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Abstract—In this paper, we study the effect of dense vehicular
networks on data dissemination. When using intelligent bradcast-
ing techniques, such as Inter-Vehicle Geocast, we have dis@red
the spatial broadcast storm problem in which multiple vehicles will
be chosen to re-broadcast frames at nearly the same time, ng$ing
in channel contention and collisions. We present a probahtic
version of IVG (p-IVG) to address this problem. In p-IVG, which
vehicles re-broadcast frames is probabilistic depending pon the
traffic density surrounding the vehicles. We show that p-IVG
solves the spatial broadcast storm problem and that using-IVG
results in improved reception rates, lower channel conteribn, and
most importantly, faster dissemination of data to distant \ehicles
than IVG.

I. INTRODUCTION

Efficient data dissemination is considered one of the most
important problems in VANETSs. The standard method of dagy 1. muttiple vehicles at the boundary can cause a spatadcast storm
communication is broadcast. Each vehicle sends a frame and
all vehicles within transmission range can receive and ggsc
the data. To spread data farther than the original sendarist overall system performance. We term this tpatial broadcast
mission range, flooding is the typical method of dissemamati storm problem.

Basic flooding is defined as the followingshenever a node In this paper, we study the impact of using Inter-Vehicle
receives a frame, it will re-broadcast it, resulting in redundant Geocast (IVG) [4] in case of dense VANETs and find that it
re-broadcasts because the neighbors of the re-broadgastile will result in a spatial broadcast storm as shown in Figure
may have already received the original frame. Moreover,whe. This work is the first to illustrate the existence of the
multiple nodes in the same vicinity receive a frame, they wispatial broadcast storm problem. To alleviate this problem
all re-broadcast it, causing severe contention on the elanmve propose and develop an extension to I\figbabilistic
In addition to the previous two problems, collisions arenjg VG (p-IVG), to make the re-broadcast decision probabilistic
probable due to the lack of CTS/RTS and collision detectiobased on awareness of the local topoloigg, knowledge of
So, blindly flooding will waste bandwidth by sending redumda surrounding vehicle density, instead of being deternimidthe
frames that will probably collide. These three problems afecal topology awareness is acquired through a light-wteigh
collectively known as théroadcast storm problem [1]. topology sensing utility. We show that usingIVG results in

In VANETS, the broadcast storm problem occurs only in cas@proved reception rates, lower channel contention, andtmo
of dense networks and recently, many protocols [2]-[5] hawaportantly, faster dissemination to distant vehicles.
been proposed to alleviate this problem. Most of these podgo
are based on selecting the farthest vehicle(s) within s
sion range of the original sender to be the re-broadcakter(s Various solutions have proposed to handle the broadcast
The selection is achieved by assigning increasing re-loastd storm problem in mobile ad-hoc networks (MANETS) [1], [6],
probabilities or decreasing waiting times as the distamomf [7]. As VANETs have some very different characteristicaniro
the sending vehicle increases. We show an example in FigurdIANETSs, namely higher mobility speeds and restricted net-
Based on these criteria, all the vehicles in the highligltesh work topologies and vehicle movement, the proposed saistio
will have almost the same re-broadcast probability or wgiti for the broadcast storm problem in MANETS are not applicable
time, so they will re-broadcast the frame at the same timfer VANETS.

This will cause a broadcast storm locally in the highlighted The approaches that have been proposed to alleviate the
area. Although, the generated storm is local, it will afféed broadcast storm problem in dense VANETS can be classified as
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probability-based, timer-based and priority-based aggites. nodes to access the channel before the other nodes, butsit doe
The main idea behind the probability-based techniques Nt solve the broadcast storm problem.

that whenever a vehicle receives a frame, it will re-broatica Tonguzet al. [5] provided a comprehensive framework (DV-

it after holding it for a certain waiting time, according to &AST) to handle broadcasting in VANETSs considering three

probability p that depends on how far this vehicle is from th@ossible traffic densities (dense, regular, and sparsejeiise

sending vehicle. Distant vehicles will have higher proligbp traffic, they suggest using one of the timer-based techsifftle

to re-broadcast the received frames than nearby vehichés. Twhile in sparse traffic they suggest using role-based nagtic

technique is called weightg@persistence broadcasting and hal$]. They did not suggest a specific technique to be used in

been proposed by Wisitpongphanal. [2]. case of regular density traffic since they define regularitdens
There are two versions of the timer-based techniqueseslot®S @ Mix of some vehicles sensing dense traffic and some

time and continuous time. Wisitpongphahal. [2] proposed veh|cl_es sensing sparse trafflc_. So, each vehicle will use th

the slotted 1-persistence broadcasting technique, diyidie te€chnique appropriate to what it has sensed. Even though DV-

waiting time into slots. When each vehicle receives a fraime, CAST appears to be a complete solution, it is still vulnezabl

is assigned a time slot during which it should re-broaddast tt© the spatial broadcast storm problem.

frame with probability 1 if no one else had re-broadcasted it .

