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Abstract—Realistic radio channel models are crucial for the 
success of vehicle-to-vehicle (V2V) system investigations. In this 
paper, we describe the important parameters for V2V channel 
modelling and summarize relevant measurement campaigns. 
Also, we develop and evaluate an ns-3 simulation model of a 
realistic V2V channel model that is based on measurements in 
Sweden. The channel model incorporates the effects of obstacles 
between the transmitter and the receiver. We show that the 
resulting path loss is very different compared with available 
models. 

Keywords-vehicular communications; radio channel models; 
network simulation 

I. INTRODUCTION 
Vehicular networks are currently a very popular research 

area and an interesting implementation platform for a variety of 
applications including those which have the potential to 
significantly improve road safety. In the medium access control 
(MAC), network, transport and security layers, new protocols 
need to be developed, analyzed and compared in order to create 
reliable applications based on these protocols. Regarding the 
physical layer, new IEEE and ETSI standards are currently 
under development. 

There are several disruptive properties of the radio channel, 
such as severe fading and high attenuation, which can cause 
high bit error rates, large latency, packet errors and frequent 
retransmissions. Typical consequences are less throughput, 
deterioration of the applications’ performance, and even link 
outages. In vehicular communication systems, safety 
applications cannot allow these detrimental outcomes to occur 
with high probability. Therefore, these systems must 
incorporate several techniques, including antenna diversity, 
power control, channel coding and interleaving, equalization, 
network coding as well as efficient transmission schemes, to 
handle the influence of the radio channel. 

A channel model is a representation of the main 
characteristics and properties of a propagation medium, i.e., the 
properties that have an impact on the system performance. As 
the majority of the protocol tests are done in computer 
simulations, the selection of the right channel model is vital in 

order to know the real performance of that protocol. Therefore, 
it is necessary to study and define a suitable channel model for 
vehicular communications. Bad channel models lead to 
inaccurate results but also to a wrong judgment on the 
comparison between different upper protocols.  

In Vehicle-to-Vehicle (V2V) systems, the radio channel has 
certain characteristics that make it unique: transmitters and 
receivers are mobile, antennas are placed at low elevations, the 
Doppler frequency is usually high, the channel is statistically 
non-stationary, etc. Not all of these characteristics are included 
in current radio channel models used for cellular 
communications, where only the receiver is mobile, the base 
station antenna is placed at a higher location and channel 
statistics are stationary. Thus, new channel models are needed 
to characterize these new scenarios. 

We need a channel model that reproduces the propagation 
mechanisms in vehicular communications; and it has to be a 
model suitable for a computer implementation, where the 
environmental parameters can easily be changed. In this paper, 
a geometric stochastic channel model (GSCM) for V2V 
communications are described and analyzed. Further, we 
develop and implement a ns-3 simulation channel model for 
V2V systems, based on the measurements in [1][6][15]. We 
compare this model with models already available in ns-3. 

II. CHANNEL PARAMETERS 
For single antenna systems, the influence of the channel can 

be described by the time-variant impulse response, h( , ), 
which is the superposition of the contributions of all the 
multipath components (attenuated, delayed and phase shifted 
echoes of the signal) that arrive at the receiver because of 
reflection, diffraction, wave-guiding or another propagation 
mechanism. This function is time-variant; it shows the response 
of the channel at a time t is due to an impulse input at a time t-
τ. Although the impulse response contains all the information 
about the channel, there are condensed parameters which 
describe the channel in a more compact way, e.g. path loss, 
fading statistics, Doppler spread and delay spread. 
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A. Path Loss 
Path loss is the small-scale attenuation of a radio signal as it 

propagates through the medium. It includes many effects, such 
as free-space loss, refraction, diffraction, reflection, coupling 
loss and absorption; and these propagation mechanisms depend 
on the terrain contours, the environment (e.g. urban or rural), 
the medium`s characteristics, the distance between the 
transmitter and the receiver, and the height and location of 
antennas. The average path loss is calculated in a deterministic 
way based on the distance d. It usually increases as a function 
of distance like dn, where n is the path loss exponent. It should 
be noted, however, that the non-averaged path loss usually 
includes large-scale fading and, thus, has a random component. 

