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Abstract

In recent years, Vehicular Ad-hoc Networks (VANets)
have become a popular research field. In addition,
conditions happened surrounding our life often have the
demand to be supported by other people, and these
conditions often occur on the road. This paper proposes
an efficient crowdsourcing search scheme and
aggregation techniques in the VANets to search objects
and collect data. Our proposed mechanism is based on the
virtual backbone construction. The regional data
exchange can be limited, and the packet transmissions
can be reduced. VANets nodes move with high speed and
thus may cause dramatic topology changes, and it is not
conducive to the frequent swap of information among
nodes under limited network bandwidth. We have
established coordinator and header mechanisms to
manage the information of region nodes, reduce the
amount of packet transmission and improve searching
efficiency. On the other hand, aggregation and filtering
mechanisms are designed and developed for the integrity
of the information. Experimental results show that our
schemes can effectively provide assistance in terms of
search efficiency and satisfactory ratio.
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1 Introduction

Vehicular Ad-hoc Networks are emerging network
architecture using wireless network technologies on the
intelligent transportation systems (ITS) for mobile
information communications. There are many VANets
applications, such as cooperative secure services [19],
prevention and warning of vehicle collision, video
streaming [9, 11], and location-based services (LBS)
[13] combined with the nearby area information, etc.

In the past, when people got off a taxi and forgot
something in the car, it was not only hard to find the
lost property but also wasting time, especially when
they did not know the taxi fleet and license plate
number. Although taxi fleets can provide services to
help people finding their missing property online, it is
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not immediate when the messages are broadcasted until
the driver finds the lost property and returns it. In
recent years, with the development of the Internet and
the popularity of smart phones, people have begun to
help each other through exchanging messages over the
network such as looking for an accident escape, animal
abusing, bullying and other cases. These Internet users
can assist in finding suspects as long as they have
enough information.

In fact, the concept of the crowdsourcing already
exists in our daily life. Crowdsourcing mechanisms
have been widely applied in many fields since created
[8, 18] and many applications have been developed
with sensors on smart phones and tablets [3, 21].
However, in VANets with crowdsourcing implementation,
how to choose the crowd to assist the task and
communicate effectively based on the demands, and
how to make a proper filtering and screening to ensure
the quality and accuracy of the returned data by the
crowd, are important issues. In addition, the concept of
demand-based distribution and recovery data is similar
to the broadcast or multicast schemes which generate a
large amount of streaming data. The influence is
perhaps not obvious in the wired network architecture
with enough bandwidth, but it is a serious problem in
VANets environments with limited bandwidth.

Moreover, in order to provide applications with
effective crowdsourcing, we need to reduce the time of
request spread and data recovery. Both are closely
related to the amount of packet transmission. Anycast
[15] is a method of information spreading on the
network. Its concept involves the case if someone can
provide the required services, the person will be
accepted after the demand spread. This method not
only can reduce the amount of packet transmission, but
also can choose appropriate service providers. Thus,
anycast is more suitable for applications in wireless
network infrastructure with limited bandwidth.

Considering these issues, we propose an efficient
crowdsourcing search scheme and aggregation
techniques in VANets. This is a distributed searching
system based on virtual backbone and geography
information in VANets environments. In the proposed
scheme, vehicles on the backbone play the role of
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“crowd”, and apportion the searching tasks to the
crowd through crowdsourcing. The information of
vehicles is integrated and exchanged with headers via
coordinators in a geographic grid [13]. When a
searching task starts, our system will ask the
coordinators first, and then the coordinators will
forward the searching packet to headers and request
vehicles to join the searching task. The number of
packets and network load can be reduced through the
hierarchical structure. The coordinators and headers
will record the information and results from returned
packets and the consistency of data. Then we can
reduce the searching time by these records in packets.
In some situations, our method can also find and track
the mobile target, not confined to the target fixed
locations.

The remainder of this paper is organized as follows.
Section 2 briefly describes the current relevant research
and technology. Section 3 discusses in detail about our
proposed searching method. Section 4 shows the
results of the comparison by computer simulation.
Finally, Section 5 draws conclusions and future work.

2 Related Work

In this section, we will introduce some related work.
First, the related work to data searching and the data
dissemination in VANets are introduced. Second, we
present related studies which involve the data
aggregation in VANets. Then, the crowdsourcing
technologies are described.

