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ABSTRACT: In recent years, a new network mode, Vehicle Edge Computing (VEC), has been introduced 

into vehicle networks to increase their computing power. As modern vehicle applications continue to evolve, 

the ultimate challenge of meeting communication and computing needs becomes more and more prominent. 

However, the performance of various commonly used communication mechanisms in transmitting different 

types of information has rarely been studied and compared. This is the main problem in the development of 

VEC at present. This paper presents the results of testing the communication modes of WiFi, LTE and DSRC 

by using existing models. Evaluation of different aspects of their performance is referred to. At the same time, 

a new VEC offload algorithm is analyzed. The result is that the three different communication mechanisms 

of indoor VEC each have their own advantages and disadvantages in the transmission of different types of 

information. Compared with conventional algorithms, the new algorithm can complete tasks faster and better, 

making up for some shortcomings of existing algorithms. 

1. INTRODUCTION 

With the development of some emerging technologies, 

such as autonomous driving and augmented reality (AR) 

technology [1], more and more data from sensors (about 

1GB /s) needs to be analyzed and fused, which requires 

complex data processing capacity and larger storage 

capacity. Traditional on-board networks face significant 

storage and communication challenges [2, 3]. In addition, 

communication between vehicles and cloud servers 

requires higher bandwidth. With the increasing number of 

mobile terminals. The demand for bandwidth for 

information transmission is also getting higher and higher. 

Therefore, how to meet the needs of data processing and 

transmission in a vehicle network has become a challenge. 

The VEC technology, which integrates cloud computing 

with VANETS, follows. Unlike centralized on-board 

cloud computing services, in edge computing, data 

processing and analysis takes place close to the terminal 

device. Since computing and storage services are located 

close to the user (at the edge), this can provide better QoS, 

especially in applications requiring low latency. In 

addition, we still need strong communication capabilities 

and computing mechanisms to support the application of 

contemporary vehicle-mounted networks [4]. 

In many papers, only WiFi will be discussed in terms 

of communication mechanisms [5,6]. Many of the less 

common but predictable communication mechanisms are 

not discussed. There are also a few comparisons of 

different communication mechanisms in VEC. This paper 

describes some prototypes of VEC that support WiFi, 

LongTerm Evolution (LTE) and Dedicated Short Range 

Communication (DSRC). The evaluation includes latency, 

power consumption, and system utilization. This paper 

summarizes some results on the reliability and efficiency 

of the three communication methods in the VEC 

application. When there are multiple vehicles with on-

board network offloading tasks simultaneously, the data 

transfer rate will be low and the delay will be long due to 

the disregarded for resource allocation. If the vehicle 

performs part of the task locally and uploads the parts that 

cannot be processed, the results can be obtained more 

quickly. Therefore, reasonable task scheduling schemes 

and communication allocation have an important 

influence on the performance of the VEC system. 

Most of the current studies only carry out simple 

allocation of resources when performing task offloading, 

and do not consider the joint decision of communication 

and computing to make a more reasonable allocation of 

resources. This paper will analyze a new edge computing 

algorithm. The paper compares the advantages and 

disadvantages of LTE, WiFi and DSRC in terms of delay, 

power consumption and system utilization. Based on the 

simulation results of the reference model, the new 

proposed edge computing algorithm is analyzed and 

evaluated.  

2. METHOD 

To compare different communication mechanisms in the 

VCE application, the author uses the existing platform in 

simulation software for data analysis and comparison. 

Their setup and the equipment required are discussed. 
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In this research, TPlink routers are used to establish 

hotspots for WiFi-based communication. It chooses the 

5GHz band. To establish the LTE based communication 

network, two VERT2450 antennas and two Ettus 

Research USRP B210 boards are used in the paper, as well 

as uHD software drivers. For DSRC-based 

communication, a moKar DSRC device that has two 

antennas was used. 

WiFi is one of the most widely used wireless 

communication methods for data transmission. WIFI can 

also be used in VEC. The WiFi frequency used in this 

article is 5GHz. When the OBU and RSU are connected to 

the router, they can ping each other after obtaining IP 

addresses. After WiFi connection, the following 

discussion is based on ROS data communication. ROS is 

data middleware, specially designed for autonomous 

vehicle communication transmission and data sharing on 

the Internet of Things. 

Compared with WiFi in mobile environments, LTE 

has great advantages in terms of communication coverage 

and performance. With the development of software, the 

programmability of wireless communication equipment 

has been greatly improved. Using the SDR board, srsLTE 

and other open source Software, it is easier to build 

dedicated LTE communication test stands [7]. 

Applications can be developed after the RSU and OBU 

ping each other. The default frequency of srsLTE named 

EARFCN 3400 was used in this experiment, with 

2685MHz for the download link and 2565MHz for the 

upload link. 

