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Internet of Thing (loT) or also referred to as Internet Protocol (IP) enabled Wire-
less Sensor Network (IP-WSN) is a rich area of research. This is due to the rapid
growth in a wide spectrum of critical application domains. However, the proper-
ties within these systems such as memory size, processing capacity and power
supply has led to imposing constraints on IP-WSN applications and its deploy-
ment in the real world. Consequently, IP-WSNs is constantly faced with issues
related to the complexity which arises due to IP mobility management. IP mobility
management protocols, which have evolved from host-based to network-based
protocols, are utilized as a mechanism to resolve these issues. The presence
of both types of solutions is dominant but depended on the nature of systems
being deployed. Features of loT are inclined more towards the network-based
solutions due to the objective of reducing involvement of the Mobile Node(MN)
especially in the mobility signaling. The wide spectrum of strategies derived to
achieve enhanced performance evidently displays superiority in performance.

Proxy Mobile IPv6 (PMIPv6) and its derivation protocols are designed to achieve
a seamless handover when the MN moves among two different networks by
transferring the mobility management responsibility to new mobility entities,
named the Local Mobility Anchor (LMA) and Mobile Access Gateway (MAG).
However, PMIPv6 heavily relies upon manipulating the MNs that are associated
to a specific MAG individually. In addition, the PMIPv6 protocol lacks the support



of efficient buffer resource utilization mechanisms. Such mechanism does not
appear to be enough to solve the issue of latency of the mobility-related signal-
ing during the MNs motion,thus, resulting in increasing the MAG load probability,
inevitable packet loss, session disruption and negative effect on the MN’s com-
munication performance.

Accordingly, the goal of this research is to improve the efficiency of MNs and
hence the overall system performance via addressing the latency issue. Asso-
ciating the MNs to a specific MAG inside the PMIPv6 network and ignoring the
multi-level domain increase the MAG load probability. Thus, designing an effi-
cient load balancing mechanism on the Clustered PMIPv6 (LB-CSPMIPv6) to
balance the loads equally between the MAGs within the PMIPv6 domain is nec-
essary. Hence, by means of load distribution among the MAGs, this mechanism
is able to avoid the overloaded issue among the MAGs by utilizing the load status
of the MAGs, the domain number and the strength signaling. The LB-CSPMIPv6
mechanism has been proven to improve the system performance latency by re-
ducing the queuing delay when compared with the previous works.

In addition, the mobility-related signaling is processed individually for each MN
that enters the PMIPv6 domain. Thus, if the MNs come simultaneously or mov-
ing in a group, the PMIPv6 still have to process them separately one after an-
other, which causes serious issues such as long handover latency and high sin-
gling cost. Hence, the MN’s session might be affected negatively. Accordingly,
this work proposes a new scheme named, an Enhanced Cluster-based PMIPv6
protocol (E-CSPMIPv6), which combines the mobility-related messages in one
message for a group of MNs instead of performing it individually. This Scheme
achieves a better performance in terms of handover latency and signaling cost
compared with to the base work.

Furthermore, to achieve an effecting buffer utilization, we propose an Enhanced
PMIPv6 (AE-PMIPv6) scheme. AE-PMIPv6 manages the MNs information in
one Binding Cash Entry (BCE) instead of creating a BCE for every MN inside the
PMIPv6 domain. The AE-PMIPv6 efficiently addresses the memory occupation
inside the PMIPv6 domain, which leads to improve the overall system perfor-
mance. Hence, by means of the proactive load MAGs status with the respective
LMAs in the LB-CSPMIPv6, manipulating a group of MNs simultaneously and
efficiently utilizing the buffer resources in the PMIPv6 domain respectively, these
schemes are able to balance the load among the MAGs, provide a seamless han-
dover and utilize the MNs binding information as well as enhancing the perceived
quality of communication during the MN roaming. The superiority of this scheme
has been achieved in terms of buffering cost compared to the counterpart works.

Extensive simulation experiments and analytical analysis models through the
Network Simulator (NS2) have been developed and performed with respect to
various PMIPv6 wireless network environments and scenarios. The simulation



results demonstrate that the proposed schemes significantly increase the over-
all system performance. This enhancement satisfies the mobile users Quality of
Service (QoS) requirements in terms of handover latency, buffer cost, signaling
cost, queuing delay and load balancing.
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Internet Benda (loT) atau juga dikenali sebagai Rangkaian Penderia Wayarles
(IP-WSN) dilengkapi Protokol Internet (IP) adalah suatu bidang penyelidikan
yang kaya. Ini disebabkan oleh pertumbuhan yang pesat dalam spektrum yang
luas dalam domain aplikasi kritikal. Walau bagaimanapun, sifat-sifat dalam sis-
tem ini seperti saiz ingatan, kapasiti pemprosesan dan bekalan kuasa telah
menyebabkan kekangan terhadap aplikasi IP-WSN dan penggunaannya di dunia
nyata. Akibatnya, IP-WSN sentiasa menghadapi masalah yang berkaitan den-
gan kerumitan yang timbul disebabkan oleh mobiliti pengurusan IP. Protokol pen-
gurusan mobiliti IP yang telah berkembang dari suatu protokol yang berasaskan
hos kepada berasaskan rangkaian, telah digunakan sebagai mekanisma untuk
menyelesaikan masalah ini. Kehadiran kedua-dua jenis penyelesaian adalah
dominan tetapi bergantung kepada jenis sistem yang digunakan. Ciri-ciri loT
yang lebih cenderung ke arah penyelesaian berasaskan rangkaian kerana ianya
bermatlamat untuk mengurangkan penglibatan Nod Mudah Alih (MN) dalam
isyarat yang berkaitan dengan pergerakan. Spektrum strategi yang luas yang
diperoleh untuk mencapai prestasi yang dipertingkatkan dengan jelas mema-
parkan keunggulan prestasi.

Proksi Mudah Alih IPvé (PMIPv6) dan protokol derivasinya direka untuk men-
capai penyerahan lancar apabila MN bergerak di antara dua rangkaian yang
berbeza dengan memindahkan tanggungjawab mobiliti pengurusan kepada entiti
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mobiliti baru yang bernama Mobiliti Sauh Tempatan (LMA) dan Gerbang Laluan
Mobiliti (MAG). Walau bagaimanapun, PMIPv6 sangat bergantung kepada me-
manipulasi MN yang dikaitkan dengan MAG tertentu secara individu. Di samp-
ing itu, protokol PMIPv6 tidak mempunyai sokongan mekanisme penggunaan
sumber buffer yang cekap. Mekanisme sedemikian tidak nampak cukup un-
tuk menyelesaikan masalah latensi isyarat berkaitan pergerakan semasa perg-
erakan MN, oleh itu, mengakibatkan peningkatan kemungkinan beban MAG, ke-
hilangan paket yang tidak dapat dielakkan, gangguan sesi dan kesan negatif
terhadap prestasi komunikasi MN.

