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Vehicle traffic analysis is one of the features that are provided in a smart city application. A camera is used to capture
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Dr. Anwar graduated (cum laude) from the department of
Electrical Engineering (Telecommunications), Institut Teknologi
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degree (S.T.). He received Master and Doctor Degrees from
Graduate School of Information Science, Nara Institute of
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respectively. He received best student paper award from the
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2007), Kyoto, Japan in 2007, Best Paper Presenter for the
Advanced Technology in International conference on
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occur once in a 100 years (100 year return period), historical wind data of at least 30 years is needed for extreme value analysis. For longer return period, longer historical wind and wave data are needed. This may lead to a new
challenge, big data of of historical climate data (specifically wind and wave). In this talk, we present briefly about modelling process of water wave, numerical implementations, computing process, and extreme value analysis,
that are put in a perspective of scientific work as well as real applications in industry.
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Abstract—Vehicle traffic analysis is one of the features that 
are provided in a smart city application. A camera is used to 
capture vehicles that are moving through on the road. 
Background subtraction is applied in order to detect the moving 
object, i.e., Gaussian Mixture Model. The system is developed 
under the Internet of Things (IoT) architecture, which all devices 
are associated using Internet connection.  The calculated value is 
transmitted into cloud and received at the virtual server. Data 
are saved to a database and are able to be accessed through a 
web interface. We observe the applied system provides a good 
performance in terms of average accuracy exceeds 95.64%.  

Keywords— Internet of Things; background subtraction; 
Gaussian Mixture Model; vehicle traffic; smart city. 

I.  INTRODUCTION 

The term Internet of Things (IoT) was first coined by 
Ashton at the end of the last century [1]. It is a network of 
Internet-connected objects that gather and exchange data using 
embedded sensors. Nowadays, after almost two decades, the 
IoT continuously evolves and penetrates to our live like 
transport, healthcare[2], education, utilities, disaster [3], etc. It 
delivers the paradigm of anytime and anywhere connectivity 
[4]. Many of the devices that surround us now perform 
machine-to-machine connection using the Internet [5]. They 
harvest, sense,  and share information from the environment 
without the aid of human intervention [6]. In a smart city, the 
government serves many features that provide information of 
city situations, such as a vehicle traffic of a road, through IoT 
architecture. The remote device as node captures and detects 
the vehicles that go through a road, and then it autonomously 
analyzes the traffic. Along with decreasing of the price of 
sensor devices and processor, and easiness in obtaining the 
Internet broadband connection, it is more convenience to 
provide the vehicle traffic system in IoT architecture. 

In order to detecting the moving vehicle, there are many 
literatures exposed algorithms of this need, e.g. in [7-11]. In 
[7], the authors proposed an algorithm for visual tracking of the 
human visitor under variable-lighting conditions. The 
algorithm combines estimation of statistical background 
images, Bayesian segmentation, and multitarget tracking. The 
proposed algorithm was compared to three blob algorithms.  In 
[8], the authors proposed an algorithm to classify the object and 

background regions. The algorithm uses a correlation function 
to calculate the inter-plane correlation between three 
consecutive R, G and B planes. Then the correlation matrix 
results were utilized to develop a segmented image that 
predicts the object. This process needs a computer with high 
resources. In [9], the authors described vehicle detection using 
foreground detection and blob analysis (FDBA). The algorithm 
subtracts the background from the foreground, and then 
connects those pixels that are moving and close to each other in 
the foreground as a blob. The authors applied the algorithm 
using matlab in built vision object. In [10], the authors 
evaluated many foreground detection methods in order to 
distinguish foreground objects either moving or static objects 
from the background; i.e. Gaussian mixture model (GMM), 
kernel density estimator (KDE), Code book, Adaptive 
Gaussian mixture model (AGMM), and Consensus-based 
method (SACON). Many typical challenges were used to 
evaluate model methods, such as illumination change, dynamic 
background, and shadows. Based on the evaluation, the authors 
stated GMM-based provides promising results. In [11], authors 
applied universal sample-based background subtraction 
algorithm called ViBe (Visual Background Extractor) for 
detecting the human presence. The algorithm is used to trigger 
the surveillance system. Referring to those literatures and the 
need of providing a vehicle traffic analysis features in a smart 
city, we implement a system that using the background 
subtraction model to calculate a number of vehicles that goes 
through a road in IoT architecture. The paper has many 
contributions to the scientific and engineering manner, such as: 
providing a background subtraction method for moving 
detection and description of a system in IoT architecture. The 
contribution of this paper is providing the implementation of 
the GMM model for vehicle traffic with its performance in an 
IoT architecture. 

