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Abstract

:

Vehicles are highly mobile nodes; therefore, they frequently change their topology. To maintain a stable connection with the server in high-speed vehicular networks, the handover process is restarted again to satisfy the content requests. To satisfy the requested content, a vehicular-content-centric network (VCCN) is proposed. The proposed scheme adopts in-network caching instead of destination-based routing to satisfy the requests. In this regard, various routing protocols have been proposed to increase the communication efficiency of VCCN. Despite disruptive communication links due to head vehicle mobility, the vehicles create a broadcasting storm that increases communication delay and packet drop fraction. To address the issues mentioned above in the VCCN, we proposed a multihead nomination clustering scheme. It extends the hello packet header to get the vehicle information from the cluster vehicles. The novel cluster information table (CIT) has been proposed to maintain several nominated head vehicles of a cluster on roadside units (RSUs). In disruptive communication links due to the head vehicle’s mobility, the RSU nominates the new head vehicle using CIT entries, resulting in the elimination of the broadcasting storm effect on disruptive communication links. Finally, the proposed scheme increases the successful communication rate, decreases the communication delay, and ensures a high cache success ratio on an increasing number of vehicles.
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1. Introduction


The internet of things (IoT) interconnects the complex network of devices and enables them to exchange information. It uses that information in various applications such as smart health, smart city, smart vehicles, smart homes, business automation, and social connection. For example, smart health monitors patients in remote locations and provides timely medical service in case of emergency. However, social IoT enables members of society to communicate with one another and share ideas. In smart cities, the responsive smart infrastructure creates an automated environment. IoT also changes the business environment and increases competition in the market. Moreover, smart vehicles automate the traveling experience and provide the most efficient communication and reliable path in abnormal situations. These next-generation vehicles (smart vehicles) have changed travel experience and communication process. These smart vehicles are talkative nodes and continuously exchange beacon messages with other vehicles [1,2]. In a beacon message, they share vehicle ID, direction, and speed information with the neighbor vehicle. The neighbor vehicles receives the packet and generates the beacon packet in response [3,4,5,6]. Due to the high speed of mobile nodes, they change the topology frequently and create communication delay, disruptive communication links, and network load.



However, these vehicles also communicate with infrastructure for a quick response [7,8]. In vehicle-to-infrastructure (V2I) communication, vehicles forward information to road side units (RSUs). When an RSU receives the message from the vehicle, it adds the required information. However, an RSU is an uncompromised entity in V2I communication [9]. Therefore, an RSU sends a quick response to vehicles, provides efficient data delivery, ensures efficient caching, and provides reliable communication. However, if the vehicle changes its location, then the handover process with the new RSU starts again, which increases the network load and packet drop ratio.



To solve the above-mentioned problem, an information-centric network (ICN) is proposed. It is a content-based communication network instead of IP-based communication. When the requester vehicle propagates the request packet, each intermediate vehicle receives the request, uses the prefix match, and searches the requested content in the local cache of the vehicle. If the content is not found, then it updates entries in the table and forwards them to other vehicles in its vicinity till it is found the provider vehicle [4,5]. The producer vehicle sends the response in a response packet and uses the reserve path of the request packet. However, the content-centric network (CCN) is a project of ICN. It uses an interest packet for request generation and a data packet for interest satisfaction. It updates pending interest table (PIT) and forward information base (FIB) entries according to the communication process. Due to the high mobility of vehicles and unpredictable location in VANETs, the content centric network (CCN) is a decent alternative to overcome the previously specified problems, as each vehicle has a built-in cache to satisfy the requests at any location. For this purpose, it proposes unique PIT and FIB headers to maintain entries during communication to reserve paths. In addition, there are various VANET protocols that have been proposed recently to overcome mobility issues, minimize communication delay, and ensure efficient communication [4,7,10,11].



Various cluster-based routing protocols have been proposed to group vehicles based on common interests [12]. In every cluster, the head vehicle is selected to satisfy the maximum interests of the network. However, in the case of disruptive communication links due to cluster head vehicle mobility, the vehicles create an interest-broadcasting storm, and, the nomination process to select the new cluster head vehicle starts again. This increases the network load and communication delay and decreases the packet delivery ratio.



