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Abstract—Vehicular Ad-hoc Network (VANET) com-
munications are mobile communication alternatives allow-
ing vehicles to exchange information among them with a
suitable forwarding scheme. The forwarding scheme is a
mechanism to select proper candidate nodes as the inter-
mediate node. Current angle-based forwarding schemes
take into account a Horizontal Relative Angle (HRA) and
propose Vertical Relative Angle (VRA) as an alternative.
The introduction of a filtering concept, implementing both
HRA and VRA, restricts the number of insignificant can-
didates. Under various VANET communication factors
(e.g., network density, mobility, and road level topology)
the work presented here investigates the VRA scheme to
improve the forwarding decision especially in the three-
dimensional case within a large city environment. 

Index Terms—Vehicular-to-Vehicular (V2V) networks,
Vertical Relative Angle (VRA), Horizontal Relative Angle
(HRA), Vehicular Ad-hoc Network (VANET), Forwarding
scheme

I. INTRODUCTION 

The population in cities rises in close relation to the devel-
opment of public transport and mobility demands of the popu-
lation. However, many people prefer to use their own car for
comfort reasons, when commuting. In order to convince them
to use public transportation, incentives beyond financial
issues must be provided. One such incentive can be personal
network connectivity (e.g., Internet access for social media
access, messaging services, or news updates) because most
people own Smartphones [2] and it was proven that this has
an effect on people’s behavior [1]. Thus, the support of Inter-
net connectivity is the key incentive assumed here to con-
vince people to use public transport. When applying those
ideas to countries like Indonesia, people can be convinced
additionally when this service is free of charge, furthermore
resulting in less traffic on the roads. 

The solution of providing Internet connectivity is inspired
by the principle of Vehicular Ad-hoc networks (VANETs).
VANETs can form either Vehicular-to-Vehicular (V2V) or
Vehicular-to-Infrastructure (V2I) approaches both offering
several applications to support the driver, passenger, and vehi-
cles [4]. The safety application i.e. car crash prevention, takes
into account of short range wireless transmission technology
i.e., Dedicated Short Range Communication (DSRC) [6].
Non-safety applications, i.e., Web surfing and social network-
ing, are the other interesting aspect to explore, and they can

use other options of unlicensed spectrum such as Wi-Fi or
WiMAX [30]. The integration of non-safety application using
Wi-Fi is even possible to be implemented in V2V [3], [6],
also known as inter-vehicular networks [5]. 

The successful transmission of data is the main goal of the
routing mechanism, which additionally can be complemented
with Quality-of-Service (QoS) parameters, including through-
put and stable data rates [7]. However, maintaining QoS
brings trade-offs (e.g., communication delay and number of
hops) [8] that need to be investigated. Existing research has
implemented and simulated a realistic city environment [9],
[10]. To the best of the author’s knowledge, the two-dimen-
sional case is used in the majority of scenarios, since vehicles
move on the road, i.e., not considering ramps or overpasses.
Thus, this work here focuses on the three-dimensional case
within a city environment [12], [14], which considers the alti-
tude position coordinate as a new key element in terms of
location information as illustrated in Fig. 1 [26]. In order to
improve a reliable and stable transmission of data, three
research questions are to be investigated: 

(i) How stable and reliable is the connectivity in a three
dimensional environment? The three-dimensional environ-
ment is shown in Fig. 1 including key parameters in V2V
communications, such as the impact of obstacles (e.g., build-
ings, trees, overpass, and other vehicles [16]) in this environ-
ment. The modelling of the scenario of a large city
environment covers here the complexity of propagation and
considering the details of overpasses [11], [13]. 

Fig. 1. Scenario in a large city environment 



(ii) How feasible is Wi-Fi in a V2V communication?
Thus, the performance of IEEE 802.11b/g [17] for different
road-level topologies [13] and non-safety application integra-
tion issues is investigated. In addition, the duration of connec-
tion is also investigated.

