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abstract 
Vehicular ad hoc networks (VANETs) have a number of interesting applications to preserve road safety, notify users 
about changed road/traffic condition, handling post accident hazards and moreover service oriented applications to make 
the travel convenient to the drivers.  Use of common information format for diverse applications enables the application 
developers to easily design flexible information dissemination system for new applications or add new features to 
existing application. This paper introduces a common information format for various applications in VANETs. The main 
goal of the paper is to design generalized distributed architectures for vehicular networks, which considers diverse 
application development scenarios and uses common information format. The proposed architectures enable the 
application developers to flexibly disseminate information to affected or interested user. In this paper, we have given a 
detail description of each component of the architectures and how they communicate with each other. In future, we will 
implement the proposed architecture using suitable simulator. 
 

1. Introduction 
Vehicular Ad-Hoc Networks (VANETs) technology is one of the most 
emerging research areas increasingly considered on different issues and 
development of road safety. Recently, vehicles are becoming more 
automated, which are able to sense the surrounding environment and 
their changes. Use of such information along with communication 
between vehicles can create a fundamental building block of intelligent 
transport systems (ITS) and can provide numerous application services 
to improve safety and comfort of driving [1, 2,3].   
VANETs have a number of interesting applications: one of them is road 
safety applications such as accident warnings, red-light warnings and 
speed limit. Another set of applications is service oriented applications 
such as available parking places, fuel prices from local station, which 
are mostly dynamic and not fixed with the route information of the 
vehicle as the safety application [4]. Moreover, VANETs can be 
considered as distributed sensors, where sensor collects different 
observations and reports them to local base-stations for example 
average speeds, potholes, temperature, pollution, etc [5]. VANETs can 
also be used for entertainment services to the users by enabling file 
sharing, advertisements and voice communication with nearby vehicles 
[6]. The key component for developing applications in VANETs is 
information dissemination to a group of affected/interested vehicles or 
a road side infrastructure.  
Data dissemination is the propagation of information to neighboring 
nodes of the networks or to the set of target nodes located in a specific 
geographical area. It can be used for extending the reach of safety 
information and emergency warning messages for VANETs, 
exchanging neighborhood information queries as well as relaying data 

1[2, 9]. So far, there have been many research works concerning the 
efficient and seamless information dissemination in VANETs. For 
instance, in [1], the authors have developed a hybrid architecture that 
combines vehicle-to-vehicle (V2V) communication and vehicle to 
roadside sensor communication for enriching road safety information 
which includes both accident prevention and post accident 
investigation. The roadside wireless sensor networks is used however 
only for collecting environmental data and exchange them with the 
passing vehicles, which does not fulfill the diverse application 
requirement of VANETs. Rayanchu et. al. have introduced a scalable 
architecture for vehicular traffic information dissemination based on 
publish/subscribe model [10]. In that work, authors have proposed a 
connected decentralized system for traffic information dissemination 
instead of centralized system to enable scalability and optimal 
dissemination. The architecture was developed considering the efficient 
traffic information dissemination and cannot be used for varying 
scenarios of VANETs applications. In [7, 8, 12], authors have proposed 
middleware platform that enables the application developers to publish 
notifications to group of affected vehicles. The proposed middleware 
enabled the drivers/vehicles to express interests about certain 
notifications and used information from the satellite Navigation System 
(NS) for efficient dissemination of information. This middleware is too 
generic which makes application development complex. For instance, 
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the authors provided primitives for defining information format rather 
than defining any common information format or topic (information 
context) which resulted into application dependent information format 
design which should be done by the application developer. Moreover, 
they mainly targeted dissemination of notification by different 
publishers for interested subscribers and hence considered time and 
destination as a key parameter for information. Though the use of 
publish/subscribe paradigm enhance message dissemination 
performance, subscription is not necessary for every applications in 
VANETs (e.g. road construction information, accident notification etc). 
We believe that subscription of service depends on the type of 
information the service provides, in order to notify the users efficiently. 
To overcome these problems, we have defined a common information 
format considering varying VANETs application domains along with 
available communication infrastructures. In the same way, we are 
proposing information dissemination architectures for developing 
diverse applications in VANETs. 
In this paper we examined different scenarios of VANETs to define a 
common information format that can be used for varying applications. 
We have also assumed the publish/subscribe paradigm along with 
navigation system for dissemination of the information to the 
interested/affected users. Our aim is to develop an architecture which 
enables diverse application development using common information 
format and supports seamless and efficient information disseminations 
in varying VANETs scenarios. To develop the generic architecture for 
VANETs applications following steps are pursued: 1) Analyze possible 
scenarios of VANETs application development domain 2) Design 
common information format for diverse application 3) Develop 
architecture for data dissemination based on available communication 
infrastructure from any node of VANETs.  
2. VANETs application development scenarios  
We survey for VANETs applications and classify the possible 
applications enabled by vehicular communication systems and 
categorized them into three types based on information type and 
priority: Predefined High, Predefined Low and Incident. 
Understandably, the most commonly considered applications are 
related to road safety and traffic management notification we named 
these applications as predefined high. For the accident notification and 
management related applications we named them as incident. The 
traveler information support and various comfort information are 
named as predefined low. Each of these three types of applications is 
tied with type of information since to be disseminated, available 
infrastructure i.e. the type of communications which is necessary for 
information dissemination. The characteristics (whether it is known to 
the authority ahead, priority etc) of the information to be disseminated 
is important to analyze as it helps to determine whether subscription is 
necessary for an application or not. Brief description of each type of 
application is as follows: 
Predefined High: The information in predefined high category is 
generated by the road management authority or similar institutes. For 

