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Abstract:- VANETS have been a vital part in the associated
vehicle venture , which has been driven by the U.S
Department of Transportation in an e ort to enhance
driver well-being and help individuals drive vehicles all the
more effectively. The associated vehicle venture has be-
come a promising answer for astute transportation
framework. Thus, humerous auto mak-ers are starting to
build up the associated vehicles. The improvement and
trial of associated vehicles requires numerous testbeds in
different areas. the VANETS standards have distinguished
channel structures. The VANETSs standard supports six
service channels (SCHs) and one control channel (CCH).
Each of these seven channels has a 10 MHz bandwidth and
a 50 ms interval sharing a 100 ms interval equally. Vehicles
are free to join any one of six service channels during SCH
intervals. Usually safety information is transmitted in a
short-text message format. This short message ensures fast
and reliable delivery in restricted (e.g., 10 MHz) and
unreliable channels in VANETS. the proposed algorithm
for utilizing multiple channels is to divide the entire
multimedia safety application information into packets
considering the number of available SCHs and deliver the
packets in each SCH. This scheme is called divide-and-
deliver. This approach minimizes the amount of
bandwidth used in each channel when delivering
multimedia messages. With the multi-hop forwarding, the
divide-and-deliver ~ scheme, however, can deliver
multimedia messages quickly to the target vehicle or
infrastructure with fewer CCH intervals.

I INTRODUCTION

The VANETs standards have distinguished channel
structures. The VANETs standard [1] supports six service
channels (SCHs) and one control channel (CCH). Each of these
seven channels has a 10 MHz bandwidth and a 50 ms interval
sharing a 100 ms interval equally. Vehicles are free to join any
one of six service channels during SCH intervals. However, all
vehicles should stay on a single control channel during CCH
intervals for disseminating or listening to safety information. In
addition, periodic beacon messages from wvehicles will be
broadcasted in this CCH channel. Even though the standard
supports multiple channels, a lot of traffic will be disseminated
on a single control channel.

Alternatively, users can also enjoy the benefits of using
rich mul-timedia content Usually safety information is
transmitted in a short-text message format. This short message
ensures fast and reliable delivery in restricted (e.g., 10 MHz)
and unreliable channels in VANETSs. (e.g., video, audio) to
easily recognize and understand the information. Some studies
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already address the significance of multimedia information in
safety applications [2, 3].

For the multiple channels, one interesting approach is
aggregating multiple channels. This is called channel
aggregation [4][5][6]. This channel aggregation is a new
feature in LTE-advanced technology which improves
throughput rapidly

Network coding is a packet-level coding technique to mix
information from every packet enabling each packet to have
information from other packets. Originally network coding was
proposed for efficient multicast protocol in [7]. Two packets
are under an exclusive-or (XOR) operation creating one coded
packet. A receiver can decode each packet if it has one coded
packet and any one of original two packets. This coding
technique helps reducing the complexity of multicast routing as
well as achieving the maximum data transfer rate from a
source. This characteristic brings many interests on the network
coding area [8][9].

1. PROPOSED WORK

Until packets arrive at the target location, the packets will
go through both SCH and CCH intervals repeatedly. After
vehicles receive packets in CCH intervals, they need to select
one of the SCH channels while preparing the next SCH
interval. For the selection of the next SCH channel, a common
rule between vehicles should exist regarding which channel a
vehicle can choose and which packets they can deliver.
Without that rule, the packets cannot be delivered to the target
location successfully.

Fig. 1 shows the case of duplicated packets without a
rule. For example, the number of original packets is four. In the
T1 interval, all vehicles receive four packets. In the T2 interval
(SCH), vehicles select one of the channels and decide which
packet they will send in the channel. The number inside a shape
(rectangle or hexagon) represents the selected packet. Each
packet is delivered to another vehicle in the T2 interval. In the

T3 interval (CCH), a vehicle receiving a packet in the T2
starts broadcasting the received packet. Then, the packet 4 has
been missing while the packet 3 is duplicated. As seen from
this example, divide-and-deliver scheme could not forward the
original information to the end point without a rule that restricts
the selection of packets to be forwarded in a given channel.
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Fig 1:- Duplicated Packets over Multiple Channels

To solve this problem, a simple rule is used in this thesis.
A packet should be delivered through the same SCH channel
from the first SCH interval until it arrives at the target point. To
apply this rule, a packet needs to include the previous SCH
channel information. Then, a vehicle knows which channel the
received packets came from and the packets should be
delivered in the next SCH interval. This rule restricts the
available channels for a vehicle to select in SCH intervals.
When a vehicle is selecting an SCH channel, it investigates all
the packets it receives and creates a list of previous SCH
channels. Then, it chooses one of the channels from the list for
the next SCH channel. If a vehicle did not receive any packet to
be rebroadcasted, it can choose any SCH channel freely. With
this rule, the event that sending duplicate packets across
channels as shown in Fig 1 can be removed. Fig. 2 describes
the above algorithm.