B. Fading Statistics 
Fluctuations of the received power can occur on a very 

short distance, of roughly one wavelength, due to the 
interference between multipath components, be it constructive 
or destructive. These fluctuations are called “small-scale 
fading” and are described statistically. The most common 
distributions to describe the variations in received signal 
amplitude are Rayleigh distribution for non-line-of-sight (non-
LoS) and Rice distribution for line-of-sight (LoS) scenarios. 
Sometimes, large objects can obstruct the communication link, 
generating shadowing or “large-scale fading”. The latter is 
usually described by a log-normal distribution with a standard 
deviation given by the scenario . 

C. Power Delay Profile 
The power delay profile (PDP), (Ph(τ)), contains 

information about how much power arrives at the receiver with 
a delay between [τ, τ+dτ] and it can be calculated as the 
squared magnitude of the impulse response, averaged over the 
small-scale fading. The PDP provides a description of the 
frequency selectivity of the channel (how “spread out” the 
received waveform is, if we transmit a short pulse) and 
determines the available frequency selectivity and the required 
length of the cyclic prefix in orthogonal frequency-division 
multiplexing (OFDM) systems. 

D. Doppler Spectrum 
The Doppler spectrum describes the broadening of the 

received spectrum due to the different Doppler shifts of the 
different multipath components. The root mean square Doppler 
spread (the second moment of the Doppler spectrum, analogy 
to the moments of the PDP) describes the frequency dispersion 
and the temporal variability of the channel. 

It is important to note that PDP and the Doppler spectrum 
for vehicular environments are only valid for a short period of 
time. Otherwise, the conventional assumption of “wide sense 
stationarity - uncorrelated scatterers” (WSSUS) does not hold. 

III. CHANNEL MODELS 
There are several approaches when developing a radio 

channel model. The first of these, namely the ray tracing 

models, are very powerful and, with an appropriate 
environment model, the agreement between measured and 
simulated receive powers can be accurate. The channel model 
presented in [2] can be included in this deterministic channel 
model category. The problem with this model is its high 
computational requirements (i.e. computer time), the difficulty 
of varying the environment, and the problem of getting a 
detailed enough description of the environment (i.e. a good 3-
dimensional map). 

Another group of channel models is the stochastic channel 
models. These models provide statistics of the power with a 
certain delay, Doppler shift, etc. The tapped-delay-line channel 
model presented in [3] belongs to this category. The main 
drawback with this model is the WSSUS assumption and the 
supposition of a fixed Doppler spectrum for every delay. Many 
measurements have demonstrated the erroneous nature of these 
hypotheses. The non-stationarities of V2V communication 
channels can be modelled by a birth/death process like in the 
model presented in [4]. However, these models do not account 
for the “drift” of scatterers into different delay bins, which can 
also lead to an unexpected appearance and disappearance of 
strong multipath components, as explained in [5]. 

The third major approach to the modeling of V2V channels 
are the geometry-based stochastic channel models (GSCM), 
which simulate the channel by using randomly placed 
scatterers in the simulation environment, performing a 
simplified ray tracing and, summing up the total signal at the 
receiver. These kinds of models have a lot of advantages. They 
take non-stationarities into account automatically. Also, they 
model inherently the multiple-input multiple-output (MIMO) 
properties of the channel; and it is easy to change the antenna 
influence. Furthermore, the environment can be easily changed; 
and GSCM are much faster than deterministic ray tracing. The 
drawbacks of these models are that the generation of 
realizations of channel impulse responses requires more 
computer time than in tapped-delay-line models and, even if 
this kind of models try to be valid for all possible scenarios, 
that the measured data characterize only a certain area, which 
means that they may not fit in scenarios with different 
characteristics than those of the measured environments. 

IV. RELATED WORK 
There are many radio channel models available in the 

literature. Some of the most relevant ones, those mainly based 
on measurements, are described here. 

In [4], an empirical channel model is proposed based on a 
V2V measurement campaign in the city of Ohio, collecting 
data at different times of the day and under different traffic 
conditions and scenarios. Using their channel measurements, 
the authors model the channel as a time-varying filter. For 
testing their V2V channel model, they simulate the standard 
IEEE 802.16 over it [10]. Their results confirm that the 
traditional WSSUS assumptions are rather optimistic and not 
necessarily valid for the V2V environment. 



In [3], three V2V radio channel models, (one for each 
different environment, namely highway, urban, and canyon) 
are proposed. The models are based on a measurement 
campaign run at 5.9 GHz in the metropolitan area of Atlanta, 
USA. They are “tapped delay line” models, where each tap is 
described as having Rician or Rayleigh fading and by a 
Doppler power spectral density from a small collection of 
shapes. Also, the models assume WSSUS conditions. 