instance, road construction notification, road safety information etc are 
generated or defined and disseminated to the vehicles as necessary. 
Subscriptions to these applications are not necessary as the information 
must be known by the users traveling through the affected areas. As a 
result, this information will be received by all affected node (Vehicles) 
without subscription.  
Predefined Low: In this application category, the information is 
generated or supplied by the service providers (e.g. Govt. or private 
organizations), who usually provides different kind of services for the 
user comfort such as parking information, lower fuel prices in an area 
etc. Since, this information is for user comfort and not involved with 
the road safety, subscriptions based dissemination is appropriate. This 
implies that, only the subscribed users of any application will receive 
corresponding information from the service providers.  
Incident: Applications handling road accidents and post accident 
hazards falls under this category. The information in such application is 
of high priority in its nature and it is generated by the incidental vehicle 
itself. So, from the authority perspective such information is 
completely unknown and hence the information needs to be carried 
from incident place to the authority. Since, this application is related to 
the road safety and hazard, it is required to be informed to the user who 
are or will be affected by the incident without subscription. 

Table 1: Possible application development scenarios of VANETs based on 

application types and available infrastructure  
Scenario no. Application type Infrastructure Supported 

1 Predefined High Access Point Yes 
2 Predefined High V2V Yes 
3 Incident Access Point Yes 
4 Incident V2V Yes 
5 Predefined Low Access Point Yes 
6 Predefined Low V2V No 

Now based on the type of application and available infrastructure 
involved in the information dissemination, diverse application 
development scenarios of VANETs can be analyzed. Possible scenarios 
for application development in VANETs based on above discussed 
characteristics are shown in Table 1. In our study, we did not consider 
the V2V communication for “Predefined Low” application. This is due 
to the mandatory subscription requirement for such application and 
hence the road side infrastructure is required to provide such services. 
Otherwise, for transferring information we need to use vehicles which 
may be not interested about such services and hence introducing ethical 
issues for using unauthorized resource. Supported application 
development scenarios are discussed below: 

2.1 SCENARIO 1: 

Let’s consider a scenario of road constructions in area ‘A’ from 12th 
August to 15th August 2010 and the road authority wants to broadcast 
this information to all vehicles that will use this route during that date 
range (figure 1). Being informed about this predefined information the 
road users can use different route to reach their destination and save 
time. This will also reduce unnecessary traffic on the road on which 
construction works are going on, which in turn reduce the risk of 
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accidents also. This scenario covers diverse applications involved fixed 
road side infrastructure along with predefined information (e.g. notice) 
for the vehicles or users. 
Now the question is how the information will be carried to the user. If 
the area “A” is covered by any road side infrastructures (i.e. Access 
Point) (AP) then the information can easily broadcasted to all vehicles 
passing through the surrounded area well ahead of time. In this 
scenario the information is predefined high priority information and it 
can be broadcasted from AP to all nodes (i.e. vehicles) in the targeted 
area. The road authority is responsible for generating the information 
along with selecting the area of dissemination.  

 
Fig 1: Dissemniation of road side construction information to the vehicles of 

targeted areas using access point. 