We propose a method for mitigating broadcasting storms using multihead nomination clustering in vehicular content centric networks. The novel contributions of this method are given below:




	
It extends the hello packet header to extract the information from neighboring vehicles. This information is used to select the most appropriate head vehicles   ( H V )   in the clustered network.



	
If there is more than one head vehicle   H V   in the network, then its information is shared with the RSU. The RSU receives that information and maintains it in the cluster information table   ( C I T )  .



	
Depending on information, the RSU selects the most appropriate   H V   to satisfy the maximum number of interests in the network.



	
If the interesting content is not available in the network, then interest is forwarded from   H V   to RSU. If there is a disruptive communication link, the RSU utilizes the   C I T   entries to select the new   H V   to eliminate the broadcasting storm in the network.








The motivation of the proposed scheme is to mitigate the broadcasting storm on disruptive communication links in the network. Moreover, the proposed scheme is intended to avoid the re-selection process of head vehicles by maintaining a unique cluster information table (CIT). It mitigates the excessive packet flow in the network. However, if the requested content is not available in the network, then the proposed scheme also enables the only head vehicle to send a request to RSU. This process minimizes the bottleneck effect on RSU. The objective for proposed scheme to minimize the communication delay, increase the communication efficiency and mitigates the broadcasting storm on disruptive communication links.For The remaining paper is structured as follows. Section 2 briefly explains the previous contributions of the related literature. Section 3 gives the overview of the system model in detail. Section 4 discusses the simulation setup and its results in detail. The conclusion and future work are explained in Section 5.




2. Related Work


Vehicles are continuously exchanging information with one another and propagating interest in the network. Vehicles with common interests are clustered together for efficient request satisfaction. In each cluster, the head vehicle is selected to satisfy most requests. However, in case of disruptive communication links due to head vehicle mobility, a broadcasting storm is created in the network. Moreover, the head vehicle selection process restarts again and creates excessive packet flooding in the network. It also increases the communication delay between vehicles. The most relevant literature regarding the above-mentioned problems is summarized in the following sub-sections.



2.1. Clustering Schemes in CCN


For the dissemination of content, a deep-learning-based approach is used in [13]. It consists of three phases. In the first phase, the probability of a stable vehicle connection is determined to identify vehicle pairs using the Wiener process. In the second phase, a convolutional neural network is used to find the social relationship, e.g., between pairs of vehicles. The social relationship between vehicles is estimated for optimal network performance; for example, data held by vehicle V_j requested by Vehicle V_i should not be broadcasted. A convolutional neural network learns automatically from the values of its filter to identify vehicle community/social relationships. In the last phase, once a V2V pair is confirmed, the content is disseminated. Based on social similarity in [14], cooperative caching is studied considering vehicle mobility. Furthermore, the content replacement policy is investigated considering the popularity of the content, i.e., the time between requesting the same content.



The scheme proposed in [15] uses the Markov model to predict the mobility direction of vehicles. The clusters are made based on distance, the number of hops, link expiration time, and the probability that neighbors maintain their status. In the case of head vehicle changing its location, the head vehicle selection process starts again. The author in [16] proposed a cluster-based device mobility management scheme. The complete cluster information is maintained in the cluster head vehicle. Before leaving the cluster, the provider vehicle forwards the current location information to the cluster head to satisfy the pending interests.



The research paper [17] discusses the various approaches of cluster vehicular networks. In [18], two techniques, fuzzy C mean and Q-LEACH, are combined to cluster the vehicles in the network. The optimal cluster head vehicle is selected based on the distance and degree of the neighbor vehicle. This information is collected through sensor nodes. It achieves a lower latency rate and higher throughput. In the research paper [19], the vehicles with the same trajectory made a cluster to ensure successful communication. The cluster head (CH) was selected based on direction and speed information. In the case of a request, the RSU forwards required data to CH to cache the data and forward them on request to the provider. The authentication of the cluster and data reliability is not provided.




