑡𝑒 𝑋1, 𝑌1 𝑎𝑛𝑑 𝑌1, 𝑌2 
Table. 1 Neighbor List 

 

Only then will the new 𝑁𝐿 be maintained as shown in Table.1. Similarly, if there are no messages for 

continued contact from a nearby vehicle𝑁, the inputs should be removed from the 𝑁𝐿.In this 

neighboring list, the vehicle ID, geographical location points𝑃𝑃, the moving speed 𝑆of the vehicle, its 

moving angle𝐴, the direction𝐷 in which it is moving and the time𝑡 they are in contact will be saved.  𝐼𝑓 𝑌2 > 𝑌1 𝑈𝑝𝑑𝑎𝑡𝑒 𝐷 = 𝑈𝑝𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑒𝑙𝑠𝑒 𝐷 = 𝐷𝑜𝑤𝑛 𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝐼𝑓 𝑋2 > 𝑋1 𝑈𝑝𝑑𝑎𝑡𝑒 𝐷 = 𝑅𝑖𝑔ℎ𝑡 𝑒𝑙𝑠𝑒 𝐷 = 𝐿𝑒𝑓𝑡 𝑈𝑝𝑑𝑎𝑡𝑒 𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 = 𝐷 
 

The vehicle will know its location through the global positioning system running on the wireless 

circuit board where the vehicle is registered. 

𝑆 = 𝐷𝑖𝑠𝑡𝑡  

At the beginning of the network, all nodes actlikeordinaryvehicles. Only then will the leader 𝐿 selection take place.  Similarly find the midpoint vehicle𝑀𝑃 within the𝐶𝑅  of the vehicle traveling in 

each network region. 𝐷𝑖𝑠𝑡(𝑛, 𝑠) ≤ 𝐶𝑅  
Here 𝑛is neighbour vehicle and 𝑠 is the sender vehicle. The other neighbor 𝑁 vehicles around that 

midpoint vehicle should be updated with its position and a straight neighbor 𝑠𝑁 list should be prepared.  𝑠𝑁 = (𝑛 ∈ 𝐍) ≤ 𝐶𝑅 

Similarly, the vehicle's present position𝐶𝑃𝑋 , 𝐶𝑃𝑌  and former position 𝑃𝑃𝑋 , 𝑃𝑃𝑌 must be updated on a 

regular basis. Similarly, the deviation of its position 𝑃𝐷can be calculated by changing its angles as 

follows. 

Vehicle ID geographical location points moving speed moving angle Direction Contact Time 



. 𝑃𝐷 = 𝐶𝑃𝑌 −𝑃𝑃𝑌 𝐶𝑃𝑋−𝑃𝑃𝑋  

Also keep the track of the number of vehicles in the region and save as below. 𝐷𝐴 = 𝑋𝑌 𝐴𝑁𝐵 = 𝑉ᴫ𝐷𝐴𝐶𝑅 𝐷𝑅 = 𝐷𝑆𝐴𝑁𝐵 𝐷𝑆 = (𝑛1 → 𝐷𝑖𝑠𝑡(𝑛2) < 𝑛1 → 𝐶𝑅) 
 

Here, 𝐷𝐴 is the depth of the network area, this will indicate the location of the vehicle. Also find 

the average neighbour𝐴𝑁𝐵 in the area. Based on these two measurements, the vehicle density 

ratio𝐷𝑅 inthearea should be calculated.After that, we have to put the vehicles in this list and form a 

cluster𝐶 in that region. If the former vehicle and the head vehicle have more than 2 then if it has a 

vehicle at the midpoint then that midpoint point vehicle will become 𝐿 for the 𝐶𝑅 around it. Also, if the 

moving angle, direction and speed of the vehicle are all the same, the vehicle will become the leader. 

With these parameters, the 𝐿will attach its location points and ID and send a leader message. Vehicles 

within the coverage of that leader will receive the message and store the leader information and 

thereby receive and send data. The vehicle that receivesthe message will become a member of the 

