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Abstract—Today, Intelligent Transportation System (ITS) ap-
plications has made a great impact on improving the quality and
efficiency of the transportation system. This achievement has
attracted researchers to propose more ITS applications, partic-
ularly to improve the transportation safety through Vehicular
Ad Hoc Networks (VANETs). The major difficulty faced by
these researchers is the verification of their proposals or ideas
through field-trials or real-world experiments. Therefore, VANET
simulator becomes the best and the most economical alternative
to verify the validity and reliability of a proposed ITS application.
Among all the VANET simulators, the NCTUns 6.0 appears as
one of the most powerful tool due to its integrated platform of
network simulation and microscopic traffic simulation. To further
enhance the capability of NCTUns 6.0, we design and implement
a more realistic radio propagation model, specifically for VANETs
simulation. Through extensive simulations, it is shown that the
adoption of a more realistic channel model has greatly affected
the vehicles’ behavior, as compared to the commonly used two-
ray ground channel model.

I. INTRODUCTION

With the emergence of Vehicular Ad-hoc Networks

(VANETs), enhancing the transportation safety through the

VANETs has become one of the challenging research top-

ics recently. In a VANET, vehicles and road-side units are

termed as communication nodes. All of these communication

nodes are equipped with on-board sensors, computers and

wireless transceivers. Through standardized VANET MAC

protocol (e.g., the IEEE 802.11p), these nodes can exchange

information for various purposes. There have been plenty of

work proposed to improve the transportation safety through

VANETs. However, due to the high-mobility and large-scale

characteristics of VANET, the only economical and convenient

way to verify the validity of these works is through simulation.

A precise simulation can produce results similar to those in

the real world and thus can evaluate the network performances

of a newly proposed protocol or application. A VANET

simulator should include the following two components, traffic

simulator and network simulator. The traffic simulation gen-

erates the vehicles movement on the roads while the network

simulator provides the network communication between the

vehicles. There are several simulators which support the

VANET simulation [1] [4] [5] [6]. Among all, NCTUns 6.0

[1] [2] [3] is considered as one of the most powerful VANET

simulation tool due to its integrated platform of microscopic

traffic simulator and wireless network simulator. Furthermore,

with the support of GUI, NCTUns 6.0 provides researchers a

convenient mean to build and simulate a large scale VANET

simulation case.

The radio propagation model (also called the channel

model) is a formula for the characterization of radio propaga-

tion. It is used to predict the radio propagation from one place

to another in a specific condition or environment, such as in

the urban area. This model predicts the path loss to determine

the available wireless links among vehicles or to determine the

transmitter’s effective coverage range. In VANET simulations,

the most commonly used radio propagation models are free-

space model and two-ray ground model due to their simplicity.

However, it is known that these two models are too simplified

and inappropriate for VANET simulations, especially when the

considered network environment is a densely built-up urban

area.

To improve the credibility of VANET simulation results,

we design and implement a more realistic radio propagation

model, namely, the New University Kangaku (New U.K.)

model [7] on NCTUns 6.0. This model was proposed specif-

ically for simulations of VANET in a highly-populated city

environment such as Tokyo. The remaining of the paper is

organized as follows. In section II, we briefly introduce the

the New U.K. model. In section III, we present our design

and implementation of the New U.K. model on NCTUns 6.0.

Verification results are presented in IV. Then, we show the

performance comparisons of the New U.K. model and the

two-ray ground model in V. Finally, we conclude this paper

in section VI.

II. NEW UNIVERSITY KANGAKU (NEW U.K.) MODEL

In an attempt to do the radio propagation analysis, the

authors of [7] studied a radio propagation model proposed by

a researcher from the Kwansei Gakuin Univerity. The authors

of [7] named the model “University Kangaku Model” (U.K.

model). Because the U.K. model is built based on ray tracing

simulations and lacks verifications by experiments, the authors



Fig. 1. Illustration of the LOS and NLOS situations [7]

conducted an experiment in an urban area in Japan to verify

the correctness of the U.K. model.