3. COMPARISON AND CONCLUSION 

To evaluate the performance differences among various 

communication modes, the paper carries out experimental 

tests and comparisons from three aspects. They are latency, 

power consumption and system availability. 

3.1. Latency  

Latency is an important metric for evaluating the 

performance of communication-dependent applications. 

The section measures end-to-end latency in two different 

directions: from RSU to OBU and from OBU to RSU. 

This article measures the time difference in message 

transfer by using clockdiff in Linux. Latency is then 

calculated by using the time difference previously 

measured. The results are shown in table 1. 

 

 

 

 

Table 1. The latency in different directions 

 
 

When RSU acts as sender and OBU acts as receiver, 

LTE has significant performance advantages in Ping and 

BSM compared to the other two. WiFi is more suitable for 

transmitting image information. From OBU to RSU, the 

three communication modes have their own advantages 

and disadvantages. This time DSRC performance is better 

than LTE in BSM. The other two are basically consistent 

with the above conclusion. In general, LTE 

communication outperforms WiFi in the other two aspects 

except for the poor image performance. Moreover, with 

the change of transmission direction, LTE and WiFi 

delays may become unstable when transmitting 

information from different directions. The DSRC latency 

is stable regardless of direction. 

HydraOne was used in the experiment to test the time 

latency in a mobile environment [8]. In this paper, BSM 

messages are selected to measure the performance of three 

communication modes in terms of latency when RSU is 

used as the transmitter and OBU as the receiver. As can be 

seen from the results in table 2, when HydraOne’s speed 

changes, DSRC’s difference latency is very stable, while 

LTE’s difference in varies greatly. WiFi is also stable. 

Table 2. The latency of BSM in different speeds 

 

3.2. Power consumption  

In this paper, power consumption of hardware is measured 

by using a software named Watt’s Up [9]. The power 

consumption of a processor is measured by rapL. The 

following four different transmission processes were 

measured. As can be seen from figure 1, WiFi is the most 

energy efficient of all the measurement results. DSRC 

consumes a lot of energy. In addition, compared to other 

types of information, more power will be consumed when 

image information is transmitted. 
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Figure 1 Power consumption 

3.3. System Utilization  

To measure system utilization, the top is used to obtain 

CPU utilization. As can be seen from table 3, in most cases, 

DSRC has the lowest CPU utilization. When transmitting 

image information, whether WiFi or LTE, the CPU 

utilization of the sender is higher than the receiver. When 

using WiFi to transmit information, in most cases, the 

system utilization is generally higher than with DSRC and 

LTE. 

Table 3. The CPU utilization of RSU/OBU as sender and 

receiver 

 

3.4. Conclusion 

DSRC transmits BSM at high speed and excellent 

performance. WiFi has the smallest delay in transmitting 

images, but the latency is serious when BSM and ping are 

transmitted. In the experiment, LTE performed well in the 

transmission of BSM and Ping, but poorly in the 

transmission of images. So it can be argued that LTE is 

better suited for transmitting small messages. The latency 

of WIFI and DSRC is stable at different speeds. But the 

latency of LTE varies dramatically when speed changes. 

The power consumption of LTE is generally high in most 

cases, while WiFi power consumption is low. The system 

utilization is very high when sending images, which still 

needs to be improved. 

4. MULTI-OBJECTIVE VEC TASK 
SCHEDULING ALGORITHM 

The existing problems with the bat algorithm [10] are as 

follows. According to the updating method, at the 

beginning of each iteration, individual bats fly randomly 

to conduct a global search. When the individuals found a 

better position, all the bats moved toward the better 

position. This operation is repeated many times. As the 

number of bats increased, the closer they got, the uneven 

distribution of the population as a whole led to an obvious 

decline in population diversity. At the same time, as the 

bat individuals are getting closer to the optimal individuals 

of the population, the convergence rate greatly reduces or 

even stagnates, and the population loses the ability to 

undergo further evolution. Therefore, it is difficult for the 

bat algorithm to find the global optimum distributed in the 

local optimum neighborhood [11]. 

Therefore, an elite strategy (NSGA-II) [12] was 

introduced into the bat algorithm to reduce the influence 

of local optimization. Elite strategies combine parent and 

offspring populations, allowing the two populations to 

compete with each other to produce the next generation. 

under the circumstance, elite individuals among the 

parents will not be discarded, which can greatly speed up 

the convergence of the algorithm.
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Figure 2 Pseudo code of the NSGA-II main circulation section [14] 

Based on the above improvements, an improved VEC 

task offloading algorithm based on bat algorithm will be 

introduced in figure 3. 

 

 

Figure 3 An improved VEC task algorithm based on bat 

algorithm 

To comprehensively evaluate the performance of this 

improved algorithm, this paper will compare it with the 

other three algorithms. The other three algorithms are 

shown below: 

Local computing (LC): In this case, the vehicles use 

only local resources for computing tasks. Do not 

participate in task offload. The following experiments will 

use this algorithm as a benchmark for comparison. 

