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Abstract - In recent years, intelligent transportation systems (ITS) have improved road safety. This has led to new 

communication systems such as vehicle-to-infrastructure (V2I) and vehicle-to-vehicle. This technology has attracted the 

attention of many researchers due to its deployment cost and energy efficiency challenges. Roadside units (RSUs) powered 

by renewable energy are mainly concerned with energy efficiency because of the intermittency of renewable energy 

resources. This paper proposes a solution for energy efficiency in the V2I network to minimize the energy consumption of 

RSUs deployed in an urban area. The problem has been formulated as an RSU transmission control problem based on the 

traffic flow at road intersections. This method is compared with the traditional RSU transmission mode, and the study is 

conducted in two phases. The first phase is to model a section of the road network of Nairobi using OpenStreetMap and 

SUMO. The second phase is to define and validate the solution's effectiveness in terms of connectivity, energy consumption, 

packet delivery ratio (PDR), and average downlink end-to-end delay. The results show that the proposed solution is energy 

efficient for small and large packets and has good communication performance. 

Keywords - Basic Safety Message, Energy Consumption, Road Safety, Roadside unit, Vehicle-to-Infrastructure. 

1. Introduction 
Over the past few years, the population of vehicles has 

increased, and it keeps increasing substantially, as the total 

number of accidents worldwide. According to the world 

health organization (WHO), the number of people who die 

in road accidents every year is evaluated at 1.35 million 

people, and injury affects 20 to 50 million people [1]. Most 

road accident analyses revealed that 90% of road collisions 

are caused by human hazards [2]. Many solutions have been 

proposed for road safety improvement. One of these 

solutions is the introduction of autonomous vehicles (AVs) 

to reduce human errors in road accidents [3]. AVs are 

dedicated to collecting information about their surrounding 

environment to drive safely. They use different information 

acquisition systems like Vehicle-to-Vehicle (V2V) [4] and 

vehicle-to-infrastructure (V2I) systems [5]. These two 

systems are included in the vehicular ad hoc network 

(VANET), which is the main part of intelligent 

transportation systems (ITS) [6]. V2I communication 

enables exchanges of safety/real-time warning messages 

between roadside units (RSUs) and vehicles [7]. The 

information recorded from vehicles by RSUs is the vehicle’s 

speed, the vehicle position, the travel times, and the traffic 

flow, amongst others [8]. An RSU is a piece of wireless 

equipment similar to a base station that uses the dedicated 

short-range communication (DSRC) technology defined 

under the IEEE 802.11p standard [9] with an operating 

frequency of 5.9 GHz [10] [11]. 

 

V2I communication system has numerous benefits in 

applications, road safety, traffic management, and 

communication [12]. One of the motivations of V2I 

communication is to reduce congestion and injuries related 

to traffic accidents [13] [14]. This is achieved by improving 

traffic management [15] and delivering suitable traffic 

information to vehicles to guarantee safe driving [16]. V2I 

communication is also used to maximize the fuel-saving of 

AVs by determining their position and motion through 

traffic information in real-time [17]. Furthermore, a 

cognitive vehicular network has been proposed in [18] to 

improve the dissemination of vehicular safety messages. In 

[19], a new technique was proposed to ensure the outcomes 

of file transfer between vehicles and RSUs. 
 

Moreover, several routing protocols have been 

proposed for V2I communication. In [20], for example, the 

authors developed an improved genetic algorithm technique 

https://www.internationaljournalssrg.org/
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to address the issue of determining the most reliable 

communication route in a V2I communication system. In 

[21], a hybrid routing protocol for VANETs was proposed 

by assembling DSRC technology and long-term evolution 

(LTE). That notwithstanding, V2I communication faces 

some challenges regarding network security [22], energy 

consumption [23], and frequent interruption of established 

connections due to the dynamic changes of the network 

topology, that increase the complexity of designing an 

accurate routing protocol [24].  
 

