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Abstract

:

Vehicle Ad-Hoc Network (VANET) is a dynamic decentralized network that consists of various wireless mobile vehicles with no individual user management. Several routing protocols can be used for VANETs, for example, the Location-Aided Routing (LAR) protocol that utilizes location information provided by the Global Positioning System (GPS) sensors. It can help to reduce the search space for the desired route—limiting the search space results in fewer route discovery messages. However, two essential aspects are ignored while applying the LAR protocol in the VANET-based environment. Firstly, the LAR does not exploit the fact that nodes in VANET do not have pure random movement. In other words, nodes in LAR predict the position of destination node by ignoring the fact that the pre-defined constraint on the destination node navigation is met. Secondly, the nodes in the conventional LAR (or simply stated as LAR) protocol use the location information of the destination node before selecting the route location, which is most likely to expire because of the fast movement of the nodes in the VANET environment. This study presents an estimation based on a heuristic approach that was developed to reject weak GPS location data and accept accurate ones. The proposed routing protocol stated as Rectangle-Aided LAR (RALAR) is based on a moving rectangular zone according to the node′s mobility model. Additionally, the proposed RALAR protocol was optimized by using the Genetic Algorithm (GA) by selecting the most suitable time-out variable. The results were compared with LAR and Kalman-Filter Aided-LAR (KALAR), the most commonly utilized protocols in VANET for performance metrics using Packet Delivery Ratio (PDR), average End-to-End Delay (E2E Delay), routing overhead and average energy consumption. The results showed that the proposed RALAR protocol achieved an improvement over the KALAR in terms of PDR of 4.7%, average E2E delay of 60%, routing overhead of 15.5%, and 10.7% of energy consumption. The results proved that the performance of the RALAR protocol had outperformed the KALAR and LAR protocol in terms of regular network performance measures in the VANET environment.
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1. Introduction


VANET is a subclass of the Mobile Ad-hoc Networks (MANETs) [1]. It is based on the collection of vehicles instead of mobile nodes to communicate with each other and roadside infrastructure units [2]. It is a multi-hop ad-hoc network that is connected by using wireless technology belonging to the 802.11 families [3]. The environment of VANETs is crucial as it can be used in various real-time vehicles movement such as buses, trucks, and cars. [4]. The wireless networks may be categorized into two designs, i.e., infrastructure- and non-infrastructure-based networks [5]. In an infrastructure-based network, wireless nodes are communicating by using access points (which can be relay nodes or base stations (BSs)), which are connected to a fixed network structure, such as switches or routers [2]. However, a non-infrastructure-based network does not require any access point or other BSs to communicate [6]. With the rapid increase in the number of cars recently, the VANET technology applied to vehicle traffic systems became a significant research hotspot of the Intelligent Transportation System (ITS) [7]. VANET communication can be categorized into two types, i.e., Vehicle-to-Vehicle (V2V) and Vehicle-to-Roadside (V2R) communication [8,9]. Despite having many potentials of VANET, it suffers from two main challenges: firstly, vehicle mobility, which changes the ad-hoc network topology and severely influences the routing performance and affects VANET′s main functionality of exchanging data efficiently [10,11]; secondly, packet drop rising due to traffic congestion at the intermediate vehicle, which happens when a new packet arrives, while the queue is full [12]. Thus, these crucial issues of traffic congestion should be taken into consideration in the VANET routing protocols’ design phase [13].



The LAR protocol has utilized a GPS technique to find out the node′s location information [14]. The GPS resolves its localization problem based on the de facto standard solution [15]. Nevertheless, the GPS-based localization is inaccurate because of the issue of vertical positioning and the prevalent horizontal movement, which makes LAR protocol limited for lower speed networks only [14]. However, the performance of the LAR can be enhanced by applying various optimization techniques such as Particle Swarm Optimization (PSO) [16] and Genetic Algorithm (GA) [17]. In this paper, we estimated a GPS node location that led to highly accurate vehicle localization. The proposed heuristic RALAR protocol has been developed to reject bad GPS location data and accept good ones based on a moving rectangular zone according to the node′s mobility model. Subsequently, the proposed RALAR protocol was optimized by using the GA to select the most suitable timeout variable. The results were compared with KALAR [18] and conventional LAR protocol [19] for various performance metrics, such as PDR, average E2E delay, routing overhead, and average energy consumption.



