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Greetings 
 

Welcome Message from the General Chair 
 

Greetings! 
 
It is our great pleasure and honor to welcome you to APCC 2016, the 22nd Asia-Pacific 
Conference on Communications and also to our beautiful Yogyakarta, the center of 
Javanese arts and culture. In this event we will have the opportunities to exchange 
knowledge and information on latest researches and strengthening relationships 
amongst us, while enjoying the relaxing yet entertaining environment of Yogyakarta. 

 
Since 1993, APCC has been acknowledged as technical forum for researchers and engineers to interact and 
disseminate information on the latest developments in advanced communication and information 
technologies, particularly in the Asia-Pacific region. In this 22nd APCC, the event is organized by IEEE 
Communication Society Indonesia Chapter, supported by Telkom University and University of Gajah Mada, 
as Co-Organizers. APCC 2016 is made possible through the technical co-sponsorship of the IEICE 
Communication Society, KICS and CIC.  
 
Many advance technologies in the communication field, start to put the intelligences in many segments and 
subsystems of a communication system. Novel methodologies and approaches are introduced to achieve 
higher level of communication quality. Nevertheless, human life is still a very important aspect to be 
considered in each development of technologies, including communication technology. Today, we have 
witnessed the rise of broad smart digital technologies on the devices, sensors, networks, controls and not to 
mentions millions of applications. Those smart technologies spun from computing, broadcasting and media, 
platforms, applications and contents, advertising and social media. Accordingly, under the theme of 
“Advancement of Science, Technology and Applications in Communications for Humanity”, APCC 2016 
will provide opportunity for us to discuss these issues. Still, there are many challenges need to be resolved, 
including technology, infrastructure, traffic, spectrum, privacy/security, energy-efficiency, nature-friendly 
development, life style changes, and others. 
 
In APCC 2016, we are honored to have several distinguished Keynote Speakers around the world. Other 
APCC 2016 point, there is high interest on 5G and IoT as the advance topics in communications nowadays. 
During this event, we are also delighted to have valuable tutorials delivered by experts. 
 
We hope all participants will have valuable and also enjoyable experience during this event. Looking 
forward to see you all in Yogyakarta. 
 
General Chair 
Wiseto Agung 
Telkom Indonesia  
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Greetings 
 

Welcome Message from TPC Chair 
 

Dear Ladies and Gentlemen,  
 
It is a great honor for all of us to host the APCC 2016, the 22nd Asia-Pacific Conference on 
Communications, in Yogyakarta, where the high qualified papers in advanced information 
and communication technologies and services, under the theme of “Advancement of 
Science, Technology and Applications in Communications for Humanity”, will be 
presented. The conference received 297 papers from 828 authors of 29 countries and 

through high qualification of reviewing process and tight registration process APCC 2016 accepted 126 
papers from 401 authors of 24 countries with high qualified papers. 
 
The research in advanced information and communication technologies and services, and also 
communications networks with advanced technologies are very important since it brings us insight into new 
engineering solutions that may influence our life. This event represents a great achievement in topics of 
interest, which the best contributors coming from excellent laboratories and schools throughout the world, 
precipitate to come and contribute their finest works. Therefore, this conference will become the landmark 
for engineering society to express their thoughts and skills in finding best algorithms or modern 
mathematical modeling for the future technology. Not only the high qualified papers, the conference is 
supported by 6 experts in tutorial sessions and 9 distinguished experts in keynote sessions.   
 
We would like to express special appreciation for 702 technical program committee (TPC) that supported 
the review process, thus enable us to present high qualified conference in communications technology. The 
top 7 demanding topics from background of reviewers background are IoT Communication and Networking 
Protocols (279 reviewers); IoT Enabling Technologies (228 reviewers); Network Architecture and Protocol 
(225 reviewers); Future Network (219 reviewers); IoT System Architecture (219 reviewers); Services and 
Applications (215 reviewers); Wireless System (211 reviewers).  
 
Welcome to Yogyakarta, we hope that you enjoy the foods, graceful palace, arts, its tropical beauties and 
richness culture. We hope that fruitful discussions and exchange of ideas between researchers during 
conference will yield new technological innovations for contributing to a better life for humans in the 
coming decades.  
 
