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Abstract. Real-time information about traffic flow, accidents, or road availabil-
ity is very important for drivers, and it is useful to implement a messaging sys-
tem for supporting inter-vehicular communication. Aided by positioning
instruments and ad hoc network, important messages can be sent from vehicle
to vehicle to regulate traffic flow, enhance driving safety and distribute alert
messages. We identified various types of broadcasting and analyzed the circum-
stances for broadcasting. The usefulness of broadcasting was considered in
which a message about an accident is important for vehicles approaching the
accident, and the information that an ambulance is coming is also important for
vehicles before the ambulance. LAN and 3G provide a communication platform
for messaging. Broadcasting, P2P communication and SMS are a choice for the
messaging system. A prototype of the system was implemented and its applica-
tion was discussed as well.
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1 Introduction

Vehicle Management System is an integration of global positioning system (GPS),
geographic information system (GIS), mobile communication system and Internet
technology, offering users valuable, real-time information. With a GPS-equipped
vehicle, important information like current location, speed, direction, vehicle condi-
tion, etc. is sent to the control center. The manager is able to know oil consumption,
personnel in vehicle, goods delivery, and anomalous state of the vehicle, and to make
right decisions to enhance performance. A vehicle management system can:

(1) Organization of the caravan: update the state of the caravan and the personnel;

(2) Real-time monitoring: control the vehicle based on the latest information, includ-
ing the condition of the vehicle;

(3) Retrieval of historic data: check the current and historical operation data;

(4) Statistics: provides several statistical reports including transportation fee, over-
speed records, oil consumption, mileage, etc.

(5) Vehicle positioning: facilitate query by street, milestone, administrative area and
other geographical conditions;

(6) Instant messaging: broadcast message to vehicles using general mode and group
mode:

(7) Presentation of vehicle states: present the current condition of a specified vehicle.
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Some industries like taxis require high flexibility to offer high-quality service. Taxi
drivers shuffle either in downtown or in countryside to offer fast service to customers.
To know the traffic flow and accidents is of great importance for them. Currently,
they rely on pagers to share information within the caravan. But this simple equip-
ment cannot meet the requirements of advanced management. The main problem is
that it cannot distribute detailed information, coverage of the pager system, exactness
of information like location. In this study, we will propose a novel communication
system for caravans with vehicles equipped with handset to facilitate inter-vehicular
communication.

In an ad hoc network, broadcasting is used to distribute information such as emer-
gency, actual traffic flow, business decisions, even entertainment materials. Though
simple pager system can afford to distribute information within the caravan, it has
several drawbacks like noise, interception, narrow bandwidth, etc. With the develop-
ment of mobile techniques and smart handheld equipment, better communication
service can be offered.

There are three different types of vehicle ad hoc network (VANET): inter-vehicle
communication (IVC), roadside-to-vehicle communication (RVC) and hybrid-vehicle
communication (HVC). Management modes of VANET can be centralized or distrib-
uted. In this study, HVC is considered. IVC is used when all vehicles concentrate in a
closed area. RVC is used when vehicles are far away from each other. This will in-
crease the reliability of the entire system. Furthermore, as vehicles undergo rapid
locative change, we adopt a distributed management mode, so a restructuring of the
vehicles group is not necessary.

In instant point-to-point messaging, each site is both a server and a client. As
shown in Fig. 1, all vehicles can communicate with each other; failure of any site will
not corrupt the network. Managing a taxi caravan, the server can be the management
center.

A

Fig. 1. A fully-connected communication network

This study, proposing a framework to facilitate inter-vehicular communication
based on broadcast protocol, aims to reduce broadcasting storms, reduce repeated
broadcast, and determine transfer destination. Section 2 is literature review, in which
the reason of selecting P2P is explained. Section 3 describes the proposed framework.
Section 4 presents the system prototype. And the final section is conclusion.
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2 Literature Review

Along with the development of mobile technology, wireless communication network
based on the protocol of IEEE 802.11x has become a new alternative for supporting
intelligent transportation system (ITS). The P2P communication system forms a dis-
tributed framework in which connected nodes sharing a common topic constitute a
network without intermediary or server.

According to IEEE 802.11 DCF (Distributed Coordination Function), types of
broadcasting can be centralized or distributed. In order to improve the distributed sys-
tem, we may put some vehicles in groups and appoint a node as coordinator to manage
the channel. There are four types of broadcasting: simple flooding, probability-based
broadcasting, counter-based broadcasting, and location-based broadcasting [2].

Researchers have proposed various ways for broadcasting. They distinguish among
dense traffic regime, carry forward, retry and carry forward [5]. A decision tree can be
constructed for DV-CAST in well-connected, sparsely-connected and totally discon-
nected network [4]. We distinguish between dense traffic, sparse traffic, and regular
traffic.

