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Abstract

The connectivity among vehicles is affected by obstructions either static (e.g., buildings,
vegetation, hills) or mobile (other vehicles on the road). The low height of antennas onboard
the vehicles implies that the optical line of sight (LOS) can be obstructed by the obstructions,
in particular by the mobile obstructions causing disconnection among vehicles even within the
single hop transmission range. In this work, the channel modeling for vehicular communication
scenario is investigated in detail. Multiple knife-edge diffraction is proposed to account for
attenuation caused by vehicle along the propagation path. The vehicular communication
scenario is simulated in the ns-3 network simulator with four categories of vehicles and the
attenuation loss is calculated. The simulation results confirm that vehicles as obstructions can
be a major source of signal attenuation and a single vehicle can cause attenuation up to 20
dB in the road scenario.
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INTRODUCTION
While investigating the reliability of message
broadcast, the phenomenon of transmission
holes in the broadcast range has been
recently considered as a potential cause of
message loss in VANETs. In (Tonguz et al.
2007, Boban et al. 2011). conduct extensive
experiments to prove the presence of
reception holes in the transmission range.
The authors report mobile obstacles (i.e.,
vehicles), primarily in the LOS, as a major
cause of loss in the signal strength, resulting
in some portions of the broadcast region
being completely uncovered. The studies
show that a single obstacle can cause an
RSS drop of over 20 dB when two cars
communicate at a distance of 10 m; while in
NLOS conditions the chances of a successful
communication become 90% (Ros et al.
2012, Santos et al. 2004).

Coverage of nodes located in the
transmission holes is a challenging problem
in any wireless scenario. The nodes located
in the transmission holes are completely

oblivious of the activity in the wireless
channel. Consequently, the detection of a
packet loss becomes challenging considering
the limitation of the use of a feedback
mechanism in a broadcast scenario. The
proposed attenuation and detection model
employs constant observation of the
immediate neighborhood by each vehicle.
RSS is estimated using the angle between
the given receiver (immediate neighbor) and
the sender (verifier node is aware of the
original sender node and its respective
location). Any node in the direct LOS path
between sender and receiver is counted as
obstacle with its impact on the signal loss
depending on the its vehicle type (Tonguz et
al. 2007, Boban et al. 2011). Loss caused by
road surroundings and road geometry can
also be included for additional accuracy in
RSS estimation (e.g., the propositions of
(Laouiti et al. 2009, Otto et al. 2009).

The proposed received-signal-strength
estimation technique uses a topological map
of the one-hop neighborhood. Each vehicle
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along the LOS path between the sender and
the receiver is counted as a source of signal
attenuation. The accumulated signal
attenuation is the sum of attenuation caused
by each vehicle along the LOS path. Multiple
knife-edge diffraction model is used to
account for the loss with each obstructing
vehicle counted as a source of diffraction.
The simulation results show that the
attenuation strictly depends on the angle of
the obstacle with the sender and the receiver
nodes. A single vehicle as obstacle can
cause a received signal strength drop
between 2 to 20dB.

ATTENUATION CAUSED BY VEHICLES

Determining the vehicles obstructing the
line of sight
Each vehicle maintains the geographical
topology of the one-hop neighborhood. The
topology is maintained in the form of
rectangles representing vehicles on a plane
in R2. The length and width of a vehicle is
exchanged in the beacon messages, along
with the height of a vehicle. The height of a
vehicle will be considered while computing
the signal loss using knife-edge diffraction. A
vehicle causing obstruction in the line of sight
between the sender and the receiver is
determined by testing if an intersection exists
between the line segment (joining the sender
and the receiver) and the rectangle
representing the vehicle in the path.

Figure 1: Determining the intersection between a line segment
and a rectangle.

Let  be the line segment representing the
line of sight between the sender and the
receiver,  and ABC D be the rectangle
representing the vehicle in the propagation
path. If the endpoints of the line segment
are (xs , ys) and (xr , yr ), then a point (x, y)
is on the same straight line if

u.x + v.y + w = 0 with u = yr − ys , v = xs −
xr, and w = xs yr − xrys. The two half planes
defined by the line are u.x + v.y + w > 0 and
u.x + v.y + w < 0.

Additionally, it is also ensured that the vehicle
(rectangle) lies within the segment of the line
between the sender and the receiver,  and
not at a point on the line beyond the
sender or the receiver. To ensure this
condition, the  and ABC D intersection
verification is performed after the following
conditions holds true: (xob > xr and xob < xs )
or (xob < xr and xob > xs ) or (yob > yr and yob

< ys) or (yob < yr and yob > ys), where
(xob , yob) is the location of the obstacle.

Thus, if u.v + v.y + w  > 0,     ABC D; or if u.v
+ v.y + w   < 0,       ABC D,  there exists no
intersection between the line segment and
the rectangle ABCD. Therefore, the given
vehicle does not obstruct the line-of-sight
path between the sender node and the
receiver node. The given vehicle is
considered as an obstruction otherwise.