As the distance increases, the receiving vehicle is assigne

shorter re-broadcast time slot. Also, the same authorsogeap

a slotted p-persistence broadcasting technique, in whicimgl

the assigned time slot the vehicle will re-broadcast thenéra

with a pre-determined probability.

PROBABILISTIC INTER-VEHICLE GEOCAST

In this paper, we present probabilistic-IV@-[VG), a light-
weight extension to Inter-Vehicle Geocast (IVG) [4] for bob
casting messages in dense VANETS. The probability fundtion
p-IVG is based on the density of surrounding vehiclpdVG
adapts itself according to the current traffic conditionspiider

Briesemeistet al. [8] proposed a continuous time VEISIOn, minimize the number of vehicles that will re-broadcast th

of the timer-based technique, called role-based multidast . : S -
. . . ) . teceived frame and, at the same time, minimize the prolabili
this technique, whenever a vehicle receives a frame, itswai; ._.. . :
k . L of failing to re-broadcast the received frame. The surraumd

for a certain amount of time before re-broadcasting it. The

longer the distance from the sender, the shorter the wéitimgy vehicle density is detected through a light-weight locablogy

. . . ensing utility.
This technique was _onIy concerned with the SP?’“SG'V coadect n IVG, each vehicle starts a timer for each frame it receives
networks to maximize the message reachability and does

) e timer expires and the frame associated with this tihser
rnatggl\e/etr?ilgrgiizzsstt ?It\(;g)] pbrglsatlaedmc;nBt%?g.rrEi] 'S(re(;pof:e?enrtm been re-broadcast by any other vehicle within trangariss
venice C ' P range, the vehicle re-broadcasts the frame. The timer vBlue
by Briesemeisteet al. [8], but it handles the dense networkfor vehiclex is
situation. RE—D¢
In general, timer-based techniques have shown superior- X mex R

ity over the probability-based techniques in mitigatinge thwhere R is the transmission range ariy is the distance
broadcast storm problem. In dense VANETS, the timer-basggiyeen vehicle and vehicles, the sender of the frame. The
techniques re-broadcast the frame sooner (early re-basgdcyythors of IVG suggest usireg= 2 to generate a uniform timer
because the re-broadcast waiting time lessens with ino@as,ajue between [0Tymy], Where Trax — 200 ms [4].
distance from the sending vehicle, while the waiting time By using IVG with its original settings, nodes that are close
is constant in the probability-based techniques. AlsO,if®Y {5 each other at the boundary will have very similar, if not
an early re-broadcast will reduce the channel contentiah agqual, timer values. This means that the nodes’ timers will
redundant re-broadcasts because whoever hears the de@isba oy pire at almost the same time, and the nodes will re-breadca
will cease its own re-broadcast. Within the timer-basedtecine frame essentially simultaneously, resulting in ciafis and
niques, the time continuous version known as IVG, is bettg{usy a spatial broadcast storm (Figure 1). The impact afgusi
than the slotted time techniques, because the slottedowersiyyg on the system performance is presented in Section IV.
restrict the re-broadcast to be initiated only at certames, To alleviate this problem, we modified IVG by making the
which increases channel contention. Although IVG mitigat%-broadcasting of frames probabilistic based on the tdeosi
the broadcast storm prqblem, it suffe_r§ from the spatiaathro surrounding vehicles. In oyrobabilistic-IVG (p-IVG), when
cast storm problem, as it does not utilize the network tagplo 5 yenicle receives a frame, it first selects a random number in
information in the re-broadcast decision. [0,1]. If the selected number is less thagky, the timer is
Torrent-Morencet al. [3] proposed a priority-based broadcasstarted. If not, then the frame will not be re-broadcasted by
scheme in which nodes that have a time-critical messagetis vehicle. As the density increases, the number of ndus t
send will be assigned a higher priority to access the chatmel will start their timers decreases.
general, the priority-based techniques categorizes theonle
nodes into multiple classes with different priorities antied- A Effect of €
ules frame transmission accordingly. This technique redtite € is very critical parameter in the timer value equation of
contention on the channel access by allowing the higherifyrio IVG. The authors of IVG provided no evaluation of how it
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Distance (km) on broadcasting technigues. Some of these techniques rhay fa
in certain vehicular densities, so it is important to stute t
Fig. 2. The effect of on frame propagation delay usingIVG impact of density on our proposed techniqpelVG. In case