Sewajarnya, matlamat penyelidikan ini adalah untuk meningkatkan keceka-
pan MN dan oleh itu prestasi sistem keseluruhan melalui menangani masalah
latency. Bersekutu MN ke MAG tertentu di dalam rangkaian PMIPv6 dan
mengabaikan domain pelbagai peringkat meningkatkan kemungkinan beban
MAG. Oleh itu, mereka bentuk mekanisme mengimbangi beban yang cekap
pada PMIPv6 Cluster (LB-CSPMIPv6) untuk mengimbangi beban sama antara
MAGs dalam domain PMIPv6 adalah perlu. Oleh itu, dengan cara pengedaran
beban di kalangan MAGs, mekanisme ini dapat mengelakkan isu kelebihan di
kalangan MAGs dengan menggunakan status beban MAGs, nombor domain dan
isyarat kekuatan. Mekanisme LB-CSPMIPv6 telah terbukti dapat meningkatkan
latency kinerja sistem dengan mengurangkan kelewatan beratur bila diband-
ingkan dengan kerja sebelumnya.

Sebagai tambahan, isyarat berkaitan pergerakan yang diproses secara indi-
vidu untuk setiap MN yang memasuki domain PMIPv6. Oleh itu, jika MNs
datang serentak atau bergerak dalam kumpulan, PMIPv6 masih perlu mem-
prosesnya secara berasingan satu demi satu, yang menyebabkan isu-isu yang
serius seperti latensi penyerahan panjang dan kos yang tinggi. Oleh itu, sesi
MN mungkin terjejas secara negatif. Oleh itu, kerja ini mencadangkan skim
baru yang dinamakan, protokol PMIPv6 yang berasaskan Cluster Enhanced (E-
CSPMIPv6), yang menggabungkan mesej yang berkaitan dengan mobiliti dalam
satu mesej untuk sekumpulan MN dan bukannya melaksanakannya secara in-
dividu. Skim ini mencapai prestasi yang lebih baik dari segi latensi penyerahan
dan kos isyarat berbanding dengan kerja asas.

Tambahan pula, untuk mencapai penggunaan penampan yang berkesan, kami
mencadangkan skim PMIPv6 (AE-PMIPv6) yang Diperkaya. AE-PMIPv6 mengu-
ruskan maklumat MN dalam satu Kemasukan Tunai Mengikat (BCE) dan bukan-
nya membuat BCE untuk setiap MN di dalam domain PMIPv6. AE-PMIPv6
cekap menangani pekerjaan memori di dalam domain PMIPv6, yang membawa
kepada peningkatan prestasi keseluruhan sistem. Oleh itu, dengan menggu-
nakan status MAG aktif beban dengan LMAs masing-masing di LB-CSPMIPv6,
memanipulasi sekumpulan MNs secara serentak dan dengan cekap menggu-
nakan sumber penampan di domain PMIPv6 masing-masing, skim ini dapat
mengimbangi beban antara MAGs, menyediakan penyerahan lancar dan meng-
gunakan maklumat pengikatan MN serta meningkatkan kualiti komunikasi se-



masa perayauan MN. kelebihan skim ini telah dicapai dari segi kos penimpanlan
berbanding dengan kerja rakan sejawat.

Eksperimen simulasi meluas dan model analisis analitik melalui Simulator
Rangkaian (NS2) telah dibangunkan dan dilaksanakan dengan mengambilkira
pelbagai persekitaran rangkaian PMIPv6 dan senario. Hasil simulasi menun-
jukkan bahawa skim yang dicadangkan dapat meningkatkan prestasi keselu-
ruhan sistem. Peningkatan ini memenuhi pengguna mudah alih keperluan Kualiti
Perkhidmatan (QoS) yang ketat dari segi latensi penyerahan, kos penampan, kos
isyarat, kelewatan beratur dan pengimbangan beban.
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CHAPTER 1

INTRODUCTION

1.1 Background

Internet of Thing (loT) paradigm is indeed an interesting research which is set
in order to enable the unconnected objects (e.g., devices, vehicles and fridges)
to be connected with each other via the Internet with or without human inter-
ventions.IP-enabled Wireless Sensor Network (IP-WSN) is among the most es-
sential elements in enabling the IoT (Jang et al., 2017; Kwon et al., 2012). This
is achieved because the loT devices requires a global address in order to be
reachable. The IP-WSN can fulfill this requirement by enabling the sensor to
get an address from IPv6. However, sensor mobility arises as among the se-
rious issues, especially with regards power constraints and the low processing
resources of sensors.

To address these issues various mobility management protocols for IP-WSN
have been proposed with consideration of low cost communication with dedi-
cated resources. The IP management protocols, which have been introduced to
support mobility have evolved from host-based to network-based mobility man-
agement protocols (Jabir et al., 2012). In the host-based protocols, the Mobile
Node (MN) is involved with the mobility-related signaling, while network-based
protocols shield the MN from the responsibility by transferring the mobility-related
signaling to the network entities. This is means that the mobility is performed by
the layer 3 (network layer) in the proxy entities with slight cooperation from layer
2 (link layer). Thus, the mobility is performed generally by layer 3 regardless the
under-layer interaction. IP-WSN nodes are capable of achieving mobility due to
their shrinking size and enhanced portability. This goal is accomplished through
coupling the WSN nodes with mobility entities such as phone, people or vehicles.
Thus, in the wireless network mobility is an important feature. Consequently, de-
signing an efficient and effective mobility management protocol becomes very
essential in order to satisfy the mobile users (best possible delivered service).

1.1.1 Mobility Management Protocols

To provide IP mobility management, the Internet Engineering Task Force (IETF)
has released several protocols such as the Mobile Internet Protocol version 4
(MIPv4) (Perkins, 2002), the Mobile Internet Protocol version 6 (MIPv6) (Johnson
and Arkko, 2004), Network Mobility Basic Support (NEMO-BS) approach (De-
varapalli and Thubert, 2005), Hierarchal MIPv6 Protocol (HMIPv6) (Soliman
and Bellier, 2005), -Fast Handoff scheme in Proxy Mobile IPv6 Networks (FH-
MIPv6) (Chuang and Lee, 2011) and Fast MIPv6 Protocol (FMIPv6) (Koodli,
2009). However, all these protocols demand the MN to be involved in the mobility
signaling, which is not an efficient option for the loT domain applications.

To address the issue related the host-based protocols, a protocol was been re-
leased by IETF, named Proxy MIPv6 (PMIPv6) (Gundavelli and Patil, 2008). Two



new entities are added in this solution, which are the Local Mobility Anchor (LMA)
and the Mobile Access Gateway (MAG) to enable the MN mobility during the
MN handoff. The LMA takes the responsibility of maintaining the MN reacha-
bility while it moves between sub-networks in the local PMIPv6 domain. The
MAG takes the responsibility of the mobility management instead of MN having
to manage it.

