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Abstract – Presently, as a part of Intelligent Transport 

System (ITS), many applications in Vehicular Ad Hoc 

Networks (VANETs) attract a lot of research attention from 

academic community and industry, especially car industry. 

One important feature of the applications in VANETs is the 

ability to extend line-of-sight of the drivers and exploit on-

board devices in order to improve the safety and efficiency 

of road traffic. However, due to mobility constraints, driver 

behavior and high mobility, characteristics of VANETs are 

dramatically different from those of general Mobile Ad Hoc 

Networks (MANETs). Moreover, the broadcasting 

approaches used in MANETs cannot be properly applied to 

the safety application in VANETs. Thus, we propose new 

broadcasting approaches in VANETs with respect to alarm 

message dissemination scenarios. This paper is focusing on 

the broadcasting methods which provide an efficient 

dissemination of alarm message in the aspect of broadcasting 

time. Related works, basic idea of the proposed methods, 

their evaluation results and some directions of the further 

researches are also discussed.  
 

Keyword – alarm message, broadcasting method, vehicular 

ad hoc networks, multiple interfaces, multiple channels 

 

1. Introduction 

There has been increasing interest in the exploitation of 

advanced information technology in transportation systems 

for providing improved comfort and additional safety in 

driving. Existing ITS deployments mainly rely on networks 

in the roadside infrastructure or Road-Vehicle 

Communication (RVC). In Japan, one example of this 

system is Advanced Cruise-Assist Highway System, referred 

to as ASH. The main target of this system is to prevent 

collision with forward obstacles, e.g. a vehicle that has 

stopped at some blind spots such as at a curve on a highway, 

by using some sensors deployed along the highway. After 

detecting the obstacles, these sensors will notify the vehicles, 

which are equipped with Vehicle Information and  

 

 

Communication System (VICS), one kind of navigation 

systems widely used in Japan, in their transmission range. 

While such systems provide substantial benefits, their 

deployment is very costly, which prevents them from 

reaching their full potential. Due to this problem, there is a 

trend of equipping vehicles with the communication 

technology allowing the vehicles to contact with other 

equipped vehicles in their vicinity, which is referred to as 

Inter-Vehicle Communication (IVC). IVC has two key 

advantages: low latency due to direct communication among 

vehicles and broader coverage beyond areas where roadside 

equipments have been deployed. 

The specific characteristics of VANETs allow the 

development of the following two most relevant category 

applications [1]: 
 

1. Comfort application: This category tries to 

improve comfort and traffic efficiency and/or optimize the 

route from a source to its destination. Traffic, weather, gas 

station or restaurant location and price information system, 

and interactive communication such as the Internet access or 

music download are some examples of this application. 

 

2. Safety application: The purpose of this category is 

to increase the safety of driver and passengers by 

exchanging safety relevant information. Examples of the 

applications in this category are emergency warning system, 

lane-changing assistant, intersection coordination, traffic 

sign/signal violation warning, and road-condition warning. 
 

Although much effort is needed in order to make these 

applications come reality, methods to disseminate various 

messages seem to be the most important challenge. 

Moreover, the huge social and economical cost related to 

road accidents makes research of proactive safety services a 

task of primary importance in the ITS. A fundamental 

application for providing this safety service is the fast and 

reliable propagation of alarm message or warning message 

to upcoming vehicles in case of hazardous driving situations 

such as accident and dangerous road surface conditions. 



  
 

 
  

This paper proposes some methods that can reduce the 

broadcasting time required in the alarm message or warning 

message propagation by utilizing multiple channels available 

in e.g. the IEEE 802.11 standard as well as the GPS system. 

The rest of this paper is organized as follows: characteristics 

and definition of the alarm message broadcasting are 

discussed in section 2. Section 3 describes the existing 

broadcast protocols as the related works. Characteristics of 

VANETs and the assumptions for this research are given in 

section 4. Two proposed methods for the alarm message 

broadcasting and their evaluation are discussed in section 5 

and section 6, respectively. Finally we conclude this paper 

with some observations on further researches.  