2.1 Data Searching in VANets

The topic of data searching has been engaged in
network research. Lakas et al. [12] proposed a hybrid
cooperation through cooperating vehicles using the
store-and-forward technique to share collected
information. Some research schemes [7, 10] improved
AODV to propose methods to optimize the route of
discovery. Lo et al. [17] enabled vehicles to
cooperatively aid the source node to discover the
location of the destination node without the support of
location services. The geographic load balancing
routing, namely GLRYV is deployed to provide a virtual
backbone. GLRV can increase delivery ratio and
reduce the transmission latency in hybrid VANets
architecture.

2.2 Data Dissemination in VANets

A virtual backbone approach can be used to transmit
messages quickly in VANets, e.g., to popularize the
multicast routing protocols in VANets. Dow et al. [12]
used geo-aware technique to store and share data by
P2P in VANets. Choi et al. [5] discussed the stability
and efficient broadcast in VANets. Dua et al. [6]
proposed a new context-aware congestion resolution
protocol, called as-minimum calculated desired time

(MCDT) for Intelligent Data Dissemination in VANets
to reduce the complexity of transmissions, in which
only context-aware data is required for successful
transfer of alerts to the passengers. Gnutella [25]
proposed a flooding method without centralized
mechanism to store resource information. However,
this method may cause duplicated resources and
redundant transmissions. Yu et al. [22] used the ant
colony algorithm to improve the success rate of
anycast and shorten the delay.

2.3 Data Aggregation in VANets

How to process the distribution of a vast number of
information from different locations is an important
issue. Data aggregation technique aims to solve
redundant or distributed data problem and improve the
communication efficiency. Zhang et al. [24] presented
a hierarchical data aggregation scheme which can be
used to reduce the transmission of the redundant data
resulted from multi-source data collection and multi-
path data transmission. Traditional data aggregation
methods usually rely on a fixed routing structure to
ensure data to be aggregated. However, they cannot be
used in highly mobile vehicle environments. The
FRIEND system [20] can be used to aggregate traffic
data collected by vehicles on roads into a
comprehensive, near real-time synopsis of traffic flow
conditions. DA2RF [23] is an infrastructure-free data
aggregation scheme by restricting forwarders to limit
the number of forwarders in VANets. In this way,
transmission collisions can be avoided as much as
possible.

2.4 Crowdsourcing Technologies

With the increasing popularity of smart phones in
recent years, there are many studies using
crowdsourcing techniques, including the sensing data
collection, transportation issues, data accuracy, and
other interesting applications. The CrowdITS system
[1] used the smart phones to collect sensing data
without additional sensors and communication
equipments and make improvements to traffic by
collection of traffic information. The CrowdOut system
[2] is based on contributions made by mobile users
equipped with smart phones. It allows users to report
traffic offense in real time and map them on a city plan.
There is a systems, named CROSS that supports
crowdsourcing disaster surveillance data collection by
volunteers exploring threatened areas [4]. On the other
hand, Lee et al. [14] searched the event on the road.
Liu et al. [16] combined people and mobile sensing
devices into a live wireless sensor. It uses this
combination to remedy the traditional sensor blind, and
also conforms to the concept of crowdsourcing.
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3 The Proposed Searching Method

In this section, we introduce our proposed searching
mechanisms, including virtual backbone establishment
of the tree searching architecture and the design of the
crowdsourcing anycast query spreading mechanism.
Then, we formulate crowdsourcing data filtering and
aggregation mechanisms.

3.1 The Virtual Backbone
Searching Architecture

of the Tree

Traffic could change very often with complex road
structure in urban environments as time goes by.
Different distances, directions and speed of the vehicle
will cause the network topology changes and affect the
stability of the chain. If the city roads are divided by
geographic grids in order to establish a backbone tree,
we can limit the area of data exchange of information
and reduce unnecessary traffic packets. By this way,
we can achieve faster and more stable data
transmission. Exchanging and maintaining the data
table between important nodes in the backbone can
simplify data storage and management. The data can be
found more quickly, and the searching time can also be
reduced with precise management.

When a grid performs the first election or re-election
for its grid header, the vehicle stays in each geographic
grid with the longest stay period will be elected as a
header to manage the information of other vehicles in
the grid to reduce the number of switched packets. For
example, the bus with the longest stay period will be
elected as the grid header to maintain the stability of
the network. By doing this way, we can minimize the
data hand-off time in a grid. If we cannot obtain the
stay duration information of vehicles in the grid, we
will select a vehicle which is closest to the center of the
grid as the grid header.