In [2], a V2V channel model is proposed that is based on 
ray-tracing as well as the modelling of the road traffic, of the 
environment adjacent to the road, and of the wave propagation 
between the vehicles. By assigning appropriate reflection and 
diffraction properties to the buildings, the authors generate a 
scenario and simulate the channel behaviour. They also 
compare the simulation results to wide-band measurements at 
5.2 GHz, showing an extremely good agreement. 

In [11][12], the objective is to show that the channel models 
available in ns-2 [19]1, the highly acclaimed network simulator, 
are too optimistic and, by simply introducing some buildings to 
the simulation, the results are far from the reality. They 
compare the existing models with three models of their own. 
For testing their models, the authors create a simulation 
environment, using: standard 802.11p, a MAC layer with 
priorities, streets with two lanes and buildings at the sides, road 
intersections and a mobility model called the “downtown 
model”. They compare their models with the “two ray ground” 
model available in ns-2. In the two ray ground model, the 
received energy is the sum of the direct LoS and the reflected 
component from the ground. It does not consider obstacles; and 
transmitter and receiver have to be at the same height. The 
results underline the necessity of taking into consideration the 
position of the cars against each other; e.g. it is necessary to 
model the interruption of LoS when there is an obstacle 
between the transmitter and the receiver. 

In [13], the impact of realistic radio propagation models on 
the design of vehicular communication systems is investigated. 
Using the data from a measurement campaign in urban and 
suburban environments in Chicago (at 2.412 GHz), the authors 
find that the signal propagation varies especially between LoS 
(down the block) and non-LoS (around the corner) conditions. 
For example, the effective communication window for two 
vehicles in an urban environment can be nearly 35% shorter 
than in an open field (45 s vs. 70 s), and the total throughput 
can be twice as much in the open field case. 

In [14], a new geometry-based channel model is proposed, 
in which vehicles move towards a junction with a side road and 
corner buildings. The authors conclude that the distance from 
the receiver as well as from the transmitter to the corner has a 
big impact on the temporal and frequency correlation 
properties. 

                                                           
1 The same channel models are also available in ns-3. 

V. A GSCM FOR V2V COMMUNICATIONS 
In [6][15], a parameterized GSCM for V2V is proposed; 

and in [1], a corresponding path loss model is introduced. The 
models are based on the measurements from a highway near 
the city of Lund, Sweden. The highway measurements are 
performed on a two-lane highway, with a low separating wall 
between travel directions, low-rise commercial buildings as 
well as fields on the roadside, and low to medium traffic 
density. The authors performed the measurements with the 
transmitter and the receiver driving in the same direction as 
well as in the opposite.  

First, the V2V channel characteristics are analyzed. 
Regarding the time-delay domain, the measurements show that: 

• The LoS path is always strong. 

• Significant energy is available in discrete components, 
represented by a single tap. 

• Important discrete multipath components typically 
move through many delay bins during a measurement, 
i.e., the WSSUS assumption is not valid. 

• Discrete components can be mobile or static scattering 
objects. 

• The LoS tap is usually followed by a tail of weak 
components that can be described by a Rayleigh 
distribution. 

Looking at the delay-Doppler domain, the following 
conclusions are made: 

• The Doppler spectrum can change significantly during 
a measurement because of the movement of the 
receiver, the transmitter and the scatterers. 

• The Doppler spread of discrete scatters is typically 
small. 

• There is a part of the channel denoted as “diffuse”, 
which is composed of a tail of weak components with 
large delay as well as Doppler spread. 

The channel characterization is concluded by an analysis of 
the time-varying signal contribution of the discrete scatterers, 
finding out that the standard GSCM way to model the complex 
path amplitudes as non-fading is not suitable in this case. After 
this analysis, the authors present their geometry-based 
stochastic MIMO model: 

The model in [15] distinguishes between three types of 
scatterers: mobile-discrete (MD), static-discrete (SD) and 
diffuse (DI); and they model the double-directional, time-
variant, complex impulse response of the channel, h(t,τ). The 
impulse response is divided into four parts: (i) the LoS 
component; (ii) discrete components stemming from reflections 
off mobile scatterers; (iii) discrete components stemming from 
reflections off static scatterers; and (iv) diffuse components. 
The model requires some signal model parameters that the 
authors have extracted from the measurement data.  