 

2. Alarm Message Broadcasting  

Basically, blocking line-of-sight by the leading vehicles 

is one of the main factors of an accident. In case there is a 

collision accident on the road, if the drivers of the vehicles 

that are moving toward the accident place cannot make a 

decision on the suitable actions in time, it can lead to a chain 

collision or a secondary accident. However, it is possible to 

decrease the risk of such an accident by providing the 

necessary information about the accident that just happened 

to those vehicles and their drivers. The alarm message 

broadcasting application can be applied to the situation of 

such an accident as shown in Figure 1. 
 

 
 

Figure 1: Alarm message broadcasting application 

 

According to Figure 1, when the vehicle located in the 

middle of the figure has an accident and identifies itself as 

crashed by using some sensors that detect events like airbag 

ignition, this vehicle will start to broadcast the information 

about its accident to nearby vehicles. It will be possible for 

the drivers of other vehicles to take suitable actions to avoid 

the secondary accident by using this information. However, 

in order to guarantee safety, the following two factors have 

to be considered. 
 

 Maximum allowed speed of the vehicle is about 100 

km/hr. (according to the country regulation) 

 Human reaction time is 0.3 second, but 0.1 second will 

be used in acquisition of the information for various 

sensors and 0.1 second for processing the information. 

Therefore, at most only 0.1 second is left for vehicle-to-

vehicle communication.  
 

Based on these two factors, this alarm information is 

judged to have a very short useful lifetime. Thus, the 

information about the accident should be destined with low 

delay and high reliability. 
 

3. Related Works 

Among many broadcast protocols that have been 

proposed, “Flooding” seems to be the simplest. However, 

this protocol has some problems such as high collision or 

contention probability and high data redundancy because 

each node receiving the message has an obligation to 

immediately rebroadcast the message to all of its neighbors. 

This can result in inefficiency in terms of radio resource 

usage, promptness of the message delivery and reliability, 

which has been referred to as “Broadcast Storm Problem” 

[1]. To resolve these problems, several broadcast protocols 

have been proposed as follows:  

 

Probability Based Method [2, 3]: In the probability based 

method, each node decides to rebroadcast the message with 

some probability in order to decrease data redundancy and 

collision. Although the required broadcasting time is short, it 

still cannot solve the entire redundancy problem. Moreover, 

in the congested network, its delivery ratio is rather low. 

 

Area Based Method: In this method, each node rebroadcasts 

the message by considering the coverage area of the 

transmission range. In the Distance Based Scheme [1, 4], 

when a node receives the message, the node compares the 

distance between itself and each of its neighbor nodes that 

have previously rebroadcasted the same message and the 

node will not rebroadcast the message if the rebroadcasting 

is judged redundant based on the comparison results. 

Location Based Scheme [5, 6, 7, 8] uses more precise 

estimation of the coverage area of the transmission range by 

making use of the means to determine its own location, e.g. 

GPS. Although these methods are able to reduce most of the 

redundant rebroadcasting, they do not take into account a 

tight time delay constraint which is one of the main 

important factors in the alarm message broadcasting. 
 



  
 

 
  

Cluster Based Method [9]: In this method, the related nodes 

are structured into some clusters and the task for 

rebroadcasting the message is assigned to only the cluster 

head node of each cluster. Although this method can work 

efficiently, the cost to create and maintain the cluster 

structure is rather high. 
 

Topology Based Method: Topology based methods are 

based on complete knowledge of the network topology 

which is obtained by exchanging control messages. However, 

to obtain this kind of knowledge induces large load of traffic 

in the network, which is not appropriate in the VANETs. 

 

Although the above broadcast protocols are the 

candidates for the alarm message broadcasting application, 

they mainly consider on solving the Broadcast Strom 

Problem. In addition, these protocols use only a single 

frequency channel and make no use of the rest spectrum that 

are actually available e.g. in the IEEE 802.11 standard. 

According to the objective of safety application, target 

about the delay of alarm message broadcasting is quite strict 

as mentioned in section 2. Thus, the approaches with 

effectively shortened forwarding latency, such as cut-

through forwarding method, are required. The cut-through 

forwarding method has been used in the packet switch 

technology to allow frame (or packet) forwarding before the 

whole frame is received [13]. However, the cut-through 

forwarding method has not been considered for wireless 

networks until recently because, in general, forwarding 

latency was not the primary concern for the traffic in the 

wireless networks. However, this is not the case for safety 

application. One of the broadcast protocols that utilize the 

method like cut-through forwarding has been proposed in 

[12]. In this broadcasting protocol, each node that received 

the message has an obligation to rebroadcast the message. 