1. RESULTS AND DISCUSSION

In this section, the delay between divide-and-deliver
(DD) method and the single channel method (SC) will be
shown by simulations. For the simulation, NS-3 is used [10].
The packets are generated at 0-km point and delivered to the
end point at 10-km. The arrival of packets is measured every
kilometer, which shows the delay at each kilometer. The size of
the packet is 1K byte and the number of packets sent in the
common channel interval is 12. This amount of packets
prevents multi-hop delivery in a single channel since it
occupies more than 70% of the bandwidth in a channel.

For the high density environment, three density settings
are used: 190, 240 and 290 vehicles per kilometer, respectively.
To compare the delay and reliability, two algorithms (DD and
SC) are used as described in the previous sections. First, the
delay of single hop case in SCH intervals will be investigated.
Then, the delay of multi-hop case of the DD method will be
explained.

Fig 3 shows the delay of single hop case in SCH intervals
for both methods. The delay is measured at each point with
various vehicle densities. The delay increases as the distance
(or location) of the measuring points increase. In higher density
situations, packets arrive at each measuring point faster than
lower density case. For the comparison, Fig 4 shows the
difference of packet delay at the same measuring point (10 km
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point) with different densities. Even though the difference is
small, the delay decreases as the density increases. This delay
change according to the density is seen in both methods.
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Fig 2:- Flowchart for Channel Selection in Divide-and-Deliver
Method

This difference in delay is due to the distribution of
vehicles. When vehicle density is high, there is higher chance
of vehicles that exist at the edge of radio range from a source
vehicle. These vehicles farther from a source vehicle have a
longer hop distance and the total delay from the source to the
final destination will be shorter. Therefore, the performance of
total delay from the source to the destination has a direct
correlation with the one-hop distance. Fig 5 shows the change
of one-hop distance when the wvehicle densities vary. As
expected, the hop distance increases as the densities go higher.

In SCH and CCH intervals, distinctive differences in one-
hop distance can be observed due to the vehicle density
differences between the two channels. Since all the vehicles
stay on the same channel in CCH intervals, the vehicle density
is higher in CCH intervals than SCH intervals. So, even in the
same vehicle density, there is another density difference
according to the intervals. The hop distance in the CCH
intervals is higher than in the SCH intervals. Fig 6 shows the
hop-distance in CCH and SCH intervals, respectively.

When the higher vehicle density reduces the delay in both
methods, there are differences between two methods in the
same density. As shown in Fig 3 and Fig 4, though the delay
difference is small, the DD method has less delay than the SC
method. The small delay in the DD method is explained by the
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longer one-hop distance of the DD method in Fig 5. This longer
hop-distance is caused by the difference in the number of
required receiving packets in each method. The DD method
requires receiving less packets than the SC method.

When a wireless channel status is good, the difference
between two methods can be small. However, in a real
situation, the vehicle at the edge of radio range would have a
low Signal-to-Noise Ratio (SNR) value. Also the wireless
channel for mobile communication includes fading. So, to
compare the performance of two methods, considering the
various bit error rates (BER) is useful. To show the
effectiveness of each method, three metrics (one-hop distance,
number of hops and packet arrival time) are compared and all
these metrics are closely related.

Fig 7 shows the one hop distance according to different
BERs. When the BER is good enough, both the DD and SC
method have a similar one-hop distance since there is a small
chance of a packet dropping. However, as the channel becomes
worse, the BER deteriorates accordingly and the one-hop
distance between the transceiver changes. Generally, the one-
hop distance starts decreasing in both methods. However, while
the distance decreases slowly in the DD method, the SC
method shows a rapid decrease. The slow decrease shows the
DD method is resilient in low BER situations mostly because
of the reduced packets will reduce the probability of packet loss
in the DD approach.