In [1], a path loss model is proposed for four different types 
of V2V environments: Highway, rural, suburban and urban. 
From the 62 million time-samples of the channel transfer- 
function that they obtain during the measurements, the authors 
determine the small-scale averaged channel gain, Gssa(tk). The 
path loss (PL) is calculated from  Gssa(tk) as: 

 akssak GtGtPL 2)(log10)( 10 −−= , (1) 

where Ga is the gain of the transmitter and receiver antennas. 

For network simulations, the interesting value is PL as a 
function of the position of the transmitter and the receiver, not 
of the time sample tk. Thus, using the recorded geographical 
location data, the authors model the distance-dependent path 
loss as: 
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where d is the transmitter-receiver distance, n is the path loss 
exponent, PL0 is the path loss at a reference distance d0 = 10 m, 
and X is a zero-mean, normally distributed random variable 
with standard deviation σx. It should be noted that this model is 
valid only for d > 10 m. This limitation came from the absence 
of valid measurements for transmitter-receiver separations 
smaller than 10 m. 

The parameters of the model, extracted from data for 
different environments, can be found in Table I. 

VI. IMPLEMENTATION IN NS-3 
In order to design and tune all the layers that compose a 

system, we need to perform tests and simulations. In vehicular 
communications, the simulations are especially important due 
to the difficulty of performing real tests in the roads involving 
hundreds of cars. Thus, we develop a simulation model using 
the implementation “recipe” in [6]. 

We prefer ns-3 [7] for our simulations because of its large 
number of models and functionalities. In addition, ns-3`s 
behavior is highly trusted within the networking community. 
Ns-3 is a discrete-event network simulator, specialized on 
Internet systems, created for research and educational use; and 
it allows us to study large-scale systems in a controlled 
environment. Ns-3 is free software, licensed under the GNU 
GPLv2 license, and it is proposed as a replacement for the 

popular ns-2 simulator.  

A. Model Description 
Because of its advantages mentioned above and its ability 

to create realistic temporal variations of the channel, we pick 
the model developed in [6] for implementation in ns-3. We call 
the model simply “Lund Model”. It is in the GSCM category. 
As mentioned previously, the basic idea of a GSCM model is 
to place a group of scatterers between the transmitter and the 
receiver, according to a statistical distribution, assign them 
different channel properties, determine their signal contribution 
and finally sum up the total contribution at the receiver. 

Our implementation consists of two versions, which we call 
Lund Model 1 and Lund Model 2. Lund Model 1 implements 
the complete GSCM model presented in [6], which allows us to 
calculate the impulse response of the channel depending on the 
positions of the scatterers, the transmitter and the receiver. 
Lund Model 2, on the other hand, implements the path loss 
model described in [1], which allows us to calculate the path 
loss of the channel for different environments depending on the 
distance between the receiver and the transmitter. 

Note that the latter model is based on the specific 
conditions during the measurements; so the number and 
positions of the scatterers is modelled in the random variable X 
and its standard deviation σx This means that the second 
method is more general and might be unrealistic in scenarios 
very different from the measurement environment described at 
the beginning of the previous section. If we try to simulate the 
channel in a highway with different conditions, e.g. high traffic 
density, a 4-lane highway, high-rise buildings, etc, the 
parameters may change considerably and the results might be 
quite different. 

The results from the first model, on the other hand, are 
based on the number and position of the scatterers and, even if 
the parameters are calculated for conditions different from 
those of the measurements, these results are more general. 

B. Channel Modelling in ns-3 
As we simulate the characteristics of a wireless channel in 

ns-3, we utilize the following classes: YansWifiPhy (the 
physical layer), YansWifiChannel (the wireless channel) and 
PropagationLossModel (the different path loss models). 

YansWifiPhy is a reimplementation of the ns-3 class called 
WifiPhy [8]. It manages the different properties of the channel 
and allows the user to know the number of devices connected 
to the wireless channel and “get” one of them in order to work 
with it. 

The class also sets the propagation loss model and the 
propagation delay model to be used; and it contains a method 
to send packets. The method needs to receive the following as 
arguments: (i) the device that wants to transmit; (ii) the packet 
to send; (iii) the transmit power; (iv) the transmit mode; and (v) 
a preamble for the packet. The propagation delay model 
calculates the propagation delay between a specified source and 

TABLE I.  PARAMETERS OF LUND CHANNEL MODEL [1]. 