The rest of the paper is organized as follows: Section 2 explains the recent research that was done for various protocols in VANETs. Section 3 focuses on the proposed RALAR protocol and applied GA optimization approach. Section 4 describes the simulation environment, data generation and node’s mobility model, and the displays the performance metrics that were used to evaluate the results. Section 5 presents the results and discussion. Section 6 shows the conclusion of this work. Finally, Section 7 discusses limitations and future work.




2. Related Work


Many researchers and developers have used several protocols to estimate the performance of estimation vehicles’ location [20,21]. Kaushal et al. [22] proposed a protocol called the Anlgular-LAR protocol. This protocol upgraded the execution of the reactive information that is based on the geographical location which confines the flooding zone. Initially, the Angular-LAR initiates the route, which is based on the request messages for determining the geographical location of the destination. Thereafter, it confines the flooding of the control packets for discovering subsequent routes in the direction of the expected destination location. The intermediate nodes have been utilized to route the data packets if they are present in a particular request zone region. If the destination node location is unavailable, the sender has not considered the expected zone; therefore, the request zone needs to enhance the flooding to the overall network. This approach has several limitations, such as huge routing traffic and the collision caused by flooding policy. Due to these issues, the results cause an increase in overhead delay, which creates obsolete feedback and may lose the exact location of the node.



According to Jaiswal et al. [23], the location of the mobile nodes in the VANETs predicted based on the method known as the KALAR. The idea is to improve the performance of LAR protocol by using the Kalman Filter, which helps to reduce the position error. This protocol enables the use of the fundamental technical analysis of the location information by utilizing the real mobility vehicles and model-driven traces with the Kalman Filter. However, it ignores the geometric nature of the road environment and vehicle kinematic constraint. Another study in [24] proposed a novel scheme to improve the identification of vehicle location. This method depends on the cooperation among the vehicles, where the vehicles are communicating by using their estimated location. The technique consists of two steps. In Step 1, it introduced a cooperative map-matching technique, which utilizes the V2V communication for exchanging the GPS data between the vehicles. Then, in the presence of an accurate road map, the vehicles can apply the road constraints of the other vehicles to map their matching procedure and thus improve their position. In Step 2, it proposed the idea of the Dynamic BS Differential GPS (DDGPS), which is used by the vehicles for generating and broadcasting the GPS pseudo-range corrections, which was recently utilized by the arrived vehicles to improve their positions. The DDGPS is seen to be a decentralized cooperative technique, which aimed to enhance the GPS positions by calculating and balancing the common errors in the GPS pseudo-range measurement. This method is the extension of the DGPS method; however, it wants the BSs to not be static for a precisely identified location. The pseudo-range corrections were estimated depending on the belief of the receiver with regards to the positioning and uncertainty of the vehicle. The results indicated that the use of the cooperative approach improved the map-matching process and helped achieve a better location. The study has some limitations, as it does not consider the interdependency of the pseudo-range corrections generated by the vehicles. It does not improve the fusion method for merging the received corrections.



Furthermore, the Nabil et al. [25] investigated the modified LAR protocol for the inter-vehicular communication on the highway’s environment. It is observed that the modified LAR protocol has improved the path stability between the source and the destination nodes. When the node receives a route request message, it would be forwarded based on the direction of the motion of the source. The protocol was improved, increasing the life of the route between the source and the destination. The researchers observed that the modified LAR performed better than the standard protocol in VANET environments. However, this study did not consider the case where the speed of vehicles is changing during the time t = t1-t0. It also delivers higher PDR values with limited network performance for the urban environment. Kumar et al. [26] suggested a novel Replication-Aware Data Dissemination (RADD) protocol for vehicular network. It is based on the idea where the vehicle position was initially estimated, and then the Bloom filter was utilized to find out a similar location. The results were examined for various evaluation metrics by applying different algorithms for route selection, position estimation, and data dissemination. However, this study did not consider the security aspects of data dissemination with the mobility of the vehicles. Rana et al. [27] focused on the Directional-LAR (D-LAR) protocol utilizes in the VANETs for the ultra-dense network scenario. The idea is to calculate the hop count and the link life to estimate the path throughput. However, this study does not use a realistic mobility model to evaluate the protocol, and was not assessed with other quality of service metrics such as PDR, average E2E delay, and route costs.