Thus, the Multiple Access Interference (MAI) increases in 

accordance with increase in the number of simultaneously 

rebroadcasting nodes. Moreover, the wide bandwidth is 

required for the proposed CDMA, although the bandwidth is 

generally limited in wireless technology. 

To achieve the targets of safety application, we propose 

two new alarm message broadcasting methods that utilize 

multiple channels available in IEEE 802.11 standard as well 

as GPS function. Moreover, high priority to rebroadcast the 

message is given to some specific node to avoid the 

interference problem and the multiple channels are utilized 

effectively in the proposed methods. 

 

4. The VANETs Characteristics and 

Assumptions 

This paper focuses on the alarm message broadcasting 

in the highway scenario where there are a number of 

vehicles moving towards both directions of the highway with 

possibly multiple lanes. In this scenario, the alarm message 

will be destined to many or all of the vehicles located away 

from the accident vehicle (source node) in less than some 

predetermined coverage distance. In other words, the 

position information will be used as an attribute to limit the 

broadcasting process. The highway is assumed to be 

rectilinear and the destined radio wave is assumed to be 

tolerant to the local variations in environment along the 

highway e.g. buildings or obstacles on the road. 

All the vehicles are assumed to be equipped with 

sensing, calculation, communication capabilities and Global 

Positioning System function (GPS) so that each of the 

vehicles can sense an accident, gather information about the 

accident, destine the alarm message to the nearby vehicles, 

and determine its own position relatively to the other 

vehicles. Moreover, each vehicle is equipped with at least 

two half-duplex transceivers based on e.g. IEEE 802.11 

standard and a dedicated channel is assigned to each 

transceiver. With this assignment, the vehicle can transmit a 

message on one channel and listen to a different message on 

the other channel at the same time.  
 

5. Proposed Methods for the Alarm Message 

Broadcasting  

In this section, the targets to be achieved are clearly 

presented and the basic idea of the two proposed methods for 

the alarm message broadcasting application is described. 

These two proposed methods are different from each other in 

timing when the vehicles can start to rebroadcast the alarm 

message. 

 

5.1. Targets to be achieved  

Efficiency of the alarm message broadcasting methods 

can be measured in general by whether the following targets 

can be achieved or not.  
 

 According to the aforementioned human reaction time, 

the time required for all the vehicles located in the 

predetermined coverage distance of the source vehicle 

to receive the alarm message completely is shorter than 

0.1 second.  



  
 

 
  

 The alarm message should be broadcasted in a multi-

hop manner and the number of the vehicles that newly 

receive the alarm message in each hop should be as 

large as possible. 

 The broadcasting method should be able to reduce the 

collision of the alarm messages rebroadcasted in each 

hop. 
 

5.2. Proposed Methods  
5.2.1. Proposed Method 1  

 
Figure 2: Alarm message broadcasting scenario 

 
Figure 3: Basic idea of the proposed method 1 

 

Basic Idea 

It is assumed that each vehicle is equipped with two 

transceivers and a dedicated channel is assigned to each 

transceiver e.g. channel 1 is assigned to transceiver 1 and 

channel 2 is assigned to transceiver 2 as described in section 

4. According to the targets that have to be achieved as 

described in section 5.1, the basic idea for the proposed 

method 1 is to give high priority to the furthest vehicle in the 

transmission range from the source vehicle to rebroadcast 

the alarm message after receiving it completely. This priority 

control leads to the avoidance of collision of rebroadcasted 

alarm messages by the vehicles in the transmission range of 

the source vehicle by suppressing the rebroadcasting of 

vehicles with low priority and by making only the vehicle 

with high priority to rebroadcast the message.  

The scenario in Figure 2 will be used to further 

describe and illustrate the basic idea of the proposed method. 

In Figure 2, vehicle A is assumed to have just had an 

accident, and vehicles B and C are assumed to be in the 

transmission range of the transceiver equipped on A. After A 

recognizes an accident event based on the information 

received from various sensors, A acts as the source vehicle 

and starts to broadcast the alarm message on channel 1 to 

notify nearby vehicles including B and C about the accident 

according to the time sequence shown in Figure 3.  

