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Abstract 
 

Wireless signal transmission is influenced by environmental effects. These effects have also 
been challenging for Vehicular Ad hoc Network (VANET) in real-time communication. More 
specifically, in an urban environment, with high mobility among vehicles, a vehicle’s status 
from the transmitter can instantly trigger from line of sight to non-line of sight, which may 
cause loss of real-time communication. In order to overcome this, a deterministic signal 
propagation model is required, which has less complexity and more feasibility of 
implementation. Hence, we propose a realistic path loss model which adopts ray tracing 
technique for VANET in a grid urban environment with less computational complexity. To 
evaluate the model, it is applied to a vehicular simulation scenario. The results obtained are 
compared with different path loss models in the same scenario based on path loss value and 
application layer performance analysis. The proposed path loss model provides higher loss 
value in dB compared to other models. Nevertheless, the performance of vehicle-vehicle 
communication, which is evaluated by the packet delivery ratio with different vehicle 
transmitter density verifies improvement in real-time vehicle-vehicle communication. In 
conclusion, we present a realistic path loss model that improves vehicle-vehicle wireless 
real-time communication in the grid urban environment.  
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1. Introduction 

Mobile Ad hoc Network (MANET) [1] [2] [45] [46] [47] allows direct communication 
between vehicles. The benefit of MANET is that no centralized infrastructure is needed to 
support the communication between mobile devices. Adopting the idea of MANET in a 
vehicular environment enables sharing information between vehicles. This delivering method 
has a huge advantage, which is to provide safe and reliable transportation using Vehicular Ad 
hoc Network (VANET) [3] [4] [5] [38]. However, implementing wireless ad hoc 
communication in vehicular environment, more specifically on the grid urban environment, is 
too complex. Although, a huge amount of research is performed with barriers such as vehicles 
mobility and environmental effects on wireless signal transmission, however, a reliable 
wireless ad hoc communication in VANET still requires an advanced research for safer 
transportation.  
VANETs have been successfully used in the development of a new generation of vehicular 
systems and applications. A basic ad hoc vehicle to vehicle communication enables a quick 
establishment of a flexible and simple infrastructure between vehicles in large scale network 
for a better system and applications on top layer of the stack. The effectiveness of VANET has 
created a huge demand to enhance safety and reliability of the existing Intelligent 
Transportation Systems (ITS). In an urban environment, VANET acts as one of the main 
potential layer of ITS to cooperate with higher level architectures like smart cities [6] [34] [42] 
[43] [44]. However, in urban environments, the performance of VANET application layer  is 
affected by the wireless specifications and environmental effects. Wireless channel and radio 
waves that carry application layer requirements must be designed in such a way to consider 
encountering signal transmission with environmental effects. When improving vehicle to 
vehicle wireless transmission to help application layer, the radio propagation model is a 
promising field to overcome the related issues. The behaviour of a vehicle to vehicle wireless 
signal transmission is in fact reflecting the design of radio propagation models including of 
environmental effects. Several attempts to improve physical layer using path loss modelling 
have been proposed, but the majority of the models have complexity in modelling and 
difficulty of implementation.  
The physical layer of wireless communication is always influenced by environmental effects, 
which directly affects the performance of the application layer [7] [36]. Therefore, 
establishing a scalable real-time communication with reasonable performance requires a 
realistic propagation model. However, expansion and consideration of a new model should not 
have the complexity and limitation of implementation which can be identified in some of the 
recent proposed models. This is more important in VANET in urban environments because 
large and small scale effects on signal transmission are not deniable. Therefore, in this work 
we propose a model with less complexity and limitation of implementation in case of 
environmental dependency of the model. The main selected effects for the development of 
new model are diffraction and reflection, which commonly occur in grid urban environments 
surrounded by buildings [8] [35]. These effects can be used in different techniques like Ray 
Tracing [9] [10] [11] to improve the performance of vehicle to vehicle communication via a 
deterministic model. Signal ray’s specifications and signal propagation angles from surface of 
buildings are important elements in modelling reflection and diffraction based on the ray 
tracing technique. These elements help to model a realistic ray tracing path loss based on 
reflection and diffraction, which improves non-line of sight vehicle-to-vehicle communication 
in the grid urban environment. This model is designed based on large-scale effects propagation, 
integrated in JiST/SWANS vehicular simulator and tested in a Chicago map scenario with grid 
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road pattern. Since very early VANET standards and protocol establishments, radio 
propagation models have been designed and proposed for specific VANET environments, as 
our proposed model that is designed for a specific grid urban environment like Chicago map 
scenario. The contributions of this research are as follows: 

• Study and experiment the existing propagation models based on performance of real time 
communication (packet delivery ratio, the average end-to-end) with a different transmitter 
density of vehicles. 

• Design a model based on signal ray tracing included of diffraction and reflection caused by 
objects (buildings) in the urban grid environment. 