The rest of this paper structured as follows. In Section II, 
the system architecture of the designed system, which 
considers IoT architecture, is described in detail. The 
background subtraction method is explained in clearly steps. In 
Section III, the results from the system and discussions are 
provided. And in the last section, we provide the conclusions of 
the paper.  
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Abstract— Machine-to-Machine (M2M) communications have 
now become a highly promising affiliate of the future fifth 
generation (5G) cellular networks. This paper proposes a novel 
architecture for M2M communications over cellular networks. k-
mean clustering for machines as well as cluster head (CH) 
reselection method is applied in order to balance the power 
consumption within the machines to increase their battery life. 
For communication between CH and member machines, time 
division multiple access (TDMA) is proposed. On the other hand, 
for communication between CH and BS, non-orthogonal multiple 
access (NOMA) technology is considered. Performance of the 
proposed architecture is evaluated through extensive MATLAB 
simulations. Results clearly demonstrates the capability of the 
proposed architecture in improving the lifetime of machines and 
reducing communication delays. Comparisons with other 
counterparts also attests superior energy efficiency and delay 
performance of the proposed architecture.  

Keywords—M2M communications; Clustering; NOMA; 5G 
Cellular networks; k-mean clustering. 

I. INTRODUCTION 

Machine-to-Machine (M2M) communications is 
considered as one of the next generation communication 
technologies for 5G cellular networks. M2M refers 
communication among enormous wireless machines without 
human interaction. The prime objective of M2M 
communications is to set up extensive connections among all 
machines distributed over a wide coverage area [1]. M2M is 
becoming increasingly attractive in cellular networks for 
offering huge variety of available connectivity solutions due to 
the enormous economic promise of the Internet of Things 
(IoT) [2]. However there remains a huge challenge for cellular 
M2M communication systems in future years as according to 
Cisco IBSG’s prediction, there will be 50 billion machines 
connected to the Internet by 2020 [3]. As a result, managing 
this numerous amount of machines simultaneously and to cope 
up with the access loads, more robust access technology will 
be required. The next generation cellular network will be 
dealing with several challenges - energy inefficiency, 
extensive time delay as well as the resource allocation 
difficulties. 

Non-orthogonal multiple access (NOMA) owns an 
enormous potential to compete with the next generation 

challenges than any other multiple access techniques. NOMA 
is able to serve multiple users simultaneously over same 
spectrum resources splitting each user in different power 
domain. It works by superimposing multiple user’s message 
signal into one signal by allotting them into different power 
domain at the transmitter side. Whereas at the receiver side, 
the superimposed signal is filtered through a successive 
interference cancellation (SIC) operation to detect and decode 
each user’s signal. For the 5G wireless networks, NOMA is 
the fundamental technology that has the ability to meet the 
heterogeneous demands on maximum reliability, reduced 
latency, enormous connectivity, enhanced fairness and high 
throughput [4]. 

 Despite the employment of high potential multiple access 
technique like NOMA, energy management of billions of 
machines in the M2M system simultaneously is a massive 
task. There are chances of collision of data request of the 
machines as numerous machines try to establish connection 
with the BS. At the same time, the machines also result in fast 
energy drains. In such scenarios, clustering is one of the most 
effective ways to reduce the data congestion and decrease the 
power consumption of machines. Clustering improves the 
energy efficiency as well as the lifetime of machines [5]. A 
clustered network consists of a cluster head (CH) and a 
number of member machines. In each cluster group, member 
machines transmit their data to CH and then CH aggregates all 
the data and delivers to BS.  