Scenario PL0 n σx (dB) 
Highway 31.9 1.83 4.98 
Rural 35.9 1.51 4.44 
Suburban 36.9 1.54 1.99 
Urban 39.8 0.76 5.33 



the destination of the transmission. The propagation loss model 
uses different propagation channel models in order to calculate 
the received power depending on the transmitted power and the 
mobility model for the transmitter and the receiver. 

C. Lund Propagation Loss Model 
Lund Model is a propagation loss model, i.e. it returns the 

received power, based on the transmitted power and the 
environment. This last point makes this model especially 
suitable for V2V communications, because it takes into 
consideration the position of all the possible scatterers 
surrounding the transmitter and the receiver, in order to 
calculate the real received power. This means that the received 
power is not only a function of the distance between transmitter 
and receiver, but also, it considers the distance to the other cars 
in the road, to the road signals and other discrete scatterers and 
to the diffuse scatterers on the side of the road. 

Figure 1 depicts the relation between the different classes in 
ns-3 and the changes implemented in the simulator. Each level 
has access to all the methods and information of the objects 
below it, i.e., YansWifiPhy can use the methods of its 
YansWifiChannel and PropagationLossModel, but 
YansWifiChannel has only access to the methods of its 
PropagationLossModel and PropagationDelayModel. Also, 
classes cannot access any method or variable of their upper 
classes. In other words, ns-3 was not designed to allow access 
from the propagation loss models to any method of the channel 
or physical layer. The problem is that our new class, 
LundPropagationLossModel, needs the position of all the 
nodes in each instant. In order to have access to that 
information and, thus, to successfully integrate our model as a 
new class into ns-3, there are two changes we need to make in 
the simulator’s source code: 

• Set the channel: In order to have access to all the nodes 
and their information, LundPropagationLossModel 
needs to know the current channel where all the nodes 
will be added. Hence, in all the classes that call 
LundPropagationLossModel, we have to use the 
method SetChannel () before defining the propagation 
loss model for the channel. The method is included in 
LundPropagationLossModel and is different from the 

one available in YansWifiPhy, although they have the 
same purpose: send to the respective class the object 
that represents the current channel. 

• Get the nodes connected to the channel: Once we have 
sent the current channel to our class, we can access all 
the methods of the class called Channel in ns-3. As of 
ns-3.6, the latest ns-3 release at the time of this study, 
there is not any method that can return the list of all the 
devices connected to the channel. In order to add this 
functionality, we need to include a method called 
GetPhy () in YansWifiChannel. 

Regarding the mobility model, there is not any suitable ns-3 
mobility model for V2V communications; but there is a 
separate module that can be developed in the same way as the 
propagation loss models are developed. For our simulations, 
we have used (i) a constant position mobility model with static 
nodes, performing the movement of the cars manually for each 
simulated instant; and (ii) a constant speed mobility model, 
where cars move on a straight line. 

VII. SIMULATION SCENARIOS 
We use two different simulation scenarios. The validation 

test is about transmitting a defined number of packets to all the 
nodes in a scenario, and then calculating the path loss for each 
path, using different propagation loss models. 

A. Scenario 1 
In the first scenario, we have a common highway snapshot, 

with 7 cars travelling in both directions. The cars represent a 
transmitter (TX), a receiver (RX) and 5 mobile scatterers. Also, 
there are 4 static scatterers (road signs) and 6 diffuse scatterers 
(buildings) on the side of the road. Although these numbers are 
too small for realistic simulations, we think this small-scale 
scenario is sufficient as proof of concept. In this scenario, there 
is no difference between being a receiver and a mobile 
scatterer. All the nodes receive packets. Figure 2 illustrates the 
scenario in a simplified way, depicting as stars all the nodes 
taking part in the simulation. 

 

Figure 2.  Scenario 1 – a highway with 7 vehicles travelling in both 
directions, 4 road signs and 6 buildings. 

 

Figure 1.  Relations between the WiFi methods and classes in ns-3. 



B. Scenario 2 
An extra capability of Lund Model is the detection of an 

obstruction in LoS between the receiver and the transmitter. 
This is a result of the fact that all position information is used 
in the calculations. Therefore, the second scenario, illustrated 
in Figure 3, introduces some obstructions of LoS to test this 
capability. In this scenario, there are 6 mobile, 2 static, and 4 
diffuse scatterers, in addition to TX and RX. The mobile 
scatterers S12 and S9 want to receive the transmitted signal. 
They suffer the obstruction from S1 and RX, respectively; and 
that is especially important for S9, which, in addition to being 
obstructed, is also located far away from the transmitter. The 
obstruction constraint is impossible to detect using the other 
models available in ns-3; and Lund Model allows us to model 
the large scale fading effects with its special capability. 