• Implement the proposed model using simulation tools. 
• Evaluate and analyse the proposed model based on the performance of real time 

communication (packet delivery ration and average end-to-end) with a different transmitter 
density of vehicles.  

The remaining of this paper is organized as follows. A comparison is made between recent 
literature and models in section 2. Then a generalized point of view of our design and 
implementation with mathematical path loss derivation of each scenario presented in section 3. 
Lastly, in section 4 and 5 we describe a simulated case study and discuss the results obtained to 
conclude improvement of vehicle to vehicle wireless communication. 

2. Related Work 
The demand to improve vehicular communication led to establish several wireless vehicular 
protocols and standards for VANET. Communication medium like Wireless Local Area 
Network (WLAN) and Worldwide Interoperability for Microwave Access (WiMAX) [12] 
have been strengthening vehicular wireless communication. Wireless standards like IEEE 
802.11a, b and p are familiar communication standards that have recently been integrated into 
many of vehicular ad hoc communications. IEEE 802.11b allocates 20 MHz of channel 
bandwidth and it is used for [19] [41]WLANs, functions on 5 GHz band with 52 subcarriers of 
Orthogonal Frequency Division Multiplexing (OFDM). OFDM uses different modulation 
schemes, Binary Phase-Shift Keying (BPSK), Quadrature Phase Shift Keying (QPSK) and 
Quadrature Amplitude Modulation (QAM). Based on different modulation schemes which are 
possible to get up to 52 Mbps, but the realistic throughput of IEEE 802.11b is expected to be 
20 Mbps [13]. The IEEE 802.11p [14] [37] is a more advanced version of 802.11b, which 
allows exchanging data between vehicles for longer range.  Although this standard runs on 5.8 
GHz band and supports longer range of communication transmission up to 1 kilometre, but 
throughput is less than IEEE802.11b [13] [16]. This standard has been recently integrated in 
several platforms, for example Dedicated Short Range Communication (DSRC) [15].   
Using wireless technology to allow communication between vehicles is fundamental to the 
development of applications like traffic congestion systems. These applications require 
scalable real time communication between vehicles. Signal transmission of vehicular ad hoc 
communication in urban environments is affected by vehicle mobility and environmental 
effects. In situations like this, vehicles may locate either in line of sight or non-line of sight 
from the transmitter. Therefore, improving non-line of sight signal transmission using 
deterministic propagation model came to the attention of researchers in the past few years. 
Researchers worked on two categories of radio propagation models which are deterministic 
and probabilistic models. The difference between these models comes from the way of 
calculating received signal power. Deterministic models calculate received signal power based 
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on the actual properties of the environment [16] [40], meanwhile probabilistic model 
calculates variance of received signals that allows obtaining true received signal from a range 
of values [17][19].  
 In an attempt to path loss modelling presented in [18], both line of sight (LOS) and non-line of 
sight (NLOS) models are designed based on ray tracing techniques in an urban environment. 
This is a deterministic model that requires several parameters from the environment. The main 
parameter that is used in these models are distance and antenna’s height. Both of the LOS and 
NLOS models are designed specifically for junctions in grid environments. These models 
were evaluated according to transmitting signal and its coverage. The results stated in [18] 
show improvement in transmission coverage, but the author did not evaluate the performance 
of data connectivity of receiving vehicles based on application layer. This is also noticeable 
point in an NLOS propagation situation stated by [19] [39]. In this literature [19] the author’s 
focus is on the NLOS propagation situation in a grid urban environment and also the presented 
model is based on ray tracing technique to extract different NLOS path loss models for each 
vehicle. In each NLOS model, large scale effects such as diffraction and reflection between the 
transmitter and receiver are estimated, and the path loss is designed based on these signal paths 
to each receiving vehicle. Deterministic models are static and environmental dependent, 
therefore mobility of vehicles can simply change the radio propagation situation. The author in 
[20] used the NLOS path loss model presented in [19] to improve it with reflection ray tracing 
and electric reflected field. Calculating the number of rays along the parallel road and the 
phase part of the reflected rays are improved by the authors to model the electric reflected path 
loss model. 