Recently, various advanced research works have been 
conducted on M2M communication in cellular networks. For 
instance, M2M communications is now being considered in 
software-defined cellular networks with wireless network 
function virtualization techniques to develop and improve 
system performance by managing network resources and 
spectrum efficiency [6]. The energy-efficient clustering issue 
in M2M systems is investigated in [7] by jointly considering 
cluster formation, transmission scheduling and power control. 
This paper considered an optimization problem for minimizing 
the power consumption in a two-tier M2M network under 
correlated data gathering. On the other hand, authors in [8] 
investigated an energy-efficient clustering and medium access 
control (MAC) for cellular-based M2M networks. Theoretical 
analyses are provided in this paper on the impact of clustering, 
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Abstract—Cellular networks’ endurance limitations are in con-
stant abatement as extra numbers of cellular phone users are per-
sistently occupying the resources of the network. Consequently,
network resources, signal quality, Quality of Service (QoS)
requirements etc. undergo hazardous conditions. Moreover, edge
users are also endangered as they experience poor signal quality
due to large separation distance and obstacles. However, smaller
cells were introduced to alleviate the burdens from networks
and explicitly comfort users. This paper, studies the Femto-
cells performance over cellular networks and further proposes a
user association scheme to off-load users to the Femto-cells. The
simulation results reflect the outstanding performance of Femto-
cells capabilities and how deploying 5 Femto-cells can relatively
add-up 3Mbps to each user’s throughput and approximately
10Mbps in a single iteration.

Keywords—throughput; femto-cell; interference

I. INTRODUCTION

Wireless communication services are progressively being
utilized recently, and even demanded on to accommodate the
users’ appeals of higher speed and quality of transmission.
On top of the complications of handling such demands,
the environment escalates these adversities specifically in-
door habitats such as offices and residential compounds [1].
Furthermore, Macro-cell usually maintain lesser quality in
these environments due to the signal losses that appear as
a result of high penetration losses and interference that may
usually occur from the exposure to a nearby entity [2] which
can be a User Equipment (UE) or another Base Station
(BS). The resultant signal irregularities are famously termed
as interference; which is a comparable non-desired signal.
Consequently, users’ signals experience a harsh corollaries
such as throughput impairments, quality deterioration and even
complete signal outage [3] [4].

Generally, the terminology of throughput in wireless com-
munication which signifies the rate of successful message
delivery through communication channels in bits per second is
used to evaluate the performance of an entity or the network
in general.

In this context, Femto-cells as an affiliate of the family of
Heterogeneous Networks (HetNets) [5], were introduced to
be the guardian to accommodate signals destructions. Femto-
cells quickly loomed for their phenomenal power saving for
both UEs and service providers and enhanced signal traits
considering the relatively small separation between UEs and

TABLE I: HETEROGENEOUS NETWORKS HIGHLIGHTS

Cell Type Size Tx Power Backhaul Access
Macro ≤ 35km ≤ 46dBm Optical fiber Open

Micro ≤ 2km ≤ 33dBm Optical fiber Open

Pico ≤ 200m ≤ 30dBm Optical fiber Open

Femto ≤ 10m ∼ 20dBm Optical fiber/DSL Open/Closed

Relay ≤ 200m ≤ 30dBm Wifi Open

the Femto Base Station (FBS)s [6] [7]. Moreover, HetNets
entities in general contribute to the overall system performance
by extending the system accommodation probabilities capacity
via enlarging the service area and detaching some users from
the Macro Base Station (MBS) to relief and reduce the load
and consequently extend the resource utilization ability.

Precisely, the term HetNets defines the networks that are
diverse either in the coverage of the service area and/or the
network access as shown in Table I. On the other hand,
the Femto-cell is the only HetNets entity that is completely
deployed by the user him/herself and not the service provider
which additionally reduces the installation costs. However, this
may pose certain limitation on-top of the previously quoted
performance such as increased number of hand-offs [9].

In that context, the authors of [8] presented a discussion
on preserving unequal portions of spectrum to certain cells to
provide granted access to resources. User Equipments within
these cells enjoy an improved signal quality due to the reduced
interference which results a better Signal to Signal to Inter-
ference plus Noise Ratio (SINR) and throughput respectively.
However, the authors’ did not consider neither the cell edge
users signal outage that may result from obstacles or terrain
losses nor the unbalanced spectrum division.

