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Survey of Angle-based Forwarding Methods 
in VANET Communications
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Abstract—The location information for a forwarding 
scheme for Vehicular Ad-hoc Network (VANET) commu-
nications serves several purposes based on specific net-
work characteristics. The concept of the angle-based 
forwarding scheme takes into account the relative-angle 
calculation to support an optimal forwarding decision. 
This survey summarizes angle-based forwarding schemes 
in VANET by reviewing their characteristics, purposes, 
advantages, and drawbacks. Additionally, this work deter-
mines which angle-based forwarding scheme fits best 
VANET communications of an intermittent connectivity, 
environment, and frequent topology changes.

Index Terms—Angle-based forwarding, classification, VANET.

I. INTRODUCTION 

Vehicular Ad-hoc Networks (VANET) define an approach 
for mobile communications in public transportation environ-
ments, while integrating the vehicles themselves to carry, for-
ward, source, or sink data [5]. The routing mechanism is the 
process to transmit relevant control information between rout-
ers, especially to enable packets to be transmitted from a 
source S to a receiver R. The forwarding decision, the core 
task of a routing mechanism, overcomes several factors that 
influence VANET communications performance. These fac-
tors include the environment, network type, and mobility. The 
environment describes the characteristic of road topologies 
and is classified as a two-dimensional (2D) area (i.e., the road 
in a city with intersections) and three-dimensional (3D) area 
that represents a road with different road levels, such as over-
pass or underpass, as indicated in the altitude level [1]. 

As the number of participating vehicles has an impact on 
communications, it is necessary to classify network types into 
two distinct categories: dense network and sparse network. 
Due to various velocities of participating vehicles, the mobil-
ity factor can be classified as high or low speed. Although it is 
not common in VANETs, mainly because vehicles usually 
move in pre-defined paths (i.e., the road), both random and 
non-random mobility models are also considered due to multi-
ple lanes’ roads and frequent lane switches. Since all of these 
factors influence VANET communications, it is important to 
cover various strategies of forwarding schemes based on the 
relative angle calculation as an additional weight value. 

Thus, this paper — based on [15] — is organized as fol-
lows: Section II describes angle-based forwarding schemes. 
While Section III classifies angle-based forwarding schemes, 
Section IV provides a detailed discussion of the angle-related 
forwarding approach and several open issues. Finally, a sum-
mary is provided in Section V, complemented with main con-
clusions.

II. FORWARDING SCHEME

A forwarding scheme calculates the path from a source S
to its neighbors in order to obtain the best path to the receiver 
R. Under the assumption that participating vehicles are 
equipped with the Global Positioning System (GPS), location 
coordinates of each vehicle can be obtained and vehicle loca-
tion coordinates support a data forwarding scheme in order to 
optimize packet transmissions in VANETs [2], [3]. 

The Most Forwarding Scheme (MFS) selects the interme-
diate node (i.e., node A), which has the closest distance to the 
receiver amongst forwarding nodes within the transmission 
range of a source node. The Near Forwarding Scheme (NFS) 
determines the opposite to MFS, because NFS selects the 
intermediate node (i.e., node B) that has the closest distance to 
S. The Angle Forwarding Scheme (AFS) relies on an angle 
calculation [4]. 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-
ure 1. In order to obtain an exact angle calculation, the initial 
phase of an angle calculation determines the imaginary line, 
which is similar to MFS and NFS. The imaginary line is the 
guidance line using node S and R as the reference point. 
Based on this imaginary line, AFS provides an additional 
measurement metric, which is known as the relative angle. 
Figure 2 outlines the calculation of the distance from S to R
by forming the imaginary line between S and R. 

Fig. 1.  Angle Forwarding Scheme

The imaginary line for 2D and 3D areas, which is formed 
by line S and R, represents the dashed line k as shown in Fig-
ure 2. 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 2D 
area, while S(xS, yS, zS) and R(xR, yR, zR) determine those in 
the 3D area. Based on these location coordinates, the imagi-
nary line can be defined generally as Equation 1. 

Δk xR xS–( )2
yR yS–( )2

zR zS–( )2
+ += (Eqn. 1)
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Since various dimensions of an area are considered, rela-
tive angles in degrees are measured in two ways: First, they 
are measured between the positive x-axis and positive y-axis, 
which results in the angle θx, second, they are measured 
between the positive z-axis and the imaginary line, which 
results in the angle θz. In order to differ the terms of relative 
angle, the angle θx is rephrased as horizontal relative angle
and the angle θz is rephrased as vertical relative angle. 

Fig. 2.  Relative-angle Calculation.

Given h, j, and k as shown in Figure 2, θz is calculated by 
Equation 2. The same approach can be used to calculate θx. 
Thus, the term relative angle is defined as an angle measured 
between the imaginary line and the current node. By obtain-
ing the relative angle, various angle-based forwarding 
schemes can be designed with respect to the potentially differ-
ent network characteristics. 

θz
j
h
--- 
 atan= (Eqn. 2)

III. RELATIVE ANGLE-BASED FORWARDING SCHEME

In order to properly design the angle based forwarding 
scheme, the algorithm, advantages, and drawbacks of each 
scheme are presented [15]. 

Fig. 3.  Angle-based Candidate Restriction

 

Candidate Restriction: This method calculates the refer-
ence angle i.e., θ1,θ2, and θ3, as illustrated in Figure 3. The 
reference angle decreases the degree value, and filter out the 
candidates within the reference angle area [7]. Therefore, it 
reduces the number of hops required for communications and 
narrows the area of flooding mechanisms [6]. This approach 
is well-suited for dense networks. In case of dense networks 
with high speed vehicles, the forwarding decision has to look 
at another factor (e.g., mobility behavior). In contrast, this 
approach has insignificant impact to a sparse network because 
of less participant nodes.