Khaleghitabaret al. [28] suggested the Optimized Link State Routing (OLSR) protocol for the VANETs. This scheme could be easily integrated into the existing operating system without any change in the formats of the IP message headers. The results show that the utilization of OLSR is highly suitable to the higher density networks, especially in the applications with a shorter transmission delay. Moreover, this study evaluates some metaheuristic algorithms like the Genetic Algorithm (GA), Differential Evolution (DE), Particle Swarm Optimization (PSO), and the Simulated Annealing (SA) for determining the automatically optimized routing protocol configurations. The observations noted for the simulation results are as follows:




	
GA was seen to be the highest-ranking algorithm since it outperformed the other algorithms and provided solutions to the defined optimization problems;



	
PSO offered the best trade-off between the performance and the time required for the execution. It can also help to achieve optimum quality of service and the routing overhead;



	
Using the optimized configurations can decrease the routing load that was generated by the OLSR;



	
The validation experiments that the optimized configurations are able to decrease the overall workload of the network;



	
The automatically tuned OLSR was seen to be more scalable as compared to standard versions, since it has a low probability of being affected by the congestion problems and the medium access.









3. Methodology


This section discusses the proposed RALAR protocol and the applied optimization approach based on GA.



3.1. Rectangle-Aided Location-Aided Routing (RALAR)


The conventional LAR protocol utilized location information provided by GPS sensors [29]. It helps to reduce the search space by exchanging data packets through the network for the desired route. The conventional LAR protocol has not exploited the fact that nodes do not have a complete random movement in VANETs [30]. This means that the nodes in the LAR protocol are able to predict the position of the destination node by ignoring the fact that the pre-defined constraint on the destination node navigation was encountered [31]. Moreover, the KALAR protocol only uses the real mobility vehicles and model-driven traces with the Kalman Filter. It predicts the vehicle position from its previous and current position. Without Kalman Filter, this approach calculates the Euclidian distance among the destination node and the neighboring node and sends the data to the node which has the shortest distance. The KALAR protocol estimates and corrects the linearity by using the feedback system to calculate the position of the vehicle [32]. This might cause the wrong position identification of the vehicle due to higher computational time and complexity. In contrast, the proposed RALAR estimation based on the heuristic approach has been developed to reject weak GPS location data and accept good ones. The idea will be based on a moving rectangular zone according to the node’s mobility model, which will be explained below.



The proposed RALAR is the positing-based routing protocol, in which the nodes communicate with each other by utilizing the IEEE 802.11p distributed coordination function (DCF), which is the fundamental medium access control (MAC) technique, as suggested by [33,34]. In order to get location information, every vehicle (car) is provided with a GPS to determine    (  X , Y  )    position. This consists of a compass to determine the direction of the vehicle, and an odometer to determine the speed of the vehicle. However, using these sensors does not always guarantee exact information about the position; therefore, including a model to improve the estimation of vehicle location will improve the performance of the network. In the proposed RALAR, it is supposed that the position of the vehicle is    (   X 0  ,  Y 0   )   , and the speed is V at time t0, as shown in Figure 1. By using a magnetic compass, the direction of a vehicle can be determined. At the time t1, the GPS determines and accepts the position if the vehicle is inside a rectangle defined in front of the vehicle (last estimated position). The backside of the rectangle passes through the vehicle’s center, and the length of the sides is equal to a distance threshold. In order to determine a value for the threshold, several parameters can be considered, such as car speed, GPS response time, the speed limit of the road, and the curvature of the road. The distance threshold to calculate the length of the rectangle can be represent as follows


  T h r e s h o l d = C a r   V e l o c i t y × t i m e   p e r i o d   o f   G P S + c o n s t  



(1)







Here, a const parameter has been added which defines the chance of error that occurred in the odometer to get the accurate value. Hereafter, if the measurement is accepted (inside the rectangle), the value must be corrected. It is due to the measured position that could be close enough to be accepted; however, it also refers to the value of the real path. Moreover, it is clear that if the distance between the position at t0 and the position at t1 is higher than a threshold value (outside the rectangle), the previous value has been considered as rejected, which means that the new value of car position is now updated according to the following equations


   X  n e w   =  X  o l d   +  V X  × d t  



(2)






   Y  n e w   =  Y  o l d   +  V Y  × d t  



(3)







Here,  V  refers to the velocity of the odometer,    (  X , Y  )    represent the GPS positions and   d t   refers to the compass.