An significant feature of the PMIPv6 is the detecting the MN movement and the
initiation of required mobility-related messages by using the network entities in-
stead of MN during the handoff process. Researchers have been motivated to
use the PMIPv6 instead of the host-based protocols. An example is the Sen-
sor PMIPv6 protocol (SPMIPv6) (Islam and Huh, 2011), cluster based PMIPv6
for wireless mesh networks (Nguyen and Bonnet, 2008) and the Cluster Sensor
PMIPv6 protocol (CSPMIPv6) (Jabir et al., 2012), which employ clustering tech-
niques to reduce the handover latency. Their architectures suffer from existing
problems in PMIPv6 due to the ignorance towards the load balancing issues and
the MNs movement manner in a group. Thus, methods to decrease the queuing
delay and the signaling cost by considering an efficient load balancing, fast hand-
off and buffering utilization is necessary and essential for loT, which addressed
by this research. The next discused the detail of the cluster based Proxy Mobile
IPv6.

1.1.2 Cluster-based Proxy Mobile IPv6

The research work in Jabir et al. (2012) has addressed the issues related to the
architecture of the SPMIPv6 protocol (Islam and Huh, 2011) by introducing an
enhanced architecture, named CSPMIPv6 protocol. This is done by strategically
dividing the PMIPv6 domain into sub-local networks, as shown in Figure 1.1.
The main objective of this work is to reduce the LMA load. This is achieved
by clustering the MAGs into several clusters and each cluster is managed by
the cluster head MAG within the CSPMIPv6 domain. In addition to the existing
PMIPv6 entities, a new entity is added by the CSPMIPv6, named the Head MAG
(HMAG), which is responsible for performing the intra-domain mobility without the
LMA interventions. Furthermore, the Authentication Authentication Authorization
and Accounting (AAA) server functions are integrated with HMAGs functions in
order to reduce the signaling cost for the MN registration. The HMAGs also
reduces the handoff latency and provides a route-optimized path for the handoff
MN during the intra-communication mobility. However, in this research, several
limitations in this protocol. This protocol constraints in terms of load balancing,
handoff latency and resource buffering. This is caused by the features of this
protocol that does not take into account the load balancing between the MAGs
within its new structure, the MNs grouping during its handover process and the
insufficient buffer resource utilization which is created by the Binding Cache Entry
(BCE) for each connected MN.

In Chapter 2, several studies, which have improved the performance of the
PMIPv6 in terms of load balancing (Koodli, 2009; Mun-Suk and SuKyoung, 2010;
Kim and Lee, 2010, 2009; Kong et al., 2010a; Dimple and Kailash, 2013) han-
dover latency (Nguyen and Bonnet, 2008; Jabir et al., 2012; Islam and Huh,
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Figure 1.1: CSPMIPv6 System Architecture Jabir et al. (2012)

2011; Chiang et al., 2015) and resource utilization (Bi et al., 2016), have been
extensively analyzed. However, these research either suffer from the same is-
sues related to the CSPMIPv6 protocol or have limitations with regards to the
efficiency of the algorithm.

1.2 Research Motivation

The main purpose of this research is to provide a seamless handover process
within the clustered PMIPv6 domain. The handover process is the movement
of MN from an old network to a new network within the PMIPv6 domain. The
PMIPv6 and its derivation protocols provide an insufficient seamless mobility
management. This is due to the extensive signaling messages, insufficient
buffering and high queuing delay which effects the loT devices’ requirements.
These research have motivated this study on the effect of load balancing in the
clustered PMIPv6, clustering MNs as well as grouping the MNs binding informa-
tion in order to reduce the signaling cost and handover delay. Previous works
have either not considered the multi-domain during their load balancing, which
increases the queuing delay or have not considered the MNs travel in a group
that leads to the extensive singling messages(Kim and Lee, 2010; Chiang et al.,
2015). Moreover, the LMA buffering has also not been utilized efficiently, which
may cause serious issues(Bi et al., 2016).

1.3 Problem Statements

The usage of the Internet video and real time applications continues to grow at
a rapid pace especially in mobile environment. The performance of the wire-
less connectivity is affected by the emergence of such services. Thus, providing
seamless handover in order to increase the MN performance becomes a very
challenging issue. The standard PMIPv6 protocol is originally designed to main-
tain the connectivity of MN continue even when the MN moves to another network
without much disruption. However, this protocol still experiences long handover
latency, high signaling cost, high queuing delay, end-to-end delay and insufficient



buffer utilization. Therefore, reducing these metrics will definitely lead to provide
efficient handover management during change the MN point of its attachment
without noticeable service disruption.

The problem statements of this research are as follow:

* In the clustered PMIPv6 protocol, the MAG acts as a gateway between the
MNs and the cluster head HMAG inside the PMIPv6 domain. Therefore, the
MAG performs mobility-related signaling instead of the MNs. Hence, all the
MNs connect to a particular MAG within the PMIPv6 domain which leads to
an overload of the MAG. The previous load balancing solutions have been
designed without considering the new hierarchal structure of the clustered
PMIPv6 protocol. Thus, the MNs may move to the MAG that has the least
load but which belongs to another cluster. This causes serious issues.
This includes, when moving the MN to another cluster an increase in the
number of messages needed to update the MN’s location and requires the
LMA to be involved extensively. Subsequently, leading to add an additional
bottleneck on the LMA.

« Existing mobility management protocols are not efficient in terms of hand-
off for each MN in an independent and a separate manner. This is due to
the requirement of the mobility-related signaling to be performed for every
MN that enters the PMIPv6 domain. Performing mobility for each MN sepa-
rately in this solution when they when they arrive simultaneously or moved
in a group increases the signaling, consumes high bandwidth as well as in-
creases the handoff delay. That means, when the MNs change their point
of attachment to another MAG, the MAG, upon receiving the Router solici-
tation messages sent by the MNs, must exchange a Proxy Binding Update
(PBU) message with the related LMA for every MN. Then, the LMA updates
its BCE and sends a Proxy Binding Acknowledgment (PBA) for every MN.
This process consumes time and effort which defiantly degrades the overall
system performance

* The LMA in PMIPv6 maintains a BCE for every MN to track the MN move-
ment. Although most of the current group mobility management performs
a handoff process for the entire network. However, these solutions still
have to create a record for every attached MN in the network. Hence,
consuming the buffer resources at the MAG and LMA, which subsequently
degrades the overall system performance. This degradation happens es-
pecially when the LMA serves tens of thousands of MNs, which requires
the LMA to manage their information, location and their respective commu-
nication. Therefor, consuming full buffer which will not serve more MNs or
at the least will cause a delay to their connection during the search for the
MNs information or during serving the incoming packets .