(iii) How to improve the forwarding strategy with respect
to such a three-dimensional environment? Thus, selecting the
proper intermediate node based on distance and angle meas-
urement among cars are considered [9]. 

The reminder of this paper in Section 2 discusses the
related work. Section 3 proposes the filtering concept by
applying the Vertical Relative Angle (VRA) scheme and its
initial modeling. The evaluation in Section 4 is followed by
the summary and a future work perspective in Section 5. 

II. RELATED WORK

A reliable and stable V2V communication refers to a suc-
cessful delivery of messages [8] and immediately finding the
new path due to frequent changing topology. In V2V, any par-
ticipant vehicles can behave as source node S, receiver node
R, or relay I. The degree of successful delivery is defined by
the high percentage of packet delivery ratio (PDR). The rout-
ing process requires proper calculation of weights (e.g., hop
counts, link quality, delay constraint, geographical distances,
or signal strength) for each path foreseen to decide upon the
“best” path to transmit relevant information from S to R. The
decision of this process is handed over to the forwarding
scheme, which utilizes local port information of a relay to for-
ward packets [19]. 

In order to design the appropriate forwarding scheme, it is
necessary to consider various factors of VANETs communica-
tions [27]. Those factors include the environment, network
type, and mobility as shown in Fig. 2. The environment fac-
tor describes characteristics of road topologies, which are
classified as a two-dimensional case i.e., the highway or city
roads with intersections [9], [10] or as a three-dimensional
case i.e., overpass or underpass [11], [13]. The second factor
is the network type, which is based on the number of partici-
pating nodes and divided into a dense network, which
involves many vehicles as participating nodes and a sparse
network, which lacks of active participating nodes [18]. The
third factor is the mobility, which can be classified by partici-
pant nodes with a high or low speed and with random or non-
random directions [18]. However, in case of VANET, vehi-
cles have non-random directions since vehicles move on pre-
defined road path. In order to address those VANET commu-
nication factors, several related works in establishing commu-
nication among vehicles are discussed in following:

A. Transmission Range 

The transmission range in the three-dimensional case is
different compared to two-dimensional case because the
height of the road topology does impact the transmission
range [13]. Fig. 3 illustrates the maximum transmission range
in a three-dimensional perspective. The transmission range of
S, can cover both on different road level topologies with sev-
eral requirements are discussed in the two section below. 

B. Wireless Communication Technology

In V2V, the term mobile node represents a vehicle and it is
assumed to be equipped with a navigation system as Global
Positioning System (GPS) and wireless communication (Wi-
Fi/IEEE 802.11b/g), therefore, the term mobile node and
vehicle can be used alternately. 

In V2V network, Wi-Fi/IEEE 802.11 as a short-to-
medium range radio technology is possible to be used to
establish a communication among vehicles [17]. A Wi-Fi ad-
hoc mode can support inter-vehicular networking through the
ad-hoc broadcast [29]. This communication technology has
been enhanced for non-safety applications with required mod-
ification since it has to support communication among vehi-
cles moving at high speeds [30]. 

C.Propagation Model 

The characteristic of a propagation channel may vary
depending on the environment and influences both signal
transmission and reception. A consideration of a propagation
model that is influenced by the existence of obstacles is pro-
posed as an approach to obtain an optimum transmission [31].
In case of buildings, composed out of a concrete block, signal
transmission will be attenuated or even restricted [21]. In case
of overpasses, it is assumed that the overpass is not made
from material with good conductivity, thus, signals attenuate
or are restricted along the overpass [20]. 

By definition, signal transmissions that enter the overpass
are assumed as a signal loss since they do fade and distract,
depending on the overpass’ length e.g., GPS signal for navi-
gation systems and Wi-Fi signals degradation [21]. The lon-
ger the overpass, the signal loss probability rises and the
signal reception is decreased. There is a trade-off whether to
disconnect the transmission and search for a new connection
or to maintain the current and distracted connection i.e., when
a vehicle moves below an overpass with high speed, but sud-
denly decreases the speed due to traffic conditions, the dis-
tracted connection expands or the vehicle becomes temporary
unreachable [19]. 