The proposed RALAR protocol provides a position estimation subsystem that can be used with any other LAR or even Location-Based Service (LBS) protocol in the VANET environment. In other words, the LAR routing protocol has not been enhanced to be implemented directly in the VANET environment; however, a new layer named the position prediction layer (rectangular zone) has been developed. This is to provide more accurate information that can be used with any other routing protocol based on location information similar to the LAR protocol. In the proposed approach, the LAR protocol is utilized, because it is based on the methodology where it determines the expected and requested zone by using the position of the destination node and source node, respectively. The conventional LAR protocol utilized the received signals from the GPS that may cause error value (due to breaching the outer layer). This means if GPS gives the wrong position value of the node, the exact route for a destination is impossible to find. In this regard, the proposed heuristic RALAR protocol uses the idea of rejecting weak GPS location value and accepting good ones. It can be achieved by using a moving rectangular zone that was designed based on the node’s mobility model.



In Figure 2, the process of the proposed RALAR protocol has been drawn. This explains that the proposed RALAR gets the location information from the last estimated position and starts creating the rectangle zone. The latest obtained measurement values from the sensors (i.e., GPS, compass, odometer) were collected. The measurements were also tested to confirm the idea that they were actually located inside the prediction layer (i.e., a rectangular zone). In the case of the measurement, if the values are found to be inside the rectangle, they will be accepted and deemed to be correct, or else it will be rejected and updated for the next value. This process will always be in a continuous state until the system is stopped to finish the algorithm.




3.2. Optimization Timeout for RALAR Using Genetic Algorithm (GA)


The performance of the conventional LAR protocol in a network corresponds to the route request timeout, which is the time that the node should wait before initiating a new route request [35]. This means that if a route request does not get a response with a route reply message within the timeout, the route request packet will be canceled and reinitiate the new route discovery process [36]. This is because the nodes in a conventional LAR protocol utilize the location information of the destination node before selecting the route location, which is most likely to be expired because of the fast movement of the nodes in the VANET environment [37]. The default value timeout was usually set up to a maximum of 2 s. However, this timeout value may not satisfy all the network cases because each scenario has its own application and different network situation. Therefore, there is a definite need for a method that can determine the appropriate value of this timeout [38]. In this regard, the proposed RALAR protocol utilized the GA optimization approach to select the most suitable timeout variable. The GA was used where the chromosome is a scalar quantity representing route request timeout [39]. The GA aims to minimize the following function


  F i  t  v a l   =  A v e r a g e     E 2 E    D e l a y + O v e r h e a d + ( 0.5 × A v e r a g e   E n e r g y   C o n s u m p t i o n ) −  (  100 × P D R  )   



(4)







The basic idea of utilizing the GA is to discover the best value of the timeout value. In order to do this, random numbers of time values are generated by a new generation. Then, each of these values is tested in the network, and the corresponding performance is measured to determine the value of the objective function. Next, a new generation of values is obtained based on the elites or the best value in the previous iteration by using two operations, i.e., the crossover and the mutation. The GA works for the pre-determined number of iterations (number of generations) to find the best timeout value. Figure 3 shows the process of timeout optimization.





4. Simulation Environment


To validate the performance of the proposed RALAR algorithm, an extensive simulation experimental work was performed by using the MATLAB environment. As shown in Figure 4, the plot used for simulation was the original image containing a part of Kuala Lumpur extracted from the GPS (Google map) application. Each of the routes has a speed limit that has a varying range from 60 to 100 Km/h. The time period of reading and refreshing the GPS application was set as 1 s The experiments were conducted for three different protocols (models), each of which contained 50 nodes that were distributed randomly in the map, and simulation time was set at 1500 s. The circular coverage zone of the node was fixed at 150 m of the radius. The first experiment was conducted with the LAR without any model (conventional LAR), whereas the other two contained the proposed RALAR (rectangle) and KALAR (benchmark) model. The chromosome of the GA was a scalar quantity, which ranges from 0.5 to 5 s. The population size was been set to 40, and the experiment lasted for 40 generations. The results were evaluated in terms of PDR, average E2E delay, routing overhead, and average energy consumption of nodes. Table 1 provides a summary of the simulation parameters.



4.1. Data Generation


The generation of data packets inside the nodes was performed by using two Poisson random variables, where the first one was for the time of generation with mean equal to 6 s, and the other was for several generated packets with mean equal to four packets. The maximum value of the data packet lifetime was set at 10 s.