A lot of research has been conducted and is still 

ongoing in vehicular networks because it is hoped that the 

development of this field can drastically reduce the number 

of road accidents and help in other domains. Nevertheless, 

vehicular network faces the issue of energy consumption 

which has been the research interest of some researchers, 

especially as RSUs are beginning to be powered by 

renewable energy systems such as solar. Knowing the 

intermittency of solar energy, minimizing the energy 

consumption of RSUs has been of prime importance to 

utilize renewable energy systems to power this technology 

fully and make them grid-independent. In [25], the authors 

proposed a solution to maximize the energy efficiency of 

parked cars that serve as RSUs in an urban area. They 

assumed that parked cars are not completely powered off, 

and the battery's remaining energy could be used to enable 

them to serve as RSUs. The authors achieved good results 

by considering the channel resource allocation and the 

transmission power control. In [26], the authors proposed a 

mechanism based on real-time energy-saving for the internet 

of vehicle systems. They assumed that multiple RSUs are 

deployed on a road section and must be continuously 

assigned and reassigned to the vehicles. Their problem was 

formulated as an uncapacitated facility location problem to 

manage the RSUs switch-on and off phases. It was proved 

that; this method is more effective than the static approaches 

listed in the latter paper. In [27], the authors proposed a 

multi-level greedy algorithm to solve the RSU on-off 

scheduling problem and found a better time slot allocation 

scheme in sparse VANET by considering a bidirectional 

vehicular traffic scenario. The proposed algorithm gave 

good results in terms of energy consumption and could be 

used as a reference in VANET for efficient scheduling. 
 

In [28], the authors proposed two approaches to 

mitigate the issue of energy consumption by RSUs and 

enable a uniform energy consumption across neighboring 

RSUs. They considered that RSUs are deployed in rural 

areas and are powered by renewable energy. This research 

was based on the fact that no RSU should be over-utilized 

while others are under-utilized. The results showed that 

these approaches were 10% more efficient than single RSU 

scheduling algorithms such as the nearest faster-set 

scheduler. In [29], it was also considered that RSUs are 

powered by renewable energy and investigated the 

challenge of scheduling the downlink communication from 

RSUs towards vehicles. The problem was considered in two 

settings to maximize the number of served vehicles. The 

first setting was an offline setting where RSUs are assumed 

to know the amount of energy to be harvested based on the 

advanced knowledge of the incoming requests from 

vehicles, and the second was an online setting where two 

different solutions were investigated. The first one considers 

distributed scheduling control between RSUs, and the 

second one considers centralized scheduling control. In [30], 

the authors studied the deployment of uncrewed aerial 

vehicles as flying RSUs (UAV-RSU) based on the energy-

efficient of providing V2I links in a region. They also 

proposed a communication problem that aimed at 

minimizing the total power consumption of both 

communication powers and hovering. Other parameters, 

such as average packet size, backhaul link load, and latency, 

were also considered. The results revealed that the UAV-

RSU height and the average packet size were the major 

performance indicators for this network. In addition, other 

research works related to the energy consumption of V2I 

communication systems have been conducted based on 

different aspects such as RSU handover [31] and V2I 

routing protocol [20]. The above-related works mainly focus 

on the on/off RSU scheduling algorithms. Some of the 

limitations of these algorithms include; that when the RSUs 

are constantly switched off, they might take a certain time 

before they are completely switched on when needed. Also, 

the dynamic vehicle speed can make the on/off scheduling 

algorithms very complex in terms of design and 

implementation. UAV-RSUs also have the constraint of 

energy because their energy consumption depends not only 

on network parameters but also on the fact that they are 

mobile.  
 

Therefore, the work presented in this paper focuses on 

the energy consumption of static RSUs in a V2I 

communication system deployed in a section of Nairobi, 

Kenya. This research assumes that RSUs exchange Basic 

Safety Messages (BSM) with vehicles within their coverage 

range and are deployed at road intersections. All the 

vehicles are autonomous and can communicate with each 

other. The energy consumption of each vehicle is not 

considered in this work but will be taken into account in the 

future scope of this research. The contributions to this paper 

to the body of knowledge are: 
 

- The use of an effective RSU transmission control 

to minimize the total energy consumption of RSUs 

deployed in an urban area.  