Due to the effect of environment on wireless signal transmission, defining the environmental 
properties is one of the fundamental stages of path loss modelling. As it can be seen in [18] 
path loss is only modelled for segmented roads, while [20] [19] is specifically modelled for 
grid environments surrounded by buildings. Simultaneously mobility is also one of the major 
causes of losing real time transmission between vehicles. Propagation status of vehicles may 
quickly change between line of sight, non-line of sight, near non-line of sight and out of sight. 
The path loss model is therefore required to be evaluated by one of the existing mobility 
models. Many of the current literatures [18] [19] do not involve mobility models in evaluating 
path loss modelling. The other important aspect of path loss modelling is the feasibility and 
mathematical simplicity of the path loss model. Deterministic models calculate path loss based 
on environmental details, such as distance [18]. So all these environmental values involved in 
path loss modelling, must be accessible to vehicles for path loss calculation. An overview of 
the recent literatures is shown in Table 1, and their proposed path loss models shown in Table 
2. From the literature [18], [19], [20], it was observed that combination of effects is not used 
specifically for real-time urban grid environment in wireless vehicular ad hoc communication. 
Moreover, the existing propagation models are not fully addressing a combination of effects 
for the urban gird environment. Based on ray tracing techniques for such effects, it is simply 
possible to predict the most suitable signal path according to properties of the wireless signal. 
This allows prediction of signal and improvement of signal transmission to near non-line of 
sight and out of sight propagation situations. Therefore, to overcome these challenges, we 
introduce a realistic path loss model that improves vehicle-vehicle wireless real-time 
communication in a grid urban environment. 
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 Table 1. Summary of testbed specifications from [18], [19] and [20] 

Measurement study  [18] [19] [20] 

Spectrum 5.9 GHz 2.4 GHz 900 MHz 
1.8/5.9 GHz 

IEEE Standard 802.11p 802.11b/g 802.11p 

Propagation Situation NoPATH/LOS 
NLOS LOS/NLOS LOS/NLOS 

Propagation Model Two Ray Ground Two Ray Ground Two Ray Ground 
Fading - Rice/Rayleigh Rice/Rayleigh 
Bit rate (Mbps) 3 2 3 
Bandwidth 10 MHz 20,22 MHz 10 MHz 
Modulation OFDM DSSS,OFDM OFDM 
Mobility - - IDM-LC 
Routing protocol AODV AODV AODV/LAR 
Simulation Tools NCTUNS QualNet/TIGER GloMoSim 

Table 2. LOS and NLOS models emptied in same literatures of Table 1  

[18]  
LOS LOS={7.2+7.1 log(ht*hr/λ)} log(d)+28.3log(1+d/d0)-1.2log(f)-19.6log(WS)+65.9 

NLOS NLOS2={47.6+6.6 log(ht hr/λ)}log(d)+{89.1-33(d1/λ)} 
log(1+d/db)+19.9log(f)-11.3log(W1*W2)+2.8 

[19] 
LOS PL=20log(4π r/λ) 

NLOS PL(A)=10log(10PL(D)/10+10PL(R)/10) 
PL(B)=10log(10PL(DD)/10+10PL(RD)/10+10PL(DR)/10+10PL(R)/10) 

[20] 
LOS L(r)=40.3+23.4log(r) 
NLOS L=20log((λ/4π)|Etot/E0|) 

 

3. Path Loss Improvement and Modelling 
Ray tracing techniques are applicable for modelling the signal propagation in the grid urban 
environment. Therefore, it is possible to improve vehicle to vehicle communication using ray 
tracing technique and by combining large scale effects with a maximum possible transmission 
range of wireless standard. To do so we began with feasibility checking of path loss modelling 
based on road patterns and wireless maximum range of transmission. Then we identified and 
evaluated possible paths that signal may be propagated by combining the effects like 
diffraction and reflection towards the destination [20], [40].  
 In order to calculate a realistic path loss model in a grid urban environment, it is necessary to 
study the road patterns and the signal transmission range. Road patterns generate line of sight 
and non-line of sight propagation situations, and affects the functionality of the physical layer 
of transmission. In this experiment, roads are patterned with two intersections in respect to the 
vehicle’s wireless transmission range. According to our real environment experiment, the 
highest possibility of occurrence of non-line of sight is road patterns intersecting with 
approximately 45˚ to 90˚. Realistically, transmission range decreases from transmitter to 
receiver due to the propagation effects caused by the breaking point of the roads. In case of a 
straight road, the transmission range is up to 180 meters, roads with one or two breaking points 
at the beginning and the end of road with 45˚ range 130 to 140 meters, and grid roads with 90˚ 
breaking point reduces the coverage to 120 meters. Path to destination in case of 90˚ could be 
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propagated via a combination of reflections and diffractions within 120 meters. According to 
Fig. 1 (b), the path loss model includes several possible paths between transmitter TX and 
receiver RX, which we have derived from some possible reflection and diffraction signals in 
the grid urban environment. These paths may be transmitted with a reflected signal that is 
being diffracted to reach RX, and vice versa. The most important parameters in this modelling, 
are to calculate the number of rays, diffraction points and signal reflection and diffraction 
degrees. Although signals may be transmitted to receiving vehicle in various paths, the paths 
that are proposed here are evaluated and selected according to simplicity with minimized rays, 
power loss and a combination of large scale effects. Basically signal attenuation is increased in 
each reflected, diffracted point and therefore not all possible paths may survive in an urban 
environment. So firstly we observed that the performance of real time communication is 
simply vulnerable to the type of roads specifically with grid patterns. Each specific pattern 
requires a specific signal propagation through a combination of the effects. Secondly, we 
obtained that it is feasible to rely on maximum wireless communication coverage, and use it to 
produce paths towards the destination with the combination of the effects using the ray tracing 
technique [36] [37].  
The path loss is one of the main concepts of electromagnetic waves in radio signal propagation. 
In a general description, path loss is the power density reduction of electromagnetic waves 
while it propagates through space [21] [38] [39]. This verifies that the power of receiving 
signals on receiver PRX is less than the power of transmitting signal PTX. According to equation 
(1), received power is calculated with the gain of the transmitting and receiving signal GTX and 
GRX as isotropic, and linear gain equals to 1 [21]. The relation between path loss and 
transmission power is the dB ratio of PTX/PRX. Therefore, the path loss in free space model is 
calculated in dB as shown in equation (2) [19].  
 