4.2. Node’s Mobility Model


The mobility models indicate the actual performance of vehicular traffic flow on the road as likely. One crucial feature while simulating VANET is the utilization of mobility models. In this paper, we utilized the Geographic Information System (GIS)-based mobility model to design the real environment of Kuala Lumpur City [40]. However, it does not depict some realistic scenarios of mobility, such as an expressway to avoid accidents, and the speed of a vehicle cannot go beyond the speed of the vehicle in front. The GIS-based mobility model uses the street maps extracted from Topologically Integrated Geographic Encoding and Referencing (TIGER) database including speed limit information, number of lanes, acceleration/deacceleration, car velocity, and other data [41,42]. For the propagation characteristics, we utilized the free space propagation path loss model, which can provide a close to realistic model feature of the actual environment. Table 2 shows the summary of the node’s mobility model parameters.




4.3. The Performance Metrics


Various performance metrics were utilized in this study, such as Packet Delivery Ratio (PDR), average End-to-End Delay (E2E Delay), routing overhead, and average energy consumption [43,44]. The performance metrics were used in the quantitative evaluation of the routing protocols in the network. This study adopted the following performance metric to evaluate the results for the proposed RALAR protocol:




	
Packet Delivery Ratio (PDR): This is the number of the packet received divided by the number of the packet sent;



	
Average End-to-End Delay (E2E Delay): This is the difference of time between the packet arrival and packet send packet divided by the total number packet;



	
Routing Overhead: The routing overhead metric refers to the total number of routing packets divided by the total number of delivered data packets [45];



	
Average Energy Consumption: This is the total energy consumed by each node in the network divided by its initial energy [46].










5. Results and Discussion


This section will show the results that were obtained from the simulations to evaluate the performance of the proposed RALAR algorithm. The outcomes were compared with the conventional LAR (LAR without model) and the KALAR (Benchmark) approach in terms of PDR, average E2E delay, routing overhead, and energy consumption concerning the simulation time of 1500 s. The experimental simulation was carried out in VANET to enhance the GPS location data, which can lead to improvements in the performance of the VANET environment.



5.1. Packet Delivery Ratio (PDR)


The findings of PDR values for the proposed RALAR are shown in Figure 5. The results show that the proposed RALAR algorithm delivered a much better overall performance than the LAR protocol and KALAR approach. The proposed RALAR algorithm achieved an average PDR value equal to 0.9888, whereas the KALAR approach and the LAR protocol achieved an average PDR value of 0.9439 and 0.9438, respectively. This is due to using the concept of moving the rectangular zone to estimate the location, where this rectangular zone rejects the bad GPS location data and accepts the good GPS location data only. The results show that the KALAR approach is a bit higher than the LAR protocol.




5.2. Average End-to-End Delay (E2E Delay)


For the average E2E delay, the results of the proposed RALAR, KALAR, and LAR protocol are shown in Figure 6. It can be seen that the proposed RALAR algorithm significantly outperformed the other approaches. The performance of the proposed RALAR algorithm achieved an average E2E delay value equal to 0.6237 s. Meanwhile, the performance of the KALAR and LAR protocol reached an average E2E delay value of 1.568 and 3.051 s, respectively. The results proved that the proposed RALAR algorithm performs better than the KALAR and LAR protocol. This can be achieved because the proposed RALAR algorithm is based on a rectangular zone, which utilizes the GA optimization approach for selecting the most suitable timeout variable that helps reduce the E2E delay. Besides, KALAR and LAR performance are very much correlated; however, the KLAR performance is slightly better than the LAR protocol.




5.3. Routing Overhead


Figure 7 shows a performance comparison between the proposed RALAR, KALAR, and LAR protocol in terms of routing overhead. The results show that the routing overhead of the proposed RALAR algorithm is much lower compared to the KALAR and LAR protocol. The achieved routing overhead value for the RALAR algorithm has equal to 74.72, whereas the KALAR and LAR achieved routing overhead values equal to 88.45 and 88.43, respectively. The better performance of the proposed RALAR algorithm is due to the adoption of an estimation-based heuristic approach that was developed to reject bad GPS location data and accept good ones based on a moving rectangular zone according to the node’s mobility model. It is also noticeable that the performance of the LAR protocol is slightly lower than the KALAR approach in routing overhead.




5.4. Average Energy Consumption


The performance comparison for the proposed RALAR, KALAR, and LAR protocol in terms of average energy consumption has been presented in Figure 8. The results show that the energy consumption for the proposed RALAR algorithm is much lower than the KALAR and LAR protocol. The proposed RALAR algorithm achieved an average energy consumption value equal to 2.724 × 104 joule, whereas, the KALAR and LAR protocol achieved an average energy consumption value equal to 3.052 × 104 and 3.050 × 104 joule, respectively. The results prove that the proposed RALAR algorithm performed better because it is limited to the rectangular zone along with the utilization of the GA optimization to estimate the exact timeout. This helps to prolong the lifetime of the network by using the RALAR protocol, which is not the case for the LAR and KALAR protocols. Moreover, it is also noticed that the LAR and KALAR results are very similar; however, the LAR delivers slightly lower results as compared to the KALAR approach.





