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ABSTRACT

Nowadays wireless network has become to an important part of our life. Many kind of
Wireless network are around us. VANET, Vehicular Ad hoc Network, is formed to provide many
convenience while riding vehicle. One of the most important application in VANET is the safety
alert application that aim to prevent accident on the road by sending alert messages to any car to
the accident location. In this thesis, we propose an algorithm that improve protocol ability and
reduce broadcast storm problem which is the main problem in safety alert application for
VANET. We compared the performance of the proposed algorithm with another existing
algorithm. We find that our algorithm make safety alert application work better then exiting

protocol.
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START (seconds) -- The number of seconds from the beginning of the simulation until this
vehicle starts moving.
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P, = P*2 Q% At,, = At,/2 (3.2)

P, =PF/2U02 At,,, = AT, *2 (3.3)
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P, = P, Uas A, = Ar, (3.4)

P, =P /DM, Uas At,,, = A1, * DM, (3.5)
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i 3.6 @001M3T9MMIIOUILY APAL broadcast ¥04THUA A B C D Euay F

mngﬂ‘n 36 Tnua A fimsanauduienaasins v Tnua A Tasudoyauds
WousvdrnnTnia ¢ TuvaziTnun B, D, E, F it 85 udoyaududousufiundausndns

Auilums APAL munalniildna 1 luudadhedude TIMTUAIDYIT Pseudo  code APAL

algorithm a115005 U0 1dde31)7 3.7

“



1 When Receive Alert message

2 IF (Receive alert message for First time)

3 AT, Random between 7, -7,

4 P, random probability (p)

5 END IF

6 CountTime =0

7 DuplicateNumber=0

8  WHILE (CountTime < 8 && DuplicateNumber < &)
9 WHILE (AT, is not expired)

10 Listen for duplicate alert message

11 DM = number of received duplicate alert message
12 END WHILE.

13 IF (received duplicate alert message)

14 DuplicateNumber = DuplicateNumber + DM
15 P, ,=P/DM

16 At =At*DM

17 ELSE

18 Rebroadcast with P,

19 IF (Decide to rebroadcast)

20 IF (Rebroadcast Success)
21 P, =Pf2

22 Az, =A1*2

23 ELSE

24 P,,=P,

25 Az, = Az,

26 END IF.

27 ELSE

28 P, ,=P*2; P,, isclipped to I;
29 At =Atp

30 END IF.

31 END IF.

32 CountTime = CountTime + AT,

33 END WHILE

gﬂﬁ 3.7 UAA9AIDY19 Pseudo code APAL algorithm
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An Adaptive Alert Message Dissemination Protocol for VANET to
Improve Road Safety

Kanitsorn Suriyapaiboonwattana, Chotipat Pornavalai, Member IEEE, and Goutam Chakraborty, /EEE
SM

Abstract—Vehicular Ad-hoc Network (VANET) is gaining
much attention recently because of its many important
applications in transportation, to improve road safety, reduce
traffic congestion, to enable efficient traffic management etc.
However, there are several technical issues to be addressed for
its effective deployment. Stability in communication in VANET
is difficult to achieve due to rapid network changes. Restoration
is inefficient while using traditional protocols based on
broadcast storm. In this paper, we propose a new adaptive
protocol to improve performance for on road safety alert
application in VANET. It can alleviate the broadcast storm
problem using adaptive wait-windows and adaptive probability
to transmit. Simulation shows that our proposed approach has
better performances in terms of number of collision, success
rate, and delay, when compared with other existing protocols.