Best regards, 
 
TPC Chair, 
Rina Pudji Astuti 
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Brazil 
Prof. Chan-Byoung Chae, Yonsei University, Korea 
Prof. Chengnian Long, Shanghai Jiao Tong University, P.R. China 
Prof. Chester Shu, The Chinese University of Hong Kong, Hong Kong 
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Prof. Defeng Huang, University of Western Australia, Australia 
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Unit, Greece 
Prof. Dennis Pfisterer, University of Luebeck, Germany 
Prof. Deqiang Wang, Shandong University, P.R. China 
Prof. Dharma Agrawal, University of Cincinnati, USA 
Prof. Dimitra Simeonidou, University of Bristol, United Kingdom 
Prof. Dong Geun Jeong, Hankuk University of Foreign Studies, Korea 
Prof. Dong Ku Kim, Yonsei University, Korea 
Prof. Dong-Joon Shin, Hanyang University, Korea 
Prof. Dong-Seong Kim, University of Canterbury, New Zealand 
Prof. Duk Kyung Kim, Inha University, Korea 
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Indonesia 
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Prof. Guowang Miao, KTH Royal Institute of Technology, Sweden 
Prof. Guoxing Jiang, Huazhong University of Science and Technology, 

P.R. China 
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Dr. Mohamad Mroue, Lebanese University, Lebanon 
Dr. Mohamed Eltoweissy, Virginia Military Institute, USA 
Dr. Mohamed Mahmoud, Tennessee Tech University, USA 
Dr. Mohammad Mahfuz, University of Wisconsin-Green Bay, USA 
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Program at a Glance 
 

Day One: Thursday, 25 August 2016 
 

Hours KARATON 
BALLROOM 

PEMANDENGAN
1 

PEMANDENGAN
2 

PEMANDENGAN 
3 

PEMANDENGAN
4 

      
 

08.30-
09.30 

Opening Session 
    

 
09.30-
12.00 

Keynote Session 
Day One I 

    

Coffee Break 
Keynote Session 

Day One II 
Keynote Session 

Day One III 
12.00-
13.00 

LUNCH at ROYAL RESTAURANT on Lobby Level 

 
13.00-
17.30 

Tutorial Session  
Day One  

I & II 

 
Optical Session 

4G Enhancement 
&5G (A) 
Session 

 
 
 

Antenna & 
Propagation 

Session 
 

Cloud Computing 
& IoT (A)  

Session 
Coffee Break Coffee Break Coffee Break Coffee Break 

Tutorial Session  
Day One  

III 
ASC Meeting 

4G Enhancement 
&5G (B) 
Session 

Cloud Computing 
& IoT (B)  
Session 

18.30-end GALA DINNER at PENDOPO on Lobby Level 

 
 
 
Day Two: Friday, 26 August 2016 
 

Hours 
KARATON 

BALLROOM 
PEMANDENGAN

1 
PEMANDENGAN

2 
PEMANDENGAN 

3 
PEMANDENGAN

4 

      
 

08.30-
12.00 

Keynote Session 
Day Two 
I, II, III 

    

Coffee Break 
Keynote Session 

Day Two 
IV, V, VI 

12.00-
13.30 

LUNCH at ROYAL RESTAURANT on Lobby Level 

 
13.30-
17.30 

Poster Session 
Networks (A) 

Session 
Networks (C) 

Session 
Wireless (A)  

Session 

 
Wireless Signal 

Processing 
Session 

Tutorial Session 
Day Two 

I & II 
Coffee Break Coffee Break Coffee Break Coffee Break 

Tutorial Session 
Day Two 

III 

Networks (B) 
Session 

Services Session 
Wireless (B) 

Session 
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Day Three: Saturday, 27 August 2016 
 
Sunrise Tour to Borobudur (Start 03.00 AM – Finish 10.00 AM) 

03.00 Departure from Ambarrukmo hotel, transfer directly to Borobudur 

04.00 
Arrive in Borobudur, after get the entrance ticket at Manohara, climb up to enjoy 
the sunrise on the third level of Borobudur temple or on the top of Borobudur 
temple 

05.00 
Enjoy the Sunrise, see the magnificent panoramic view around the Borobudur 
temple 

06.00 
Visit the temple, see the relief of the Buddha life depicting on the wall of the 
temple 

07.30 Back to Manohara to take morning café 

08.00 
Transfer to Ambarrukmo Hotel, on the way we may stop over on the Mendut 
temple (where 3 the temple with big statue temple in one stone are) 