From the field trials, it is found that the experimental

results vary slightly from the U.K. model. By adjusting each

coefficient value in the equations of the U.K. model and

applying the multiple linear regression analysis method, the

authors derived a new propagation model that fits better with

the experimental results. In the remaining of this paper, we

name this new propagation model the “New U.K. model.”

The New U.K. model considers both the line-of-sight (LOS)

and non-line-of-sight (NLOS) situations in its equations of

calculating the path loss. The LOS situation refers to the

situation where there is no obstacle between the vehicles,

as depicted in the upper part of Fig.1. In this situation, the

distance between the two vehicles, d, can be determined easily.

In addition to the direct distance d, the calculation of LOS

path loss involves several other parameters such as transmitter

height, receiver height, brake point, and frequency.

The NLOS situation refers to the situation where the trans-

mitter and receiver are outside the visable area of each other, as

Fig. 2. Path loss equations of the New U.K. model for the LOS and NLOS
situations [7]

depicted in the lower part of Fig.1. In this figure, d1 represents

the distance of one vehicle (which can be either a transmitter or

a receiver) to the intersection and d2 represents the distance of

another vehicle to the intersection. The calculation of NLOS

path loss also involves many parameters such as transmitter

height, receiver height, brake point, and frequency. Different

from the LOS path loss calculation, in the NLOS calculation

the sum of d1 and d2 is used as the distance between the

transmitter and receiver, which is shown in the bottom of Fig.2

Due to the uses of d1 and d2 for NLOS path loss calculation,

the new U.K. model is best suited for the network environment

in a highly-populated and grid-map city, where many tall

buildings are along the roads and around the intersections

(e.g., as in Tokyo). An example road map of this kind of

city is shown in Fig. 5. In this city environment, the new U.K.

model assumes that these tall buildings will totally block radio

signals between a pair of vehicles unless a direct LOS distance

between them (the d) can be found or the corresponding d1

and d2 distances to the diffraction point (i.e., the intersection)

can be found. If two or more diffraction points are needed to

connect a pair of vehicles, this model assumes that radio signal

cannot pass through multiple diffraction points to reach the

destination. We name this situation “NoPATH” in this paper

to distinguish it from the above NLOS situation.

Due to the consideration of both the LOS, NLOS, and

NoPATH situations, the New U.K. model provides a more

realistic radio propagation model than the commonly used

free-space model and two-ray ground model, which always

assume the LOS situtation. In addition, the validity of the New

U.K. model has been verified through both simulations and

field trials [7]. This motivated us to design and implement the

new U.K. model on NCTUns 6.0 to increase the credibility

of VANET simulation results for city environments. In the

following section, we present the design and implementation

details of the New U.K. model on NCTUns 6.0.

III. DESIGN AND IMPLEMENTATION

A. Operation of the Algorithm

To conduct a VANET simulation, NCTUns 6.0 provides

road block, segment, and intersection as the basic road units

to construct a road map. Fig. 3 shows a simple road map that

is composed of these basic road units. From this figure, one

sees that a road block is a straight lane block heading in one



Fig. 3. Road block, segment, and view.

direction and a segment is made up of the two neighboring

road blocks heading in opposiste directions. In the proposed

algorithm, an intersection is also considered as a segment.

To correctly implement the New U.K. model, we need to

determine whether a receiver falls into a transmitter’s LOS,

NLOS, or NoPATH category. To do so, a term “view” for a

segment is introduced in this paper to refer to the maximum

possible LOS area visable to the transmitter if its view is

blocked only by the buildings along the segment. For example,

the sector in Fig. 3 represents the maximum possible view of

the transmitter if its view is only blocked by the buildings

along the segment above the intersection (i.e., the segment

where n1 is located). The scope of this sector is determined

by the two lines stretching from the transmitter. The first one

passes through the bottom-right corner of the segment while

the second one passes through the bottom-left corner of the

segment. After the view for a segment is determined, the

LOS area in this segment for the transmitter is identified as

the overlapping area between the view and the segment. If

a receiver is in the overlapping area, it is put into the LOS

category. Otherwise, it is put into the NLOS category.