          PRX  =   PTX GTX GRXλ2 16 π2r2⁄                                                                            (1) 

 

          10 log( PTX

PRX
) = 10 log( 42π2r2

λ2 ) => PL = 20 log �4πr
λ
�                                                (2) 

 
Path loss in equation (2) is used to calculate loss of signal propagation. According to [20], [22] 
PLR (single reflection) is used to derive PLRR (double reflection) as equations (3) and (4), and 
PLD (single diffraction) stated as equations (5) and (6). These equations will then be used to 
model the path loss based on possible paths that were discussed in the previous section. In 
order to calculate the reflection it is required to know the minimum number of rays (Nmin) from 
the transmitting vehicle to the receiving vehicle [23] [40]. The value r indicates the distance to 
intersections which is rm and rs in the case of reflection towards a single intersection, and rm, rs 
and rp in case of double reflection signal paths. In the previous section we have identified a few 
possible signal paths from TX to RX. Although there are a variety of possible paths to RX, but 
our focus is to identify paths based on the combination of the effects like reflection and 
diffraction. According to Fig. 1 (b) there are five paths between TX and RX, which can be 
mathematically modelled as equation (7). We have used LOS, NLOS and NLOS1 equations 
that are stated in [19] to develop path loss models for our suggested signal paths. The total path 
loss from TX to RX is equal to the sum of all possible paths including diffractions and 
reflections. Each path is separately modelled in the following section. These paths are based 
on vehicle movement towards the junctions and away from the transmitter, which is shown in 
Fig. 1 (a). 
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Fig. 1. (a) Graphical view of transmitting TX and receiving RX vehicles in different propagation 
situations (b) graphical view of the geometry of the proposed model 

  
 

                                        PLR = 10 log � λ
4π(rm+rs)

�
2

+ LwNmin                                                  (3) 
     

                                                              PLRR = 10 log � λ
4π(rtm+rts+rtp)

�
2

+ LwNmin                                                                    (4) 
                                         if (rM>fS) 
 

                                         PLD = 10 log �� λ
4πrm

�
2
�+ 10 log ( λrm

4rs
2 )                                           (5) 

 
                                         if (fS>fm) 

                                        PLD = 10 log �� λ
4πrs
�

2
�+ 10 log ( λrs

4rm
2 )                                             (6) 

                           PL = 10  log �10
PLDDD

10 + 10
PLDRD

10 +10
PLRDD

10 +10
PLRDR

10 + 10
PLR

10 �                   (7) 
 
Reflection is one of the common large scale effects that occurs in urban environments. It is 
more prevalent when the area is surrounded by buildings. A reflected signal with different 
number of rays may travel from the transmitter to the receiver. Fig. 1 shows two paths 
consisting of reflected signals that travel along the roads and intersections to reach RX. In Fig 2 
(b), we showed one of the possible paths caused only by reflection. The most important 
parameter to calculate this path loss is to estimate the number of reflected rays along the road. 
Therefore, using equation (8), the minimum number of reflected rays is calculated. In this 
equation, W is the width of the intersection and rm indicates the distance from the transmitter to 
the intersection, rp and rs are distance between two consecutive intersections, and rq is the 
distance from the last intersection to the receiver. Then the path loss between TX to RX is 
derived as in equation (9).  
In this scenario considering diffraction as another candidate for signal path with single effect, 
signal may travel along two directions. Firstly, a path is made of three diffracted signals to 
reach RX. Secondly, it is also possible that the RX is reached by a single diffracted signal from 
a different path. In order to derive this path loss equation, it is required to calculate A1

2 and A2
2 

(a)  (b) 
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which are the values of the respective diffracted corner. According to Fig. 2 (b) the path to the 
RX is made up of three diffracted signals. In the same condition, a diffracted signal from the 
first corner is equal to the third diffraction. Meanwhile, it is possible that the path to the RX is 
consisting of two diffractions from another direction. In our modelling rm, rs, rp and rq, are 
length of building blocks which may have different values, therefore A1

2 and A2
2 are 

calculated based on the values of r with different index. We have derived PLDDD using 
equation (12) by conditioning length of building blocks. It is also possible to calculate A3

2 for 
the third building block using equation (10) and (11). In this scenario, the RX is reachable by 
the single diffraction as it is shown in Fig. 2 (b). Equation (5) and (6) stated in [20] are also 
used in order to calculate the path loss with single diffraction. 
 