- A new parameter, traffic flow, is used to calculate 

the packet delivery ratio (PDR) of each RSU in a 

broadcast scenario. 
 

The rest of the paper is structured as follows; Section 2 

describes the methodology, and section 3 discusses the 

solution's results and discussion. At the end of the paper, 

there is a conclusion.  
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2. Methodology  
In this paper, two packet sizes are considered for 

simulation to analyze the effectiveness of the proposed 

model based on the energy consumption of RSUs, their 

connectivity, the packet delivery ratio, and the average 

downlink end-to-end delay. These packet sizes are 200 bytes 

and 1024 bytes taken as short and long packets.  

 

2.1. Road modeling  
Nairobi is the capital city of Kenya, and it is classified 

as one of the most populated cities in East Africa. Its 

population was estimated to be 4.5 million in 2017 [32]. 

Currently, the city is updating its road infrastructure with 

the construction of roads and the deployment of new 

systems such as digital traffic lights, among others [33]. In 

this research, the Kilimani-Hurlingham (a section of 

Nairobi) road network is the study area since it has been 

revealed that most of the accidents in this area occur at road 

intersections or some few meters away [34]. This section 

has an area of 19446130.67 m2 and about 20 hospitals, 10 

schools, a few churches, and mosques which are places of 

high inflow of people. Therefore, road safety measures need 

to be applied in that road section. 
 

Different steps are used to model the study area. These 

steps are illustrated in Fig. 1. The first step is to use 

OSMnx, a python package, to retrieve geospatial data from 

OpenStreetMap, project, visualize, and analyze road 

networks [35]. OSMnx helped identify and count the 

number of road intersections present on the map. Fig. 2(a) 

shows the map of the Kilimani-Hurlingham road network, 

the study area. A total of 940 road intersections coordinates 

were counted on the map. Fig. 2(b) represents all the road 

intersections present on this road section in blue. The next 

step is to use the OSMWebWizard tool to generate traffic 

flow for the given area. This traffic comprises cars and 

buses commonly called Matatu in Kenya. Their mobility is 

simulated in SUMO (Simulation for Urban MObility) as 

shown in Fig. 3 and saved as a Tcl file for V2I network 

simulation.  

 
Fig. 1 Road modeling. 

 
(a) 

 
(b) 

Fig. 2 Kilimani-Hurlingham road network. (a) OpenStreetMap road 

network view. (b) Representation of road intersections. 

 
Fig. 3 Traffic simulation of Kilimani-Hurlingham road network in 

SUMO 
 

2.2. Traditional RSU transmission mode 

In the traditional RSU transmission mode, RSUs 

broadcast information every 100ms in its coverage range 

whether they have detected vehicles. The number of packets 

broadcasted by each RSU is equal for all the RSUs in the 

network. For a given time of simulation t, the total number 

of packets broadcast by each RSU is t divided by 100ms. In 

this study, t = 301s, the number of packets per RSU is 3010. 

Fig. 4 describes the scenario.  

2.3. The proposed RSU transmission control 

In the road modeling step, 940 road intersections 

coordinates were retrieved from the map. Out of this 

number, 590 intersections are chosen to deploy RSUs based 

on the total number of vehicles an RSU can detect during 

the simulation. A first simulation was done, and the 590 

intersections represent the positions where an RSU can 

detect at least 5 vehicles during the simulation. The main

Export the study area 

using OSMnx and 
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Identify and count 
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intersections  

Store the road 

intersections 

coordinates  

Store the vehicle 

mobility as a Tcl file 
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(a) 

 
(b) 

Fig. 4 Roadside unit without transmission control. (a) Roadside unit broadcasting with vehicles in its coverage range. (b) Roadside unit 

broadcasting without vehicles in its coverage range.