I. INTRODUCTION

V ANET or Vehicular Ad-hoc Networks are emerging as
the preferred network configuration for intelligent
transportation systems. VANET is based on short-range
wireless communication (e.g., IEEE 802.11) between
vehicles. The Federal Communications Commission (FCC)
has recently allocated 75 MHz in the 5.9 GHz band [1] for
licensed DSRC aimed at enhancing bandwidth and reducing
latency for vehicle-to vehicle (V2V) communication. Unlike
other forms of MANETs [2], applications developed for
VANET have a very specific and clear goal of providing
intelligent and safe transport system. Safety alert is one of the
most important applications. The motivation is to disseminate
emergency messages to all vehicles in the vicinity, in a crucial
problem in traffic scenarios, such as an accident. The
dissemination of safety message could prevent secondary
accidents and play an important role in rescue operation. The
main problem of VANET communication is the broadcast
storm problem. Many researchers proposed ideas to reduce its
effect, modifying from Simple broadcast to weighted
p-persistence [5], slotted persistence [9], TLO [4] etc.
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Our proposed protocol is a modification over p-persistence
broadcast with reduction in probability for rebroadcast using
adaptive parameters that modify waiting time before
re-broadcast and the probability of rebroadcast.

This paper is organized as follows. In section 2, we present
related previous works and our solution as a modification of
p-broadcast. In section 3, we explain our simulation
experiments and compare results with other works. In section
4, we discuss the results and give directions of further
improvement.

II. BACKGROUND AND RELATED WORKS

When the traffic density is above a certain limit, one of the
most serious problems is the choking of the shared medium
by an excessive number of same safety broadcast messages,
broadcasted by several closely located vehicles. Because of
the shared wireless medium, blindly broadcasting the packets
leads to frequent contention and collisions during
transmission, among neighboring nodes. This problem is
referred to as broadcast storm problem [5]. Various solutions
exist to alleviate the broadcast storm problem in a common
MANET environment [11]. The primary goal for safety alert
application is to deliver the alert message to all vehicles
approaching the incident site, so that drivers may be alerted
prior to their natural visual reaction. So end-to-end delay for
the alarm message has to be minimized. Here, we will ignore
other possibilities of confusion, like alarm message reaching
vehicles in front of the incident site, i.e., accident location or
vehicles moving in the opposite direction on the other side of
the road.

In the following, we will discuss previous works and
address their problems. We divide systems into 2 groups, one
where vehicles are not equipped with GPS and the other
where they are equipped with GPS.

A) GPS not equipped

1). Simple broadcast [5]

This is the simplest protocol used in V2V Safety alert
applications for VANET. When there is an accident, safety
alert application will send alert messages to all vehicles
approaching towards accident site. When a vehicle receives a
broadcast message for the first time, it retransmits the
message. The vehicle then ignores all subsequent broadcast
messages (with same ID) it receives, from other vehicles
rebroadcasting the same message.

There are two main problems in this simple broadcast
method. First, there are a lot of redundant rebroadcast



messages because of flooding. Thus, when a message reaches
n hosts for the first time, n replications will be sent. Second,
there is a high probability that a message will be received by
many hosts located in a close proximity. Every host will
severely contend with one another for access to the medium.
As show in figure 1, when accident is occurred at A, vehicles
B, C, D, E and F, which are in transmission range of A, will
receive alert message and rebroadcast it. It will then give rise
to broadcast storm, and collision will occur, which will lead
to retransmission and further collision.

Fig 1 Situation of an accident and nearby vehicles on the road

2) p-persistence [5] )

This method tries to reduce broadcast storm problem by
using a stochastic selection method to decide the vehicle/s
that will rebroadcast the alert message. When a vehicle
receives a broadcast message for the first time, the vehicle
will rebroadcast the alert message with a random probability
p. This method will help to reduce number of rebroadcasting
vehicles and thereby broadcast storm problem. However
failures to extend the alert message may occur when all nodes
that receive broadcast message decide not to rebroadcast,
which will cause the loss of alert message. For example, if all
vehicles B, C, D, E and F decide not to rebroadcast the
message, no car behind them will receive the alarm message.
This approach is sometimes referred to as Gossip-based
flooding [3] and is not fail proof.

B) GPS Equipped

Following systems will assume that every vehicle on road is
equipped with GPS which can calculate the vehicle’s location
information correctly.

1) Weight p-persistence [9]

Here, before transmitting alert message, GPS is used to
calculate the distance between sender and receiver to decide
the probability to rebroadcast the alert message. Upon
receiving a packet from node , node j checks the packet ID
and rebroadcasts it with probability pj; if it receives the packet
for the first time; otherwise, it discards the packet. Denoting
the relative distance between node i and j by D, and the
average transmission range by R, the forwarding probability,
Py, is calculated on a per-packet basis using the following
simple expression.