    Nmin = [ rm

Wm
� (rsWq+rqWs)WmWp

(rmWp+rpWm)WsWq
+ rs

Ws
�(rmWp+rpWm)WsWq

(rsWq+rqWs)WmWp
+ rp

Wp
� (rsWq+rqWs)WmWp

(rmWp+rpWm)WsWq
+ rq

Wq
�(rmWp+rpWm)WsWq

(rsWq+rqWs)WmWp
]   (8) 

  

                                   PLR = 10log[ � λ
4π
�

2
� 1

rm+rs+rp+rq
�

2
] + LWNmin                  (9) 

 
                                  A1

2 = λrs

4rmrs,m
          rm,s<rs,m                                   (10) 

                                    A2
2 = λrp

4rsrp,s
          rs,p<rp,s                   (11) 

                                    PLDDD = 10 log �A1
2A2

2 � λ
4π
�

2 λ
4rp,qrq,p

2�      rp,q<rq,p                                         (12) 
 

In many of the recent literatures related to radio propagation, ray tracing technique with a 
combination of large scale effects such as diffraction and reflection is not used to expand 
NLOS propagating situations. In our model, we have expanded signal propagation to cover 
more out of sight and near non line of sight situations around vehicles based on possible, 
feasible shortest paths comprising a combination of effects. We have selected three of these 
paths that comprise a combination of the effects to derive the path loss model. These selected 
paths are based on wireless transmission range and environmental specification. The path loss 
models are mathematically modelled. Then two of these models with maximum combination 
of effects like reflection and diffraction are selected to be implemented in the Jist/SWANS 
simulator. 
The first path is a signal reflection towards the first intersection is being diffracted to be 
transmitted to RX. In order to model this path loss, a minimum number of reflected rays (Nmin) 
and values of diffraction points (A1

2 and A2
2) are needed for calculation using the equations 

(13), (14) and (15). In this model, we assume that change of signal reflection to diffraction 
does not decrease the signal strength. Equation (16) is then used to calculate the path loss of 
the single reflection with double diffraction (PLRDD) shown in Fig. 2 (b).  

 

                     Nmin = �2�
rmrs

WmWs
�                                                                                        (13) 

                                  A1
2 = λrp

4rsrp,s
          rs,p<rp,s                                                                   (14) 

                                  A2
2 = � rs

rm+rs
�

2
10

LWNmin

10           rs,p<rp,s                                  (15) 
 
                                   rs,p<rp,s , rp,q<rq,p 

                                  PLRDD = 10 log �A1
2A2

2 � λ
4π
�

2 λ
4rp,qrq,p

2�+ LWNmin                            (16) 
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The second path has similar reflection and diffraction occurrence, but the signal is lastly 
reflected to RX. Using the second path in this scenario shown in Fig. 2 (b), the reflection angel 
θ has to be known in order to calculate the number of rays (N) for the second reflection. Since 
θ is hard to find, we use a different equation (equation 17) which uses more accessible values 
to calculate the  number of rays. The value of tanθ in equation 17 can be identified by dividing 
the paths of reflection over the paths of diffraction. Then equation (18) is used to calculate the 
path loss of double reflection and single diffraction (PLRDR) shown in Fig. 2 (a). 
   
                                                      N = � rq

Wq
tanθ� = � rqrp

WqWp
�            (17) 

                                                       

                                                   PLRDR = 10 log �A1
2A2

2 � λ
4πrq

2�
2
� +LWNmin+LWN                (18) 

  
Lastly, the third path towards receiver RX may consist of double diffraction and single 
reflection but in different sequences. Assuming signal diffraction occurs at the first 
intersection and being reflected towards the second intersection and then reflected to RX. In 
Fig. 2 (b) diffracted signal is reflected towards the road and hits the corner of building blocks 
to reach RX as a double diffracted signal. Path loss of double diffraction and single reflection 
(PLDRD) in this scenario is then calculated using equation (19). Note that equation (19) is 
derived from the combination of equations (14) and (17). 
                                    

                                     PLDRD =10 log �A1
2 � λ

4π
�

2 λ
4rp,qrq,p

2�+LWN            (19) 