After recognizing that the received message is the 

alarm message, B and C calculate their own waiting times 

Twait(B) and Twait(C), respectively. The waiting time is used 

by each vehicle to make decision on whether it should 

responsible for rebroadcasting the alarm message to next hop 

or not. Although the details of waiting time calculation are 

described later in subsection 5.2.3, the waiting time is larger 

for vehicles that are closer to the source vehicle. When the 

waiting time of a vehicle expires and it did not receive any 

notification flags from any other following vehicles, it starts 

to broadcast its own notification flag on channel 2 to notify 

the other vehicles that it will be responsible for 

rebroadcasting the alarm message in the following hop. On 

the other hand, if a vehicle receives a notification flag, then 

the vehicle decides not to rebroadcast the message, since the 

vehicle that has transmitted the notification flag should be 

responsible for the rebroadcasting of the message. In the 

following hop, the above rebroadcasting vehicle becomes a 

source vehicle and the same processing for rebroadcasting is 

performed. This rebroadcasting process is repeated in some 

more hops, resulting in the dissemination of the alarm 

message to cover all the relevant vehicles in the 

predetermined coverage distance from the original source 

vehicle A. 

 

5.2.2. Proposed Method 2 

Basic Idea 

By reducing the probability of collision in the alarm 

message broadcasting, proposed method 1 can shorten the 

broadcasting time, which is defined as the cumulative time 

required for completing multi-hop broadcasting process of 

alarm message to cover all the vehicles in the predetermined 

coverage distance from the source vehicle. This subsection 

proposes a new method to further shorten the broadcasting 
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time. The proposed method is characterized by the overlap 

operation of alarm message transmission under the 

assumption that each vehicle is equipped with at least two 

transceivers and that different channels are assigned to the 

transceivers in the individual hops to avoid the collision in 

broadcasting. For overlap broadcasting for more than 2 hops, 

at least 3 different channels are required for efficient 

transmission without interference.  

 
Figure 4: Alarm message broadcasting scenario 

 
 

Figure 5: Basic idea of the proposed method with overlap operation 

 

The scenario in Figure 4 will be used to further describe 

and illustrate the basic idea of the proposed method 2. In 

Figure 4, vehicle A is assumed to have just had an accident, 

and vehicles B, C and D, E are assumed to be in the 

transmission range of a transceiver equipped on A and that of 

a transceiver equipped on C respectively. As described in the 

proposed method 1, after A recognizes an accident event 

based on the information received from various sensors, A 

will start to broadcast an alarm message. After recognizing 

that the received message is the alarm message, B and C 

calculate their own waiting times Twait(B) and Twait(C), 

respectively. Different from the proposed method 1, 

notification flags are not used and the alarm message itself is 

instead rebroadcasted while the alarm message is under 

reception. In Figure 5, the furthest vehicle C will have 

priority to rebroadcast the alarm message and start to 

rebroadcast the alarm message just after the expiration of its 

waiting time by utilizing a channel which differs from the 

one used by the source vehicle A in order to avoid the 

interference of the messages and to reduce the broadcasting 

time. 

Thus, vehicle C becomes a source vehicle in the next 

hop to broadcast the alarm message and then in almost the 

same manner, only vehicle E will have high priority to 

rebroadcast the message. Such rebroadcasting will be 

repeated to cover all the vehicles in the predetermined 

coverage distance from the original source node A. 

 

5.2.3. Waiting Time Calculation 

For the proposed method 1, the waiting time 

calculation is based on the basic idea that the notification 

flag sent by the furthest vehicle or the vehicle, which should 

be responsible for rebroadcasting the alarm message, should 

arrive at the vehicles located closer to the source vehicle 

before they completely receive the alarm message from the 

source vehicle. This basic idea is elaborated as follows. 

 
 

Figure 6: Basic idea of waiting time calculation 

 

In Figure 6, it is assumed that there is a vehicle located 

at the boundary of the transmission range of A and this 

assumed vehicle starts to broadcast the notification flag on 

channel 2 after recognizes that the message it has started to 

receive is the alarm message as mentioned in the Basic Idea 

subsection of the proposed method 1. The notification flag 

will be received by all the vehicles between the assumed 

vehicle and the source vehicle. However, all these 

intermediate vehicles will rebroadcast the alarm message on 

the instant they finish receiving the message completely and 
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this almost simultaneous multi-broadcasting will lead to high 

collision. In order to avoid such collision, the notification 

flag is expected to be received by these intermediate vehicles 

before their complete reception of the alarm message. Thus 

waiting time should be defined so that the notification flag 

should arrive at A before the completion of the sending of 

the alarm message by A. Furthermore, in the designing of the 

waiting time, the time required for the transmission, 

propagation and processing of notification flag and alarm 

message should be taken into account and the waiting time 

should become larger for an intermediate vehicle closer to 

the source vehicle. 