2.2. Routing Schemes in CCN


The author of [20] proposed updated content forwarding on the network to increase the cache hit ratio with minimum communication delay. According to the routing scheme proposed in [21], the most popular content has been cached in the network to satisfy the interest packets. It achieves a high packet delivery ratio. In their research paper [5], Maryam et al. used trajectory information sharing between highly mobile vehicles to ensure successful request satisfaction. The complete trajectory match for interest satisfaction leads the content provider vehicle away from the consumer vehicle. It increases the communication delay in the network.



In [22], the Markov decision model is used to predict the movement direction of vehicles to cache the most popular content on RSU and vehicles to achieve a high packet delivery ratio. In [10], the content-centric network properties are utilized in smart vehicles. It ensures a successful packet delivery rate by sharing the route information to neighbor vehicles. The vehicles with the same direction respond to each other. It ensures successful communication within the minimum delay.The scheme proposed in [23] tracks the movement of the vehicle on the specific lanes and ensures successful communication. The resource allocation problem is modeled as a Markov decision model process and using approximation function in [24]. The authors proposed a resource-allocation method based on an actor–critic (A3C) learning algorithm to achieve successful communication within high dimensions and have better convergence properties [24]. CCN is proposed for the collection of vehicular traffic information [25]. A unique name is assigned to traffic events, and location-based routing is adopted. For the efficient collection of information cache hit and cache miss is studied. The proposed caching is based on the vehicle movement and probability of the channel usage ratio. Caching and forwarding of content in NDN induces the redundancy of the content due to multiple copies of the same content, which leads to increase overhead in the network. In [26], optimal caching policy is studied based on the popularity of the content considering constraints such as available storage and bandwidth.



A probabilistic interest forwarding mechanism is presented in [27]. It considers the probability of forwarding the interest to be high in a low dense vehicular environment and vice versa. The Yaqub et al. [28] proposed a push-based data forwarding scheme. The relay vehicles receive the segmented data packets.



According to previous research findings, V2V provides efficient communication and various traffic-aware messages broadcasting to neighbor vehicles. It increases network load and compromises the delay. In V2I, vehicles request data from RSU to satisfy the requests. However, data authentication and privacy policy are not defined. Vehicles have a built-in cache to save data and satisfy requests. However, they did do provide the validity of data in the cache and RSU.



There are several research contributions that solve the problem of frequent communication link disruption between vehicles and decrease broadcasting storms in the network. In cluster-based vehicular routing protocols, head vehicles satisfy the interests of the network. However, if the head vehicle is not available in the network, it creates an interest broadcasting storm. This increases network load and packet collision probability, and re-polling for head vehicle selection increases the communication delay.





3. System Model Overview


In this section, the proposed scheme of mitigating broadcasting storm using multihead nomination clustering in a vehicular content-centric network is discussed. Later on, the working of the proposed scheme is discussed in detail along with a unique feature description and its implementation in two different scenarios. As shown in Figure 1, the proposed scheme includes several clusters on the road. Each cluster has a unique id   C =  C 1 , C 2 , C 3 , ⋯ , C n    and a cluster head vehicle id   H V =  H V 1 , H V 2 , H V 3 , ⋯ , H V n   . It is represented in separate sub-part of Figure 1. Each   H V   shares its information with the nearest RSU. This information is maintained in cluster information table   ( C I T )  . If   H V   changes its location, then RSU utilizes its   C I T   information to select a new   H V  . The RSU maintains the   C I T   of clusters and content in its database to satisfy the interests of clustered vehicles. The   H V   cache maintains the most similar content previously requested from the network and neighbor information table (NIT). The other vehicles in the cluster save the requested content and identity of   H V   to forward the requests. The proposed scheme extends the naïve hello packet header to obtain the information of the clustered vehicles. The novel head vehicle selection parameters include the speed of a vehicle, its location information to calculate the distance, the maximum similar cached content value, and the connection information in the cluster. If the vehicle has minimum distance from a neighbor, maximum similar cached content, maximum neighbor vehicles, and comparable speed, then it is selected as a head vehicle. This information is shared with RSU and maintained in cluster information table   ( C I T )  . If there are several head vehicles nominated by clusters, then   C I T   entries are used to compare the information and select the most appropriate vehicle as   H V  . The head vehicle satisfies the interest of vehicles not only in V2V communication but also in V2I communication.