This part aims to propose a novel operation mode for 

RSUs to minimize their energy consumption, then analyze 

the communication parameters like connectivity, PDR, and 

average downlink end-to-end delay. The simulation of V2I 

communication is done using network simulator 3 (NS3) 

with the configuration parameters presented in Table 1.  

2.3.1. Description of the proposed model  

At the beginning of the simulation, all the RSUs are in 

idle mode. In NS3, a vehicle starts broadcasting every 

100ms BSM message when it enters the network and stops 

when it exits the network. The entering and the exit time of 

vehicles in the network are read in the mobility tcl file. On 

the other hand, an RSU, instead of broadcasting BSM 

messages every 100ms, will only broadcast information 

depending on whether there is an incoming vehicle in its 

coverage range. Fig. 5 describes the scenario. 

 

Table 1. Simulation parameters 

Parameter Value 

Short packet size 

Long packet size 

Transmission power 

Sensitivity 

Vehicle Broadcast interval 

Bandwidth 

Data rate 

Frequency 

RSU antenna height 

vehicle antenna height 

RSU supply voltage 

Transmission current 

Current in receiving state 

Current in idle state 

Number of RSU 

Number of vehicles 

Simulation time 

200 bytes 

1024 bytes 

23 dBm 

-82 dBm 

100 ms 

10 MHz 

6 Mbps 

5.9 GHz 

8 m 

1.5 m 

48 Volt 

0.5 A 

0.313 A 

0.273 A 

590 

461 

301 seconds 
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  (a) (b) 

 
(c) 

Fig. 5 Transmission control of the roadside unit at an intersection. (a) Roadside unit on idle mode. (b) The roadside unit broadcasts once a message 

to the incoming vehicle. (c) The roadside unit broadcasts twice for the two incoming vehicles.

In the simulation, the set of RSUs is denoted as 

S_RSU={RSU_1,....., RSU_n} and each RSU is denoted as 

RSU_i where n is equal to 590 and i = {1, 2, …., n}. This 

work assumes that each RSU can detect the presence of a 

vehicle only if it receives a message from the vehicle which 

explains the vehicle's presence in the RSU coverage range. 

The packets broadcast by each vehicle in the network 

contain the vehicle identification number (Id), its position 

(coordinates), its velocity, the packet's time, and a payload 

of 200 bytes for short packets and 1024 bytes for long 

packets. The first action computed by the RSU when it 

receives a packet from a vehicle is to store the packet 

information in a database if the vehicle Id is not yet present 

in that database. Then the RSU broadcasts information 

within its coverage. In case the vehicle Id is already 

registered in the RSU database, the RSU will compare the 

vehicle's last connection time with the new connection time, 

and if the difference is equal or more than one minute, the 

RSU will broadcast information; if not, the RSU will update 

the last connection time with the vehicle and no information 

will be broadcasted. This RSU mode of transmission 

considers that if a vehicle passes through an RSU coverage 

range more than one time during the simulation, it will still 

be able to receive new information from the RSU. The 

summary of the RSU transmission control steps is given in 

Algorithm 1.  

Algorithm 1: RSU Transmission Control  

1: Initialize each RSU_i database T as an empty database. 

2: RSU_i on reception mode 

3: While simulation time = TRUE and RSU_i detects a  

4: vehicle presence do 

5:        check if the vehicle Id is in T  

6:        if the vehicle Id is not in T, then 

7:        Add the information about the vehicle to T 

8:        // Id_number, velocity, position 

9:                 //time of the first connection  

10:        // time of the last connection 

11:        RSU_i broadcast BSM messages  

12:      end if 

13:      if the vehicle Id is in T, then 

14: time = packet reception time - last connection 

time 

15: if time >= 1minute then 

16:           RSU_i broadcast BSM messages 

17: end if 

18: update the vehicle's last connection time 

19:     end if 

20: end while 
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2.3.2. Mathematical expression of parameters  

Four parameters are evaluated in this work. The first 

parameter is the RSU connectivity which is the total number 

of vehicles detected by the RSU during the simulation. This 

value is computed by counting the number of vehicle Ids 

present in the database T of each RSU.  