This basic idea on the waiting time is also applied to 

the proposed method 2. However, the header of the alarm 

message itself is used for the same purpose as that of the 

notification flag in proposed method 1. 

In general, the waiting time for vehicle X located DSX 

away from the source vehicle can be represented by the 

following equation: 
 

         

 

 

where  DSX    = distance between vehicle X and the source vehicle S (m) 

      TR  = transmission range (m) 

      Vprop = radio wave propagation speed (m/s) 

      Tproc  = processing time required for recognizing and sending the 

message (s) 

 Ttrans(M)= transmission time of message M (s) 

 

*1:  for the waiting time calculation in the proposed method 2, 

Ttrans(Notf.flag) will be replaced with Ttrans(Alarm.Hdr) 

 

By utilizing equation (1) and (2), the further the vehicle 

is located from the source vehicle, the smaller its waiting 

becomes and the earlier it has a chance to access the channel 

to send its message. Even though it is possible to calculate 

the waiting time by other methods, the trade-off between the 

broadcasting time and the number of rebroadcasting vehicles 

has to be taken into account. This trade-off is discussed in 

section 6. 

 

5.3. Frame Format 
 

Alarm message/Notification flag Format 

Although a message can be forwarded at various layers 

in general, message forwarding at a lower layer achieves 

shorter forwarding delay than that at a higher layer. We 

propose therefore that the alarm message is forwarded by the 

MAC protocol in the link layer without using the functions 

in network and transport layers.  

 

Type Position X Position Y Position Z Data 

Alarm/Notf X Y Z Alarm Info. 

8 bits 32 bits 32 bits 32 bits 1412 bytes 

 

 Type: Type of the message (Alarm message/ 

Notification flag / Others) 

 Position X,Y,Z: Position of the source vehicle 

represented by Floating Point 32 bits 

 Data: Various information about the accident 
 

Figure 7: Alarm message data format  

 

The frame format by the proposed methods 1 and 2 is 

shown in Figure 7 and is summarized as follows. 

 Message header size: 30 bytes (fixed) 

 Notification flag frame size: 43 bytes 

 Alarm message frame size: 1,425 bytes 

Theoretically, the maximum frame size that is allowed 

through the wireless link is equal to 2,346 bytes according to 

the IEEE 802.11 standard specifications. Because the alarm 

message frame size assumed in this paper is less than this 

possible maximum frame size, each of the alarm message 

and the Notification flag can be sent by using only single 

frame. 
 

Alarm Message Data Field 

The data field of the alarm message mentioned above 

contains such information as TTL (Time to Live) which is 

used to limit the maximum distance or the number of hops 

for the rebroadcasting the alarm message. Apart from the 

TTL information, the data field will contain the accident 

information itself which could be obtained from various 

kinds of sensors equipped on the vehicle. Some examples of 

the information that can be received from the sensors in 

addition to the position of the accident are as follows: 

 Accident time 

 Characteristic of the vehicle at the accident time 

 Road conditions 

 Safety distance from the accident place 

 Help request (ambulance, police, etc.) 

 Pictures around the accident place 

If it is not possible to send all of the information in one 

frame, only the primary information that is essential for 

warning about the accident is broadcasted in the first frame 

and other supplementary information is broadcast in the 

following frame(s). 
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6. Evaluation results 

Average broadcasting time for both proposed methods 

and a conventional method of pure flooding is comparatively 

evaluated under NS-2 simulation environment. Schematic 

functional diagram of each vehicle or mobile node of the 

proposed methods is shown in Figure 8, where the function 

of the node is extended in NS-2 to support multiple 

interfaces and multiple channels. As shown in the figure, 

each node has as many chains of functional entities as its 

network interfaces. As mentioned in the proposed method 

subsections, each vehicle must be equipped with at least 2 

interfaces. For the proposed method 1, one interface 

assigned to one channel is used for sending an alarm 

message while the other interface assigned to the other 

channel is for sending a notification flag. In order to enable 

cut-through like forwarding in the proposed method 2, one 

interface is assigned with one channel while the other 

interfaces are assigned with different channels. 