The above procedure is repeatedly applied to each segment

along the moving direction of the transmitting vehicle to

identify the view for each segment. This process stops when

the intersection of the view for the current segment and the

views for all previous segments becomes an empty set. At this

point, all receivers that should be in the LOS category have

been identified and now the beginning of the current segment

is used as the new observation point (which plays the role

of an intersection in the New U.K. model) for finding the

LOS area with respect to this new observation point. Using

the observation point as the transmitter’s new location, the

above procedure is again applied to all segments along the

moving direction of the road to identify all views and LOS

areas in these segments. Accordingly, the LOS areas in these

segments can be identified and the receivers in these areas

can be identified and put into the NLOS category of the

transmitter. For such a receiver, its d1 and d2 parameter values

are the distance between the transmitter and the observation

point and the distance between the observation point and

the receiver, respectively. With these two parameter values,

the NLOS path loss between the transmitter and such a

receiver can be calculated. Finally, if there are receivers in

the maximum transmission range of the transmitter that have

not been classified into either the LOS or NLOS category, they

are put into the NoPATH category because in the New U.K.

model their radio signals cannot reach the transmitter.

During simulation, for a transmitter, the algorithm will be

applied to all segments along all possible road directions

from where it is located. This is needed as a radio signal

will propagate in all directions in the air. If a transmitter is

in the middle of a road, then the above procedure will be

applied to the forward and backward moving directions of the

transmitting vehicle. On the other hand, if a transmitter is in

an intersection, the above procedure will be applied to the

four exit directions of the intersection. To save space, in the

following, we will just use one exit direction of an intersection

to illustrate the operations of the proposed algorithm.

B. Illustration of the Algorithm

In the following, we use Fig. 4 to illustrate the operations

of the proposed algorithm. At the beginning of the algorithm,

all the receivers (i.e., n1-n7) that are within the maximum

transmission range (which is 500 meters in our study) of the

transmitter are identified as candidates. Then, the segment

where the transmitter is located is identified and marked as s0.

Since a radio can “see” any other radio in the same segment,

all the receivers that are in s0 can be put into the LOS category

of the transmitter immediately. However, because there are no

receivers in s0 in Fig. 4(A), no receiver is put into the LOS

category at this step.

To identify the view v1 for the next segment s1, two straight

lines are stretched from the transmitter towards the beginning

corners of s1, as illustrated in Fig. 4 (A). Because n1 is in the

overlapping area between v1 and s1, it is put into the LOS

category at this step.

The same procedure is repeated to find out v2 over s2. How-

ever, starting from s2, the LOS receivers are not determined

solely based on whether it falls within v2. Instead, only those

receivers who are within the intersection of all identified views

(at this step they are v1 and v2) are put into the LOS category.

This is illustrated in Fig. 4 (B) as the shadowed area. In this

case, because n2 is outside the overlapping area of v1 and v2,

it is put into the NLOS category. For this case, the junction

between s1 and s2 is chosen as the diffraction point (which

plays the role of an intersection in the New U.K. model). The

d1 and d2 parameter values that should be used to calculate

the path loss between the transmitter and n2 are depicted in

the figure.

Fig. 4 (C) further illustrates the outcome of determining the

receiver’s category by judging whether it is within or outside

the intersection of the current segment’s view and all previous

views. At this step, n3 is found as a LOS receiver while n4

as a NLOS receiver.

The same procedure is repeated continuously until the

intersection of all identified views becomes an empty set. As

illustrated in Fig. 4 (D), the algorithm stops searching for LOS

receivers when it finds that the intersection of v4, v3. v2, and



v1 is an empty set. This implies that the view v4 is totally

outside the view of the transmitter and thus ends the searching

for LOS receivers.