D
py= =t (1

If node j receives duplicate packets from multiple sources
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within the waiting period of WAIT TIME before
retransmission, it selects the smallest P; value as the
probability to rebroadcast. Thus each node uses the distance
from its nearest broadcaster to ensure that nodes those are at
longer distances/further away transmit with higher
probability. If node j decides not to rebroadcast, it should
buffer the message for an additional (WAIT _TIME + &) ms,
where J is the one-hop transmission and propagation delay,
which is typically much less than WAIT TIME. In order to
prevent the message “die out”, node j should rebroadcast the
message with probability 1 after (WAIT TIME + J) ms expires,
and it does not listen to any retransmission from its neighbors.

As shown in figure 1, as multiple vehicles simultaneously
decide to rebroadcast, though with different probabilities,
there is a high probability of collision. In this example, as
both E and F will decide to rebroadcast with very high
probability, chance of collision is very high.

2) Slotted I-persistence [9]

Slotted 1-persistence will divide transmission band into
sub-bands and allot different sub-bands for transmission to
different distance ranges from the transmitting node (see Fig.
2). Each such range will be assigned its own WAIT TIME to
rebroadcast the alert message. Node j upon receiving a packet
from node i, checks the packet ID and Dy, its distance from
originating node 7. It rebroadcasts with probability 1 at the
expiry of its WAIT TIME, if it receives the packet for the first
time and does not receive any duplicates before its assigned

time slot WAIT TIME T is over; otherwise, it discards the
'l

packet. The average transmission range being R, and the
pre-determined number of slots N, T is calculated as
i

T, =S, xt )

where 7 is the estimated |-hop delay, which includes the
medium access delay and the propagation delay. S; is the slot
number, which can be expressed as

S,,-=N,|i1-[-——mi“( ?"‘R)” &

Slotted-time approach follows the same logic as weighted
p-persistence. But instead of calculating the re-broadcasting
probability, each node uses the GPS information to calculate
the waiting time to retransmit. In Fig. 3, the broadcast
coverage area is spatially divided into 3 regions (i.e. N; = 3)
and a shorter waiting time is assigned to the nodes located
further from the source. Hence, in case when a node receives
duplicate packets from more than one sender, it selects the
smallest D; value of all received messages, and calculates
corresponding waiting time, i.e., the longest one.



Fig 2.Slotted 1-persistence broadcast [9]

In figure 2, we see that vehicles E, F are farthest from
source node A. According to the protocol, they will decide to
rebroadcast with 1 probability. Thus, there will be collision
when there are a lot of vehicles in the farthest slot.

3) Slotted p-persistence [9]

This is an improvement over 1-persistence protocol. Upon
receiving a packet, a node checks the packet ID and
rebroadcasts with a pre-determined probability p at the
assigned time slot Ty, if it receives the packet for the first
time and has not received any duplicates before its assigned
wait time slot expires. Otherwise, it discards the packet. Each
node in this scheme also buffers the message for a certain
period of time ([Ns - 1] x WAIT TIME + & ms), and
retransmits with probability 1 if nobody in the neighborhood
rebroadcasts. This is to prevent message “die out”. Similar to
p-persistence case, the performance of this scheme depends
on the value chosen for the re-forwarding probability p.

4) TLO [4]

Our previous work TLO (the last one) [4] is simple and it
performs better compared to above two algorithms. TLO
finds the vehicle most suitable to rebroadcast alert message.
When there is an accident, the victimized vehicle broadcast
an alert message. Vehicles that receive the alert message does
not rebroadcast it immediately. They will use TLO algorithm
to find the last vehicle i.e. the one furthest from the place of
accident. That particular vehicle will rebroadcast the message
while the other vehicles will wait for a threshold time interval
to take a decision about rebroadcast. Only the node, which is
designated by TLO as the furthest node (and all nodes are
aware of it), will rebroadcast the alert message.