Grid headers regularly gather the information of
vehicles in the grids and the coordinator within the grid
gathers information from adjacent grids in order to
accelerate the speed of searching. However, it will
generate a lot of queries and return packets when there
are too many coordinators. Therefore, the development
of an appropriate number of coordinators plays an
important role.

As shown in Figure 1, considering the degree of
branching of the tree and beginning with the smallest
number of grids. If the degree of the header within the
grid is greater than 2, it will be elected as the
coordinator. Therefore, this step may lead to a
coordinator having too many nearby coordinators. For
example, coordinators within grids 22 and 54 are
superfluous, because there are too many coordinators.

In order to avoid collecting unnecessary information
from other paths, a coordinator is created every three
hops. However, the coordinator cannot be established
if it is located in the leaves of the tree (grids 20 and 58)

to avoid excessive control overhead and reduce excess
coordinators. Because grids 55 and 58 collect
information on the same area, they will result in a large
amount of duplicated information and redundant
transmission.

!
!
B
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o
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Figure 1. Coordinator establishment

3.2 The Crowdsourcing Anycast
Spreading Mechanism

The header or the coordinator within each grid
maintains a reply table as shown in Figure 2, which
contains detailed data fields of each informed object.
Vehicles will periodically reply to the information of
board objects (such as lost and sensor data, etc.) to
headers within grids, and forward the data to
coordinators for management. When there is a task
(object searching or data collection, etc.), our system
will generate query packets as shown in Figure 3 to
send to the nearby coordinators. These query packets
contain the purpose of tasks (lost, target searching, data
collection, etc.), and content (including target
characteristics, time, location, etc.). The coordinator
will compare the received query packets with the reply
table, and then return the result to the source node. If
the task needs to cooperate for finding the target, the
header within the grid near the target area asks the
vehicle within the grid for joining the task after
receiving the query packet. When any vehicle
responses content, the task starts. When the task is
completed, the data will be returned by the header and
coordinator. If there is no matched information, the
coordinator will pass the query packets to other
coordinators through the adjacent headers within the
grids. In order to maintain the effectiveness of the
searching mechanism, we have developed the threshold
of searching time to avoid searching too long or
endless searching. We will terminate searching and
return results if time is over.
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Figure 2. The Reply Table
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Figure 3. The Query Packet

The following assumptions were defined to explain
the crowdsourcing search mechanism:

(1) V={vi,v2, ...} indicates a set of Vehicles.

(2) G={gl, g2, ...} indicates a set of Grid Headers,
where Ge V.

(3) C={cl, c2, ...} indicates a set of Coordinators,
where Ce G.

(4) R={rl, r2, ...} indicates a set of Reply table

(5) O={lost, Sensor Data, Object Searching,
Timelife, Describes} indicates the properties of board
objects

The following algorithm used for crowdsourcing
search mechanism, operates as follows:

Crowdsourcing Search Mechanism Algorithm

1. For each g; do

2. If (Gotupdate(v; 0., )==true) do

3. UpdateObjects(o,,) to reply table of g;

4. ForwardaUpdate(v;0,,) to neighbor ¢,

5. UpdateObjects(o,,) to reply table of ¢,

6. End For

7. If (v; StartQuery(purpose, content) ==true) then

8. While (Tsearch >0) do

9. ForwardQuery(purpose, content) to nearby cy

10. do CompareData(purpose, content Rcy)

11.  If ( cihas purpose, content) then

12. do Response to v;

13.  Else if (c; does not has purpose, content) then

14. BroadcastQuery(purpose, content) to
neighbor of ¢; via adjacent headers

15. For each adjacent header g; do

16. Broadcast CooperateQuery(purpose,
content)

17. End For

18. For each neighbor ¢; of ¢, do

19. CompareData(purpose, content Rc))

20. End For

21. If (any adjacent header g; UpdateObj ects(0 )
OR CompareData(purpose, content Re)==

true ) then
22. do Response to v;
23.  Endif
24. End while
25. End if

3.3 The Data Aggregation and Filtering
Mechanism

We have designed the query packet format and reply
mechanism to provide the format of returned data.
However, getting the number of requirements from the
return data is also a problem. Hence we need to
formulate the filtering mechanism to deal with these
situations.