C. Compared Propagation Loss Models 
The class PropagationLossModel can use different 

propagation channel models in order to calculate the received 
power as a function of the transmitted power as well as the 
mobility model of the transmitter and the receiver. So, we 
compare our model to the available propagation loss models in 
ns-3. Friis propagation loss model calculates the propagation 
loss according to the Friis formula [16]. Log-distance 
propagation loss model calculates the propagation loss with a 
so-called log-distance formula [17]. Finally, Nakagami 
propagation loss model applies the Nakagami-m fast fading 
propagation loss model [18]. 

VIII. RESULTS 
In this section, we evaluate the Lund Model implementation 

in ns-3 and compare it with the available propagation loss 
models mentioned above. 

A. Scenario 1 
Table II shows the results for the first simulation scenario. 

As can be seen, the data from Lund Model (both 1 and 2) differ 
significantly from the results of the other models. However, 
this table alone is not sufficient for validation. Therefore, the 
results of our model are also compared to the data from the 
measurement campaigns in Lund. The measurement results are 
shown in Figure 4, where the dashed blue line represents the 

mathematical model obtained from the measurements and 
formulated by Equation 2 with a measured path loss exponent 
of 1.83. The details can be found in [1][9]. 

Table II and Figure 4 show us together that, at least for 
distances between 10 m and 50 m, the data from Lund Model 
(Lund1 and Lund2) match very well the measured results. If we 
compare the reference values (lower and upper bounds) from 
Figure 4 to the results given in Table II, we see that Nakagami 
Model (Naka) is too optimistic, whereas Friis Model (Friis) 
and log-distance model (LogDist) are overly pessimistic. 
Another interesting result from Table II is that S2 and S3, being 
located at the same distance from the transmitter, get the same 
path loss values from Friis and LogDist. Lund1, Lund2 and 
Naka, however, produce different values since their methods 

Figure 3.  Scenario 2 – a highway with 8 vehicles, 2 road signs and 4 
buildings. S12 is obstructed by S1, and S9 by RX, as TX transmits. 

TABLE II.  PATH LOSS (DB) RESULTS FOR SCENARIO 1. 

Node Dist (m) Lund1 Lund2 Friis LogDist Naka 
RX 14.70 35.8 37.7 70.0 81.7 20.2 
S1 30.33 42.0 41.6 76.3 91.1 16.3 
S2 50.20 46.0 44.5 80.7 97.7 15.7 
S3 50.20 46.1 39.4 80.7 97.7 14.9 
S4 11.40 35.0 31.8 67.8 78.4 15.5 
S5 26.57 41.1 42.3 75.2 89.4 18.9 
S6 51.25 46.3 42.9 80.9 98.0 20.8 
S7 15.05 37.1 35.6 70.2 82.0 20.5 
S8 50.45 46.0 46.1 80.7 97.8 14.4 
S9 12.06 36.4 33.7 68.3 79.1 13.3 
S10 9.25 33.1 31.9 66.0 75.7 19.9 
S11 10.51 30.3 35.2 67.1 77.3 17.6 
S12 13.62 33.5 34.9 69.4 80.7 19.9 
S13 27.55 41.6 39.0 75.6 90.1 15.3 
S14 13.75 36.0 36.0 69.4 80.8 21.3 
S15 17.00 37.5 35.0 71.3 83.6 19.1 

 

 

Figure 4.  Path loss measured on the Lund highway [1]. 



do not depend on the distance only. 

In order to validate our Lund Model implementation, we 
perform a more extensive simulation with 20 receivers. 
Changing the cars’ locations, we first create 200 different 
snapshots. We then derive a trend line from the resulting 4000 
path loss calculations (i.e. data points) for the models Lund, 
Friis, and log-distance. Figure 5 shows the result of this 
simulation. We can see how the trend line of the simulated path 
loss, using Lund Model (black; with a path loss exponent of 
n = 1.81), is similar to the trend line of the measured data (red; 
with a path loss exponent of n = 1.83). The trend lines we 
obtained using Friis (green) and log-distance (blue) 
propagation loss models do not match the reference line from 
the measurement campaign as closely as our model does. 