The second parameter is the energy consumption of RSUs, 

which is a function of the power supply, time, and current. 

Its expressions are given by Equations 1, 2, and 3.  

𝐸𝑐𝑡(𝐽𝑜𝑢𝑙𝑒) = 𝐼𝑡  × 𝑉 × 𝑡                                          (1) 

𝐸𝑡(𝐽𝑜𝑢𝑙𝑒) = 𝐸0 − 𝐸𝑐𝑡                                              (2) 

𝐸𝑐𝑇𝑜𝑡𝑎𝑙(𝐽𝑜𝑢𝑙𝑒) = ∑(𝐸𝑐𝑡)

𝐾

𝑡=1

                                     (3) 

where Ect is the RSU energy consumption at a given time t 

depending on whether the RSU is transmitting, receiving, or 

is in idle mode; It is the RSU current used at a given time t 

depending on whether the RSU is transmitting, receiving, or 

is in idle mode; V is the RSU supply voltage; t is the time 

taken during the transmission, reception, or idle mode; Et is 

the RSU remaining energy; E0 is the RSU initial energy; 

EcTotal is the RSU total energy consumption. The RSU 

energy consumption algorithm steps are illustrated in 

Algorithm 2. The energy consumption is frequently 

calculated during the simulation depending on whether it is 

transmitting, receiving, or idle. Then, the total energy is 

calculated and saved for further analysis at the end of the 

simulation. During the simulation, the remaining energy in 

the RSU is always evaluated after transmission, reception, 

or idleness. Et denotes this remaining energy, and its value 

replaces the initial energy during the simulation. Moreover, 

three other parameters, Ectx, Ecrx, and Ecidle, represent the 

energy consumption after transmission, the energy 

consumption after the reception, and the energy 

consumption after idle mode.  

 

The third parameter is the PDR, representing the ratio 

of the number of packets received over the number of 

packets sent. In this study, this parameter was calculated 

considering the broadcast scenario. The assumption is that a 

packet sent by an RSU is successfully received if all the 

vehicles present in the RSU coverage range have 

successfully received the packet at the transmission time. In 

other words, if a packet was sent when two vehicles, for 

example, were present in the RSU coverage, the PDR for 

that packet will be 100% if the two vehicles had received 

the packet; 50% if only one vehicle had received the packet; 

and 0% if none of them had received the packet. The PDR is 

determined as follows:  

𝑃𝐷𝑅(%) =
𝑅𝑝𝑎𝑐𝑘𝑒𝑡

𝑆𝑝𝑎𝑐𝑘𝑒𝑡
×

𝑉𝑅

𝑉𝑝𝑟𝑒𝑠𝑒𝑛𝑡
 × 100                    (4) 

Where R_packet is the number of packets received; 

S_packet is the number of packets sent; VR is the number of 

vehicles that received the packet; V_present is the number 

of vehicles present in the coverage range. 

The fourth parameter is the average downlink end-to-end 

delay Avg_delay, representing the average time for all the 

packets to live the RSU and reach the vehicles. Its 

expression is given by Equations 5 and 6.  

𝑑𝑒𝑙𝑎𝑦(𝑠𝑒𝑐𝑜𝑛𝑑𝑠) = 𝑅𝑥_𝑡𝑖𝑚𝑒 −  𝑇𝑥_𝑡𝑖𝑚𝑒              (5) 

𝐴𝑣𝑔_𝑑𝑒𝑙𝑎𝑦(𝑠𝑒𝑐𝑜𝑛𝑑𝑠) =
Ʃ 𝑑𝑒𝑙𝑎𝑦

𝑘
                            (6) 

where the delay is the duration for a packet to live an RSU 

and reach the vehicle; Rx_time is the reception time of the 

packet; Tx_time is the packet's transmission time, and k is 

the number of delays for an RSU. 