Fig. 2. VANETs Communication Factor
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Fig. 3. Transmission Range in Three-dimensional Perspective



It is important to define the particular environment as a
preliminary set up. In a free space environment (i.e. the envi-
ronment where the electromagnetic wave transmits without
any obstructions), the propagation channel is considered as
the line-of-sight (LOS) propagation model. This model deter-
mines a theoretical case and is used as a reference for other
propagation models. In case of the urban environment topol-
ogy, the propagation channel is modeled as a path loss propa-
gation model [20]. This model takes into account buildings
and assumes electromagnetic waves are diffracted [21]. In
case of other objects, e.g., an overpass, the propagation model
is assumed as the obstacle propagation model. This model
assumes that electromagnetic waves are blocked by the over-
pass [13]. This work combines the non-line-of-sight (NLOS)
propagation and obstacle propagation model in order to obtain
a realistic propagation of a large city environment.

D.Angle Forwarding Scheme

A forwarding scheme has various methods that rely on
positions [22]. The initial assumption holds that all nodes are
equipped with GPS, therefore, all nodes know their current
position and the position of their neighbors within their com-
munication range (i.e., transmission range, where the commu-
nication process is assumed to be successful). 

As there exists 3 types of forwarding schemes based on
such a position information, each of them is presented below.

Most Forwarding Scheme (MFS), calculates the path
from a source S to its neighbors in order to obtain the best
path to the receiver R. The way this forwarding scheme calcu-
lates the distance from S to R by forming the imaginary line
between S and R, as illustrated in Fig. 4. The MFS selects the
intermediate node (I), which has the closest distance to the
receiver amongst the forwarding nodes within the transmis-
sion range of a source node. Therefore, A is selected by S and
A becomes the intermediate node because A fulfills aforemen-
tioned requirement [22].

Near Forwarding Scheme (NFS), Basically, this scheme
is the opposite to MFS since NFS selects the intermediate
node that has the closest distance to S (c.f. Fig. 4). Therefore,
the intermediate node is indicated as node B [22].

The Angle Forwarding Scheme (AFS) relies on an angle
calculation. An angle θ is a shape formed by two straight
lines, S to R and S to C, that have a vertex as illustrated in
Fig. 4. [22]. Based on the imaginary line, AFS provides an ad-
ditional measurement metric, which is known as the relative
angle [23], [24], [25].

III. FILTERING  CONCEPT 

The three-dimensional case determines the additional lo-
cation coordinate i.e., altitude, to the existing location in the
two-dimensional case i.e., latitude and longitude. The altitude
is the important parameter to signal reception calculation
since it indicates the distance parameter in three-dimensional
case. Due to the fact of location coordinates in three-dimen-
sional case, the filtering  concept applies both HRA and VRA
introduced as follows:

A. Vertical Relative Angle 

Relative angles in degrees are measured in two ways:
First, the angle θx is measured between the positive x-axis and
positive y-axis. Second, the angle θz is measured between the
positive z-axis and the imaginary line. Here the angle θx is
defined as HRA and the angle θz is defined as VRA. 

The imaginary line for two- and three-dimensional areas,
which is formed by line S and R, represents the dashed line k
as shown in Fig. 5. The j line is also an imaginary line formed
between S (i.e., in case of S has zero value in both x and y-
axis) and R based on the x and y-axis, while k line is formed
between S and R based on the z, y and x-axis. Therefore, the
location coordinate of S and R are S(xS, yS) and R(xR, yR) in
the two-dimensional area, while S(xS, yS, zS) and R(xR, yR, zR)
determine those in the three-dimensional area. Based on these
location coordinates, the imaginary line can be defined gener-
ally as Equation 1 and 2. 