 
Figure 8: Schematic functional diagram of a mobile node  

for the proposed method in NS-2 environment 

 

Figure 9 depicts the simulation scenario of a straight 

highway with one lane where the distance between any two 

consecutive vehicles is randomly chosen from the values 

between 20 m and 40 m, which is the result of the 

consideration of the usual multiple-lane in highways. In this 

scenario, the alarm message will be rebroadcasted in the 

multi-hop manner until it becomes possible to cover the 

predetermined coverage distance from the source vehicle. In 

the simulation, the time required for a vehicle which is 

located furthest from the source vehicle within the coverage 

distance to receive the alarm message completely is 

evaluated for various transmission range values. The 

simulation parameters and their values are shown in Table 1. 

 

 

Figure 9: Simulation topology 

 
 

Table 1: Simulation parameters in NS-2 environment 

Simulation parameters Value 

Data speed 1 Mbs 

Radio propagation speed 3 x 108 m/s 

Propagation model Two-ray ground 

Antenna type Omni antenna 

Alarm message size 1425 bytes 

Notification flag size 43 bytes 

Transmission range 250 m 

Speed of vehicle 20-27 m/s 

No. of channels 

1 channel (Flooding method), 

2 channels (Proposed method 1), 

 3 channels (Proposed method 2) 

Coverage distance 1000 m, 3000 m 

No. of repetitions for simulation 100 times 

 

 

Figure 10: Average broadcasting time for coverage distance 1000 m 

 

As shown in Figure 10, by reducing the possibility of 

the collision in the alarm message rebroadcasting and giving 

high priority to the furthest vehicle in the transmission range 

from the source vehicle to rebroadcast the alarm message, 

both of the proposed methods can achieve the broadcasting 

time shorter than the pure flooding method.   

Due to the decrease in the number of hops in the alarm 

message rebroadcasting to cover the coverage distance, the 

average broadcasting time of the proposed methods 

decreases as the transmission range increases. The proposed 

method 1 can achieve shorter than 0.1 second broadcasting 
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time for the transmission range of over 200 m. However, the 

proposed method 2 can achieve shorter than 0.1 second 

broadcasting time for every transmission range in the 

evaluation. The average broadcasting time of the proposed 

methods for the coverage distance 3000 m is about 3 times 

longer than the case where the coverage distance is 1000 m 

for various transmission ranges, though they are not 

illustrated graphically in this paper. 

In addition to the transmission range, size of the alarm 

message and the number of interfaces or channels that can be 

utilized have a strong influence on the average broadcasting 
time of the proposed methods. However, mobility speed, 

which is one of the main characteristics of VANETs, does 

not have a significant influence on the efficiency of the 

proposed methods for the coverage distance used in the 

above evaluation. The influence of the alarm message size 

and the mobility is shown in Figure 11 and 12, respectively. 
 

 

 
 

Figure 11: Influence of the alarm message size on  

the average broadcasting time for coverage distance 1000 m  
 

 

 
Figure 12: Influence of mobility on the average broadcasting time  

for coverage distance 1000 m  

 
Figure 13: Number of rebroadcasting vehicles and its standard deviation 

 for coverage distance 1000 m  

 

Figure 13 illustrates the total number of vehicles which 

are located in the coverage distance 1000 m and 

rebroadcasted the alarm message. By giving priority control 

in the alarm message rebroadcasting, the number of 

rebroadcasting vehicles of the proposed methods is 

significantly smaller than that of the pure flooding method 

which obliges every vehicle to rebroadcast the alarm 

message.  

In the proposed method 1, the notification flag is 
utilized and rebroadcasting of the alarm message is started 

after its complete reception from the source vehicle. As 

mentioned in section 5, the vehicle that is located furthest 

from the source vehicle within its transmission range will 

start to broadcast the notification flag and becomes 

responsible for rebroadcasting the alarm message. When 

leading vehicle receives this notification flag before the 

complete reception of the alarm message from the source 

vehicle, the vehicle will not rebroadcast the alarm message.  