2.2 SCENARIO 2: 

Let’s consider the similar situation as described in scenario 1 except 
that the road construction area ‘A’ as well as the targeted area of 
dissemination is no longer covered by road side infrastructure (figure 
2). This implies that, the information is “predefined high” but it 
requires absolute V2V communication for the information 
dissemination. This scenario covers any kind of applications involved 
V2V communication or hybrid communication along with predefined 
information (notice) for the vehicles or users. 
In such scenario, after generation of the information, it will be sent to 
the nearest road side access point of the targeted dissemination area. 
Then the information will be broadcasted to the vehicles which are 
traveling towards the targeted dissemination area. The vehicle will 
broadcast the information to all other vehicles within the designated 
area and the information will be kept available within the area for a 
certain amount of time to continue broadcasting.  

 

Fig 2: Dissemniation of road side construction information to the vehicles of 

targeted areas through V2V communication. 

2.3 SCENARIO 3: 

Let us consider an accident happened in a road segment which is 
spotted under coverage of a road side infrastructure i.e., AP. Now, the 
post accident situation can be involved calling paramedics, police 
and/or informing road authorities to take necessary actions [11]. To 

take such actions, the accident information is first transmitted to the 
covering AP and AP takes necessary actions to handle the accidental 
situation. This scenario (figure 3) covers varied applications involved 
fixed road side infrastructure along with incidental information (e.g. 
accident) for the vehicles or users. 
In this scenario, the information about the accident is unknown to the 
AP in advance and hence the information type is incidental. To handle 
post accidental situation, at first the vehicles involved in the accident 
generates and sends the information to the covering AP. Since the 
accident place is under coverage of an AP, the incident vehicle can 
directly communicate with the AP using WiFi communication. After 
receiving the incident information AP takes the initiative to handle post 
accidental situation by informing corresponding authorities. 

 
Fig 3: Dissemniation of road accident information to the access point which 

covers the targeted area. 

2.4 SCENARIO 4: 

Let’s consider an accident happened in a road segment which is not 
covered by any road side infrastructure i.e., AP. Now, to take actions 
for handling the post accident situation, first the incident information is 
need to be carried to nearest AP. Since, the place of accident is not 
covered by any AP, V2V communication is required to forward the 
incident information to the nearest AP which will take further steps to 
handle post accident hazards. This scenario (figure 4) covers different 
applications involved V2V communication along with incidental 
information (ex: accident) for the vehicles or users. 
In such scenario, after generation of the information, the information 
will be broadcasted to the vehicles which are traveling towards the 
nearest AP. The vehicle will dispatch the information to the AP, when it 
will reach under the coverage of the AP. Similar to the previous 
scenario, after receiving the incident information AP takes the initiative 
to handle post accidental situation.  

Fig 4: Dissemniation of road accident information to the access point nearest to 

the accident area through V2V communication 

2.5 SCENARIO 5: 

The most frequent problems for the vehicles are finding parking spaces 
in an unknown area. The results for this will be waste of time and fuel. 
As a result, for VANETs technology it is an interesting area for 
application development through which any user can find out parking 
information in an unfamiliar area. This actually represents the scenario 
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in which many location aware service oriented application (e.g. fuel 
price, advertisement, parking price etc) can be developed for VANETs. 
For these applications, the important thing is the subscription of the 
service. This implies that, the vehicle will get information about a 
service only when they subscribe to that. Hence, the information 
published to the user in this scenario is known and service oriented as 
subscription is required. The subscriber can obtain the information only 
from the road side infrastructure which means that no V2V 
communication will be performed for providing such services. This 
scenario (figure 5) covers diverse subscription oriented applications 
involved fixed road side infrastructure. 
In this scenario the road side infrastructure broadcasts the information 
and only the subscribed vehicles/users receive the information. The 
user should subscribe to the service through the subscription option 
provided by the publisher.  

 
Fig 5: Dissemniation of service oriented information from the access point to the 

vehicles/users who has subscribed the service. 

3. Common information format 
Analysis of different application development scenarios enables us to 
identify the necessary context of the information, defined by different 
properties, for each application and integrate them to develop the 
common information format for all applications. In case of receiving 
any information, the information should accurately describe the context 
of the information so that the receiver can determine whether it is 
interested in it or not. When any information is received at a node of 
VANETs, the node has to determine whether it must accept, in case of 
predefined high and incident information, or it is interested in it or not 
in case of subscription based services or predefined low information. 
While transmitting, the information should also describe the context of 
the information so that the transmitter can determine whether it needs 
to be transmitted, what is the correct location or time for transmission 
etc. In case of specific geographical area based information 
dissemination, one major task is to define the target area. Different 
level of common information format is shown in figure 6 and attributes 
of the common information format are discussed below: 
Info ID: A unique ID of the information provided by the information 
generator which can be used for tracing the source as well as discarding 
multiple copy of single information by the receiver. 
Text: Describe the contents of the information. 
Type: Describe the type of the information i.e. predefined high, 
predefined low or incident, which is defined in the previous section. 
Level of Dissemination: Determines number of times information will 
be retransmitted. This can also be considered as number of hops. If the 
value is very high it means it will be flooded with in the area of 
dissemination for the defined duration of time. 