(1)

(2)

(3)

Given h, j, and k (cf. Fig. 5), angles θx and θz are calculat-
ed by Eqn. 3. Thus, the relative angle is defined as the angle
measured between the imaginary line and the current node.
Thus, relative angle various angle-based forwarding schemes
can be designed addressing key network characteristics [27]. 

B. Filtering  Scheme

The concept of filtering  scheme is introduced in two
steps. The first step is to select the proper candidates as the in-

Fig. 4. Forwarding Scheme

Fig. 5. Vertical Relative Angle and Horizontal Relative Angle 
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termediate node in two-dimensional case, by implementing
HRA. This filtering  concept selects the candidates within the
S transmission range, by restricting the searching area. The
HRA implementation as illustrated in Fig. 6 defines the θ1 as
the maximum angle of transmission area. The value of θ1 de-
creases to θ3 in order to restrict candidates and select the node
which is located closest to R.  

The second step is the VRA implementation in the three-
dimensional case. The minimum and maximum anglesare
denoted as θmin and θmax. Under the assumption that interme-
diate nodes (I nodes) are within the transmission range of S,
these θmin and θmax angles determine which intermediate node
becomes the next forwarding node. The selection of candi-
dates located withinthe θmin area is avoided, since nodes
within this area will experience the disconnection status soon.
The preference area of the VRA forwarding scheme is
between θmin and θmax. Thus, the VRA scheme will only
transmit packets, if intermediate nodes are within this area.
The HRA and VRA (i.e., relative angles) schemes are com-
bined in order to cope with both  two-dimensional and three-
dimensional cases. The detailed algorithm of the filtering
scheme is shown in Fig. 8. 

IV. EVALUATION 

The evaluation of filtering concept implementing HRA
and VRA in V2V scenario started with the parameter settings
listed in Table I. The Network Simulator-3 (NS-3) [28] is
used to generate specific condition and environment, such as
wireless technology (i.e., IEEE 802.11b/g), routing protocol
(i.e., Greedy Perimeter Source Routing (GPSR) [22]), mobili-

To obtain a realistic speed of vehicles in a large city envi-
ronment, the average speed of vehicles is set between 40 and
70 km/h, high and sparse density, various type of obstacles
(i.e., building and overpass construction), and the direction of
vehicles is usually a non-random way due to the natural vehi-
cle movement on predefined lanes. Various numbers of nodes
are simulated to investigate the effect of network’s density.
Pairs of connections (i.e., S to R) are generated randomly,
which means that any participant nodes can be S or R, and/or
I. The number of S and R are generated linearly, which means
a 40 nodes network contains of 20 senders and 20 receivers.
In addition, S, R, and I are placed randomly both on two dif-
ferent road level. The simulation area covers an environment
that involves a road with an overpass crossing in the middle
and buildings which are located on the road side. While the
evaluations’ impacts onto the Packet Delivery Ratio (PDR)
are addressed, the simulation time is set to 200 s in order to
obtain the required transmission time for realistic packet siz-
es and the expected round trip distance of vehicles within two
driving lanes. Finally, the particular use case is defined for Ja-
karta, Indonesia due to a specific mobility model, traffic be-
haviour and velocity, road level topology, and the author’s
fellowship granted by the Indonesian Government.   

The first result in Fig. 9 shows the impact of overpass con-
struction in three-dimensional case and the impact of build-
ings in two-dimensional case to network performance. The

Fig. 6. Filtering Concept using HRA

Fig. 7. Filtering  Concept using VRA

Fig. 8. Algorithm 1 Filtering  Scheme

TABLE I: PARAMETER SETTINGS

Parameter Units

Transmission Range IEEE 802.11 140 m

Number of Nodes 10 - 40

Simulation Area 500 m x 500 m 

Upper Road Height 10 - 20 m

Average Vehicle Velocity 40-70 km/h

Packet Size 2048 Byte

Simulation Time 200 s

Number of Driving Lanes 2

S ← sender node
R ← receiver node
I all neighboring nodes of S
θh,max ← maximum boundary of the 