In other words, the duration of time allowed for making a 

decision on whether to rebroadcast the alarm message is 
equal to the transmission time of the alarm message.  

In the proposed method 2, the header of alarm message 

is used to notify the leading vehicles of no need to 

rebroadcast the alarm message. Thus, the time allowed for a 

vehicle to make a decision on whether to rebroadcast the 

alarm message is equal to the difference between the waiting 

time of its own and that of the alarm message rebroadcasting 

vehicle. In other words, if the time required for the header of 

the alarm message to be sent from the rebroadcasting vehicle 

to one leading vehicle is larger than the difference between 

the waiting time of that leading vehicle and that of the 

rebroadcasting vehicle, the header of the alarm message will 
arrive at the leading vehicle after the expiration of the 

waiting time of that leading vehicle. Thus, that leading 

vehicle will know that there is a further vehicle which should 

be responsible for rebroadcasting the alarm message after the 

leading vehicle started to rebroadcast the alarm message. 
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Because the proposed method 1 allows the leading node 

more time for making a decision on rebroadcasting the alarm 

message than the proposed method 2, the proposed method 1 

can achieve smaller number of rebroadcasting vehicles than 

the proposed method 2.   

Moreover, as mentioned in Waiting Time Calculation 

subsection, the approach used in waiting time calculation 

also has an influence on the trade-off between broadcasting 

time and the number of rebroadcasting vehicles. In other 

words, there is the possibility that the longer becomes the 

maximum waiting time used in the waiting time calculation, 
the larger becomes the difference of the waiting time 

between two consecutive vehicles and the longer becomes 

the duration of time allowed for the nodes to determine 

whether to rebroadcast the alarm message. Consequently, the 

possibility that the leading vehicles will receive the 

notification flag in the proposed method 1 and the header of 

the alarm message in the proposed method 2 from their 

following vehicle, which is responsible for rebroadcasting 

the alarm message, before the expiration of their waiting 

time and do not rebroadcast the alarm message will increase, 

resulting in smaller number of rebroadcasting vehicles. 
However, the broadcasting time increases as the waiting 

time increases. This result will be reverse for the situation 

with the shorter waiting time.    
 

7. Applicability of Proposed Methods to  Road 

with Curve  

Until the previous section, the proposed methods have 

been studied only in the straight highway scenario. If the 

proposed methods are applied to a curve scenario, there is 

some possibility that some vehicles closer to the source 

vehicle cannot receive the alarm message while the further 

vehicles can receive the alarm message. Such possibility 

depends on the shape of the curve. As shown in Figure 14, 

the proposed methods efficiently work even for a curve with 

 ≥ 90, where  is an angle parameter of the curve and is 

defined in the figure. 
 

 
Figure 14: Alarm message broadcasting scenario when  ≥ 90 

 

 
Figure 15: Alarm message broadcasting scenario when  < 90 

 

For the case with  < 90, if we assume that the vehicles 

have the geometric information of the curve e.g. dc, d and  

as shown in Figure 15, the proposed methods can still 

efficiently work under the following conditions: 

 TR ≤ dc ≤ d 

  ≤ sin-1(TR/ d) 

Figure 15 depicts an example case where the above 

mentioned conditions are completely satisfied. The 

extension of the proposed method to cover cases where the 

conditions are not completely satisfied is for further 

researches.  
 

8. Conclusion and Further Researches 

In this paper, we proposed two broadcasting methods 

for the fast alarm message broadcasting in VANETs. The 

proposed methods utilize multiple radio channels 

simultaneously by equipping each vehicle with multiple 

transceivers as well as the position information provided by 

a GPS system in order to reduce the broadcasting time. By 

reducing the broadcasting time of the alarm message, drivers 

of the vehicles moving toward the accident place will have 

more time to make a decision on the suitable action, 

resulting in more safety alarm message broadcasting 

application. Moreover, the proposed methods are able to 

solve the Broadcast Storm Problem as well. The proposed 

methods are characterized by the fact that the high priority to 

rebroadcast the alarm message is given to the furthest 

vehicle within the transmission range. 

Depending on the conditions of the road shape scenarios, 

there is some possibility that some vehicles will not receive 

the alarm message even when they can receive the message 

by theoretically ideal rebroadcasting. Thus, our future works 

will focus on the approaches to cope with such a problem. 

d 

dc 
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