In case of emergency, it is important to inform the vehicles coming from the oppo-
site direction. Targeted routing of the message is of great importance. For instance,
information of accident is needed by the vehicles coming behind the site of the acci-
dent while the information that an ambulance is approaching is important for vehicles
before the accident. Broadcast direction has great impact on the network efficiency
[7]. The coordinate system and broadcast direction can be used to classify emergency
information to determine where to broadcast. It enhances the applicability of the
system [3].

In order to reduce the probability of sending the same message, There are three
kinds of broadcasting: weighted p-persistence broadcasting, slotted 1-persistence
broadcasting, and slotted p-persistence broadcasting [6]. These methods are able to
reduce redundant packets or avoid loss of packets, but position information is occa-
sionally needed. Besides the position information, local traffic situation is needed as
well on the highway or in the city. It is impossible to forward any message if no
neighboring nodes are available in an area.

3 The Model

In order to provide the vehicles with necessary information, we propose a real-time,
distributed decision-support system for two purposes: one is management, aiming to
offer the caravan an information platform to convey real-time information; another is
communication, aiming to control the channel and minimize repeated sending. For
better understanding, we illustrate it with the aid of two scenarios: with or without
GPS.

A message can be forwarded to vehicles via base station. If Vehicle A knows there
is an accident, it then passes the information to Vehicles B, C, D and E. We may de-
termine a vehicle by Eq. 1 to store the message based on the principle of weighted
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p-persistence broadcasting. All vehicles in the coverage of AP will calculate their
probabilities, and the vehicle with the highest probability is responsible for storing the
message.

P, =— (1)

Fig. 2. Scenario I: Information classification

Message category is vital in determining the direction of broadcasting: if it is about
an accident, the information is important for vehicles after it. If the message is about
the coming of an ambulance, it is more important for the vehicles before the ambu-
lance. We may attach a sign (+,-) to determine the direction of messaging. For exam-
ple, Vehicle A in Fig. 2 sends out a message, and Vehicles B, C, D and E will receive
the message with the sign “+”. By contrast, Vehicle D in Fig. 4 senses an ambulance
coming from behind and sends out a message, Vehicles A, B C, and E will receive the
message with the sign “-”. Directional information is very useful in practical use in
that it helps to determine the probability of data storage.

In case no GPS signals are available, e.g., vehicles inside along tunnel, location-
based messaging can be used instead [1]. As shown in Fig. 3, Vehicle A finds an
accident and sends the information to the control center, whicc in turn will forward it
to specified areas. The road should be divided into several sections beforehand.

Fig. 3. Scenario II: Messaging in specified area
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4 System Analysis

The system architecture for communication in Scenario I is illustrated in Fig. 4, where
two peer vehicles determine the IP of their counterpart and communicate through Port
8080. They all make use of the Listener mechanism of the web browser to wait for
messages sent by their counterpart.

Listener(8080) Listener(8080)

WebBrowser WebBrowser

User A User B

Fig. 4. P2P Communication architecture

Formula (2) is a string of GPS signals consisting of 15 parts in which 2501.9891,
N, 12133.8101, E are used to extract location information. In the formula, L stands for
longitude (or latitude), D for degree, M for minute, and S for second.

$GPGGA,095031.254,2501.9891,N,12133.8101,E,1,07,7.0,
123.9,M,15.0,M,0.0,0000*74 2)

L =D +(M*60+5/10000*60)/3600 3)

If all vehicles are equipped with GPS and there are access points (AP) on roadside,
we use P2P communication either over LAN based on IEEE802.11x or mobile com-
munication through 3G. If vehicles from the opposite direction would not help to
carry a message, we then use disconnected mode for sparse traffic and regular traffic.
Therefore, only well-connected mode and disconnected mode will be considered. In
order to avoid a broadcasting storm, the system provides the user a function to decide
whether to forward the message. In case no GPS signals are available, we use infor-
mation push system as an auxiliary. An information push system is suggested to in-
clude three functions: message generation module, receiver allocation module, and
message transmission module [1]. But their system is used for short message service;
what we need for inter-vehicle communication is much more complex. A great exten-
sion of the system is expected.

Information involved in inter-vehicle communication includes event, vehicle direc-
tion, street, distance to an accident, traffic flow, IP of the sender, and remarks from
the user. The Euclidian distance is determined as Eq. 4.

D= (X, - X,)* +(Y,-Y,)’ @

After receiving a message, a user then calculates his location and probability, and
decides where to forward this message. If he is located in a disconnected situation
(e.g., in sparse traffic), the server will locate an area and broadcast in his area.
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Fig. 5. Main modules of the inter-vehicle communication system
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The system development environment was Visual Studio 2005 .NET Framework.
We used VB to design the system functions and user interface. SQL Server 2005 was
used to manage all necessary data. WiFi (802.11a) and 3G is the platform for com-
munication, Blue Tooth or USB receiver was used to connect GPS, and all real-time
data is displayed for supporting user’s decision.