The summary of the proposed solution is presented in the 

flowchart (see Figure 6).  

Algorithm 2: RSU energy consumption evaluation 

1: Inputs: RSU initial energy E0, supply voltage V,  

2: transmission current TTx, receiving current IRx, idle  

3: current Iidle 

4: initialize Ectx, Ecrx, Ecidle, Et and EcTotal 

5: While simulation time valid do 

6:  if RSU_i is transmitting then 

7:   Ectx = ITx × V × t 

8:  Et = E0 - Ectx  

9:  E0 = Et 

10:  save Ectx 

11:  end if 

12:  if RSU_i is receiving then 

13:   Ecrx = IRx × V × t 

14:  Et = E0 – Ecrx  

15:  E0 = Et 

16:  save Ecrx 

17:  end if 

18:  if RSU_i is idle then 

19:   Ecidle = Iidle × V × t 

20:  Et = E0 – Ecidle  

21:  E0 = Et 

22:  save Ecidle 

23:  end if 

24: end while 

25: // calculate the total energy consumption 

26: EcTotal = Ʃ Ectx + Ʃ Ecrx + Ʃ Ecidle  

27: Save EcTotal 
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3. Results and Discussion  
The simulation results of the proposed RSU transmission control are shown in this section. 

 
Fig. 6 Proposed solution flowchart 

 

3.1. RSU Connectivity 

This parameter represents the number of vehicles 

detected by each RSU during the simulation. Figure 7 

presents the connectivity of each RSU in both cases for 

short packets (see Figure 7(a)) and long packets (see Figure 

7(b)), and the result shows that the connectivity is the same. 

Nevertheless, some RSUs have lower connectivity when 

using the proposed model. In this case, the reason could be 

that the RSU does not receive and transmit simultaneously; 

packet collision might have occurred during the 

transmission of packets by the RSU.  

 

 

3.2. Energy Consumption of RSUs 

Energy consumption was analyzed critically in this 

work for the 590 RSUs. Figures 8 and 9 present a 

comparative result between energy consumption with the 

proposed transmission control and the energy consumption 

without the transmission control. For short packets (see 

Figure 8(a)) and long packets (see Figure 8(b)), it is 

observed that the energy consumed by each RSU is lower 

for the two types of packets when it operates as per the 

proposed mode of operation. The amount of energy 

consumed by an RSU depends on the number of vehicles 

that pass through its coverage range and whose BSM 

message has successfully reached the RSU to actuate data 

transmission. It also depends on the number of packets 

received by the RSU and its moments of idleness. Each case 

has it is current, as shown in table 1, and the time used for 

Load mobility file 

Start 

Update 

last_contact_time 

RSUs set 

Calculate Energy consumption 

RSUs Idle 

RSU broadcasts packet 

Time = Rx_time – 

last_contact_time 

RSU stores vehicle information 

End 

If reception? 

Is simulation 

time valid? 

New Id? 

Time ≥ 1 

minute 

Yes 

No 

No 

Yes 

Yes 

No 

Yes 

No 
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calculations is variable as the simulation goes by. For an 

urban deployment of 590 RSUs in the Kilimani-Hurlingham 

road section, Figure 9 shows that the amount of energy 

saved using the proposed method is 1225.27 Joules in 301 

seconds of simulation for short packets which means that for 

a simulation of one hour, the amount of energy saved could 

be 14654.4 Joules. For 24 hours, it could be estimated to be 

351705.41 Joules. Likewise, for long packets, the energy 

saved is 5079.38 Joules in 301 seconds of simulation, which 

leads to an estimation of energy saving of 1458001.44 

Joules for 24 hours. This is a lot of energy saved for urban 

usage. Nevertheless, in Figures 8(a) and 8(b), some RSUs 

have a bit higher energy consumption with the transmission 

control than without transmission control. This could be due 

to the variation in the number of packets received by the 

RSU and the amount of time it was in idle mode. For some 

RSUs, the number of packets received when using the 

proposed transmission control is larger than that received 

when there is no transmission control. This situation could 

be due to collisions between broadcasted packets by the 

RSU and the vehicles in the case of no transmission control. 