B. Scenario 2 
Table III shows the path loss measured at various nodes 

when the transmitter sends a packet in the second scenario. 
Here, our attention is particularly drawn to S9 and S12; the 
mobile scatterers suffering from obstruction; and we compare 
their path loss values to those of S11 and S10, respectively, 
which are at a comparable distance from TX, only not 
obstructed. From the table we can see that only Lund Model 1 
satisfactorily distinguishes between obstructed and 
unobstructed nodes (i.e. S9 vs. S11 and S12 vs. S10), assigning 
them quite different path loss values. The other models do not 
take the impact of obstructed LoS into account as effectively as 

Lund Model 1, and assign the nodes in question path loss 
values which fail to reflect the situation more realistically. 

If we focus on the receiver and perform a simulation 
moving the nodes in the scenario with different speeds, we can 
compare the average path loss values calculated by the 
different ns-3 propagation loss models as a function of the 
distance. The results are illustrated in Figure 6. We can see that 
Lund Model 1 and Lund Model 2 return almost the same values 
and match the measurement results better, whereas the other 
two channel models give much higher values for this particular 
simulation. 

IX. CONCLUSIONS 
Accurate radio channel models are crucial for the realistic 

evaluation of a vehicular communication system’s 
performance, considering that most of these systems are 
investigated with large-scale simulations only. In this paper, we 

 

Figure 5.  Scenario 1 – comparison between two of the propagation loss 
models available in ns-3, Lund Model and measured data. 

TABLE III.  PATH LOSS (DB) RESULTS FOR SCENARIO 2 – THE 
SCATTERERS S9 AND S12 SHOW A HIGHER LOSS DUE TO THE OBSTRUCTIONS IN 

THEIR LINE OF SIGHT (LOS COMPONENT). 

Node Dist (m) Lund1 Lund2 Friis LogDist Naka 
RX 20.00 38.7 40.1 72.7 85.7 20.2 
S1 7.07 30.9 32.0 63.7 72.2 16.3 
S2 31.32 42.1 41.9 76.6 91.6 15.7 
S3 15.62 37.2 35.2 70.6 82.5 14.9 
S4 18.20 38.4 31.3 71.9 84.5 15.5 
S5 19.67 39.1 36.2 72.6 85.5 18.9 
S6 14.22 29.3 38.1 70.6 82.5 20.8 
S7 15.62 38.8 34.1 71.3 83.5 20.5 
S8 16.97 34.6 35.2 69.9 81.4 14.4 
S9 50.00 96.6 46.0 80.7 97.9 13.3 
S10 10.97 34.0 33.0 67.5 77. 9 19.9 
S11 30.41 42.2 43.6 76.3 91.2 17.6 
S12 10.61 55.0 32.9 67.2 77.4 19. 9 

 

 

Figure 6.  Scenario 2 – average path loss at the receiver. 



analyze a realistic radio channel model, which uses data from 
previous measurement campaigns in Sweden, developed for 
V2V communications. With the help of this channel model, we 
also develop a new propagation loss model to be used in 
computer simulations. We compare the new model to three 
other available models under two simulation scenarios in ns-3 
and show that, depending on the model used, there can be 
significant differences in the systems’ performance. 

ACKNOWLEDGMENTS 
This work is partly funded by the Lund Center for Control 

of Complex Engineering Systems (LCCC) and the Excellence 
Center at Linköping-Lund in Information Technology 
(eLLIIT). Maria Kihl is funded in the VINNMER program at 
the Swedish Governmental Agency for Innovation Systems 
(VINNOVA).All our ns-3 code is available on request. 

REFERENCES 
[1] J. Kåredal, F. Tufvesson, A. Paier, N. Czink, A.F. Molisch, “Four 

pathloss models for vehicle-to-vehicle communications”; IEEE 
Transactions on Vehicular Technology, unpublished – under review, 
2010. 

[2] J. Maurer, T. Fugen, T. Schäfer, W. Wiesbeck, “A new inter-vehicle 
communications (IVC) channel model”; Proceedings of the 60th IEEE 
Vehicular Technology Conference 2004 Fall, Vol. 1, pp. 9-13, Los 
Angeles, USA, 26-29 September 2004. 

[3] G. Acosta-Marum, M.A. Ingram, “Six time- and frequency-selective 
empirical channel models for vehicular wireless LANs”, IEEE Vehicular 
Technology Magazine, Vol. 2, No. 4, pp. 4-11, December 2007. 