This resilience is connected to a longer one-hop distance
in the DD method. The one-hop distance is decided by a relay
vehicle. The relay vehicle is usually selected from the vehicles
that are located closely to the edge of the radio range. Those
vehicles usually experience lower BER than other vehicles that
are closer to a source vehicle. So, the better performance in the
low BER implies the better chance of the vehicles at the edge
of the radio range receiving packets successfully.

Figure 6 shows the number of hops when packets arrive
at the target device which is 10 km away from the packet
origination. The DD has a smaller number of hops since it has a
longer one-hop distance.

Figure 7 shows the delay to the target point in different
BERs. By the larger one-hop distance and smaller number of
hops, the DD method shows smaller delays reaching the target
location at 10 km than the SC method.
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(c)Packet Arrival Time with Vehicle Density 220 per km
Fig 3:- Packet Arrival Times
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VANETS, the strong aspect of the DD method in low BER
situation becomes critical. Next, the case when multi-hop
delivery is used in SCH intervals is simulated. While the SC
method cannot use multi-hop in a service channel, the DD
method can use the multi-hop in SCH channels. Figure 10
shows the e ect of multi-hop forwarding in the service channel.
The number of hops increases from one to three. As mentioned
in Section the maximum number of hops in a channel is equal
to the number of available channels, which is six in the current
VANETSs specification. However, in this thesis, the possible
maximum number of hops is limited to three. If the number of
hops becomes six, it will use most of the available bandwidth
in the SCH intervals. Then, all other traffic through the SCH
channels will be congested. In the simulation, the maximum
number of hops is set to the half of the possible maximum
number, which is three. Figure 10 shows the reduced end-to-
end delay as the number of multi-hop varies in each channel.
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Fig 6:- Delay by BER

These results are important and demonstrate the DD
method brings better performance than the conventional single
channel method even without using the multi-hop delivery in
SCH intervals, which is the main strength of the DD method.
Considering the varying characteristics of wireless channel in
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Fig 7:- Packet Arrival Times with Multi-Hop in SCH Intervals
IV.  CONCLUSION

While VANETSs support multiple channels, the mixed
structure of CCH intervals and SCH intervals is not efficient to
deliver a large amount of information quickly since only one
channel exists in CCH intervals. To reduce the excessive
usage of the control channel, divide-and-deliver has been
introduced in this research. The divide-and-deliver method
provides a way to use multiple channels effciently. The
multiple deliveries in SCH in-tervals that is not available to
the conventional single channel method help deliver a large
amount of safety information quickly. Also, the reduced
number of packets that each vehi-cle receives makes divide-
and-deliver more reliable in low BER environments. Consider-
ing moving vehicles that experience various status of wireless
channel, this reliable feature of divide-and-deliver becomes
more important. In a lower BER environment, divide-and-
deliver can forward packets with longer one-hop distances.
This longer one-hop distance reduces the delay to the target
location and consequently enables the proposed divide-and-
deliver algorithm to be an effective tool to deliver safety
information while utilizing multi-ple channels in VANETS.

REFERENCES

[1] U.S.Department of Transportation, Research and
Innovative Technology Admin-istration, “Connected
vehicle research,” http:/www.its.dot.gov/connected
vehicle/connected_vehicle.htm, 2014.

[2] W. Fehr, T. Lusco, F. Perry, J. Marousek, B. A.
Hamilton, G. Krueger, and D. McNa-mara, “Southeast
michigan 2014 test bed project for connected vehicles:
The next step toward deploying its,” in Connected
Vehicles and Expo (ICCVE), 2013 International
Conference on, pp. 6670, IEEE, 2013.

[3] J. Marko, “Google cars drive themselves, in tra ¢,” The
New York Times, vol. 10, p. A1, 2010.

[4] U.S. Department of Transportation, National Highway
Traffic Safety Administration (NHTSA), “Traffic safety
facts: Early estimate of motor vehicle traffic fatalities in
2012.”  http://www-nrd.nhtsa.dot.gov/Pubs/811741.pdf,
2013.

JISRT18AG239

(5]

[6]
[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

WWW.ijisrt.com

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

Center for Disease Control and Prevention, “State-based
cost of death from crashes.”
http://www.cdc.gov/motorvehiclesafety/statecosts/, 2011.
“FCC report and order 99-305,” 1999.

“IEEE guide for wireless access in vehicular
environments (WAVE) - architecture,” IEEE Std 1609.0-
2013, 2013.