Similarly, Bouras et al. in [10] presented a Fractional
Frequency Reuse (FFR) scheme that divides the cell area
into inner and outer regions and similarly the spectrum. The
frequency assignment process is conducted through evaluating
the location of the users or cells to the MBS. The scheme
successfully reduces the co-channel interference which in
return improves the users’ throughput as compared to the
previous scheme. However, the scheme did not appraise the
users’ signal levels at different locations.

Furthermore, the work in [11] proposes a hybrid scheme
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Abstract—In the power-limited sensor network, it is important
to optimize the power allocation while maintaining connectivity
for each sensor node to guarantee reliable localization. In order
to prolong lifetime of sensors, optimizing the power is very
crucial while maintaining a proper number of connectivity
to ensure a good localizability. In this paper, we propose a
connectivity control algorithm, which consider the number of
connectivity while optimizing power of sensors. We investigate
the information of distribution node statistically, and formulate
the relaxation method of utility function in order to get quasi-
concave property. Numerically, we show our proposed algorithm
gives better performance compared to the recent algorithms with
target connectivity k = 7, while the other algorithm achieves zero
connection with the same trade-off parameter.

Index Terms—WSN localization, connectivity control, quasi-
concave function

I. INTRODUCTION

W IRELESS Sensor Networks (WSNs) has become a
promising technology that is applicable in many fields

due to its low cost and small size. Many researchers are cur-
rently investigating the more challenging type of WSNs, one
of them is underwater sensor networks (UWSNs) for explo-
ration of inaccessible environments [1]. Many technologies for
UWSNs have actually been proposed, such as medium access
control and secure routing protocols, localization technique
and time synchronization scheme [2].

Localization is the process determining or estimating the
location of every sensor. Both in WSNs and UWSNs, local-
ization plays a critical role, especially if the sensors are mobile.
Although the sensors are moving, the position of the sensors
can be estimated over the period of time, statistically. For this
time dependent application, it needs a technique to save the
sensors power for efficiency-energy, while ranging the pair-
wise distance between sensors.

Connectivity is necessary for ensuring the localization.
Connectivity can be obtained by measuring time of flight
(ToF) between two sensors, which is when one of the sensors
transmits the signal and a feedback signal is received by the
other, thus obtaining the distance between them. Due to the
sensors’ power limitation, using full-power in order to get the
high connectivities is inefficient.

This work has been conducted during a research stay at RWTH Aachen
University where the author was responsible for the implementation of the
presented work.

With the considerations stated above, it is important to op-
timize the transmit power to get a target connectivity number,
in order to save the energy to prolong the lifetime of sensors.
Therefore, a power optimization algorithm which considers
connectivity control is needed in WSNs localization.

A. Related Works

Recently, there are few works that study about power
optimization algorithm based on connectivity term for ensuring
localization. The popular research among those works is by
using power control games with game theoretical approach
which has been studied in [3]–[5].

In [3], the authors assume the distance between two sensors
in two dimensional area based on time of arrival (TOA) mea-
surements of an incoming signal. They propose supermodular-
game for power allocations with positioning constraint, by
using Geometric Dilution of Precision (GDOP) with linear
pricing, as their approach. In [4], the same authors consider
the receive signal strength (RSS) measurement that needed
for localization. They minimize the transmit power of anchor
nodes as well as perform the selection of a set of anchor nodes
for positioning of the target node, while using a positioning
error metric based on the GDOP as QoS to maintain an
adjustable level of accuracy. However, in these methods the
connectivity are not considered.

The authors of [5] propose connectivity reconstruction
(CRG) game as a solution for power optimization in local-
ization. The authors obtain a cost function with a localization
reliability based on the distributed weighted multidimensional
scaling (dw-MDS) algorithm, and the power as the energy
trade-off. However, they do not consider the number of con-
nectivity that after the powers reach the equilibrium.

B. Our Contribution

In this paper, we formulate the connectivity control al-
gorithm (CCA) to optimize the transmit power of WSNs
while considering energy-efficiency via a trade-off between
connectivity and power. In particular, sensors are modeled as
the agents that want to achieve a target connectivity while
using the minimum possible power. Then, we assume the
statistical knowledge to model our system and to exploit the
information. To solve the optimization power, we determine
the best power response of each agent. Our evaluations shows
that CCA can obtain such a target connectivity than CRG [5]
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