Initially, the distance between sender and receiver vehicles has been calculated. Equation (1) is used to calculate the Euclidean distance   d i   between two vehicles. The i shows any number of vehicles   i =     i 1  ,  i 2  ,  i 3  , . . . ,  i n    .   d  x 1    is the x-coordinate and   d  y 1    is the y-coordinate of the sender vehicle.   d  x 2    is the x-coordinate and   d  y 2    is the y-coordinate of the receiver vehicle. After receiving the location information from the one-hop neighbor vehicles, each vehicle calculates its distance from its neighbor vehicle.


   d i  =      d  x 2   −  d  x 1    2  +    d  y 2   −  d  y 1    2     



(1)







Speed s information is used to compare the mobility information of the vehicle. Each neighbor vehicle, which receives the speed information, calculates its speed difference to estimate the stability of the vehicle in the network using Equation (2). The disruptive communication links might be created if the speed difference between two vehicles is higher than the threshold. The   s  v n    is the speed of the receiver vehicle and   s  v i    is the speed of the sender vehicle.


  s =     s  v n   −  s  v i    2    



(2)







Each vehicle shares its location, similar cached content, speed, and one-hop neighbor information in the network. h represents the number of hop counts to estimate the neighbor vehicles in the vicinity of the sender vehicle   v i  . h is an integer number (1, 2, 3... n) to presents its connectivity in the network. The c represents the similarity of content between sender and receiver vehicle. Both are estimated using hello packet exchange. d is calculated using Equation (1). s is a speed evaluated through Equation (2). To calculate the V parameter to select the head vehicle given by Equation (3), some parameters are needed; s, h, c, and d. This value is evaluated by each vehicle in the cluster. Based on Equation (3), the head vehicle is selected, whereas the total sum of   α + β + γ = 1  .


  V =    α s + β h + γ c  ∕ d  



(3)







The working of proposed routing protocol has been discussed in detail in the following subsection.



Working of Proposed Scheme


In this section, firstly, the working of the proposed scheme is explained in detail. Secondly, the algorithms have been discussed. Lastly, the implementation of the proposed scheme in various scenarios has been explained. Algorithm 1 explains the head vehicle selection in the cluster, and Algorithm 2 elaborates the working of the proposed routing protocol on disruptive communication links. The working of proposed scheme is discussed below.



	Algorithm 1: Head Vehicle Selection Algorithm



	 [image: Electronics 10 02270 i001]










	Algorithm 2: Mobility Management Algorithm



	 [image: Electronics 10 02270 i002]






	Step 1:

	
Each vehicle in the cluster broadcasts a hello packet in the network. The extended hello packet header is defined in Figure 2. The hello packet maintains the Vehicle ID and its Speed, and Location information along with cached Content IDs. The size of the extended hello packet fields is 22 bytes. This information is used to select the most appropriate head vehicle (HV) in the cluster.




	Step 2:

	
Each neighbor vehicle receives the hello packet and maintains the received information in the neighbor information table (NIT). It also shares its information in response. When the vehicle needs some content from the network, it broadcasts an interest packet in the network. There are several clusters are available on the road. Each cluster has a unique cluster_id   ( C _ i d )  .




	Step 3:

	
Each cluster shares its   C _ i d  , head vehicle ID   (  H V  _ i d )  , and value V with the nearest RSU. The information is maintained in   C I T  . The table header of   C I T   is shown in Figure 3. If there are several nominated head vehicles in the cluster, then the RSU uses that information in   C I T   to select the most appropriate   H V   in the network. The RSU also informs the other vehicles in the cluster.