Fig 3.Example of TLO broadcast [4]

When the threshold waiting time interval expires, and
other nodes do not receive the same alert message again
(which is supposed to come from the furthest node), there is a
problem in rebroadcasting. TLO is run again to find the next
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candidate as last node, which then broadcast the alert
message. This is repeated until a successful rebroadcast is
done. In figure 3, victimized vehicle A will send alert
message. In this situation vehicle B, C, D, E, F are in alert
message range, and they all will receive alert message. They
will start TLO algorithm to choose the furthest vehicle which
would rebroadcast it. In this case the vehicle E is chosen to do
re-broadcast. After vehicle E has re-broadcasted, then G, H, I,
J and K will run TLO and vehicle J will be chosen to
rebroadcast.

III. APAL BROADCAST PROTOCOL

In this section, we describe the proposed algorithm
APAL, Adaptive Probability Alert Protocol. It is designed to
overcome various problems in VANET in case of accident
alert information dissemination. If alert message is
broadcasted indiscriminately, there will the problem of
broadcast storm. On the other hand, restricted transmission
may lead to immature death of the alert message. Moreover,
in real road environment, where the weather could be severe
and vehicle speeds different, reliable transmission could not
be ensured. Many of the existing protocols assume the
existence of GPS deployed at every vehicle. At present, this is
a far-fetched assumption, and at the same time accurate
location calculation with small latency is difficult while the
vehicle is moving at high speed.

The proposed APAL protocol does not need location
information of the vehicle. The probability of alert message
broadcast is adaptively set such that broadcast problem is
minimized, but at the same time avoiding the lost
alert-message problem.

First, when there is an accident, the accident vehicle
begins to broadcast an alert message, and vehicles
approaching the accident site will receive it. All vehicles that
receive an alert message, adaptively decide whether to
rebroadcast it or not, depending on a few conditions.

Before going into the detail of the protocol, let us introduce
the terms. After receiving the first alert message, condition to
check whether to broadcast the alert message or not, is
actuated at certain intervals of time. These intervals, after
expiry of which the node checks conditions whether to
transmit the message or not, are changed adaptively. We
name these time durations as intervals. i" such time interval is
denoted by At;. In addition, the probability of actuating the
transmission of the alert message is set adaptively depending
on some factors. We name this probability of transmission, at
the end of i interval, as P;. Following is the explanation of
the APAL protocol, and the pseudo code is given in Table. 1.

Step 1) If a node receive an alert message for the first time,
it will wait for a random time interval At;, which is decided
with uniform random probability from a fixed interval which
is set depending on traffic density (in our experiment this
interval is set from 1 to 100 mSec.). Thus,

Az, =rand (1-100ms) (4)
After expiry of this time interval it will actuate alert message
transmission depending on whether it has received the same
alert message transmitted by some other node or not. If it does
not receive any duplicate alert message, it will broadcast it



with probability P,. P, is high (in our experiment it is
randomly chosen from an interval 0.7 to 0.9). Please refer to
line 2-5 of the pseudo code.

Step 2) Every time an interval for a vehicle expires, in case
the vehicle receives duplicate alert message during this Az,
time interval, i.e., one or more of its neighbors have already
rebroadcasted it, the vehicle will refrain from broadcasting it
again. It will count DuplicateNumber, the number of
duplicate alert messages that the node received during At;. It
will update the next P,.;, and At;;; as (line 13-17 of the
pseudo code). When DuplicateNumber = 0, we do not use
Eq.(5) and (6), but go to step 3.

P, = P,/ DuplicateNumber (5)

At,,, = At,* DuplicateNumber (6)

After it extends the next waiting time inferval At;,, as well as
reduces the probability of broadcast P;,; at the end of next
interval and then go to step 4 (line 27). Here the variable
CountTime adds up total time the node has participated in the
process of extending the alert message. On the other hand, if
the vehicle doesn’t receive any duplicate alert message during
the interval it goes to step 3 (line 17).