leader. 𝐶ℎ𝑒𝑐𝑘 𝐹𝑉 > 2 𝐶ℎ𝑒𝑐𝑘 𝐻𝑉 > 2 𝐶ℎ𝑒𝑐𝑘 𝐴, 𝐷, 𝑆 = 𝑆𝑎𝑚𝑒  𝐹𝑜𝑟𝑚 𝐶𝑙𝑢𝑠𝑡𝑒𝑟 𝐷𝑐𝑒𝑙𝑎𝑟𝑒 𝐿𝑒𝑎𝑑𝑒𝑟 𝐸𝑛𝑐𝑙𝑜𝑠𝑒 𝑁𝑜𝑑𝑒 𝐼𝐷, 𝑋, 𝑌, 𝐴, 𝑆, 𝐷, 𝐿𝑎𝑛𝑒 𝑎𝑛𝑑 𝑆𝑡𝑎𝑡𝑢𝑠 = 𝐿 𝐼𝑓 𝑉 ≤  𝐶𝑅 𝐽𝑜𝑖𝑛 𝐶𝑙𝑢𝑠𝑡𝑒𝑟 → 𝑆𝑡𝑜𝑟𝑒 𝐿 
As illustrated in the Figure, the cluster is connected to the adjacent cluster that drives on this route and 

continues to share data.In order to form a cluster, a vehicle must be selected as the leader 𝐿 of the 

cluster set, and certain parameters are required for that leader selection. For this network, vehicle 𝑆, 

moving 𝐴, moving 𝐷, time 𝑡of interaction between vehicles etc. are used as important parameters for 

cluster leader selection as shown in Figure.3. 

 

 

 

 



 

 

 

 

 

 

 

Figure.3 Lane based Clustering 

Each vehicle must have vehicles around it to calculate these parameters. Only then can the leader be 

chosen. Otherwise they can only be a cluster member under another leader.  These parameters must 

be monitored from the beginning to the end of the network. Only then will changes in the network be 

known. The midpoint node with a certain number of neighboring vehicles in the coverage area is 

selected as the current leader in that region and it will start sharing data in broadcast mode to its 

coverage vehicles.  

The member vehicle, which is between the two leaders, connects the leaders and acts as a gateway 𝐺𝑊. Here, 𝐶𝑋and 𝐶𝑌 indicated the centre of x and centre of y of the L and gateway. 𝐶𝑋 = 𝑋1 + 𝑋22 𝐶𝑌 = 𝑌1 + 𝑌22  

𝑑𝑖, = 𝐷𝑖𝑠𝑡((𝑋1,, 𝑌1), (𝑋2,, 𝑌2)) 𝑖𝑓(𝑑𝑖, < 𝑑𝑖𝑗) 𝐶𝐺 = 𝑉 → 𝐺𝑊 

Each of these gateway sensors calculates the distance between it and the leader and communicates it 

to both leaders. Then 𝐺𝑊starts the recede timer 𝑅𝑇and run it for 2 to 0 minutes. Here, 𝑀𝑇and 𝑅𝐼explains the maximum time variations required during the transmission and random interval helps to 

avoid the competition to select the channel between vehicles are explained. Also,𝑀𝐶𝑅 is the maximum 

coverage range of the vehicle. 

𝑅𝑇 = 𝑀𝑇𝑅𝐼(1 − ( 𝑉𝐺𝐺2𝑀𝐶𝑅) 
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At this point, if any leader leaves the network, this gateway becomes the leader and begins to share 

data with other vehicles after the leader announcement. This avoids rapid data delivery and network 

delay. 

This allows for uninterrupted data delivery as well as network delays. Sometimes more than one sensor 

can become a gateway and then act as a leader depending on the density of the network. So, the 

gateway nodes share their own recede timer and thereby modify the times of that timer depending on 

the other competitors. This allows for consistent selection, and avoiding simultaneous competitions. 

The function of the clusters generated in this will change their counts in different road layouts. The 

cluster range will vary accordingly. On the roads there are vehicles traveling at different speeds such as 

modest speed vehicles, slightly speeding vehicles and high speeding vehicles.  𝑆𝑝𝑒𝑒𝑑 > 90 𝑘𝑚 = 𝐻𝑖𝑔ℎ 𝑆𝑝𝑒𝑒𝑑 𝑆𝑝𝑒𝑒𝑑 > 50 → 90 𝑘𝑚 = 𝑀𝑒𝑑𝑖𝑢𝑚 𝑆𝑝𝑒𝑒𝑑 ≤ 50 𝑘𝑚 = 𝑆𝑙𝑜𝑤 𝐶ℎ𝑒𝑐𝑘 𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 = 𝑖𝑓( 𝑋2 < 𝑋1) 𝑈𝑝𝑑𝑎𝑡𝑒 𝑉𝑒ℎ𝑖𝑐𝑙𝑒 = 𝐻𝑉 𝑒𝑙𝑠𝑒 𝐹𝑉 
Here𝐹𝑉 is the former vehicle and 𝐻𝑉 is the head vehicle of midpoint vehicle. Variations of the cluster 

will vary with that speed. Vehicles with uniform speeds form a cluster setup. Thus, the cluster 

connection will be longer.   