6. Conclusions


With the rapid growth in number of vehicles and the complexity of the town’s roads, previous studies have proposed many routing protocols that are used in VANETs, such as the LAR protocol. However, applying the conventional LAR protocol directly in VANET ignores two essential aspects, i.e., (1) the LAR does not exploit the fact that nodes in VANET do not have pure random movement, (2) the nodes in conventional LAR protocol use the location information of the destination node before selecting the route location, which is most likely to be expired because of the fast movement of the nodes in the VANET environment. Therefore, this paper developed an estimation based on a heuristic RALAR approach. The idea is to reject the bad GPS location data and accept good ones based on a moving rectangular zone according to the node’s mobility model. The proposed RALAR protocol was optimized using an efficient GA optimization technique to select the most suitable timeout variable. The proposed RALAR protocol was compared with the conventional KALAR and LAR protocol in terms of performance metrics such as PDR, average E2E delay, routing overhead, and average energy consumption. The results proved that the performance of the proposed heuristic RALAR protocol outperformed the KALAR and LAR protocol in terms of regular network performance measures in the VANET environment. The proposed RALAR protocol also provides a position estimation subsystem that can be used with any other location-based routing protocol or even location-based service (LBS) for the vehicle in the VANET environment.




7. Limitation and Future Work


In this work, the speed of the vehicle is limited to 60–100 km/h. Therefore, when the node speed becomes higher, the proposed RALAR approach performance might degrade, which requires more advancement in this method. Moreover, the sensing unit to find the position is based on the GPS, oedometer, and compass; however, the performance proposed RALAR protocol can be further improved by incorporating the inertial measurement unit (IMU) in the sensing system. The performance can also be affected by the noise compass that comes from the influence of the electromagnetic wave. As a future work, the location prediction model can be developed by incorporating a perception-based model such as Simultaneous Localization and Mapping (SLAM). Additionally, the dimensions of the rectangle that were used in the proposed RALAR algorithm can be enhanced to more accurately estimate nodes location. Several other novel solutions can also be explored that were recently proposed, such as an enhanced probabilistic multimeric routing protocol (EProMRP) [47] and Multimedia Multimetric Map-aware Routing Protocol (3MRP) [48]. This approach not only can improve the end-to-end packet delay and pack loss performance but also can help to identify the current node location while transmitting the data. In addition, several other suitable sets of simulation tools such as OMNeT++ [49], NS [50], Veins [51] and SUMO [52] can be utilized to design a realistic environment. Furthermore, the proposed method can be expanded to the scenario-based mobility model by experimenting with various real-life situations with the mobility patterns of mobile nodes, where it can capture environmental characteristics like the area of operation, obstacles, boundaries, intensity of traffic, type of traffic and density of the network, where a VANET may be deployed [53].
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Figure 1. Rectangle-aided location-aided routing (RALAR) Explanation. 
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Figure 2. Flowchart for RALAR Algorithm. 
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Figure 3. The Timeout Optimization. 
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Figure 4. Part of Kuala Lumpur Map. 
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Figure 5. PDR vs. Time. 
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Figure 6. Average E2E Delay vs. Time. 
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Figure 7. Routing Overhead vs. Time. 
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Figure 8. Average Energy Consumption vs. Time. 
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Table 1. Simulation parameters.
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	Parameter
	Value





	Simulator
	MATLAB



	Channel type
	Wireless



	Number of nodes
	50



	Simulation time (s)
	1500



	Routing protocols
	LAR, KALAR, RALAR



	speed limits range (Km/h)
	60–100



	Moving type
	Constrained in road



	Node coverage zone (m)
	150



	GPS reading period (s)
	1
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Table 2. Node’s mobility model parameters.
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	Parameters
	Values





	Speed Limit (km/h)
	70–110



	Car Size (m)
	5



	Congestion distance (m)
	2



	Pedestrian crossing time (s)
	10



	Traffic jam distance (m)
	3



	Traffic lights
	2



	Number of Lanes
	2



	Acceleration movement (m/s2)
	1



	Safe Deacceleration (m/s2)
	0.5
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