In addition, the task of data collection needs to be
finished by people, the collected data usually needs to
be integrated. Each returned data of the same work is
combined and based on the tag. In some situations, we
require a specific amount of data. All the information
will be forwarded to the coordinator after the header
within the grid collects complete data. Nodes in our
virtual backbone are divided into three levels. Nodes
within grids named vehicle are responsible for
collecting and providing information. Headers within
grids are responsible for collecting information
provided by vehicles to the coordinator. As shown in
Figure 4, when the source node needs to search target
or collect some data (they can be the same or
fragments of data for composing complete
information). The coordinator will inquire nearby
headers to collect information from vehicles. The
information collected from vehicles within the grid will
be sent to the header, and the header records the
number of target objects and sends it to the coordinator.
The coordinator will store the information into the
reply table after receiving it and combine and send the
information back to the source node. The source node
selects the desired data from the received data. If the
task needs any K (e.g., K=5 in Figure 4) data items, the
coordinator will continue to collect data until it meets
K and sends them back to the source node.

When the transmitted data has been collected
together, it may cause a considerable burden for the
network. Thus, we must filter redundant information
through hierarchical steps to reduce traffic and leave
useful information. We define the details of data fields
for the searched target to improve the stringency of
data comparison. If the task does not specifically
require the same data, the header would not receive the
same information after receiving the first information,
and the coordinators do the same action, too. We
achieve the data filtering through headers and
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coordinators. If the descriptions of data fields are not
detailed enough, the effect of data filtering provided by
the headers and coordinators will be limited. It can
only let the source node to select accord information.

. : Source
: Coordinator
(' Header
# : Vehicle

—: Flow of data

ViR

Figure 4. Example of data aggregation

We divide data filtering into three types, as shown in
Figure 5(a). For the first type, the searching condition
given from the source node to the coordinator is
precision and the searching condition given from the
coordinator to the header is fuzzy. By this way, we can
reduce the difficulty of searching by vehicles and
increase the number of data items. The coordinator can
filter the data returned by headers before passing to the
source node. The second type is shown in Figure 5(b)
where conditions given from the source node and the
coordinator are both precise. It increases the difficulty
of searching by vehicles but reduces the amount of data
and reduces the load of networks. The third type shown
in Figure 5(c), represents the conditions given from the
source node and the coordinators are both fuzzy. The
data returned by vehicles will not be filtered by the
coordinator, and the source node can select appropriate
information.

L L L4
@ :source . .
- L ] L ]
QO : Header . [ ] .
Fuzzy Precise Fuzzy
(&) : Coordinator
@ : Vehicle

Precise Precise

— : Data Request

» : Data Response

() (b) (©

Figure 5. Three types of data filtering

When the new beginning data is received, our
mechanisms allow the same information received
within the time threshold T for maintaining accuracy
and reliability of the information. The number of
repetitions will be recorded into the reply table and

form a credit value. The higher credit value represents
the higher reliability of the data. Each cumulative data
will get a survival time Ty after time T, and it is not
allowed to accept the same data. When the time Tig
ends, the extra data will be discarded or replaced by
new data.

4 Experimental Results

We will show the experimental results in this section.
First, the environment of experiment is introduced.
Then, the simulation results are presented.

This section aims to evaluate our proposed
crowdsourcing search scheme. We use the version 2.35
of Network Simulator 2 (NS-2) as our simulator. The
traffic flow is generated by Simulation of Urban
Mobility (SUMO) based on the real condition of
Taichung City, especially at Feng Chia night market
area.

The simulation runs 100 times; each simulation trial
takes 200 seconds. The simulation area is 2650m x
2650m. Our method will be compared to other methods,
including a traditional method based on AODV and
our previous work Geogrid. Assuming the percentage
of audience who is willing to help is 80%, the nodes,
which possess information and request for assistance,
will be chosen randomly.

Table 1. Parameters of simulation environment

Parameters Value
Map Size Google Map 2560m*2560m
Mobility Model Random
Simulation Time 200s
Vehicles Speed 30~60+5Km/h
Number of Vehicles 200~300
Number of Requests 1~10
Mac Protocol 802.11 MAC
Transmission Range 250m

In a comparison with the traditional scheme based
on AODV and GeoGrid, our scheme outperforms these
schemes, especially for communications with our
proposed virtual backbone and geography information
hierarchical structure in which each vehicle on the
backbone plays a role of crowd to anycast apportion
searching tasks. In other hand, our scheme guarantees
the integrity of returned search results with proposed
aggregation and filtering mechanisms. Our scheme can
reduce the amount of packet transmission by reducing
the time of request spread and data recovery as well as
able to be used in a wireless network environment with
limited bandwidth to provide effective assistance in
terms of search efficiency and satisfactory ratio.