1.4 Research Objectives

The main objective of this research is to develop a network-based mobility man-
agement protocol that provides the key requirements of an efficient mobility sup-
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port. This research aims to achieve balance of loads, minimize the handoff la-
tency and ensure efficiently utilization of the resource buffering. Below are the
details of the research objectives:

» To propose and develop a load balancing scheme, named Load balancing
of Clustered PMIPv6 (LB-CSPMIPv6) scheme, to mitigate the loads among
the MAGs for cluster-based PMIPv6 protocols. The proposed scheme se-
lects the optimal network for the MN handoff through detail consideration
of the load balancing status, the domain number an in specialization to the
clustered PMIPv6.

« To improve the performance of the clustered PMIPv6 protocol by proposing
and developing an enhanced scheme to provide a seamless and fast hand-
off for the MNs that move in a group, which shall be known an Enhanced
CSPMIPv6 (E-CSPMIPv6) scheme. The proposed scheme clusters the
MNs that move closely to each other or the MNs that trigger their handover
process at the same time within the same network to register them simul-
taneously.

» To develop and propose an enhance mobility management scheme focus-
ing on the reduction of buffering cost. This is performed by developing a low
cost buffering scheme by applying a virtual addresses mechanism and is
named an Efficient PMIPv6 (AE-PMIPv6) scheme. The scheme is aimed at
reducing the buffer cost at MAG and LMA. The proposed scheme is built on
an efficient proxy mobile IPv6 (E-PMIPv6) scheme to take the advantage of
group mobility based on the PMIPv6 principles to provide low buffering cost
and handover latency. To ensure low buffering cost even when there is no
Mobile Router (MR) in the network, the proposed scheme is designated to
be able to group the binding information of MNs handoff by using a virtual
addresses mechanism. In order to eliminate the IP acquisition time, pool
addressing is used in the proposed scheme to reduce the handover latency
and the signaling cost.

1.5 Research Scope

This research focuses on providing substantial support for load balancing within
the clustered PMIPv6 protocol to evenly distribute the loads among the MAGs.
Grouping the MNs to reduce the handover latency during the handoff process in
the clustered PMIPv6 protocol is the second element within the scope and the
utilization of the buffering resource in an efficient way within the PMIPv6 domain
to enhance the mobility management.

1.6 Thesis Organization

This thesis consists of seven chapters. Chapter 2 discusses in detail the IP in-
tegration with WSN empowering the IoT. Moreover, a detailed review is made
on the mobility management protocols (i.e. host-based and network-based). In
addition, detail discussion on the load balancing and the fast handoff mecha-
nisms used in the existing mobility management solutions, and their respective
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advantages and disadvantages. Finally, the chapter concludes with an in depth
discussion on the open issues. Chapter 3 discusses the methodology of the
research, which encompasses the performance analysis, simulation model, the
overall system framework and the network topology. In addition, the parameters
setting and the metrics used for evaluating the system performance are deliber-
ated in detail. Chapter 4 introduces and explains in detail the proposed Load
Balancing Mechanism for Clustered PMIPv6 Domain (LB-CPMIPv6). Discussion
on the previous works limitation with reference to load balancing is done and
subsequently present the ability of the proposed scheme to solve these issues to
increase the overall system performance is done. Chapter 5 deliberates in detail
the proposed Enhanced CSPMIPv6 (E-CSPMIPv6) scheme. The chapter begins
by presenting the issues related to the handoff procedure and concludes with
the analysis and simulation results. Chapter 6 presents the proposed scheme:
(AE-PMIPv6). Detail explanation on the incapability of the E-PMIPv6 scheme to
utilize the buffering efficiently and next the ability of the AE-PMIPv6 scheme to
reduce the buffering cost when the mobile routers are not a part of the network.
Chapter 7 concludes the thesis and suggests some promising directions for the
future work.



REFERENCES

GeoNet Project. http://www.geonetproject. Accessed on: 04/09/2017.

Intelligent Transport Systems-Continuous Air Interface, Long and Medium Range
(CALM)-1Pv6 Networking,ISO Draft DIS 21210.

The network simulator-ns-2. http://www.isi.edu/ nsnam/ns/. Accessed on: 2017.

pmip6-for-ns-2.29-nist.patch. https:/sites.google. com/site/pmip6ns/pmipv6-for-
ns-2/downloads. Accessed on 2015.

(2005). The Network Simulator, Version 2.29. http://www.isi.edu/nsnam/ns/. Re-
trived 15/3/2015.

(2010). CVIS Project. http://www.cvisproject.org/. Accessed on: 04/06/2017.

Abinader, F, E. G. S. E. L. K. K. S. and Premec, D. (2012). Bulk Binding
Update Support for Proxy Mobile IPv6. |ETF RFC 6602. https://www.rfc-
editor.org/info/rfc6602.

Achour, A., Deru, L., and Deprez, J. C. (2015). Mobility Management for Wireless
Sensor Networks A State-of-the-Art. Procedia Computer Science, 52:1101 —
1107. The 6th International Conference on Ambient Systems, Networks and
Technologies (ANT-2015), the 5th International Conference on Sustainable En-
ergy Information Technology (SEIT-2015).

Akyildiz, I. F., Xie, J., and Mohanty, S. (2004). A survey of mobility management
in next-generation all-1IP-based wireless systems. IEEE Wireless Communica-
tions, 11(4):16-28.

Al-Surmi, I., Othman, M., Abdul Hamid, N. A. W., and Ali, B. M. (2013a). Enhanc-
ing inter-PMIPv6-domain for superior handover performance across |P-based
wireless domain networks. Wireless Networks, 19(6):1317—1336.

Al-Surmi, I., Othman, M., and Ali, B. M. (2012). Mobility management for IP-
based next generation mobile networks: Review, challenge and perspective.
Journal of Network and Computer Applications, 35(1):295 — 315. Collaborative
Computing and Applications.

Al-Surmi, I., Othman, M., Hamid, N. A. W. A,, and Ali, B. M. (2013b). Latency
Low Handover Mechanism Considering Data Traffic Lost Preventing for Proxy
Mobile IPv6 Over WLAN. Wireless Personal Communications, 70(1):459-499.

Bi, Y., Zhou, H., Xu, W., Shen, X. S., and Zhao, H. (2016). An Efficient PMIPv6-
Based Handoff Scheme for Urban Vehicular Networks. |EEE Transactions on
Intelligent Transportation Systems, 17(12):3613-3628.

Bouaziz, M. and Rachedi, A. (2016). A survey on mobility management proto-
cols in Wireless Sensor Networks based on 6LoWPAN technology . Computer
Communications, 74:3 — 15. Current and Future Architectures, Protocols, and
Services for the Internet of Things.

139



Braden, R. (1989). Requirements for Internet hosts-communication
layers. INTERNET  STANDARD  Network  Working  Group.
https://tools.ietf.org/html/rfc1122.