	Step 4:

	
If the requested content is not available in the relay vehicle content store, then it forwards it to the   H V  . Now, the head vehicle satisfies the interest of the vehicle using a data packet. If the content is not available in the network, then   H V   forwards the interest packet to the nearest RSU.




	Step 5:

	
Now, RSU sends the requested content to the   H V  . Then, head vehicle forwards the data packet to the requesting vehicle.







Algorithm 1 explains the process of head vehicle selection in the cluster. Firstly, all vehicles (v   n  ) in the cluster share their information in the cluster using an extended hello packet (HP). Each vehicle   v i   that receives the HP maintains the information in the neighbor information table (NIT) and sends the response. Every vehicle calculates the values of V by using that information (s, h, c and d) and compares the values of V on   v i  . If there are several head vehicles (  H V  ) that are nominated in the cluster, then values of V, along with HV_id and cluster number C_id, are sent to RSU. Each RSU maintains that information in   C I T  . After that, the RSU compares values of V   i   and V    i + 1   . Furthermore, it selects the   H V   that has the highest value V. The V is calculated using Equation (3).



Algorithm 2 describes the proposed scheme   H V   selection on disruptive communication links. Before leaving the cluster C   i  ,   H V   sends the leave packet to RSU. Now, if the RSU does not find the   H V   in the cluster, then RSU searches the new   V i   entry in its   C I T  . If the value of V is available in   C I T  , then the new head vehicle   H V   is selected. Otherwise, if there is no entry in   C I T   regarding that particular cluster, then the hello packet (HP) will be exchanged again.



The proposed scheme is tested in two different scenarios. Scenario 1 explains the working of the proposed scheme in stable network topology, and scenario 2 describes the working of the proposed solution in dynamic network topology. A detailed description is given below.



Scenario 1: Stable Network Topology



As shown in Figure 4a, if vehicles are interested in similar content, then they are grouped in the same cluster. Each cluster has a unique identity. After the creation of the cluster, vehicles exchange the hello packet to calculate the V and nominate the   H V   in its vicinity, as shown in Figure 4b. If there are several   H V   nominated in the cluster, then this information is forwarded to the RSU along with the cluster ID and vehicle ID. When RSU receives the information, it maintains that information in   C I T   and selects the vehicle that has a maximum value of V as   H V  , as shown in Figure 4c. Figure 5 shows that the interest packets start forwarding to the   H V  . The   H V   receives the interest packet and satisfies them using the data packet. The   H V   satisfies the interest of the network. If the requested content is not available in the cluster, then the   H V   forwards the interest packet to RSU, and RSU sends the response using the data packet to   H V  .



Scenario 2: Dynamic Network topology



The vehicles are highly mobile nodes, and the topology changes frequently. The frequent communication link disruption creates a broadcasting storm and increases communication delay. The proposed scheme maintains several entries of nominated   H V   on RSU. Therefore, if a head vehicle moves out of the cluster, then, while leaving   H V  , it sends the leave packet to the RSU. The leave packet contains entries of vehicle id and cluster id. While leaving the cluster, the   H V   whose   v  i d    is 5, send its information to RSU. Now the RSU has the information of other   H V  s of that cluster. It therefore selects the alternative vehicle as new   H V   and informs other vehicles about the updated   H V   ID, as shown in Figure 6. Now, all interest packets start forwarding to new   H V  s and   H V   stats forwarding data packets in response.





4. Simulation Setup


In this section, the performance of the proposed scheme is evaluated and compared with IBFS [10], COMP [15], and MCRP2 [29] routing protocols. The proposed scheme extended the hello packet header and uses novel   C I T   to eliminate the broadcasting on disruptive communication links. In the case of disruptive communication links, it uses   C I T   entries to select the alternative communication delay because there is no need to restart the   H V  . It also reduces the c head vehicle selection process. The elimination of broadcasting on broken edges and transferring the head vehicle selection process from vehicles to RSU minimizes the network load and excessive packet flooding.