of IVG, as the density increases, the number of candidates fo
re-broadcasting a frame increases. This increases ooHisi
affects the distribution of timer values. Here, we studys thiresulting in reduced reception rates. FBVG, the number
parameter carefully and investigate its effect on the whol candidates for re-broadcasting a frame remain almost the
system. Then fop-IVG, we tune this parameter in order t0same regardless of the density. This is because the number
achieve maximum performance. of candidates depends on both the density and the prolyabilit
One of the main goals of the timer value equation is to reduggnction that is inversely proportional to the density. $s,
the waiting time, Ty, before frames are re-broadcast, and thug,e density increases, the probability function decreaaed
the overall delay to send the frame to distant areas. In dﬂjervice versa, keeping the number of candidates almost cdnstan

achieve thiS, smaller timer values should be generated as Tl'lms makesp-|VG produce stable performance regarc“ess of
distance from the original frame send®s) increases. the surrounding vehicular density.

Changinge has a great impact on the generated timer values.
€ > 1 generates a family of convex curves for the timer values,
€ < 1 generates a family for concave curves, andl generates A. Smulation Setup

a linear curve. Generally, the convex curve produces largenye evaluatep-IVG using ASH (Application-aware SWANS
and sparser values than the concave curve, resulting in\g@ith Highway mobility) [9], which is an extension of the
increased time for frames to travel longer distances. Eigur SWANS (Scalable Wireless Ad hoc Network Simulation) ve-
shows how changing affects the frame propagation delay fohicular network simulator [10], [11]. SWANS has been shown
p-IVG. As & decreases, the propagation delay also decreasgshe scalable and efficient, supporting large numbers of mo-
But, through experimentation we found that# 0.5, although bile nodes [12]. SWANS fully implements the IEEE 802.11a
the frame propagation delay continued to decrease, camtentprotocol, which we use as an approximation to IEEE 802.11p.
increased. This was revealed through decreasing recepti®® Moreover, to produce realistic simulations, the ASH exitams
and increasing probabilities of backoffs when attemptiog to SWANS include implementations of the IDM (Intelligent
send frames. So, for the remainder of the paper, weess8.5  Driver Model) vehicular mobility model [13] and the MOBIL
and Tmax = 200 ms. (Minimizing Overall Braking decelerations Induced by Lane
changes) lane changing model [14].

Table | summarizes our simulation settings. All vehicles in
The local network topology, or the density of vehicles withi our simulations have a transmission range of 300 m [15], whic
the transmission range, is sensed grAVG using a beacon is an acceptable standard range for DSRC. The roadway used is

broadcasting utility running in each vehicle. This utilllyoad- a four-lane unidirectional highway of length 100 km. Vekkl
casts a beacon containing the vehicle’s information (loocat enter the highway according to a Poisson distribution aaktr
speed, etc.) twice a second. Each vehicle maintains a dsgtalst a maximum speed of 30 m/s. The simulation is run for 360
to store the information of vehicles within its transmissioseconds, resulting in a total of 500 vehicles generatedhén t
range. Upon receiving a beacon, each vehicle updates 380-second simulation runtime, the maximum distance leave
database with the new vehicle information. The databasebig any vehicle is 10km.

checked every second. If there has been no update beacowe evaluatep-IVG with three different traffic density sce-
received regarding a specific vehicle, this vehicle’s rdagill narios. High density traffic has an average of 90 vehicles/km
be marked and its location information will be estimatedgsi medium density has an average of 66 vehicles/km, and low
the most recent location and speed information. If the egBoh density has an average of 53 vehicles/lkm. These densities
location lies outside the transmission range, the velsickzord were gathered from the speed and traffic volume analysis

IV. EVALUATION

B. Local Topology Sensing



transmission range 300m 100
highway length 100 km
max distance traveled 10km

vehicles generated 500 80
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high density 90 vehicles/km
medium density 66 vehicles/km
low density 53 vehicles/km

TABLE |
SIMULATION SETTINGS

Reception Rate (%)

0 T T T T T T
0 50 100 150 200 250 300

Backoff Percentage
Medium Density

Low Density High Density

pIVG

7.05%

4.32%

5.94%

IVG

31.09%

35.94%

42.67%

Flooding

80.83%

84.38%

92.11%

Simulation Time (s)