“IEEE standard for wireless access in vehicular
environments (WAVE) - resource manager,” IEEE Std
1609.1-2006, 2006.

“IEEE standard for wireless access in vehicular
environments (WAVE) - security ser-vices for
applications and management messages,” IEEE Std
1609.2-2013, 2013.

“IEEE standard for wireless access in vehicular
environments (WAVE) - networking services,” IEEE Std
1609.3-2010, 2010.

“IEEE standard for wireless access in vehicular
environments (WAVE) - multi-channel operation,” IEEE
Std 1609.4-2010, 2010.

“Wireless LAN medium access control (MAC) and
physical layer (PHY) specifica-tions: wireless access in
vehicular environment,” IEEE Std 802.11p/D7.0, 2009.
V. Rai, F. Bai, J. Kenney, and K. Laberteaux, “Cross-
channel interference test results: A report from the vsc-a
project  (11-07-2133-00-000p).”  https://mentor.ieee.
org/802.11/documents, 2007.

R. Stanica, E. Chaput, and A.-L. Beylot, “Why vanet
beaconing is more than simple broadcast,” in Vehicular
Technology Conference (VTC Fall), 2011 IEEE, pp. 1-5,
IEEE, 2011.

G. Yan, W. Yang, M. C. Weigle, S. Olariu, and D.
Rawat, “Cooperative collision warning through mobility
and probability prediction,” in Intelligent Vehicles
Sympo-sium (IV), 2010 IEEE, pp. 1172-1177, IEEE,
2010.

“IEEE  standard for information  technology-
telecommunications and information ex-change between
systems-local and metropolitan area networks-specific
requirements - part 11: Wireless LAN medium access
control (MAC) and physical layer (PHY) specifications,”
IEEE Std 802.11-2007 (Revision of IEEE Std 802.11-
1999), 2007.

“IEEE standard for information technology -
telecommunications and information exchange between
systems - local and metropolitan area networks - specific
require-ments part 11: Wireless lan medium access
control (MAC) and physical layer (PHY) specifications
amendment 8: Medium access control (MAC) quality of
service en-hancements,” IEEE Std 802.11e-2005
(Amendment to IEEE Std 802.11, 1999 Edi-tion), 2005.
K. Tang and M. Gerla, “Random access mac for efficient
broadcast support in ad hoc networks,” in Wireless
Communications and Networking Confernce, 2000.
WCNC. 2000 IEEE, vol. 1, pp. 454-459, IEEE, 2000.

J. Chen and M. Huang, “Beam: broadcast engagement
ack mechanism to support reliable broadcast transmission
in ieee 802.11 wireless ad hoc networks,” in Vehicu-lar
Technology Conference, 2004. VTC2004-Fall. 2004
IEEE 60th, vol. 4, pp. 28382842, IEEE, 2004.

M. van Eenennaam, W. K. Wolterink, G. Karagiannis,
and G. Heijenk, “Exploring the solution space of

592


http://www.ijisrt.com/

Volume 3, Issue 8, August — 2018 International Journal of Innovative Science and Research Technology
ISSN No:-2456-2165

beaconing in vanets,” in Vehicular Networking
Conference (VNC), 2009 IEEE, pp. 1-8, IEEE, 2009.

[21] R. Schmidt, T. Leinmuller, E. Schoch, F. Kargl, and G.
Schafer, “Exploration of adaptive beaconing for efficient
inter vehicle safety communication,” Network, IEEE,
vol. 24, no. 1, pp. 14-19, 2010.

[22] C. Sommer, O. K. Tonguz, and F. Dressler, “Adaptive
beaconing for delay-sensitive and congestion-aware
traffic information systems,” in Vehicular Networking
Confer-ence (VNC), 2010 IEEE, pp. 1-8, IEEE, 2010.

[23] R. Reinders, M. van Eenennaam, G. Karagiannis, and G.
Heijenk, “Contention win-dow analysis for beaconing in
vanets,” in Wireless Communications and Mobile Com-
puting Conference (IWCMC), 2011 7th International, pp.
1481-1487, IEEE, 2011.

[24] M. Torrent-Moreno, J. Mittag, P. Santi, and H.
Hartenstein, “Vehicle-to-vehicle com-munication: fair
transmit power control for safety-critical information,”
Vehicular Technology, IEEE Transactions on, vol. 58,
no. 7, pp. 3684-3703, 20009.

IJISRT18AG239 WWW.ijisrt.com 593


http://www.ijisrt.com/