In addition, the energy consumption for long packets is 

higher than the energy consumption for short packets in 

both cases because radio energy is a function of time and the 

transmission time of a packet depends on its size. The more 

it is large, the more its transmission time increases. Also, 

the results show that energy saving is more significant for 

long packets than for short packets (see Figure 9).  

 

(a) 
 

 

(b) 

Fig. 7 RSU connectivity. (a) 200 bytes packet size. (b) 1024 bytes packet size.
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(a) 

 

(b) 

Fig. 8 Energy consumption of each RSU with and without transmission control. (a) 200 bytes packet size. (b) 1024 bytes packet size. 

 
Fig. 9 Total energy consumption with and without transmission control for all the RSUs.
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3.3. Packet Delivery Ratio (PDR) 

The third parameter evaluated in this study is the PDR. 

Figures 10(a) and 10(b) show the PDR of the 590 RSUs for 

short packets and the PDR of the 590 RSUs for long packets 

calculated using Equation 4. For short and long packets, it is 

clearly illustrated that packets are 100% successfully 

delivered for some RSUs in the case with transmission 

control, and the PDR values are between 17% and 100%. In 

the case without transmission control, the highest values are 

98.84% for short packets and 98.67% for long packets with a 

minimum PDR of 0%. In this case, PDR may rarely reach 

100% because RSUs are frequently transmitting whether 

there are vehicles in their coverage range or not. A PDR of 

0% means that packets from some RSUs have not been 

received during the entire simulation, which is critical for a 

V2I communication network. This situation may be caused 

by packets collision, which generally occurs when multiple 

users try to use the same channel and when the number of 

packets exchanged in the network is large. In addition, the 

variation of PDR could be a result of fading due to either 

multipath propagation or shadowing from obstacles. The 

proposed transmission control model allows RSUs with a 

PDR of 0% (in the case without transmission control) to be 

useful in the network during the entire simulation because 

some of them have a PDR higher than 70%. This can be 

proved by data presented in table 2, where connectivity is 

the number of vehicles detected by the given RSU, 

PDR_Txcon is the PDR when using transmission control, 

and PDR_woTxcon is the PDR when there is no transmission 

control. Furthermore, results in Figure 10(c) reveal that the 

PDR in the case of transmission control is almost the same 

for short and long packets with a very small difference.    
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(c) 

Fig. 10 Packet delivery ratio for each RSU, (a) 200 bytes packet size, (b) 1024 bytes packet size, (c) packet delivery ratio for 200 bytes and 1024 

bytes packet size. 

Table 2. Values of connectivity and PDR for some RSUs with transmission control and without transmission control with a packet size of 200 bytes.  

RSU 15 118 140 190 255 275 

Connectivity 12 9 10 22 31 6 

200 bytes PDR_Txcon (%) 100 33.3333 65.4545 92.5926 78.4156 100 

1024 bytes 84.6154 33.3333 65.4545 92.5926 74.3833 100 

PDR_woTxcon (%) 0 0 0 0 0 0 

RSU 299 325 368 382 407 430 

Connectivity 8 59 7 39 31 17 

200 bytes PDR_Txcon (%) 39.0625 69.1223 73.4694 78.1955 44.111 74.6606 

1024 bytes 39.0625 68.0581 73.4694 75.529 43.3233 74.6606 

PDR_woTxcon (%) 0 0 0 0 0 0 

RSU 465 467 476 510 544 546 

Connectivity 6 34 5 12 50 50 

200 bytes PDR_Txcon (%) 100 28.7926 36 74.0385 60.4232 87.6562 

1024 bytes 100 28.7926 36 74.0385 72.9826 83.0729 

PDR_woTxcon (%) 0 0 0 0 0 0 

RSU 555 560 563 571 582 583 

Connectivity 59 8 8 9 11 13 

200 bytes PDR_Txcon (%) 43.3969 51.5625 17.6471 75.2137 29.7521 92.3077 

1024 bytes 38.9595 65.625 17.6471 75.2137 29.7521 92.3077 

PDR_woTxcon (%) 0 0 0 0 0 0 

 