Camilo, T., Silva, J. S., and Boavida, F. (2007). Some Notes and Proposals on
the use of IP-based Approaches in Wireless Sensor Networks. Ubiquitous
Computing and Communication Journal, 627—633.

Céspedes, S. and Shen, X. (2015). On Achieving Seamless IP Communica-
tions in Heterogeneous Vehicular Networks. IEEE Transactions on Intelligent
Transportation Systems, 16(6):3223—-3237.

Chauhan, D. and Sharma, S. (2014). A Survey on Next Generation Internet
Protocol: IPv6. International Journal of Electronics & Industrial Engineering
(IJEEE), ISSN, 2(2):125—-128.

Chen, M., Gonzalez, S., Vasilakos, A., Cao, H., and Leung, V. C. M. (2011). Body
Area Networks: A Survey. Mobile Networks and Applications, 16(2):171-193.

Chen, Y. S,, Hsu, C. S., and Lee, H. K. (2014). An Enhanced Group Mobility
Protocol for 6LoWPAN-Based Wireless Body Area Networks. IEEE Sensors
Journal, 14(3):797-807.

Chiang, K.-H. and Shenoy, N. (2004). A 2-D random-walk mobility model for
location-management studies in wireless networks. |[EEE Transactions on Ve-
hicular Technology, 53(2):413—424.

Chiang, M.-S., Huang, C.-M., and Tuan, D. D. (2015). Fast handover control
scheme for multi-node using the group-based approach. IET Networks, 4:44—
53(9).

Choi, J.-I., Seo, W.-K., and Cho, Y.-Z. (2015). Efficient network mobility support
scheme for proxy mobile IPv6. EURASIP Journal on Wireless Communica-
tions and Networking, 2015(1):210.

Christian, A. et al. (2005). Gathering Motion Data Using Feather-
weight Sensors and TCP/IP over 802.15. 4, Cambridge Research Lab-
oratory. In IEEE International Symposium on Wearable Computing,
Workshop on On-Body Sensing, Osaka, JP, 18-21.  Available from:
http://www.hpl.hp.com/techreports/2005/HPL-2005-188.html.

Chuang, M.-C. and Lee, J.-F. (2011). FH-PMIPv6: A fast handoff scheme in
Proxy Mobile IPv6 networks. In Consumer Electronics, Communications and
Networks (CECNet), 2011 International Conference on, 1297—1300.

da Silva Neves, P. A. C. and Rodrigues, J. J. P. C. (2010). Internet Protocol over
Wireless Sensor Networks, from Myth to Reality. Journal of Communications,
5(3):189-196.

Deering, S. E. (December 1998). Internet Protocol, Version 6 (IPv6). IETF, RFC
2460.

140



Devarapalli, V., Koodli, R., Lim, H., Kant, N., Krishnan, S., and Laganier, J.
(2010). Heartbeat mechanism for proxy mobile IPv6. RFC 5847, IETF Network
Working Group.

Devarapalli, V., W. R. P. A. and Thubert, P. (2005). Network Mobility (NEMO)
basic support protocol. RFC 3963. https://www.rfc-editor.org/info/rfc3963.

Dimple, J. and Kailash, C. (2013). A Load Reduction and Balancing Scheme
for MAG QOperating in PMIPv6 Domain, 128—136. Springer Berlin Heidelberg,
Berlin, Heidelberg.

Dunkels, A. (2003). Full TCP/IP for 8-bit Architectures. In Proceedings of the
1st International Conference on Mobile Systems, Applications and Services,
MobiSys '03, 85-98, New York, NY, USA. ACM.

Dunkels, A., Voigt, T., Bergman, N., and Jénsson, M. (2004). The design and
implementation of an IP-based sensor network for intrusion monitoring. In
Swedish National Computer Networking Workshop. Citeseer.

Fall, J. (2009). The ns manual. The VINT Project, Berkley, USA.

Fu, H. L., Lin, P, Yue, H., Huang, G. M., and Lee, C. P. (2014). Group Mobility
Management for Large-Scale Machine-to-Machine Mobile Networking. IEEE
Transactions on Vehicular Technology, 63(3):1296—1305.

Ghaleb, M., Subramaniam, S., Othman, M., and Zukarnain, Z. (2014). Prede-
termined path of mobile data gathering in wireless sensor networks based on
network layout. EURASIP Journal on Wireless Communications and Network-
ing, 2014(1):1-18.

Gundavelli, S., E. L. K. D. V. C. K. and Patil, B. (2008). Proxy Mobile IPv6. IETF,
RFC 5213. https://www.rfc-editor.org/info/rfc52183.

Han, G. and Ma, M. (2007). Connecting sensor networks with IP using a Con-
figurable tiny TCP/IP protocol stack. In Information, Communications Signal
Processing, 2007 6th International Conference on, 1-5.

Han, Y. H., Choi, J., and Hwang, S. H. (2006). Reactive Handover Optimization
in IPv6-Based Mobile Networks. IEEE Journal on Selected Areas in Commu-
nications, 24(9):1758—-1772.

Hong, K., Lee, S., and Shin, M. (2013). Mobility Management in WLAN-Based
Virtualized Networks. Wireless Personal Communications, 72(1):581-596.

Hong, S., Kim, D., Ha, M., Bae, S., Park, S. J., Jung, W., and e. Kim, J. (2010).
SNAIL: an IP-based wireless sensor network approach to the internet of things.
IEEE Wireless Communications, 17(6):34—42.

Huang, C.-M., Chiang, M.-S., and Chau, P. B. (2015). A Load-Considered Fast
Media Independent Handover Control scheme for Proxy Mobile IPv6 (LC-
FMIH-PMIPv6) in the multiple-destination environment. In 2015 IEEE Inter-
national Black Sea Conference on Communications and Networking (Black-
SeaCom), 171-175.

141



Hui, J. W. and Culler, D. E. (2008). Ip is dead, long live ip for wireless sensor
networks. In Proceedings of the 6th ACM Conference on Embedded Network
Sensor Systems, SenSys '08, 15-28, New York, NY, USA. ACM.

Hwang, S. H., Kim, J. H., Hong, C. S., and sik Sung, J. (2010). Localized
management for proxy mobile ipv6. In in Int Conf on Information Networking,
ICOIN, Paradise Hotel, Busan, Korea.

Islam, M. M. and Huh, E.-N. (2011). Sensor proxy mobile IPv6 (SPMIPv6)-A
novel scheme for mobility supported IP-WSNs. Sensors, 11(2):1865—1887.

Islam, M. M., Na, S.-H., Lee, S.-J., and Huh, E.-N. (2010a). A Novel Scheme for
PMIPv6 Based Wireless Sensor Network. In Future Generation Information
Technology, 429-438, Berlin, Heidelberg. Springer Berlin Heidelberg.