5 System Design and Implementation

User interface was intended for use in moving environment. The user sends out a
message by touches the screen. Eight kinds of information are available. Output is in
the form of text as shown in Fig. 6. The user interface is divided into 3 blocks: The
upper block, which includes driver identification and car plate number; the middle
block, which includes icons for 8 different kinds of information including car and
road conditions; the lower block, which documents information.

License ]?']:nm:1 Driver IP :

Accident type: Member List
Select v Tserid Fehicnlarlo | Customerl: &
Message types Section: » 621 PKET00 it
(‘;"%\ Skt 1+ 3 622 F25330 2. fREElE
. &=y 623 PG5266 sl
— == = 624 HIS689 iRtER
N 8 I
% { ’iﬁk’t ” ” =T 5 625 MIEETS wiear , 3

“omtent: Member list
Broadcast Range:
Time : @ 0 =
Sender IP : Accident Position: 3
Accident : s i o
Distance : Distance:
P-value :
[ Calculate ] [ Save ]

Fig. 6. User interface Fig. 7. Administrator’s interface
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In case no GPS signals are available, roadside access points are responsible for
transmitting message. The message is initiated by driver and forwarded by the APs.
At the control center, the administrator’s interface is divided into 3 blocks: the left
upper block is for administrator to enter information about an event; the right upper
block is a list of members, and the lower block is a specification of broadcast.

The system is usually in IDLE state. When a message comes, it changes to GetMsg
state to receive message. Then it tries to check GPS signals. If there are signals, then
calculate its probability, the p-value. If the p-value does not exceed the upper limit, it
then enters the state of KMsg and keeps the message. Otherwise, it changes into Re-
broadcast state. Before sending the message, it checks the neighboring state. If the
state is well connected, it broadcasts the message. If the state is disconnected, it for-
wards the message to the control center.

To activate the system, we first store the basic data of car plate number, IP, vehicle
ID etc. In case there are no GPS signals available, the user should first determine the
types of event and calculate the distance, and then set up a list of receivers and broad-
cast the message.

IDEL

' H

PSM LBS

@M

Build
MemberList

Fig. 8. Data flow of the system

6 Conclusion

Besides the conventional message broadcasting, the proposed system helps to manage
a caravan taking into account message usefulness and avoidance of a broadcasting
storm. In case no GPS signals are available, location-based broadcasting will be used
to carry forward the message. The system is useful for managing taxis, police wagons,
fire-fighters, ambulance, etc. In subsequent study, we will administer questionnaires
to know its applicability when the system is put into practice. The Unified Theory of
Acceptance and Use of Technology proposed by Venkatesh et al. (2003) will be the
research structure of the empirical study. It is sugested to know the benefits of the
system from the drivers in order to manage the caravan more efficiently.



An Emergent Traffic Messaging Service Using Wireless Technology 51

References

1. Chen, P.S., Tzeng, J.R., Taso, W.H.: Location-Based SMS Information Push System — Its
Architecture, Design, and Application. In: Multi-Conference on Systemic, Cybernetics and
Informatics WMSCI (2007)

2. Fan, P.: Improving Broadcasting Performance by Clustering with Stability for Inter-Vehicle
Communication. In: IEEE 65th Vehicular Technology Conference, VIC 2007, pp. 2491-
2495 (Spring 2007)

3. Fukuhara, T., Warabino, T., Ohseki, T., Saito, K., Sugiyama, K., Nishida, T., Eguchi, K.:
Broadcast Methods for Inter-Vehicle Communications System. In: IEEE Communications
Society WCNC, vol. 4, pp. 2252-2257 (2005)

4. Tonguz, O., Wisitpongphan, N., Bait, F., Mudaliget, P., Sadekart, V.: Broadcasting in
VANET. In: IEEE Mobile Networking for Vehicular Environments, pp. 7-12 (2007)

5. Wisitpongphan, N., Tonguz, O., Parikh, J., Bai, F., Mudalige, P., Sadekar, V.: On the
Broadcast Storm Problem in Ad hoc Wireless Network. In: 3rd International Conference on
Broadband Communications, Networks and Systems, BROADNETS 2006, pp. 1-11 (2006)

6. Wisitpongphan, N., Tonguz, O.K., Parikh, J.S., Mudalige, P., Bai, F., Sadekar, V.: Broad-
cast storm mitigation techniques in vehicular ad hoc networks. IEEE Wireless Communica-
tions 14, 84-94 (2007)

7. Yang, Y., Chou, L.: Position-Based Adaptive Broadcast for Inter-Vehicle Communications.
In: IEEE International Conference on Communications Workshops, ICC Workshops ’08,
pp. 410414 (2008)



	An Emergent Traffic Messaging Service Using Wireless Technology
	Introduction
	Literature Review
	The Model
	System Analysis
	System Design and Implementation
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