Source: Describes about the generator of the information. It can be 
either vehicle i.e. registration number or access point i.e., service 
providing id (ex: road authority, parking information service provider 
etc). It also includes the exact location of the information source, which 
is especially important for tracing back the accidental vehicle in case of 
incident information. The location is defined based on latitude and 
longitude, to preserve uniqueness. 
Area of Dissemination: There can be several schemes for defining the 
area of dissemination, here for simplicity we used the rectangular grid 
for defining the area of interest based on the center (latitude, longitude), 
width and height.  This is low level scheme for defining the 
dissemination area which can also be used for higher level location 
mapping (junction of road section, highway segment and city area) 
during application development. Similar high level location 
information can also be used in case of source location.  

 
Fig 6: Tree view of attributes of common information format. 

Time Stamp: It has three parts: i) Initiation time: This is required when 
a V2V communication is required and the information is generated in 
an access point. In such case this time indicates the time the access 
point should start disseminating the information so that it reaches and 
being disseminated at the target dissemination area on time. ii) 
Dissemination Start Time: It describes the exact dissemination start 
time of any information. Date Time data format should be used for 
defining both the initiation and dissemination start time. iii) Duration: 
It describes the length of time the information should be disseminated 
in a dissemination area. Unit used for duration is minute. 
 4. Proposed Distributed architectures 
In this section we illustrate our framework. We have designed two 
architectures: one for the vehicle itself and the other for the road side 
infrastructure. Two different architectures are required to consider all 
communication mechanism as like Vehicle to V2V to Infrastructure 
(V2I). As depicted in figure 7 and 8, both architectures are composed 
by a number of components that interact with each other.  
4.1 Middleware architecture for vehicle:  
The middleware architecture for vehicle is shown in figure 7. Details of 
the each component of the distributed architecture for the vehicle are 
described below: 
Application: The application calls the Information Generator in order 
to create Information. It invokes subscribe and unsubscribe mechanism 
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from the Subscription manager. The application is informed by the 
Message Filter component about the received information. 
Subscription Manager: it will keep all the information about the 
subscribed service and help to match the subscription information 
required by the message filter’s components.  

 
Fig 7: Proposed distributed middleware architecture for vehicle. 

Transmitting Message Queue: Stores all messages for transmission. 
The messages from Transmission Message Queue are removed by the 
Decision Maker component. Transfer of information from On Route 
queue to current queue is also performed by Decision Maker 
component.  It has two parts one is Current Queue: is the message 
which is currently transmitting and On Route Queue: it store message 
for future transmission which is moved to Current Queue by the 
Decision Maker component just before transmission.  
Message Filter:  Checks the type of information and takes further 
action. For example, send the information to the Transmission Queue if 
further broadcasting is required. It also displays the information to the 
user. Processing of received information depends on the type of 
information as described below:  
Predefine High: 
i) Checks the current location with the help of Location Matching 
Engine.  
ii) If the vehicle’s current location is within the dissemination area then 
it displays information to the user and sends the information to the 
Current queue of transmission message queue only in case of V2V 
communication and Level of Dissemination is non zero, which 
indicates that further dissemination is required. 
iii) If the dissemination area is on the way of the vehicle’s route then it 
will display information to the user and send the information to the On 
route queue of Transmission message queue.  
iv) If the dissemination area does not match with the current location or 
not on the vehicle’s route then it will discard the information. 
Predefine Low: 
First checks the subscription status with the help of Subscription 
Manager. Then it sends the message to the Current queue of 
Transmission message queue for broadcasting. 
Incident: 
• In case of non-incidental vehicle: 
i) Sends source location of information to the Location Matching 
Engine to find out the nearest AP.  