Fig. 4. Reception Rate with IVG at Medium Density

TABLE I
BACKOFF PERCENTAGE

medium and high traffic densities, averaged every 10 seconds
The reception rates for IVG and flooding start high because
the number of vehicles in the simulation is still increasiAg
performed by Wisitpongphaet al. [16] for the data collected MOre vehicles enter_ the syste_m, the regeption rate detsne_ase
by the Berkeley Highway Lab for traffic on eastbound |_8Q3|ng p—IVG results in a very high reception rate for the entire
on June 27, 2006 [17]. In each of the three scenarios, aifnulation.
the vehicles in the simulation run an application that sends!n our definition of reception, if just one vehicle receivhe t
a dummy frame with the vehicle’s location information ever§fame, it is considered to have been received. F-0vG, high
300-400 ms. These dummy frames can be replaced by any of@npsity traffic provides the best reception rate becauses the
application’s frames that need to be disseminated to ardistd’® more vehicles in range, thus there is a higher chance for a
area. As mentioned in Section 1lI-B, beacon frames are ngthicle to receive the frame. The decreasing receptionwiibe
re_broadcasted, e} On'y the app"cation dummy frames will l!f)W densiw is an artifact of how vehicles enter the simuoliati
re-broadcasted. To show the improvement providegptyG, Vehicles enter the highway with a low speed and gradually
we ran experiments Where the described app"cation usbdreitincrease tOWardS the maximum Of 30 m/S. Unt" the |a.St Vehicl
basic flooding, standard IVG, qrIVG. reaches the maximum speed, vehicles in front of it will be
traveling faster, thus moving out of its transmission rarfes
B. Backoff Percentage low density, it takes longer for 500 vehicles to enter theesys
To measure the impact of usingIVG on reducing the than with high o_Iensity, thus it takes longer (in simulatiomet)
channel contention, we calculate the backoff percentage. fpr the last vehicle to reach 30ms. )
802.11, when a node is ready to send a frame, it first listens!© further demonstrate the problems we found with standard
on the channel. If the channel is busy, the node backs %G, We show in Figure 4 the reception rate per second when
and tries to send later. So the backoff percentage is the raffind VG at medium traffic density. Each drop spike in the
between the total number of backoffs to the total number Efception rate corresponds to a situation where multipécles
sending attempts, averaged over all of the vehicles. Asrdan@t the boundary re-broadcast frames at the same time, ingsult
contention increases, the backoff percentage increaabte T N the spatial broadcast storm problem.
summaries the backoff percentage for flooding, IVG, and
IVG at low, medium, and high densities. UsimglVG results
in a dramatically lower backoff percentage than either fiogd
or IVG. This means that channel contention when ugAyG
is much lower than either of the other cases.

D. Dissemination Delay and Hops Count

The main goal of any dissemination technique is carry the
data as far as possible in the shortest amount of time, uking t
minimum number of hops. To assess the impact of upigG
on achieving this goal, in Figure 5 we show the average time
a frame takes to travel a certain distance (disseminatitayyle

To assess the impact of wireless collisions, we measured #rel the number of hops it visits along this trip (hops count)
average reception rate over time. If a frame was transmitted p-IVG and IVG. p-IVG takes much less time and fewer
and no other vehicle received it, then the frame was coreideihops to disseminate the data than IVG, while flooding faited t
to not be received. Either the frame experienced a colljsiatisseminate the data beyond 1km and so was not pictured on
or no other vehicle was within 300 m of the sender. Figure tBe graph. Withp-IVG, data was able to be disseminated up to
shows the reception rate fprlVG, IVG, and flooding with low, 5km in less than 500 ms.

C. Reception Rate
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V. CONCLUSION
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In this paper, we presented the probabilistic Inter-Velaicu (8]
Geocast p-IVG) protocol for data dissemination in dense
VANETS. p-IVG was designed to alleviate the spatial broadcadf]
storm problem that we discovered when studying standard IVG

p-IVG uses a light-weight beacon broadcasting utility tossen 1]
the local network topology and adapts itself to minimize thig1l
number of frame re-broadcasts needed to send a frame to

distant area. We have shown thalVG has close to 100%

reception rates, regardless of the traffic density, whichle&gge
improvement over basic flooding and IVG. In additign|VG

[12]

reduces the channel contention, so that vehicles with aatais
send have a low probability of finding the channel busy. Bynal
we have shown thap-1VG achieves the goal of disseminating[M]
data to distant areas in a short amount of time.

For future work, we will study the relationship between
the € parameter and application data characteristics (sendﬁ]@

frequency, length, etc.) in order to select the optimal edhr

each application.
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