Area Clustering: This scheme creates imaginary zones to 
cluster neighbor nodes within an specific angle θ, as shown in 
Figure 4. The clustering mechanism is used to determine 
those vehicles with the same direction and transmission range, 
in order to manage the communications process [11]. If the 
particular zone is the zone, where R is located, S will only for-

ward to nodes within a specific region. This scheme is useful 
for a dense network with a random mobility as an additional 
factor. 

Fig. 4.  Angle-based Zone Clustering.

 

Movement Prediction: the movement prediction schemes 
require the time-based relative angle calculation. This time-
based property can be determined, since this type describes 
the current angle. Since VANETs typically show frequent 
topology changes [5], [13], it is necessary to obtain the cur-
rent velocity information, which is used to predict the move-
ment of intermediate nodes. The current movement of 
intermediate node covers velocity information, which deter-
mines a significant factor to predict the next movement. In 
addition, angle calculation in this forwarding scheme defines 
the direction of intermediate nodes (cf. Figure 5). It is consid-
erably well suited for a network, which has high mobility and 
random direction factors. In contrast, this approach has an 
insignificant impact to networks with sparse, low mobility, 
and non-random direction factors, since the time-based prop-
erty is not a crucial factor to these type of networks. 

Fig. 5.  Angle-based Movement Prediction 

Fig. 6.  Angle-based Void Avoidance

Void Avoidance: The void avoidance scheme refers the 
term “void” to a condition, where there is no neighboring 
node around the intended transmission node which is also 
known as local minimal problem. This scheme is an approach 
978-1-5090-2494-0 2
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to a angle forwarding issue in a sparse network [12]. This 
scheme targets at the increase of the angle gradually to reach 
the next intermediate node in a wider area (i.e., within the 
angle of θ2) than the current one (θ1) as illustrated in Fig-
ure 6. Advantages of the void avoidance approach include the 
fact that they are highly suitable for a 3D area, since several 
simulations indicate that the vertical relative angle being 
included into the consideration leads to cope the local mini-
mum issue [14]. The other approach to void avoidance is fur-
ther discussed in [8]

IV. DISCUSSION

The main property of the relative angle calculation is the 
definition of the imaginary line between the source S and the 
destination D. In addition, the relative angle calculation can 
be combined with other weight values, such as link quality, 
distance, signal strength, and time difference. 

The set of angle-based forwarding schemes result in the 
classification as defined within Table I. Each angle based for-
warding scheme works or supports either totally, partially, or 
not at all a selected factor, e.g., dimensional area, mobility, or 
direction. Thus, the relative angle can be combined with a 
weight value to create an efficient forwarding scheme, i.e., the 
relative angle is combined with the speed of a particular node 
to predict the next movement of this particular node. 

The main parameter, both in 2D and 3D areas, is the loca-
tion coordinate, which determines the distance to each partici-
pating node. The challenge of measuring the relative angle 
due to frequent topology changes is the determination of the 
latest position of the current node under investigation. Thus, a 
time-based weight value determines an appropriate approach, 
because the location coordinate update is required. Therefore, 
the advantage of this scheme is promising, since a real-time 
application may be required and foreseen.

Due to the investigation of existing implementations and 
simulations the use of metrics in vertical angles seems to be 
not fully exploited. Thus, to prevent erroneous conclusions, a 
more detailed exploration is required. The vertical relative 
angle scheme as discussed has an insignificant impact on for-
warding decisions, even in the 3D area, since the transmis-
sion coverage is assumed to be evenly distributed. However, 
it is considerable to calculate the vertical relative angle, since 
it addresses the propagation loss and antenna type, which still 
determines open research. 

To the best of the author’s knowledge, those schemes are 
implemented in a 2D area only, since they do not address the 
z-axis, thus, have not been designed for, prototyped, or evalu-
ated in a 3D area. Therefore, this is considered as open 
research, too. 

TABLE I. ANGLE-BASED FORWARDING SCHEME CLASSIFICATION 

Factor
 Angle-based Forwarding Scheme

Candidates 
Restriction

Area 
Clustering

Movement 
Prediction

Void 
Avoidance

Sparse Network No No No Yes

Dense Network Yes Partially Partially No

2-D Area Partially Yes Partially Partially

3-D Area Partially No Partially Partially

High Mobility No No Yes Partially

Low Mobility No No No Yes

Random Direction Partially Yes Yes Partially

Non-random 
Direction.

Partially Partially No No

V. SUMMARY AND CONCLUSIONS

This paper classified angle-based forwarding schemes for 
VANETs based on the key VANET communication factors 
and provided the strategy to cope with network characteris-
tics. While the angle-based forwarding requires the location 
coordinate as the main information in classification, such a 
coordinate provides a guidance to select a suitable forward-
ing scheme for a given set of requirements as a trade-off deci-
sion, when they shall be deployed and implemented for 
particular VANETs. 

Concluding, the relative angle improves the performance 
of a routing protocol. Most of those schemes require factors 
that fit into VANETs’ behavior. By adding weight values to 
angle-based forwarding schemes, the forwarding decision 
increases the effectiveness of locating the intermediate node, 
which subsequently minimizes the number of hops to be com-
municated across, reduces the message overhead, and 
decreases overall delays.
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