[4] D.W. Matolak, I. Sen, “Vehicle-Vehicle Channel Models for the 5 GHz 
Band”; IEEE Transactions on Intelligent Transportation Systems, Vol. 9, 
No. 2, pp. 235-245, June 2008.. 

[5] A.F. Molisch, F. Tufvesson, J. Kåredal, C. Mecklenbräuker, 
“Propagation aspects of vehicle-to-vehicle communications: an 
overview”, Proceedings of the 4th International Conference on Radio 
and Wireless Symposium, pp. 171-174, San Diego, USA, 18-22 January 
2009. 

[6] A. Paier, T. Zemen, J. Kåredal, N. Czink, C. Dumard, F. Tufvesson, A.F. 
Molisch, C.F. Mecklenbräuker, “A geometry-based stochastic MIMO 
model for vehicle to vehicle commmunications”; IEEE Transactions on 
Wireless Communications, Vol. 8, No. 7, pp. 3646-3657, July 2009. 

[7] The ns-3 network simulator, http://www.nsnam.org/, available online, 
last accessed 27 August 2010. 

[8] M. Lacage, T. R. Henderson, “Yet another network simulator”, 
Proceedings of the 2006 Workshop on ns-2, Pisa, Italy, October 2006. 

[9] A. Paier, T. Zemen, L.Bernardó, G. Matz, J. Kåredal, N. Czink, C. 
Dumard, F. Tufvesson, A.F. Molisch, C.F. Mecklenbräuker, “Non-
WSSUS vehicular channel characterization in highway and urban 
scenarios at 5.2 GHz using the local scattering function”; Proceedings of 
the International ITG Workshop on Smart Antennas, pp. 9-15, 
Darmstadt, Germany, 26-27 February 2008. 

[10] D.W. Matolak, “Channel modeling for vehicle-to-vehicle 
communications”; IEEE Communications Magazine, Vol. 46, No. 5, pp. 
76-83, May 2008. 

[11] F.J. Martinez, C.-K. Toh, J.C. Cano, C.T. Calafate, P. Manzoni. 
“Realistic radio propagation models (RPMs) for vanet 
simulations”;Proceedings of IEEE Wireless Communications and 
Networking Conference, pp. 1-6, Budapest, Hungary, 5-8 April 2009. 

[12] F.J. Martinez, J.C Cano, C.T. Calafate, P.Manzoni, “CityMob: a 
mobility model pattern generator for VANETs”;Proceedings of IEEE 
International Conference on Communications Workshops, pp. 370-374, 
Beijing, China, 19-23 May 2008. 

[13] J.S. Otto, F.E. Bustamante, R.A. Berry, “Down to the block and around 
the corner: the impact of radio propagation on inter-vehicle wireless 
communication”; Proceedings of the 29th IEEE International Conference 
on Distributed Computing Systems, pp. 605-614, Montreal, Canada, 22-
26 June 2009. 

[14] H. Zhiyi, C. Wei, Z. Wei, M. Pätzold, A. Chelli, “Modelling of MIMO 
vehicle-to-vehicle fading channels in T-junction scattering 
environments”;Proceedings of the 3rd European Conference on Antennas 
and Propagation, pp. 652-656, Berlin, Germany, 23-27 March 2009. 

[15] A. Paier, T. Zemen, J. Kåredal, N. Czink, C. Dumard, F. Tufvesson, A.F. 
Molisch, C.F. Mecklenbräuker, “Measurement-based modeling of 
vehicle-to-vehicle MIMO channels”; Proceedings of IEEE International 
Conference on Communications, pp. 1-6, Dresden, Germany, 14-18 June 
2009. 

[16] H.T Friis, “A note on a simple transmission formula”, Proceedings of 
the I.R.E., Vol. 34, No. 5, pp. 254-256, May 1946. 

[17] T.S. Rappaport, Wireless Communications: Principles & Practice,2nd 
edition, Prentice-Hall, 2002. 

[18] K.W. Yip, T.-S. Ng, “A simulation model for Nakagami-m fading 
channels, m < l”, IEEE Transactions on Communications, Vol. 48, No. 
2, pp. 214-221, February 2000. 

[19] The network simulator ns-2, http://www.isi.edu/nsnam/ns/, available 
online, last accessed 27 August 2010. 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