Islam, M. M., Nguyen, T. D., Al Saffar, A. A., Na, S.-H., and Huh, E.-N. (2010b).
Computational Collective Intelligence. Technologies and Applications: Second
International Conference, ICCCI 2010, Kaohsiung, Taiwan, November 10-12,
2010. Proceedings, Part lll. 282—291, Berlin, Heidelberg. Springer Berlin Hei-
delberg.

Issariyakul, T. and Hossain, E. (2011). Introduction to network simulator NS2.
Springer Science & Business Media.

Jabir, A. J., Shamala, S., Zuriati, Z., and Hamid, N. (2015). A Comprehensive
Survey of the Current Trends and Extensions for the Proxy Mobile IPv6 Proto-
col. IEEE Systems Journal, PP(99):1-17.

Jabir, A. J., Subramaniam, S. K., Ahmad, Z. Z., and Hamid, N. A. W. A. (2012). A
cluster-based proxy mobile IPv6 for IP-WSNs. EURASIP Journal on Wireless
Communications and networking, 2012(1):1-17.

Jain, R. (1991). The art of computer systems performance analysis: techniques
for experimental design, measurement, simulation, and modeling. John Wiley
& Sons, New York, NY.

Jang, H., Song, B., Cheong, Y., and Jeong, J. (2017). Sensor-Based Global
Mobility Management Scheme with Multicasting Support for Building loT Ap-
plications. In Rocha, A., Correia, A. M., Adeli, H., Reis, L. P, and Costanzo, S.,
editors, Recent Advances in Information Systems and Technologies, 289—299,
Cham. Springer International Publishing.

Jara, A. J., Fernandez, D., Lopez, P,, Zamora, M. A., and Skarmeta, A. F. (2014).
Lightweight mipv6 with ipsec support. Mobile Information Systems, 10(1):37—
77.

Jara, A. J., Ladid, L., and Skarmeta, A. (2013). The Internet of everything through
IPv6: An analysis of challenges, solutions and opportunities. J. Wirel. Mob.
Netw. Ubiq. Comput. Dependable Appl, 4:97—118.

Jeon, S., Aguiar, R. L., and Kang, N. (2013). Load-Balancing Proxy Mobile IPv6
Networks with Mobility Session Redirection. I[EEE Communications Letters,
17(4):808-811.

142



Jeon, S., Kang, N., and Kim, Y. (2009). Enhanced predictive handover for fast
proxy mobile ipv6. IEICE transactions on communications, 92(11):3504-3507.

Jianfeng Guan, llsun You, C. X. and Zhang, H. (2016). The PMIPv6-Based Group
Binding Update for loT Devices. Mobile Information Systems.

Jiang, H. (2011). Load sharing support for MAGs in Proxy Mobile IPv6. IETF
Internet Draft draft-jiang-netext-Is-pmip00.

Joe, I. and Lee, H. (2012). An efficient inter-domain handover scheme with min-
imized latency for PMIPv6. In Computing, Networking and Communications
(ICNC), 2012 International Conference on, 332—-336.

Johnson, D., P. C. and Arkko, J. (2004). Mobility support in IPv6. RFC 3775.
https://www.rfc-editor.org/info/rfc3775.

JUNG, H., GOHAR, M., KIM, J.-I., and KOH, S.-J. (2011). Distributed Mobility
Control in Proxy Mobile IPv6 Networks. IEICE Transactions on Communica-
tions, 94(8):2216-2224.

Khatri, A. and Senthilkumar, M. (2017). Investigation of home agent load bal-
ancing, failure detection and recovery in IPv6 network-based mobility. Interna-
tional Journal on Advanced Science, Engineering and Information Technology,
7(2):632—-641.

Kim, J., Haw, R., Cho, E. J., Hong, C. S., and Lee, S. (2012). A 6LoWPAN Sensor
Node Mobility Scheme Based on Proxy Mobile IPv6. IEEE Transactions on
Mobile Computing, 11(12):2060—2072.

Kim, J.-H., Kim, D.-H., Kwak, H.-Y., and Byun, Y.-C. (2007a). Address Internet-
working between WSNs and Internet supporting Web Services. In Multime-
dia and Ubiquitous Engineering, 2007. MUE '07. International Conference on,
232-240.

Kim, M. S. and Lee, S. (2009). Load balancing based on layer 3 and ieee 802.21
frameworks in pmipv6 networks. In 2009 IEEE 20th International Symposium
on Personal, Indoor and Mobile Radio Communications, 788—792.

Kim, M.-S. and Lee, S. (2010). Load balancing and its performance evaluation
for layer 3 and IEEE 802.21 frameworks in PMIPv6-based wireless networks.
Wireless Communications and Mobile Computing, 10(11):1431-1443.

Kim, M. S. and Lee, S. (2015). Group-based fast handover for PMIPv6-based
network mobility in vehicular networks. In 2015 IEEE Conference on Computer
Communications Workshops (INFOCOM WKSHPS), 113—114.

Kim, P.-S. and Choi, J. H. (2010). A fast handover scheme for proxy mobile ipv6
using ieee 802.21 media independent handover. volume 43, 654-657.

Kim, Y.-S,, Lee, E. J., Kim, B. S., and Kim, H. S. (2007b). Extended Tree-Based
Routing Algorithm in IPv6-enabled Wireless Sensor Networks. In Convergence
Information Technology, 2007. International Conference on, 1269—-1274.

143



Kong, H., Jang, Y., and Choo, H. (2010a). An efficient load balancing of mobile
access gateways in proxy mobile ipv6 domains. In Computational Science and
Its Applications (ICCSA), 2010 International Conference on, 289-292.

Kong, H., Oh, S., Kim, M., and Choo, H. (2010b). Load Balancing of Local
Mobility Anchors in Proxy Mobile IPv6 Networks. In Proceedings of the Second
Asia-Pacific Symposium on Internetware, Internetware ’10, 16:1-16:5, New
York, NY, USA. ACM.

Kong, K. S., Lee, W., Han, Y. H., and Shin, M. K. (2008a). Handover Latency
Analysis of a Network-Based Localized Mobility Management Protocol. In
2008 IEEE International Conference on Communications, 5838-5843.

Kong, K. S., Lee, W., Han, Y. H., Shin, M. K., and You, H. (2008b). Mobility
management for all-IP mobile networks: mobile IPv6 vs. proxy mobile IPv6.
IEEE Wireless Communications, 15(2):36—45.

Koodli, R., E. (2009). Mobile IPv6 fast handovers. IETF, RFC 5568.
https://www.rfc-editor.org/info/rfc5568.

KTH Royal Institute of Technology (2015). Scatterweb Embedded Sensor
Board. http://www.csc.kth.se/~ronniej/project/Scatterweb/ESB.html. Accessed
on 15/3/2015.

Kwon, K., Ha, M., Kim, T, Kim, S. H., and Kim, D. (2012). The stateless point to
point routing protocol based on shortcut tree routing algorithm for IP-WSN. In
2012 3rd IEEE International Conference on the Internet of Things, 167—174.