In the sequence of experiments, our proposed
scheme will be compared with the AODV based
scheme and GeoGrid. The evaluation based on five
performance metrics includes control overhead with
the time change, success rate with the distance change,
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the relations of average end-to-end delay with the
number of services, the relations of average end-to-end
delay with the number of vehicles, and the relations of
average hop count with the number of vehicles.

As shown in Figure 6, we compare the control
overhead with the time change. At the beginning, since
the purpose of our method is to establish the backbone,
the amount of control packets required will be greater
than the AODV based scheme and Geogrid. However,
once the backbone structure and information forms’
contents are completed, the value of control overhead
will gradually stabilize.

25000
20000
15000

0 20 40 60 80 100 120

Time (sec)

10000

Control Overhead

5000

0

e AODV Geogrid == Qur method

Figure 6. Control overhead vs. time

As shown in Figure 7, the success rate is compared
to the change in distance. The range for distance is 500
to 2500. The success rate of the AODV based scheme
decreases as the distance increases, because AODV
based scheme always starts a new search. Therefore,
the success rate will decrease when the distance
increases. On the other hand, when Geogrid performs a
search, each point is looking for the nearest coordinator
for inquiries. Thus, the success rate obtained will
display a stable status. In our method, each coordinator
works together to maintain and exchange the reply
tables. This reduces the search time, which also raises
the level of efficiency. In comparison, Geogrid can
find the target more effectively.

0.8 . — _
0.6
0.4
0.2
0
500 750 1000 1250 1500 1750 2000 2250 2500
== AODV Geogrid === Our method

Figure 7. Successful rate vs. distance

Comparisons of average end-to-end delay versus the

number of vehicles and services are shown in Figure 8
and Figure 9. The average end-to-end delay will follow
the rise with the increase of the number of vehicles
because packet collisions increases with the rise of the
number of vehicles in Figure 8. Our method has been
optimized to minimize hand-off time by transmitting
data via the virtual backbone hierarchical through
headers and coordinators. By this way, we can
maintain the stability of the network and lower down
the delay compared to the AODV based scheme and
Geogrid.
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Figure 8. Average end-to-end delay vs. number of
vehicles

As shown in Figure 9, we are able to quickly find
the information that we need with the increasing of the
number of services. In comparison with the AODV
based scheme and Geogrid, our method uses the
anycast query spreading mechanism to choose an
appropriate service to lower down the end-to-end delay.

The value of average hop count would be affected
by the number of vehicles. As shown in Figure 10,
because the number of vehicles increases from 100 to
300, the average hop count proportionally increase
with the number of nodes. Our method uses grids to
establish the backbone, and we reduce data
transmission via headers and coordinators. Therefore,
the average hop count of our scheme is even less than
that of the AODV based scheme and Geogrid.

Average End-to-end Delay
|

0O 10 30 50 70 90 110 130 150
Number of Services

—+—AODV —a—Ours Geogrid

Figure 9. Average end-to-end delay vs. number of

services
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Figure 10. Average hop count vs. number of vehicles

Throughout the evaluation based on five above-
mentioned  performance metrics, our scheme
outperforms the AODV based scheme. Especially, our
scheme got better results in comparison with our
previous work, Geogrid, which outperforms Gnutella
[25] in terms of relations of end-to-end delay with the
number of vehicles and relations of average hop count
with the number of vehicles.

5 Conclusions

In this paper, we propose an effective crowdsourcing
search scheme and aggregation techniques in VANets.
It can reduce the number of transmission packets
through the establishment of coordinator and header,
and provide crowdsourcing search of the query instead
of blind searching. The proposed scheme not only
improves the results of discovery, but also reduces
dissemination time and reply time. The design of the
table information can help to exchange all reply
discoveries.

We are currently working on the implementation of
the lost and found service in Feng Chia night market,
which is the largest night market in Taiwan. There are
many lost and found demands there. The
implementation is about real applications for
crowdsourcing search scheme to resolve above-
mentioned demands. Furthermore, we will consider
more methods for both data aggregation and data
filtering in order to achieve more perfect results.
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