3.4. Average downlink end-to-end delay  

The last parameter evaluated in this study is the average 

downlink end-to-end delay. Figure 11 presents the end-to-

end downlink delay of RSUs for short packets (see Figure 

11(a)) and long packets (see Figure 11(b)). It is seen that the 

average downlink end-to-end delay is higher when using the  

 

proposed model than in the other case. For transmission 

control, the highest value for the average delay is 1.31ms for 

short packets (see Figure 11(a)) and 3.97ms for long packets 

(see Figure 11(b)), whereas, for no transmission control, the 

highest value of the average delay is 0.36ms for short 
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packets and 1.46ms for long packets. There are some RSUs 

with an average delay of 0ms. They represent the RSUs with 

a PDR of 0%. In addition, the average delay is higher in the 

proposed model because the distance between the RSU and 

the vehicle has a higher impact on the propagation delay of 

packets. The effect of distance in the other case is not 

pronounced because RSU's packets are frequently 

broadcasted and present in the network. Whereas for the 

proposed model, the RSU transmission depends on the 

presence of an oncoming vehicle. Although the average 

delay is higher for the proposed model, its highest values 

(1.31ms and 3.97ms) are lower than 20ms. The packet 

delivery time is extremely short and adequate for the V2I 

communication network, which has a dynamic network 

topology.  

 

(a) 

 

(b) 

Fig. 11 Average downlink end-to-end delay. (a) 200 bytes packet size. (b) 1024 bytes packet size.

4. Conclusion  
One of the biggest challenges the V2I communication 

system faces is energy consumption. Many research works 

have been conducted to mitigate this issue in various ways. 

In this paper, an RSU transmission control has been 

proposed as a solution to minimize RSU energy 

consumption in an urban area. The problem was formulated 

as a BSM message transmission scheduling problem of 

RSUs based on the traffic flow at intersections. A few tools 

have been used for the simulation. OSMnx and 

OpenStreetMap were used to retrieve and model the road 

network. OSMWebWizard and SUMO were used to 

generate realistic traffic flow on the map. Then, NS3 was 

used to simulate the V2I communication network. The 
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simulation was done for packets with 200 bytes and packets 

with a size of 1024 bytes. The results show that the 

proposed solution is efficient and minimizes the RSU radio 

energy consumption for urban deployment. The energy-

saving for short packets is 1225.27 Joules in 301 seconds 

and is estimated to be 351705.41 Joules after 24 hours of 

simulation. For long packets, the energy saving is 5079.38 

Joules in 301 seconds and can be estimated for 24 hours to 

give 1458001.44 Joules. Also, some RSUs in the simulation 

obtained good communication parameters in terms of PDR 

and average downlink end-to-end delay. For short packets, 

the highest average downlink end-to-end delay for the 

proposed model is 1.31ms and 3.97ms for long packets. 

This means that the delay between transmission and 

reception is extremely short and adequate for the V2I 

communication network. 

Furthermore, the PDR has been improved for some RSUs 

and can be improved if a collision avoidance technique is 

combined with the proposed RSU transmission control. The 

latter can be proposed as future work. Also, it will be 

convenient to use a metaheuristic algorithm to choose the 

best positions to deploy RSUs in an urban area to achieve 

better communication performances. 

As the National Transport Safety Authority is doing its best 

to ensure road safety in the city, the proposed solution can 

be useful in the nearest future for an urban deployment of 

RSUs in the city.  
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