Kyung, Y., Kim, Y., Hong, K., Choi, H., Joo, M., and Park, J. (2016). Mobility-
aware load distribution scheme for scalable SDN-based mobile networks. In
2016 IEEE Symposium on Computers and Communication (ISCC), 119-124.

Lee, J. H., Ernst, T., and Chilamkurti, N. (2012). Performance Analysis of
PMIPv6-Based NEtwork MObility for Intelligent Transportation Systems. IEEE
Transactions on Vehicular Technology, 61(1):74—85.

Lee, J. H., Ernst, T., and Chung, T. M. (2010). Cost analysis of IP mobility
management protocols for consumer mobile devices. |EEE Transactions on
Consumer Electronics, 56(2):1010-1017.

Lee, J. H., Singh, K. D., Bonnin, J. M., and Pack, S. (2014). Mobile Data Offload-
ing: A Host-Based Distributed Mobility Management Approach. IEEE Internet
Computing, 18(1):20-29.

Li, Y., Jiang, Y., Su, H., Jin, D., Su, L., and Zeng, L. (2009). A Group-Based Hand-
off Scheme for Correlated Mobile Nodes in Proxy Mobile IPv6. In GLOBECOM
2009 - 2009 IEEE Global Telecommunications Conference, 1-6.

Lin, D., Wu, X., Labeau, F., and Vasilakos, A. (2015). Internet of Vehicles for
E-Health Applications in View of EMI on Medical Sensors. 2015.

Lin, Y.-W., Hsiao, Y.-K., and Yeh, Z.-S. (2017). A New Mobility Management
Scheme for Intelligent Transportation Systems. Wireless Personal Communi-
cations, 96(2):3081-3112.

144



Liu, Y., Xiong, N., Zhao, Y., Vasilakos, A. V., Gao, J., and Jia, Y. (2010). Multi-
layer clustering routing algorithm for wireless vehicular sensor networks. IET
Communications, 4(7):810-816.

Magagula, L. A. and Chan, H. A. (2008a). |IEEE 802.21-Assisted Cross-Layer
Design and PMIPv6 Mobility Management Framework for Next Generation
Wireless Networks. In 2008 IEEE International Conference on Wireless and
Mobile Computing, Networking and Communications, 159-164.

Magagula, L. A. and Chan, H. A. (2008b). IEEE802.21 Optimized handover delay
for proxy Mobile IPV6. In MILCOM 2008 - 2008 IEEE Military Communications
Conference, 1-7.

Makaya, C. and Pierre, S. (2008). An Analytical Framework for Performance
Evaluation of IPv6-Based mobility Management Protocols. Wireless Commu-
nications, IEEE Transactions on, 7(3):972—983.

Meng, T., Wu, F, Yang, Z., Chen, G., and Vasilakos, A. V. (2016). Spatial
Reusability-Aware Routing in Multi-Hop Wireless Networks. |IEEE Transactions
on Computers, 65(1):244—255.

Mun-Suk, K. and SuKyoung, L. (2010). A novel load balancing scheme for
PMIPv6-based wireless networks . {AEU} - International Journal of Electronics
and Communications, 64(6):579 — 583.

Network, G. T. G. R. A. (2008). Improved Network Controlled Mobility between
E-UTRAN and 3GPP2/Mobile WiMAX Radio Technologies. TR 36.938 v8.0.0.

Neves, P, Stachyra, M., and Rodrigues, J. (2008). Application of wireless sensor
networks to healthcare promotion. Journal of Communications Software and
Systems, 2(3):181-190.

Nguyen, H.-N. and Bonnet, C. (2008). Proxy mobile ipv6 for cluster based hetero-
geneous wireless mesh networks. In 2008 5th IEEE International Conference
on Mobile Ad Hoc and Sensor Systems, 617—622.

Nguyen, T.-T. and Bonnet, C. (2014a). Considerations of IP multicast for load
balancing in Proxy Mobile {IPv6} networks . Computer Networks, 72:113 —
126.

Nguyen, T. T. and Bonnet, C. (2014b). Load balancing mechanism for Proxy
Mobile IPv6 networks: An IP multicast perspective. In 2014 International Con-
ference on Computing, Networking and Communications (ICNC), 766-770.

Papagiannaki, K., Taft, N., Zhang, Z. L., and Diot, C. (2003). Long-term fore-
casting of Internet backbone traffic: observations and initial models. In INFO-
COM 2003. Twenty-Second Annual Joint Conference of the IEEE Computer
and Communications. IEEE Societies, volume 2, 1178—1188 vol.2.

Perkins, C., E. (2002). IP mobility support for IPv4. IETF RFC 3220.
https://www.rfc-editor.org/info/rfc3220.

Perkins, C., E. J. D. and Arkko, J. (2011). Mobility Support in IPv6. RFC 6275.
https://www.rfc-editor.org/info/rfc6275.

145



Qutub, S. and Anjali, T. (2012). Load sharing mechanism for Mobile Access
Gateways in PMIPv6. In Electro/Information Technology (EIT), 2012 IEEE In-
ternational Conference on, 1-5.

Rasem, A. (2011). O-PMIPv6: Optimized Proxy Mobile Ipv6. PhD thesis, Car-
leton University.

Raza, S. M., Park, D., Park, Y., Lee, K., and Choo, H. (2016). Dynamic Load
Balancing of Local Mobility Anchors in Software Defined Networking Based
Proxy Mobile IPv6. In Proceedings of the 10th International Conference on
Ubiquitous Information Management and Communication, IMCOM ’16, 106:1—
106:4, New York, NY, USA. ACM.

Ro, S. and Nguyen, V. H. (2014). Inter-domain mobility support in Proxy Mobile
IPv6 using overlap function of mobile access gateway. Wireless Networks,
21(3):899-910.

Rodrigues, J. J. and Neves, P. A. (2010). A survey on |IP-Based wireless
sensor network solutions. International Journal of Communication Systems,
23(8):963-981.

Ryu, S., Park, K. J., and Choi, J. W. (2014). Enhanced fast handover for network
mobility in intelligent transportation systems. IEEE Transactions on Vehicular
Technology, 63(1):357-371.

Shang, X., Zhang, R., and Chu, F. (2013). An inter-PAN mobility support scheme
for IP-based wireless sensor networks and its applications. Information Tech-
nology and Management, 14(3):183—-192.

SICS (2004). The DTN/SN project. http://www.sics.se/cna/dtnsn/. Accessed on
1/11/2015.

Silva, R., Silva, J. S., and Boavida, F. (2014). Mobility in wireless sensor networks
- Survey and proposal. Computer Communications, 52:1 — 20.

Soliman, H., C. C. E. M. K. and Bellier, L. (2005). Hierarchical mobile
IPv6 mobility management (HMIPv6). [IETF RFC 4140. https://www.rfc-
editor.org/info/rfc4140.