10.00 Arrive at Ambarrukmo Hotel 

 
 
 
Industry Visit : Jogja Digital Valley (Start 13.00 – Finish 17.10) 

13.00 Meeting at Royal Ambarrukmo Hotel lobby, venue of APCC 2016 

13.10-
13.50 

Travel from Royal Ambarrukmo Hotel to Jogja Digital Valley 

13.50-
14.00 

Opening by Jogja Digital Valley and Participant Introduction 

 
14.00-
16.20 

 
Generation X and Generation Y 
Perception Towards Internet of Things 
in Public Service 
 
by Rino Ardhian Nugroho, Sebelas Maret 
University , INDONESIA 

 
Data Location Aware Scheduling for Virtual 
Hadoop Cluster Deployment on Private Cloud 
Computing Environment 
 
by Anang Hudaya H Muhamad Amin, 
Multimedia University, MALAYSIA 

Model to Determine the Contribution of 
Own Source Revenue Towards Regional 
Government 
 
by: Sugiarto Hartono, Bina Nusantara 
University, INDONESIA 

Demonstration of Vulnerabilities in GSM 
Security with USRP B200 and Open-Source 
Penetration Tools  
 
by Arusha Dubey, Nirma University, INDIA 

Join My Group: Evidences of Whatsapp 
Use to Run a Better Breakfast Streetfood 
Business  
 
by Nora Amal, Sebelas Maret University, 
INDONESIA 

A Location-Aware Authentication and Key 
Management Scheme for Wireless Sensor 
Network 
  
by Walid Abdallah, University of Carthage, 
TUNISIA 

16.20-
16.30 

Closing and Photo Session 

16.30-
17.10 

Travel from Jogja Digital Valley to Royal Ambarrukmo Hotel 
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Keynote Sessions 
 

 
Day One: Thursday, 25 August 2016, 09.30 – 12.00, KARATON 
BALLROOM 
 

 

 
Wireless Big Data: Transforming Cognitive Radios 
to Smart Networks 
 
Ying-Chang Liang 
University of Electronic Science and Technology of China 

 

 
 
Research Collaboration in 4G/5G Mobile Networks 
 
Kumbesan Sandrasegaran 
University of Technology, Sydney, Australia 

 

 
Optically powered radio-over-fiber system using 
double-clad fibers 
 
Motoharu Matsuura 
University of Electro-Communications, Japan 

 
 
 

 
Day Two: Friday, 26 August 2016, 08.30 – 12.00, KARATON 
BALLROOM 
 

 

 
Innovation on Media & Digital Business 
 
Indra Utoyo 
Director of Digital & Strategic Portofolio,  
PT.Telkom - Indonesia 

 

 
5G Access Technologies in Terrestrial and Satellite 
Communications 
 
Eiji Okamoto 
Nagoya Institute of Technology, Japan 

  
Reliability Analysis of the IoT Network. 
 
 
Jae-Hyun Park 
Chung-Ang University, South Korea 
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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. 

Fig. 1.  Scenario in a large city environment 

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]. 
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(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], [32]. 

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:

VANETs Communication 
Factor

Environment Network 
Type Mobility

2-Dimensional

3-Dimensional

Dense

Sparse

High/Low 
Speed

Random/Non-
random 

Direction

Fig. 2.  VANETs Communication Factor

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. 

Fig. 3.  Transmission Range in Three-dimensional Perspective

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]. 
978-1-5090-0676-2/16/$31.00 ©2016 IEEE 546
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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). 

Fig. 4.  Forwarding Scheme

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. 

Fig. 5.  Vertical Relative Angle and Horizontal Relative Angle 

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. 

Δj xR xS–( )2 yR yS–( )2+=

Δk xR xS–( )2 yR yS–( )2 zR zS–( )2+ +=

θ SR SR⋅
SR SR×
-------------------------- 
 acos=

(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-
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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. 

Fig. 6.  Filtering Concept using HRA

 

Fig. 7.  Filtering  Concept using VRA

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-

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)

Fig. 8.  Algorithm 1 Filtering  Scheme

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. 

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

  

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 
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Fig. 9.  Impact of Obstacle

Fig. 10.  Duration of connection 

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. 

Fig. 11.  HRA and VRA Implementation in Filtering  Concept

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.
978-1-5090-0676-2/16/$31.00 ©2016 IEEE 549
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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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