4. Feasibility and implementation 
We aimed at two approaches with conducting a simulated case study. Firstly evaluation of 
physical layer was required to establish the feasibility of our theory. Secondly, to analyse the 
performance and to evaluate accuracy of data transmission regarding different path loss 
models with different transmitter density in the grid urban environment. 
In order to analyse the properties of a physical layer, VisSim Comm [24] is selected to model 
and simulate IEEE 802.11p [25] wireless spectrum. This tool helps to simulate end-to-end 
communication at the physical layer in the form of block diagrams. With respect to demand of 
wireless signal range, OFDM subcarriers are set to BPSK modulation [26]. The first optional 
stage of the data transmission is convolutional encoding, which improves the error probability. 
Meanwhile, we needed to find a suitable urban environment with grid streets surrounded by 
buildings to evaluate performance of scenario configured with the proposed path loss model. 
JiST/SWANS [27] [28] is a simulation tool that we used for vehicle to vehicle application 
layer performance evaluation based on the proposed model [35]. It is well designed for 
vehicular simulation which supports IEEE 802.11p standard and mobility models. This 
simulator includes a Chicago map which is a suitable environment to evaluate the performance 
of data transmission in the grid urban environment for our proposed path loss model. This 
simulated environment is in a grid urban environment which is surrounded by tall buildings. 
The environmental configuration is done via an XML file. In this simulated environment we 
have set different densities of vehicles as well as different densities of transmitting vehicles. 
Our target is to evaluate metrics such as packet delivery ratio with proposed path loss models. 
Then we verify the efficiency of the proposed model through comparison of performance 
metrics with Two Ray Ground, Free Space and Shadowing models.  
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(a)                                                                     (b) 
Fig. 2. (a) Illustration of signal path from transmitter TX to receiver RX by single effect, (b) Illustration 

of signal path from transmitter TX to receiver RX by combination of the effects 
 
Free Space model is also called Friis model [44]. In this model, transmission depends on 
transmission power, antenna gain and distance between transmitter to receiver. Using this 
model, it is expected to have a single direct signal path between transmitter and receiver. Two 
Ray Ground model is a more advance version of the Free Space model where received signal 
power is calculated based on a single direct path and also a ground reflected path. Height of the 
antenna is also one of the parameters for calculating received signal power using Two Ray 
Ground model and shadowing model. These models provide better transmission in 
comparison with Free Space Model [16] [19].  
We have set up a simulated environment with the specifications listed in Table 3. Using the 
XML file we configured 100 vehicles with the Random Waypoint mobility a model with the 
grid urban environment. Vehicles communicate directly to each other using Ad hoc on 
Demand Distance Vector (AODV) [29] as routing protocol. Wireless communication is 
configured to IEEE 802.11b. Table 4 presents wireless standards that have been commonly 
used in either real environments or simulated wireless vehicular studies. Rice and Rayleigh 
fading are also optionally included in transmission channel as well as path loss.      
Signal strength is an important issue when the path is dealing with a combination of large scale 
of the effects. As mentioned earlier, a signal looses power once reflection or diffraction occurs. 
Also signal looses power when it changes from diffraction to reflection and vice versa. Other 
issues such as fading and shadowing also occur in urban environments, and cause attenuation. 
These parameters can be configured in the environmental parameters in an XML file. In our 
project, loss in the XML file is set to 0, and the scenario is only applies to path loss. We have 
also configured the 2.4 GHz wireless spectrum, which together with the 5.8 GHz spectrum 
was tested in the case of power dB in the VisSim Comm simulator. The power density of 2.4 
GHz spectrum is from 12 to 25 and 30 to 45 dB meanwhile 5.8 GHz spectrum has a power 
density distribution from 20 to 50 dB. In terms of power density, 5.8 GHz could also be used in 
our experiment. However, our proposed models are designed for short distance 
communication with higher power density distribution in vehicular networks. Other involved 
parameters such as mobility, node specifications, protocols and map specifications are 
configured in the XML file  
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Table 3. JIST specifications used in our 

experiment 
 Table 4. Commonly used IEEE standards in VANET 

[14] 
Parameters Value  IEEE Standard 802.11a 802.11b 802.16 

Simulation tools JIST  Release Date 1999/2001 2007 2001 

Number of vehicles 100 
 Frequency Range 

MHz 5-6GHz 
5855-5875 
5875-5905 
5905-5925 

10-66GHz 

Simulation time 400 seconds  Channel 20 MHz 5, 10, 20 MHz 20, 25, 28 Mhz 

Simulation map XML, Chicago map  Modulation BPSK/QPSK 
16QAM/64QAM 

BPSK/QPSK 
16QAM/64QAM 

QPSK/16QAM 
64QAM 

PHY standard 802.11b  Data rate 54 Mbps 5.8 Mbps 32-134 Mbps 

Radio propagation 
model 

Two Ray Ground, Free 
Space, Shadowing 

 Range (Indoor) 0.035 Km - - 

Mobility model Random Waypoint  Range (Outdoor) 0.12 Km 1Km 4-5 Km 

Routing protocol  AODV  

 

4.1 Simulation Experiments 
The implementation begins with configuring a XML scenario in Jist/SWANS, and then 
mathematical formula of path loss that is modeled and integrated in java code in Jist/SWANS 
A suitable environment is the main concern of experimenting radio propagation. Propagation 
models are designed for specific environment and conditions. The model is proposed in this 
article focus on NLOS propagation situation, therefore grid urban environment is a proper 
scenario to challenge the model. This grid urban environment is surrounded by tall buildings. 
Buildings are the major cause of signal reflection and diffraction and increase occurrence of 
large scale effects. In Jist/SWANS simulation the grid urban environment is coded in XML 
language. Fig. 3 illustrates the simulated environment. The XML code is used to specify 
several parameters like mobility, node and environment options. The focus of this research is 
the environment options which allow changing path loss model. 
The XML script is used to define the Chicago scenario. In this code, there are few elements 
that need to be specified. Street options, mobility options, node options. 
 