Step 3) When the inferval expires and the node does not
receive any duplicate message, the vehicle will rebroadcast it
with a high probability P, Depending on whether the
rebroadcast is successful or not, next P;_; and At,,, is changed
as follows (line 17-25 of the pseudo code).

If the vehicle is successful to rebroadcast then

P,=P/2and A7, = AT, (7
If vehicle decides not to rebroadcast
i)ﬂl:[)‘*z and Arf*l=ArJ/2 (8)

Here, in case P,_; exceeds 1, it is clipped to 1.
After step 3, step 4 is executed.

Step 4) Let us introduce two more parameters § and 6. 3,
the life time limit, has a fixed value depending on the
criticality of the alert message (in our present experiments we
fixed it to 5 Sec.). The total time duration for which a vehicle
is allowed to handle a particular alert message is § secs. & is
another fixed number, and it is the limit of the maximum
number of duplicated alert messages that is allowed to be
handled by a vehicle. In our present experiment we set
& equal to 5. Every vehicle will check the condition-statement
(line 8 of the pseudo code) to decide whether to continue to
remain as a member of the set-of-nodes to propagate the alert
message or exit. In the condition statement, while
(CountTime < 8 && DuplicateNumber < §), CountTime is
the total time, counted from the inception of the alert message
on the first time, i.e., sum over all intervals till present time. It
is calculated as:

CountTime =Y,; At; (&)

If the condition is true then the vehicle will continue to
remain as a member of the set-of-nodes to propagate the alert
message and go back to step 2. Otherwise, the vehicle will
exit from the process.

APAL protocol is illustrated in figure 4. For example, when
an accident occurs on vehicle A, it will initiate sending alert
message. This will be received by vehicle B, C, D, E, and F.
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All these vehicles B, C, D, E, F, after receiving alert message
for the first time, will start APAL algorithm to rebroadcast the
alert message. First, vehicle B, C, D, E, F will execute step 1.
They will wait until their respective At expires, to decide
whether to broadcast or not with probability P,. Suppose E
decides to rebroadcast the alert message and does it earliest
compared to other vehicles. Vehicles B, C, D, F will receive
the duplicated alert message from E, while vehicle G, H, I, J
will receive the alert message for the first time. Then vehicle
G, H, I, J, K will start APAL from step 1, and B, C, D, F will
start step 2, as they receive duplicate alert message. P; will be
decreased with DuplicateNumber and At; is increased too.
We decreased next broadcast probability and increased the
interval At;, because the alert message has already been
disseminated. The possibility of its loss is low, though not
zero. B, C, D, F will not exit APAL protocol yet. For exiting
condition, (CountTime < 8 && DuplicateNumber < §) is
used for improving the success rate of the alert message and
prevent its loss, which may happen because the vehicles
following behind are far, or transmission being poor due to
bad weather, or some obstacles.

TABLE|
APAL PSEUDO CODE

1 When Receive Alert message
IF (Receive alert message for First time)
AT; Random between | — 100ms
P; random probability between 0.7 - 0.9
END IF
CountTime =0
DuplicateNumber=0
8 WHILE (CountTime < f# && DuplicateNumber < §)
9 WHILE (AT; is not expired)
10 Listen for duplicate alert message
11 Count = number of received duplicate alert message
12 END WHILE.
13 IF (received duplicate alert message)
14 DuplicateNumber = DuplicateNumber + Count
15 Pi.; = P/DuplicateNumber
16 AT, ;= AT, * DuplicateNumber

N R W

17 ELSE

18 Rebroadcast with P,

19 IF (Rebroadcast is successful)

20 Pi.r=P/2

21 At =Art,

22 ELSE

23 Pi.y=P*2,P.; isclipped to 1;
24 At =At2

25 END IF.

26 ENDIF.

27 CountTime = CountTime + AT,
28 END WHILE

Fig 4 APAL broadcast example



IV. EVALUATION

A. Simulation setup

In this section, we evaluate the performance of APAL
protocol and compare with all other broadcast algorithms
described in section 2. We use the GrooveNet network
virtualization platform for simulation and evaluation.
GrooveNet simulator [13], developed at Carnegie Mellon
University, operates in five different modes. Drive Mode
allows visualization of the real VANET while driving. This
mode is especially useful for testing and debugging the
protocols under the real traffic and channel conditions. Table
I shows the simulation environment.
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TABLE II
SIMULATIONS ENVIRONMENT