Fairness-driven allocation (FDA): If the user vehicle 

cannot meet the requirement through local computing, the 

system will send the resource equally to the vehicle that 

sent the offload request. The offload request will be sent 

to a random MEC vehicle. Computing resources are also 

distributed equally by MEC servers. So that the needs of 

user vehicles can be met. 

Priority-driven allocation (PDA): The pre-allocation 

process is similar to the above algorithm. However, this 

algorithm does not allocate exactly the same resources to 

all user vehicles. Instead, there will be a more equitable 

allocation of resources based on the weight of the task. 

More resources are for more demanding users. 

4.1. Performance evaluation  

Eclipse SUMO and Network Simulator3 are used as 

Simulation software in this paper. The Eclipse SUMO is 

used to simulate the operation of city vehicles. Network 

Simulator3 is used to simulate communication and task 

offloading. This experiment will comprehensively 

evaluate the four algorithms in two specific scenarios. The 

average execution time it takes to complete all the tasks 

and the task offload ratio are talked about. 

In the first scenario, the range of the vehicle cluster is 

extended to a radius of 100 meters, and the number of 

vehicles in the cluster is 50. As the number of vehicles 

increases, the improved algorithm always has the shortest 

average execution time. LC has the longest average 

execution time because tasks are slow when local 

computing resources are not sufficient for computing 

needs. When the offloading algorithm is used, the user 

vehicle can send the computing task that cannot be 

completed in time to the MEC vehicle. The MEC vehicle 

can process the task with its own rich computing resources 

and then send the result back after completing the 

processing. The average time it takes to complete a task 

this way is less than the time it takes to complete a task by 

using its own computing resources alone. The specific 

data results are shown in figure 4. 

 

 

Figure 4 Average execution time with different number of 

vehicles 
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Figure 5 Offloading ratio with different number of vehicles 

With the increase of vehicles, users compete more 

fiercely for resources. At this point, the PDA allocates 

resources to different users in different proportions. 

Heavier users who need more resources get more 

resources. In this optimization, considering both the 

average task time and different task weights, PDA 

performs better than FDA and can obtain a shorter average 

time. The specific data results are shown in figure 5. 

In the second scenario, the number of vehicle clusters 

remained unchanged at 30 and the radius of vehicle 

clusters varied between 50 and 250 meters. The results are 

shown in figure 6 and 7. Similarly, local computing 

algorithm performed poorly both in execution time and in 

offloading rate because it just relies on local resources for 

computing. As the radius increases, the signal-to-noise 

ratio of vehicle-to-vehicle communication decreases. So 

the bandwidth needed to transmit information will 

increase. Spectrum resources will become more strained. 

The time required to transmit the same information also 

increases. As shown in figure 6, the new algorithm has 

very good transmission speed because it takes into account 

both the bandwidth required for information transmission 

and the state of computing resources. This will provide 

users with a better wireless transmission channel. In figure 

7, with the increase of radius, the offloading ratio of all the 

algorithms decrease. It can be seen from the data that the 

performance of the new algorithm is better than the other 

three algorithms. When the radius is larger than 150 m, the 

new algorithm can still maintain a high offloading ratio, 

which is conducive to the completion of the calculation 

task. 

According to the comparison between Scenario 1 and 

Scenario 2, it can also be found that the change in average 

execution time and offload ratio due to the increase of 

vehicles is more obvious. The increase in radius leads to a 

more gradual change. This also indicates that the number 

of offloading tasks has a greater influence on the 

performance of the offloading algorithm than the signal 

transmission distance. 

 

Figure 6 Average execution time with different cluster radius 

 

Figure 7 Offloading ratio with different cluster radius 

5. CONCLUSION 

This paper compares three communication mechanisms of 

indoor VEC, summarizes three observations for 

developing practical applications of indoor VEC, and 

analyzes the information that each communication mode 

is better at transmitting. At the same time, a new edge 

computing task offload algorithm is analyzed. In this 

algorithm, resources are allocated more rationally. 

Simulation results show that compared with the existing 

algorithm, the new algorithm can complete the task faster 

and better, and can make up for the shortcomings of the 

current algorithm. The paper does not mention the 

difference between the three communication methods at 

faster speeds(>30m/s) and the results of previous 

experiments. Longer communication lengths(>1000m) 

may also alter some of the results referred to in the paper. 

Experiments show that the bandwidth difference between 

download and upload causes a large change in LTE 

latency. The root cause of this has yet to be studied. LTE 

and DSRC communication connections have non-

negligible power consumption. Image transmission is still 

expensive. How to save more resources in vehicle 

communication is still worth studying in the future. 
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