The proposed scheme is simulated in ns2 tcl script, and its performance is measured using awk script. The parameters and specifications used during implementation are defined in Table 1. The simulation parameters are selected from the literature. The performance of the proposed scheme is evaluated using four parameters. There parameters and results are explained below:




	1.

	
Packet Delivery Ratio   ( P D R % )  



PDR is a successful packet delivery between various vehicles. The core goal of the proposed scheme is to ensure successful communication. Equation (4) shows the percentage calculation of PDR. The total received message (  M r  ) is divided by total sent messages (  M s  ) in the cluster, by various consumer vehicles, and multiplied by 100 for the percentage.


  P D R  ( % )  =    M r  × 100   M s    



(4)








	2.

	
Communication Delay   ( s e c )  



This is the average time (t) taken by the packet that was generated from the source and reached the destination. The communication delay is calculated in seconds. The following Equation (5) shows the summation of the average time taken by packets in communication.


   ∑ 1 n   t n  s e c  



(5)








	3.

	
Interest Drop Fraction   ( I D F % )  



The proposed scheme eliminates the broadcasting of disruptive communication links. Therefore, the interest packet drop fraction is minimum on an increasing number of vehicles. Moreover, if the interested content is not available in the network, then   H V   forwards the interest packet to RSU. The equation to calculate   I D F   is given below.


  I D F ( % ) = 100 − P D R  



(6)








	4.

	
Cache Success Ratio (CSR)



The CSR is the number of requests satisfied by the head vehicle. The cache miss ratio (CM) is the number of dropped requests or unsatisfied requests. CH is the number of requests satisfied by the vehicles. Equation (7) to calculate CSR is given below.


  C S R =   C H   C H + C M    



(7)













Experimental Results Analysis


The proposed scheme is evaluated in two different scenarios. The first scenario is to evaluate the performance of the proposed scheme in a stable topology. In the second scenario, the performance is evaluated in dynamic topology. A detailed discussion is given in the section below.



	1.

	
Packet Delivery Ratio (PDR %)



According to Figure 7, the results show that with the increasing size of vehicles, the PDR of the proposed scheme increases compared to COMP. This enables satisfying the interest of vehicles through the head vehicle. If the content is not available in the cluster, then it forwards to the RSU. The RSU sends the data packet in response. Only   H V   can send interest packets and receive the data packets from RSU. In the case of disruptive communication links, it eliminates the broadcasting, and RSU uses   C I T   entries to select the new   H V  . This minimizes the packet collision probability. Moreover, if the content is not available in the network, then it is satisfied by the RSU. Therefore the interest satisfaction rate also increases with the increasing number of vehicles. However, in the case of COMP, the Markov model is used to predict the mobility of the vehicle. However, if the vehicle moves out of the communication range, then the communication process starts again. Therefore, the PDR of COMP decreases with an increasing number of vehicles. IBFS and MCRP2 do not handle disruptive communication links.




	2.

	
Communication Delay (s)



As shown in Figure 8, the communication delay in the proposed scheme decreases with the increasing number of vehicles because the interest is satisfied from the   H V  . Initially, the delay is high because the requested content is not available in the network. However, once the content is available in the CS of vehicles, then with an increasing number of vehicles, the communication delay decreases. Moreover, if the content is not available in the network, then the RSU satisfies the interest packet. On disruptive communication links, the nominates the new   H V  , so it eliminates the   H V   nomination process in V2V communication. It provides efficient communication within the minimum delay. In the case of COMP, with disruptive communication links in the cluster, the head vehicle selection process starts again in V2V communication. IBFS has the highest communication delay because it uses selective interest packet forwarding, which increases the communication delay. The communication delay of COMP decreases upon increasing number of vehicles, because the PDR is also low compared to the proposed scheme. In the case of disruptive communication links, the link establishment process starts again.




	3.

	
Interest Drop Fraction (IDF %)



As shown in Figure 9, the IDF of the proposed scheme decreases with an increasing number of vehicles because it uses   C I T   entries to handle the disruptive communication links. In the case of COMP, the IDF is high because with disruptive communication links, the link establishment process starts again. IBFS starts broadcasting on disruptive communication links so its IDF is high with an increasing number of vehicles. So, using   C I T   entries and V2I communication in the proposed scheme ensures less IDF compared to IBFS, COMP, and MCRP2.