 

Fig. 3. Graphical view of simulated Chicago map 
 
 



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 11, NO. 10, October 2017                            4709 

The main reason is that combination of large scale effects such as reflection and diffraction 
were not examined in existing literatures. So implementation of these two models, PLDRD and 
PLRDR are presented. Simulation specifications such as wireless communication standard, 
mobility model, routing protocols and physical level must be carefully valued because of the 
direct effect on performance. There are some common IEEE standards that have been recently 
used in vehicular communication. VANET standards and specifications are listed in Table 4. 
In our experiment, vehicles are equipped with wireless ad hoc that supports IEEE 802.11b. 
This standard has been widely used in many of new ITS applications such as notification and 
warning systems. Vehicles are communicating directly to each other via Ad hoc protocol, and 
Ad hoc on Demand Distance Vector (AODV) is set as routing protocol [29].  

5. Results and Discussion 

We have implemented our proposed model in the JiST/SWANS simulator. According to the 
specifications of the simulated environment, we have collected value of path loss with 
proposed path loss model PLDRD as well as Two Ray Ground, Free Space and Shadowing 
models. In addition, the simulation runs for 400 seconds in-order to achieve a quick response 
like real time processing system without significant delay. At present, Two Rag Ground and 
Free Space models are the most widely used models in VANET simulations. It is thus credible 
to be used in a tangible measurement with our proposed model. Based on collected values, we 
observed that range of path loss obtained from our model is similar to the work presented in 
[20] for a distance of 100-200 meters. Fig. 4 presents that our proposed path loss model 
provides a higher path loss compared to the three other models. The combination of the effects, 
more the number of rays, and signal power attenuation (because of the effects such as 
diffraction and reflection) cause a higher path loss in the proposed model compared to other 
models [23]. In Two Ray Ground and Free Space models with same vehicle transmitter 
density, minimum number of rays are propagated; therefore, path loss obtained from these 
models is lower than the proposed model. Approximate value of -82 to -86 dB is expected for 
20 meter Free Space model signal propagation [30]. However, according to Fig. 4, range of 
-90 to -150 dB obtained with our model. A variation of the path loss value obtained from our 
model refers to the occurrence of combined effects (diffraction and reflection). Using our 
model, which is an improvement of the model presented in [22] and [23], IEEE 802.11b signal 
power of 20 dBm travels an applicable distance to rely on for modelling path loss with antenna 
gain of 1 isotropic idB and antenna’s height of 1 meter. With our proposed model, each time 
edge diffraction gives -6 dB loss while according to the results stated in [23], the loss value 
obtained for single diffraction is -2dB. We obtained -15.174 dB power loss from the 
transmitter to the first corner (first time diffraction), for a 2.4 GHz spectrum (received power 
for distance of 20 meters). We believe that the antenna gain of 7 idB used by [23] provides less 
loss caused by diffraction because the transmitter power of 20 dBm also used.  Hence, 
although the path loss value of our model is higher than the path loss of the selected models, 
we decided to observe the effect of the proposed model on the performance of the application 
layer. It is expected that the signal propagation expansion of non line of sight and near non line 
of sight can improve the performance of vehicle-to-vehicle communication in the grid urban 
environment by a combination of the effects. 
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Fig. 4. Path loss values collected from the simulator with Two Ray Ground, Free Space, Shadowing and 

proposed model (PLDRD)  
 
In this work, after path loss evaluation, we observed performance of vehicle-vehicle 
communication using the packet delivery ratio. The packet delivery ratio is one of the 
important performance metrics that shows the accuracy of data transmission. Therefore, in this 
experiment, three scenarios are defined with 100 vehicles with a transmitting density of 0.1, 
0.25, and 0.5. These scenarios are examined with Free Space, Two Ray Ground and 
Shadowing path loss [31] to make a comparison with proposed PLDRD and PLRDR models. Free 
space and Two Ray Ground are two common propagation models that have been recently used  
in a few literatures [31], [16] and [19]. With the expansion of the NLOS propagation situation 
around vehicles, it is expected that connectivity among vehicles increases. Although many 
vehicles may locate on near non line of sight propagation situation, they are in the signal 
transmitting range, but cannot receive signals. In contrast, using of our path loss model, it is 
expected to have better performance in data delivery. As Fig. 5 (a) shows the improvement of 
packet delivery ratio of applied PLDRD and PLRDR in comparison with Two Ray Ground, Free 
Space and Shadowing models.  