PARAMETER VALUE
Street’s length 100 Km
Number Of Vehicles 10, 20, 30, ..., 100
Wireless interface 802.11b
Transmission Range 200 meters
Vehicle Speed range 35-80 miles per hour
Mobility Model Uniform Speed Model
Lane 4
GPS interface Based on NMEA 0183 processor
GPS range inaccuracy 0-15 meters
Communication Vehicle to vehicle (V2V) only
Environment

We evaluated the performance with a realistic environment
and fairness to different approaches. For example, the street
layout is derived and normalized from a snapshot of a real
street map in Topologically Integrated Geographic Encoding
and Referencing (TIGER) database [12] from U.S. Census
Bureau. The mobility model used is Uniform Speed Model
that allows a vehicle to overtake another vehicle and increase
its speed at random. We know that GPS may not provide the
correct location information because of obstacles like tunnels
and fly-overs. So in our simulation, GPS sometimes provide
incorrect information. We will add random noise with the
location information collected from GPS, ranging between
0-15 meters. Standard GPS provide an accuracy of about 63%
within 15 meters, which is adapted in simulation. In our
simulation, we implemented variable transmission range
function that would decrease transmission range of vehicle
dynamically depending on the environment, such as curve
road, rainy weather.

B. Simulation result

The primary objective of our algorithm is to improve success
rate of safety alert message which means the percentage of
vehicles that receive the safety alert message. We also aimed
to reduce the broadcast storm problem that occurs in most of
the VANET’s safety alert protocols. We use 3 metrics to
evaluate different protocols. They are mentioned in table III.

TABLEIII
EVALUATION METRICS
Metrics Description
Collision The number of alert message
collisions that occur during
the period of Simulation.
Success rate Percentage of vehicles that
received alert message.
Time Time delay from accident
occurred till last vehicle
received alert message.
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Figure 5 shows the number of alert message collisions that
occurred during the whole simulation, for different protocols.
We can see that APAL has lowest number of collision, and
much less collisions compared to the next best protocol
p-persistence. The improvement is more so when the number
of vehicles is large, which is the situation on real roads. The
main reason for avoiding collisions is that every node waits
for a short but random interval before rebroadcasting the first
alert message. This could avoid many unwanted collisions.
Algorithms that used GPS could not work well due to
inaccuracy of GPS localization result. Moreover, assuming
every vehicle equipped with GPS is not practical.

The most important result, the success rate for different
protocols, is shown in figure 6. Loss of alert message problem
cause low success rate. APAL changes interval and
transmission probability adaptively to prevent alert message
loss and could achieve highest success rate, Moreover it
shows robustness of success in spite of increase in number of
vehicles, and it remains near to 100%. For all other protocols,
the success rate decreases rapidly with the increase in number
of vehicles.

Message dissemination delay, shown in Figure 7, is
directly related to message collision. We can clearly observe
that when we compare Figure 5 with 7. As the collision
increases, so is the delay. It is seen that APAL could achieve
the lowest delay for message dissemination.

V. CONCLUSION AND FUTURE WORK

In this paper, we proposed APAL rebroadcast protocol that
use adaptive probability and interval to actuate rebroadcast. It
could achieve best quality of performance compared to all
other existing VANET protocols for safety alert message
dissemination.

In our simulation, for APAL and all other protocols, we
assumed that speeds of vehicles are not affected even after
receiving the alert message. But, in fact, vehicles would try to
reduce speed after such information is received. In future, we
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would modify our simulation to include such realistic
scenario.

In APAL protocol, and in fact in all other competitive
protocols, it is assumed that vehicles in front of the victim
vehicle, or those on the other side of the road, will not receive
the alert message. This is not true. They will also receive the
alert message, propagate it where it is irrelevant, and create
confusion. We are working on some solution to this problem
based on existing technologies.
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