	4.

	
Cache Success Ratio (CSR)



CSR is the number of successful packets satisfied in the cluster. As shown in Figure 10, the CSR of the proposed scheme is higher than COMP because it grouped the vehicles with the same interest. The maximum interests are satisfied by the   H V  . If the content is not available, then   H V   forwards the interest to RSU. In the context of disruptive communication links, the RSU has a list of other nominated   H V  . Therefore, instead of re-selection of   H V  , the new   H V   is nominated by RSU to satisfy the interest packets. In the case of COMP, to satisfy the interest packet on disruptive communication links, the cluster   H V   selection starts again. It decreases the CSR in COMP. IBFS and MCRP2 also show increments in CSR but lower than the proposed scheme.









5. Conclusions and Future Work


Similar-interest vehicles are clustered together to satisfy requests through head vehicles. However, vehicles are highly mobile nodes and change topology frequently. If the vehicles create disruptive communication links, then it creates a broadcasting storm. Moreover, if the head vehicle moves out of the cluster, then the head vehicle selection process starts again. Therefore, the proposed scheme, namely mitigating the broadcasting storm using multihead nomination clustering in a vehicular-content-centric network, provides efficient communication within the minimum delay. It clusters the vehicles that have the same interest in the network. It extends the hello packet header to fetch the information from the vehicles. This information is used to select the   H V   of the cluster to satisfy the maximum interest of the network. Moreover, if the interesting content is not available in the network, instead of forwarding individual interest packets by vehicles to the RSU, the proposed scheme only allows   H V   to forward the interest packet to RSU and receive the response. There could be a number of vehicles nominated as the   H V  . In this case, the proposed scheme maintains the nominations in the   C I T   on the RSU. In the case of disruptive communication links due to   H V   mobility, the RSU uses those CIT entries to select the new   H V  . It eliminates the broadcasting storm and excessive packet flooding in the network. Moreover, it minimizes the communication delay and the network load. If the content is not available in the network, then RSU satisfies the interest of the network. It increases the packet delivery ratio. The results show that the proposed scheme achieves high PDR within minimum delay and less IDF compared to other routing protocols. The proposed scheme increases the communication efficiency of clustered vehicular networks. The proposed scheme provides an efficient methodology for selection of head vehicles and broadcasting storm mitigation in a highly dynamic network. However, vehicles have limited caching capacity, and the proposed scheme did not provide any content caching mechanism. In the future, we will work on the content update and caching scheme based on a multi-criteria content selection technique. We also aim to implement the proposed scheme in the real world.
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Figure 1. System Model of Proposed Scheme. 
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Figure 2. Multihead selection-scheme-extended hello packet. 
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Figure 3. RSU Cluster Information Table (  C I T  ). 
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Figure 4. Multihead Selection Scheme working. 
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Figure 5. Interest Packet Broadcasting and Data Packet Forwarding in Proposed Scheme. 
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Figure 6. New Head Vehicle Selection in Proposed Scheme. 
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Figure 7. Packet Delivery Ratio of Multihead Selection Scheme. 
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Figure 8. Average Communication Delay of Multihead Selection Scheme. 
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Figure 9. Interest packet Drop Fraction of Multihead Selection Scheme. 
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Figure 10. Cache Success ratio of Multihead Selection Scheme. 
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Table 1. Simulation Parameters.
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	Parameters
	Specifications





	Simulator
	NS2



	Area Of Simulation
	10,000 m × 10,000 m



	RSU Range
	500–1000 m



	Vehicle Range
	300–600 m



	No of Vehicles
	50, 100, 150, 200, 250



	No of RSUs
	Varies



	MAC Layer
	802.11 p



	Packet Size
	1024 Bytes



	Data Size
	1 KB



	Query Size
	5 per s



	Cache Update
	13 s
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