ii) If the vehicle’s current location is within the AP zone then it will 
send the information to the Current queue of Transmission message 
queue to broadcast to the nearest AP. 
iii) If the location of nearest AP is on the way of vehicle’s route then it 
will send the information to the On Route queue of Transmission 
message queue.  
iv) If no AP is located on the route of the vehicle then the information 
is transferred to Current queue of Transmission message queue for 
instant transmission to the other Vehicles on its way for a certain time. 
• In case of incidental vehicle: 
It will just generate the information and transfer it to the Current queue 
of Transmission message queue to broadcast randomly to the nearest 
AP or Vehicles for a certain time. 
Location Matching Engine:  It matches a location with the current 
location and vehicle routing information to decide the: i) current 
location, ii) whether it is on the route of the location or iii) not on the 
route of the location. It also provides the location information of the 
roadside infrastructures with the help of navigation system. 
Furthermore this matching engine is able to calculate distance between 
two locations. 
Navigation System: The navigation system holds the navigation or 
route information of the vehicle. It also keeps the location information 
of the roadside infrastructure.  
Information generator: This component generates the information of 
an incident situation and forwards to the transmission message queue 
for transmission.  For setting the source (e.g. accident place) location of 
the information it takes the location information from the navigation 
system.   
Decision maker: Accesses navigation system to check the area of 
interest to indicate transmitter to broadcast the information on the 
desire location or remove the information from the Transmission queue. 
Receiving Message Queue: Temporary storage for received messages 
from Network Layer. Message filter access message from this queue 
for further processing. 
Transmitter: It transmits the information from the Current Queue to 
the network layer. 

 
Fig 8: Proposed distributed middleware architecture for road side infrastructre. 

4.2 Middleware architecture for road side infrastructure: 
The middleware architecture for access point is shown in figure 8. 
Details of the each component of the distributed architecture for road 
side infrastructure which are different from previous architecture are 

2010 한국컴퓨터종합학술대회 논문집 Vol.37, No.1(D)



described below: 
Message Filter:  Similar to the Message Filter component of 
architecture for vehicle, it also checks the type of information and takes 
further action, displays the information to the user. Though the 
processing of received information depends on the type of information 
as described earlier, here the action steps are different and described 
below:  
Predefine High: 
i) Checks either the target dissemination area is the within range of this 
AP or it is the nearest AP with the help of Location Matching Engine.  
ii) If the target dissemination area is within the AP then it sends the 
information to the Current queue of Transmission message queue. 
iii) In contrast, if the target dissemination area is not within the range 
of the AP but it is the nearest AP then the information will be 
transferred to the Broadcast to Vehicle of Transmission message queue. 
Otherwise, it will simply forward message to another AP to reach the 
target dissemination area. 
Predefine Low: 
If the target dissemination area is within the range of the AP then the 
message will be transferred to the Current queue of Transmission 
message queue for broadcasting otherwise it will transfer to the 
Transfer AP queue of Transmission message queue. 
Incident: 
First checks whether the AP is the first one to know about the incident. 
If so, then inform (call emergency numbers, send email etc) 
corresponding authorities (e.g. paramedic, security, road authority etc) 
to take necessary steps to handle post incident hazards and update 
central incident database. Otherwise discard message. 
Location Matching Engine:  It matches any location with the location 
of the AP and decides whether the location is within the range of the 
AP or it is the nearest AP for that location using the location 
information of other APs.  
Post Incident Handler: It invokes corresponding authorities to handle 
post incident hazards whenever called by the Message Filter. 
Decision maker: It checks the messages of Broadcast to Vehicle queue 
and checks the initiation time attributes value. The message is 
transferred to the Current queue whenever the current time matches the 
initiation time. For messages in the Transfer AP, it instantly sends the 
message to the nearby APs using suitable routing techniques. It also 
indicates transmitter to broadcast the information from the Current 
queue or remove the information from the Transmission queue. 
Receiving Message Queue: Temporary storage for received messages 
from Network Layer. Message filter access message from this queue 
for further processing. 
Transmitting Message Queue: Stores all messages for transmission. 
The messages from Transmission Message Queue are removed by the 
decision Maker component. It has three parts: i) Current: Stores 
messages which are currently transmitting ii) Transfer to AP: Stores 
messages to transmit to other road side units (Access Points) and iii) 

Broadcast to Vehicle: Stores messages which will be transmitted to 
vehicles in near future, i.e, waiting for future transmission. 
5. Conclusion 
In this paper, we have presented common information format and 
overview of initial design of distributed architectures for application 
development in VANET. We have considered all analyzed application 
domains to design the common information format diverse applications 
of VANET. Though we have spent lot of time on analyzing different 
application domains of VANET using diverse scenarios, our 
middleware design is still in early stages. We have analyzed the 
possible interactions between components of architectures, but there 
are still interesting questions and challenges on how to improve the 
architecture. In future, we are planning to implement and test the 
proposed architectures using suitable simulator. 
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