Estimating the Attenuation Caused by
Vehicles
After determining that a given vehicle lies in
the line of sight between the send and the
receiver, the impact of the vehicle on the
signal loss is estimated. The attenuation in
the radio link increases as vehicles obstruct
60% of the first Fresnel zone between the
sender and the receiver. The attenuation is
due to the diffraction that depends on the
obstruction level, the carrier frequency, the
shape of the obstruction, and the amount of
the obstruction in the path between the
sender and the receiver. We use the multiple
knife-edge diffraction model to estimate the
effect of vehicles as obstructions. The
prerequisite for the applicability of the knife-
edge diffraction model is that the wavelength
should be significantly smaller than the size
of the obstacle. Therefore, the application
of the model in the VANET scenario is
reasonable because the DSRC frequency of
5.9 GHz has a wavelength of approximately
5 cm, which is significantly smaller than the
size of a vehicle.

Attenuation Caused by Obstructing Vehicles in VANETs
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Figure 2: Single knife-edge diffraction between vehicles

The attenuation is estimated using the knife-
edge diffraction model described in the ITU-R
recom- mendation (Piorkowski et al. 2012).
The scenario is depicted in Figure 2. The
obstacle is viewed perpendicular to the radio
link between the sender and the receiver
vehicles. The approximation of the
attenuation (in dB) caused by a single knife-
edge obstacle L can be obtained using the
following equation:

The extension of the single knife-edge
diffraction model to multiple edge obstacles
is not immedi- ate. We follow the ITU-R
method, where correction factors are added
to the attenuation to improve the
approximation. The method consists of
applying single knife-edge diffraction
successively to multiple obstacles, with the
top of the preceding obstacle acting as a
source of diffraction for the following obstacle.
The case of multiple obstructions in the line
of sight is depicted in Figure 3. The total
attenuation caused by multiple vehicles,
following the multiple knife-edge diffraction
model, is given by

where Li is the diffraction loss over the ith
vehicle, assuming the source to be at the
edge of the  (i  − 1)th vehicle. The function
CN is a correction factor dependent on the
parameters shown in Figure 3. The
correction factor is given by

Figure 3: Multiple knife-edge diffraction between vehicles

 where

Using the correction factor, the total
attenuation caused by the vehicles in the line
of sight path is calculated from Equation 43.
The attenuation Lt, along with the free-space
propagation loss, gives the total path loss
between the sender vehicle to the receiver
vehicle. The estimated received signal
strength becomes
RSS = PT x + GT x − Lld − Lt + GRx ,   (7)

where PT x is the transmitted output power
of the transmitter, GT x is the transmitter
antenna gain, Lls is the log-distance path
loss, Lt is the diffraction loss in the
propagation path, and GRx is the receiver
antenna gain. The vehicle is considered to
be located in a coverage hole when the
sensitivity threshold is RSS  < −98 dBm ( U.
technology. 2012).

Simulation analysis
Simulation Setup:  To analyze the
performance of the proposed RSS
estimation technique, the algorithm is fully
implemented along with the UMB scheme
and the SB scheme in the ns-3 simulator
(The ns-3 2011). The traffic mobility is
generated using the VanetMobiSim tool
(Haerri et al. 2006). The common
simulation parameters are summarized in
Table I. The ns-3 simulator lacks the multi-
knife diffrac- tion model, and as part of this
work, we have implemented a generic
multi-knife edge diffraction for ns-3. The
code is in the process of review for
submission to the upcoming version 3.16

(3)

(4)

(5)

(6)
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of the ns-3 simulator. The simulation
implements the three dimensional
propagation scenario in detail. Each
vehicle is considered with its three
dimensions information of height, width,
and length. Four different vehicle categories
are used with vehicle dimensions as
described in Table II. The simulation uses
a four-kilometers of road-length with
unidirectional roads in two lanes. Six
different vehicle densities are tested with
densities from five to 30 nodes per 300
meters length of the road (i.e., the one-hop
distance). Vehicles are assigned Gaussian-
random speed with a mean of 50 miles per
hour and a standard deviation of three
miles per hour. The minimum safe headway
between the vehicles is kept as 1.5 seconds.
Log-distance path-loss model is used with
path loss exponent equal to 3
(Blaszczyszyn et al. 2009). The physical
channel is characterized in detail using the
multi-knife diffraction loss model. The
propagation is followed along the entire
path between the sender and the receiver.
The effect of each vehicle as obstacle along
the path is considered. Each vehicle along
the path is first evaluated using the
obstruction detection technique described
the attenuation caused by the vehicle is
estimated using the knife-edge diffraction
model.