 
Fig. 5. (a). Packet delivery ratio comparison of Free Space (FS), Two Ray Ground (TRG), Shadowing 

(SH), and PLDRD and PLRDR path loss models 
 

Among these four path loss models, shadowing model with the lowest transmission among 
vehicles, on PLDRD with highest transmission is identified as the less and most suitable models. 
With less number of vehicles communicating, the signal travel less  and chance of reaching the 
receiver is less, but in general signal may be blocked by the same objects on the street. In case 
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of PLDRD firstly signal is predicted to travel from several paths to reach the receiver. This is the 
advantage over other models. 
Average end to end delay is also one of the methods to evaluate performance of scenario. This 
method is to find out the average delay time of data delivery to the receiver. Fig 5. (b) presents 
average end to end delay time that obtained from the simulation experiment. In this research, 
the average end to end delay is tested with Free Space, Two Ray Ground, Shadowing, and 
proposed PLDRD and PLRDR. 

 

 
Fig. 5. (b) Average end to end delay comparison of Free Space (FS), Two Ray Ground (TRG), 

Shadowing (SH), PLDRD path loss model and PLRDR path loss model. 
 

Average end to end delay (Fig. 5 (b))  and packet overhead (Figs. 4 (c)) both are exaggerated 
because of  changing of model, it is also because of the High or  Low  density of vehicles and 
network. May also be a cause of delay in communication between vehicles [20]. 
 

 
Fig. 5. (c) Control overhead comparison of Free Space (FS), Two Ray Ground (TRG), Shadowing (SH), 

PLDRD path loss model and PLRDR path loss model. 
 
Fig. 6 (a) to Fig. 6 (d) shows the difference of connectivity between vehicles regarding to 
different path loss models. According to these figures, the red circles on the roads indicate 
communication between vehicles. The difference in density of red circles shows that in which 
scenario vehicle could communicate easier. We have taken snapshots of the Chicago map 
while wireless vehicular ad hoc communication is applied with Free Space, Two Ray Ground 
and Shadowing path loss models as well as our proposed path loss model. Testing 
communication density over the streets is one of the ways to evaluate NLOS propagation 
models.  
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Fig. 5. (a) Snapshot of scenario from Jist/SWAN applied with Two Ray Ground path loss 

 

 
Fig. 6. (b) Snapshot of scenario from Jist/SWAN applied with Shadowing path loss  

 

 
Fig. 6. (c) Snapshot of scenario from Jist/SWAN applied with Free Space path loss  

 

 
Fig. 6. (d) Snapshot of scenario from Jist/SWAN applied with proposed model PLDRD 

 

It also can be seen in some recent researches that communication density is checked to identify 
the improvement of NLOS communication. The number of vehicles in a specific area with a 
higher density of red communication indicators along the street verifies the result provided in 
Fig. 6 (b) and Fig. 6 (c). Higher packet delivery ratio supports better communication density. 
Among these four path loss models, shadowing model with the lowest transmission among 
vehicles, on PLDRD with highest transmission is identified as the less and most suitable models. 
With less number of vehicles communicating, the signal is less travelled and chance of 
reaching the receiver is less, but in general signal may be blocked by the same objects on the 
street. In case of PLDRD firstly signal is predicted to travel from several paths to reach the 
receiver. This is the first advantage over other models. Two Ray Ground model predicts a 
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direct LOS path and a ground reflected path to the receiver while free space model provides 
only a direct LOS path to the receiver. Basically, in-order to improve NLOS communication in 
urban environment, it is required to predict expanded area signal rays which aimed in this 
project. Also in this project combination of effects is targeted to improve vehicle-vehicle 
communication. So this is also a reason to verify the higher communication density according 
to Fig. 6 (d).    

6. Conclusion 
In this paper we design and implement a realistic path loss model in an urban grid environment 
for VANET. Using the JiST/SWANS simulator, we created a suitable environment to extract 
credible results with the applied path loss model. We show that a combination of large scale 
effects can be used in ray tracing techniques to develop a realistic path loss model. In addition, 
we design a path loss model with less mathematical complexity. In ray tracing techniques, path 
loss modelling depends on values from the environment. Instead in our modelling, these 
values are simplified to be more accessible for calculating path loss. Although the path loss 
value collected from the proposed model is higher than path loss of existing models, but the 
effect of the proposed model is verified by performance evaluation of the application layer. 
Expanding signal propagation of non line of sight and near non line of sight by a combination 
of the effects, results a significant improvement in performance of vehicle to vehicle 
communication in the grid urban environment. Moreover, In order to extend this research, this 
method can be implemented using IEEE 802.11p which provide longer range of transmission. 
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