Soto, I., Bernardos, C. J., Calderon, M., Banchs, A., and Azcorra, A. (2009).
Nemo-enabled localized mobility support for internet access in automotive sce-
narios. IEEE Communications Magazine, 47(5):152—159.

Stoica, ., Morris, R., Liben-Nowell, D., Karger, D. R., Kaashoek, M. F., Dabek, F.,
and Balakrishnan, H. (2003). Chord: a scalable peer-to-peer lookup protocol
for Internet applications. IEEE/ACM Transactions on Networking, 11(1):17-32.

Teraoka, F. and Arita, T. (2011). PNEMO: A network-based localized mobility
management protocol for mobile networks. In 2011 Third International Confer-
ence on Ubiquitous and Future Networks (ICUFN), 168—173.

Tsaoussidis, V. and Matta, 1. (2002). Open issues on TCP for mobile computing.
Wireless Communications and Mobile Computing, 2(1):3-20.

146



Victor, K., Ulf, J., and Mikael, G. (2015). Overlay Enhanced Mobility for the
Internet of Things. Journal of Networks, 10(7).

William, C. and Huo, D. (2010). Mobility Considerations for 6LoWPAN.
draft williams-6lowpan-mob-02. txt. https://tools.ietf.org/html/draft-williams-
6lowpan-mob-03.

Xiong, K., Zhang, Y., Zhang, Z., Wang, S., and Zhong, Z. (2014). PA-NEMO:
Proxy mobile IPv6-aided network mobility management scheme for 6LoWPAN.
Elektronika ir Elektrotechnika, 20(3):98—103.

Yan, Z., Zhou, H., and You, I. (2010). N-NEMO: A Comprehensive Network
Mobility Solution in Proxy Mobile IPv6 Network. JoWUA, 1(2/3):52-70.

Yang, S., Park, S,, Lee, E. J., Ryu, J. H.,, Kim, B.-S., and Kim, H. S. (2008). Dual
addressing scheme in IPv6 over IEEE 802.15. 4 wireless sensor networks.
ETRI journal, 30(5):674—684.

Yokota, H., Chowdhury, K., Koodli, R., Patil, B., and Xia, F. (February 2008). Fast
Handovers for Proxy Mobile IPv6. draft-yokota-mipshop-pfmipv6-02.txt.

Youssef, M., Ibrahim, M., Abdelatif, M., Chen, L., and Vasilakos, A. V. (2014).
Routing Metrics of Cognitive Radio Networks: A Survey. |[EEE Communica-
tions Surveys Tutorials, 16(1):92—109.

z. Cui, G. and b. Li, H. (2010). The design of localization in wireless sensor net-
work node based on JENNIC platform. In 20710 IEEE International Conference
on Wireless Communications, Networking and Information Security, 45—48.

Zhong, F, Yeo, C. K, and Lee, B. S. (2010). Enabling inter-pmipv6-domain han-
dover with traffic distributors. Journal of Network and Computer Applications,
33(4):397 — 409.

Zhou, H., Liu, B., Hou, F., Luan, T. H., Zhang, N., Gui, L., Yu, Q., and Shen,
X. S. (2015). Spatial Coordinated Medium Sharing: Optimal Access Control
Management in Drive-Thru Internet. |EEE Transactions on Intelligent Trans-
portation Systems, 16(5):2673—-2686.

Zimmermann, A., Silva, J. S., Sobral, J. B. M., and Boavida, F. (2008). 6GLAD:
IPv6 Global to Link-layer ADdress Translation for 6LoOWPAN Overhead Reduc-
ing. In 2008 Next Generation Internet Networks, 209—-214.

Zinonos, Z. and Vassiliou, V. (2010). Inter-mobility support in controlled 6LoW-
PAN networks. In 2010 IEEE Globecom Workshops, 1718-1723.

147



BIODATA OF STUDENT

Safwan Mahmood yahya Ghaleb has received his bachelor degree in computer
science from University of Jordan, Amman, Jordan, in 2009, the master degree in
computer science from Jordan University of Science and Technology, Irbid,
Jordan in 2012. He is working towards Ph.D. in computer networks, Universiti
Putra Malaysia. His research interest include Internet of Things (loT), Wireless
and Mobile Networks and Data Mining. His current research involves various
aspects of mobility management and handover management of IP6 in wireless
networks.

148



LIST OF PUBLICATIONS

International Refereed Journals

Safwan M. Ghaleb, Shamala Subramaniam, Zuriati Ahmad Zukarnain, and Ab-
dullah Muhammed (2016). Mobility management for loT: a survey. EURASIP
Journal on Wireless Communications and Networking, Springer Publications,
2016, 165. (Published 2016, IF = 1.529, Q3, ISI, JCR)

Safwan M. Ghaleb, Shamala Subramaniam, Zuriati Ahmad Zukarnain, and Ab-
dullah Muhammed (2018). Load balancing mechanism for clustered PMIPv6
protocol. EURASIP Journal on Wireless Communications and Networking,
Springer Publications, 2018, 135. (Published 2018, IF = 2.407, Q2, ISI, JCR)

Safwan M. Ghaleb, Shamala Subramaniam, Zuriati Ahmad Zukarnain, Abdullah
Muhammed and Mukhtar Ghaleb (2019). An Efficient Resource Utilization
Scheme within PMIPv6 protocol for Urban Vehicular Networks. PLoS One,
14(3), 1-24. (Published, IF = 2.806, Q1, ISI, JCR)

149



UNIVERSITI PUTRA MALAYSIA
STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT
ACADEMIC SESSION :

TITLE OF THESIS / PROJECT REPORT :

A MOBILITY MANAGEMENT SCHEME FOR PROXY MOBILE IPv6 WIRELESS SENSOR
NETWORKS

NAME OF STUDENT: SAFWAN MAHMOOD YAHYA GHALEB

| acknowledge that the copyright and other intellectual property in the thesis/project report
belonged to Universiti Putra Malaysia and | agree to allow this thesis/project report to be
placed at the library under the following terms:

1. This thesis/project report is the property of Universiti Putra Malaysia.

2. The library of Universiti Putra Malaysia has the right to make copies for educational
purposes only.

3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for academic
exchange.

| declare that this thesis is classified as :

*Please tick (V)

CONFIDENTIAL (Contain confidential information under Official Secret
Act 1972).
RESTRICTED (Contains restricted information as specified by the

organization/institution where research was done).

000

OPEN ACCESS | agree that my thesis/project report to be published
as hard copy or online open access.

This thesis is submitted for :

PATENT Embargo from until
(date) (date)

i

Approved by:

(Signature of Student) (Signature of Chairman of Supervisory Committee)
New IC No/ Passport No.: Name:
Date : Date :

[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from
the organization/institution with period and reasons for confidentially or restricted. ]



	Blank Page
	Blank Page
	Blank Page
	Blank Page
	CHAPTER 2
	LC