As explained in II, the distance between the transmitter and

receiver d is an important parameter in calculating the LOS

path loss. For a LOS receiver, the d can be easily calculated

from the locations of the transmitter and the LOS receiver.

To carry on, the algorithm proceeds to determine the NLOS

receivers and their respective NLOS path losses. It repeats the

same procedure starting from s4 and treats all the receivers

who are within the view as the NLOS receivers. As shown in

Fig. 4 (E), (F), and (G), n5, n6, and n7 are all categorized as

NLOS receivers. This procedure is repeated until the resulting

intersection of all identified views is empty, as illustrated in

Fig. 4 (G). At this time point, those receivers that are yet to be

put into either the LOS category or NLOS category are then

put into the NoPATH category.

To determine the d1 and d2 parameter values as explained

in II, the algorithm first sets the beginning of the last viewable

segment s3 as the new observation point. We regard this

observation point as the diffraction point that plays the role of

an intersection in the New U.K. model. As shown in Fig. 4

(E), we find the d1 as the distance between the diffraction

point and the transmitter and d2 as the distance between the

diffraction point and the NLOS receiver. With d1 and d2, the

NLOS path loss of a NLOS receiver can be easily calculated.

IV. VERIFICATION

To verify the correctness of our design and implementation,

we repeated the experiment done by [7] and compared our

results against theirs. In our simulation, we deployed an

exactly same road map with vehicles as those used in [7] and

analyzed the power distribution of these vehicles. From the

results shown in Fig. 5 and Fig. 6, one can see that the power

distribution of our repeated simulation case matches well with

the one presented in [7]. This shows the validity of our New

U.K. model design and implementation.

V. PERFORMANCE RESULTS

In this section, we compare the VANET simulation results

by considering different channel models, i.e., two-ray ground

model (denoted as the TRG model) and the New U.K. model.

The TRG model represents the ideal channel model while the

New U.K. model represents a more realistic channel model.

We consider a real-world road map of a district in Taiwan,

Wen-Shan, as shown in Fig. 7, with one transmitter and 30

receivers. We fix the location of the transmitter and allow

the receivers to move randomly on the road map. During the

simulation, we record the locations of those receivers when

their receiving power is larger than -85 dB. The receiving

power of a receiver vehicle is determined by subtracting the

receiver’s path loss from the transmitter’s power.

A. Transmitter’s Effective Transmission Range

Fig. 8 (A) and Fig. 8 (B) show the effective transmission

coverage of a transmitter under the TRG model and the New

Fig. 4. Illustration of the proposed algorithm



Fig. 5. The experimental results reported in [7].

Fig. 6. The simulation results on NCTUns.

Fig. 7. The real-world map of a district of Taipei city.

Fig. 8. The transmitter is in the middle of the road. (A) The coverage under
the TRG model. (B) The coverage under the New U.K. model.

U.K. Model, respectively. In these two cases, the transmitter

is placed in the middle of a road. We define the effective

transmission coverage as the coverage where the packets

broadcast by the transmitter can be received successfully by

the receiver.

By comparing Fig. 8 (A) and Fig. 8 (B), a huge difference

of the transmitter’s effective transmission coverage is noted.

For the case of the TRG model, since the model only considers

the direct distance between the transmitter and the receiver, the

effective transmission range is very large. It is found that the

transmitter can reach a receiver even if it is located several

streets away. However, this is impractical in the real world

due to the shadowing effect and path loss that exist between

the transmitter and receiver in a highly-populated city. In

contrast, the results generated by the New U.K. model show

that the radio propagation of the transmitter is blocked by

the roadside buildings and thus the transmission coverage is

greatly diminished. Such a result matches well with the real-

world observations.