horizontal angle
θv,min ← minimum boundary of the 

vertical angle
θv,max ← maximum boundary of the 

vertical angle
for all I
θh ← horizontal angle made by n to S
θv ← vertical angle made by n to S
Ifiltered ← only I that is 

within [-θh,max, θh,max] 
and [θv,min, θv,max]

end for
d ← distance from Ifiltered to R
nexthop ← argmin(d)



solid line describes the lower PDR that includes the existence
of an obstacle and compares to the dashed line, which
describes the PDR without an obstacle. The highest obtained
PDR with obstacles is 30 percents, which is considerably low.
The low PDR is caused by the overpass construction. Since
the scenario which is under investigation focuses on the road
topology with obstacles (i.e., overpass constructions) are
added between two different levels of roads, thus, those obsta-
cles block the signal reception. Additionally, the chosen rout-

ing protocol, GPSR, and its search location mechanism
considers vehicles, which are located under the overpass as
“undetected” vehicles’ location coordinate. The end-to-end
(E2E) delay indicates that the obstacle decreases the connec-
tivity. Due to those findings, the following evaluations
address all the network performance and takes into account
the obstacle propagation model. 

The second result related to a different road level topol-
ogy i.e., vehicles located both on overpass and under over-
pass is shown in Fig. 10. The connectivity, indicated as
millisecond (ms), among vehicles on the same altitude (i.e.

Fig. 9. Impact of Obstacle

Fig. 10. Duration of connection 

Fig. 11. HRA and VRA Implementation in Filtering  Concept



road level) has the longer duration than on the different alti-
tude. This indicates that the altitude factor cannot be
neglected, since vehicles obviously select the intermediate
node within the suggested transmission range i.e., the trans-
mission range as defined in Section III.

By indicating the obstacle and the altitude, the filtering
concept results are shown in Fig. 11. The solid blue lines indi-
cate the implementation of filtering  concept using the rela-
tive angle i.e., VRA and HRA. The PDR of each speed shows
that filtering  reveals the better result compared to an unfilter-
ing  scheme. This indicates that involving the relative angle as
the additional metric to the forwarding decision is necessary
to determine a proper intermediate node out of available
neighboring candidates. The highest obtained PDR is 20 per-
cent and it is also considerably low due to the specific feature
of the selected routing protocol which rely on the location
coordinate of vehicle. Overall, the PDR is decreasing due to
the higher speed of vehicles and due to frequent disconnec-
tions. However, the end-to-end delay considered has to be
handled as a trade-off. The end-to-end delay shows fluctuat-
ing results (cf. Fig. 11) and has larger delays on average. The
speed of vehicles has an insignificant impact to the end-to-end
delay. Thus, the delay reached determines the result of the
routing protocol mechanism searching for the new connec-
tion or path once the current path is disconnected or broken.

V. SUMMARY AND FUTURE WORK 

This paper evaluated a V2V communication by improv-
ing the angle-based forwarding scheme. This V2V communi-
cation has potentials to provide non-safety applications in ad-
dition to safety applications. Obstacles decrease the network
performance both in two-dimensional case and three-dimen-
sional case. The proposed VRA combined with HRA shows a
better packet reception by filtering  candidates in a dense net-
work. The filtering  concept increases the effectiveness of lo-
cating the intermediate node, which subsequently minimizes
the number of hops and reduces message overhead. While the
transmission coverage is assumed to be evenly distributed, the
situation is improved by applying VRA since it addresses the
propagation loss and antenna type for evaluations. 

In next steps, multiple lanes scenarios will be evaluated in
depth to increase the understanding of VRA scenarios and de-
rive applicable observations for the real Jakarta traffic and
map. Moreover, besides IEEE 802.11a/n/g the IEEE 802.11p
technology will be used additionally in simulations since it is
designed to cope the frequent topology changes in a VANET
characteristics. The interesting comparison will be investigat-
ed with respect to those different non-safety- vs. safety-criti-
cal applications. 
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