Results and Discussion 

In this network, vehicles, road side unit, base station etc. are spread out randomly and four-way road is 

constructed in which vehicles can travel. Also, since it is a vehicle adhoc network, its speed and 

communication methods vary greatly from other wireless networks. The design and routing of this 

network is set up to work accordingly.  Since it is a VANET, it is more dynamic than any other network. 

The structure of the network and its protocol are designed to handle this nature.  The Table.2 below 

contains the parameters used to create this network.   

 

 

 

 

  



Parameter Value 

Antenna Omni Directional  

Nodes 91 

Propagation Model TwoRayGround 

Gateway 2 

Road Side Unit 4 

Service Provider 2 

Table.2 Network Paramters 

 

Figure.4. Interval Vs Packet Delivery Ratio 

This packet distribution rate is the percentage of packets that travel from source to destination in the 

network, and a high percentage indicates that the network is working well.Here, it can be noted that the 

proposed model's RLSC is higher than the SRCV when compared to it.This is because a robustroute 

is created in RLSC, since clusterareformed according to various movements of the vehicle, and 

then data is passed.In the Figure.4 provided here, it can be seen that even if different data 

packets are transmitted at different intervals, the delivery percentage of the proposed method 

has increased.Therefore, it can be seen from these results that routing is configured better. 
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Figure.5. Simulation Time Vs Delay 

As it is a VANET, the network is very dynamic,therefore, setting the route and maintaining it for data 

distribution is one of the most challenging tasks.This can lead to more network connection 

losses,consequently,the routingmust be designed very carefully. Compared to SRCV, thegiven 

RLSC protocol has a shorter delay. The path selection of the proposed method minimizes the delay 

as the data goes and reaches the destination, and the network dynamics are very carefully monitored 

from start to end, allowing routing through the cluster to share data in less time. Thus, it can be seen 

that the data delivery delay in the network is very short. The changes caused by the delay in this 

Figure are verifiedbysimulating changes in time.This Figure.5 illustrates the delay changes that 

occur when the network is running at different times. 

 

Figure.6 Packet Size Vs Packet Dropped 

Packet loss is inevitable on wireless networks.Therefore, the field of network connection and its 

stability shouldbecloselymonitored.In this VANET, monitor the transmission range of the 
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network,the network density, the number of clusters and form the clusters accordingly. It can be 

seen that the stability of the network isimproved,and the packetlossrateis also reduced with the 

continuous update of the network. This can be seen by looking at the output of the RLSC 

protocol. The size of the data packet also changes accordingly as different data passes through 

it.The Figure.6 above shows that even if different packets are delivered, the RLSC 

packetlossrate isverylow.This indicates that the network has successfully transmitted thepacket. 

 

 

Figure.7. Node Vs Throughput 

If the number of bits of packets sent to the network is converted to bytes and the number of bytes 

obtained by destination is increased, then the performance of the network can be increased.The 

number of vehicles running on the network was modified to detect this performance and test the 

resulting changes.Therefore,the density of the network and the number ofclusterswill vary. Then 

the leader selection will be found accordingly. In this case, the number of bytes of the data packet 

received by the destination will vary according to the amount of data sent, which will vary with the 

change of transmission time, asshown in the figure.7.Here we see that the result of RLSC is 

greater than the result of SRCV. By this we can see that the quality of this network has improved.    

Conclusion 

In this research, a highly variable VANET was developed and its change and density were 

monitored to form a cluster of nearby vehicles. In addition,avehiclein the cluster will act as leader 

at a specific time, andthen the leader will change according to the network environment.Due to 

the integration of connected leaders, this has led to vehicle-to-vehicle and vehicle to 

infrastructure rapid communication. This can minimize the lossof network connection and create 

faster routes. As well as the angle, deviations of the vehicles running on the network and its changes 
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are constantly monitored,so that the network can be quickly updated to adapt to suchchanges. 

Four-way lanes are set up in the network in which vehicles travel at different speeds as well as at 

different connections, at this time, changes in vehicle-to-vehicle communicationleadto routing 

and data transmission, whichdetermines the nature of data packet delivery. it can be seen in the 

results of this network. Its future work is to bring the right channel allocations to VANET by diagnosing 

and resolving VANET channel selection issues 
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