Next, we repeat the simulations by adjusting the location of

the transmitter from the middle of the road to the center of

the intersection. Fig 9 (A) and Fig 9 (B) shows the effective

transmission range of the transmitter at the new location, under

the TRG model and the New U.K. model, respectively. By

comparing Fig 8 (A) and Fig 9 (A), it is observed that the loca-

tion of the transmitter does not affect its effective transmission

range under the TRG model. However, the obvious difference

between the results in Fig. 8 (B) and Fig 9 (B) shows that

the location of the transmitter on the road map does make a

big difference on their effective transmission range under the

U.K. model. One sees that when the transmitter is moved to

the center of the intersection, its effective transmission range

becomes broader due to less obstacles.

To further illustrate the difference of using different channel

models, we plot the link connectivity among the vehicles

according to each one’s effective transmission range. From

Fig. 10 (A), it is shown that all the vehicles considered are

within one another’s transmission coverage under the TRG

model. In contrast, with the New U.K. Model, the results

depicted in Fig. 10 (B) shows that the communication links

among the vehicles are greatly affected by their geographical

locations. For example, Node 34, which is located at the

end corner of a street, now could not receive from Node



Fig. 9. The transmitter is on the center of the intersection. (A) The coverage
under the TRG model. (B)The coverage under the U.K. model.

Fig. 10. (A) The link connectivity under the TRG model. (B) The link
connectivity under the U.K. model.

35, Node 36 or Node 37. Such a finding again demonstrates

the importance of adopting a more realistic channel model in

VANET simulations as it has a great impact on the simulation

results.

B. Simulation Complexity

Due to the additional efforts in determining the LOS re-

ceivers and NLOS receivers and calculating the d, d1, and

d2 parameter values, we expected that the adoption of the

New U.K. model in VANET simulations will increase the

simulation complexity, as compared to the TRG model. This is

one of the main reasons why most VANET simulation tools are

reluctant to consider more realistic channel models in VANET

simulations as their simulation efficiency may be sacrificed.

Therefore, in this section, we evaluate the simulation com-

plexity of the New U.K. model and the TRG model under

varying scales of simulation cases. As depicted in Fig. 11,

it is observed that when the network scale is small, i.e., less

than 20 cars, both models consume very little simulation time.

However, when the network scale increases, it is surprising to

observe the huge difference between the simulation complexity

of the New U.K. model and the TRG model. The TRG

model, although easy to be implemented, consumed much

more computation resources. It is found that such a phenomena

is caused by the TRG model’s generosity in treating most the

vehicles on the roads as a transmitter’s potential receivers,

as shown in 8 (A) and 9 (A). When transmitters and

receivers use IEEE 802.11p radios, many broadcast control

messages will need to be generated. Due to the larger effective

transmission coverage under the TRG model, a receiving node

under the TRG model will have to handle a large number of

Fig. 11. Required time to finish a simulaiton.

packets, thus increasing the computation cost. In contrast, the

New U.K. model limits the effective transmission range of a

transmitter. As a result, less computation will be wasted on

packet receptions that occur under the TRG model but do not

occur under the New U.K. model.

VI. CONCLUSION

In this paper, we design and implement a more realistic

radio propagation model on NCTUns 6.0 to increase the cred-

ibility of the VANET simulation results. From the simulation

results, we show that the use of channel model in VANET

simulations does make a big difference on the results. This

shows that it is important for a researcher to evaluate his/her

proposal of ITS applications or protocols through a simulator

that supports a realistic radio propagation model. In addition,

we reveal the fact that using a more realistic channel model

need not increase the computation cost. Instead, it decreases

computation cost due to less wasted computation on packet

receptions that occur under a simplified channel model but do

not occur under a realistic channel model.

In the future, we plan to use this more realistic channel

model to verify many published results about wireless vehic-

ular networks that were derived from simulations using the

TRG model. We expect that it will have a big impact on the

evaluation of VANET routing protocols.
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