RESULTS AND DISCUSSION
 In Figure 4, the proportion of vehicles with
the LOS and NLOS communication is
depicted for one-hop neighborhood. The
figure shows the average number of vehicles
in the line of sight or non-line of sight to the
sender with varying distance from the sender.
The result depicted in the figure represents
the average based on evaluation over
varying vehicle density between five nodes
and 30 nodes per 300-meter distance of the
road. In the figure, it is noticed that the ratio
of vehicles with unobstructed and obstructed
line of sight increases with increasing
distance between the sender and the
receivers. At a distance of 50 meters, most
of the vehicles are in line of sight with the
transmitter, and the propagation loss is only
affected by the attenuation in the free-space.
However, at a distance of 100 meters and
beyond, the majority of the receivers are in
non-line of sight with the transmitter, which
can incur excessive diffraction loss due to
vehicles along the path. Therefore,
characterizing the physical channel of the
vehicular scenario by considering the free-
space and the road surrounding objects as
the only parameters affecting the
propagation can result in inaccurate
coverage estimation. Moreover, the non-line
of sight path for majority of receivers at farther
distances has high likelihood of coverage
holes, where a given vehicle fails to receive
the safety message.

To further quantify the existence of vehicles
as obstacles in the propagation path, the
average number of obstacles is depicted
against the distance from the transmitter in
Figure 5. The average  number of obstacles
along the propagation path are shown for
three different node densities. In the figure,
the propagation path is mostly a direct LOS
at a distance close to the transmitter. How-
ever, with increasing distance, in addition to
the path being mostly obstructed by the
surrounding vehicles, the number of
obstructing vehicles also increases. Similarly,
increasing the density of traffic has a direct
affect on the number of obstructing vehicles.
Therefore, at a distance of beyond 200
meters from the transmitter and at a density
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of 30 nodes per 300 meters, the average
number of vehicles acting as obstacles in the
propagation path for a given receiver is over
eight vehicles. Considering the potential
attenuation caused by an obstructing vehicle
(depending on the type of the vehicle), there
is a high likelihood that a given receiver does
not receive the safety message due to
excessive attenuation along the path. It is
also noted that the effect may be dominant
at a farther distance from the transmitter,
however, coverage at a closer distance of 100
meters can potentially be effected by
excessive attenuation due to vehicles as
obstacles. At a close of distance of 100
meters, even though the number of vehicles
as obstacles can be four or less, however,
larger obstructing vehicles (e.g., a trailer
truck) can result in acute attenuation of up to
18 dB per vehicle. Thus, vehicles located at
a closer distance to the transmitter are also
susceptible to being located in the coverage
holes.

Figure 4: Average number of neighbors with obstructed and
unobstructed line of sight.

In Figure 6, a thorough comparison is
presented for the signal reception in the line
of sight and non-line of sight path. In the
figure, line of sight represents the case
where the vehicles are not considered to be
causing obstruction and attenuation, while
the obstructed case accounts for the average
received signal strength (RSS) where the
attenuation caused by each vehicle along the
propagation path is considered. Since the
number of obstacles in the close vicinity of the
transmitter are near negligible, the average
RSS is almost equal for the two cases in

the close vicinity of the transmitter. However,
the attenuation due to obstacles is
pronounced over farther distances and the
difference in the measured signal for the two
paths increases with distance. Note that the
figure also illustrates the minimum measured
RSS for the obstructed path that clearly
confirms the notion of holes being present all
across the one-hop neighborhood. In other
words, even at close distances, there are
instances where the attenuation caused by
vehicles is strong enough to prevent
coverage of a particular location in the path.
The reason for such an effect, as stated
previously, is the type of vehicles obstructing
the path. For example, a combination of a
trailer truck and smaller vehicles can cause
high attenuation even with a few number of
vehicles as obstacles in the propagation
path. The existence of holes in the broadcast
range results in some vehicles being
oblivious of a safety message broadcast, and
not performing the necessary safety
maneuver. Therefore, it becomes
indispensable to cover nodes being located
in the coverage holes to ensure the critical
VANET requisite of reliability of the delivery
of the safety message.

Figure 5:  Average number of vehicles as obstacles in the line
of sight.

Figure 6: Average received signal strength for the obstructed
and unobstructed line of sight.
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CONCLUSION
In this work, the attenuation caused by
vehicles is investigated in vehicular
communication sce- nario. Received signal
strength estimation is proposed that uses
multiple-knife edge diffraction to calculate the
loss caused by each vehicle along the
propagation path. The vehicular
communication scenario is thoroughly
simulated in the ns-3 network simulator with
four categories of vehicular traffic. Three
dimensional ray-tracing technique has been
used to detect vehicles as obstacles along
the path. The investigation reveals that a
single vehicle can cause an RSS drop of
about 2 to 20dB depending upon the
dimensions of the vehicle and the angle of
the obstacle with respect to the sender and
receiver. Further investigation may be
conducted to account for the loss caused by
surrounding vegetation and structures along
the propagation path.
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