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ZigBee is an IEEE 802.15.4 standardized communication protocol. It forms a flawlessWireless Sensor Network (WSN) standard for
interoperability at all levels of the network, particularly the application level whichmost closely touches the user. A large number of
devices fromdifferent vendors canwork seamlessly.These devices act as a network and sendhuge data traffic to theCoordinator. End
devices at different zones have different roles in communication with each other. There has been a lack in executing their requests
in a synchronized way based on task priority. This lack leads to massive data traffic loss and degrades the Quality of Service (QoS).
One of the challenges is to analyze the QoS parameters in ZigBee network that help to detect the overall network performance.The
contribution of this paper is twofold; first, a ZigBee Network is implemented based on node priority. It demonstrates a method to
generate a new priority of devices with respect to their existing priority and zones’ priority as well. Second, the QoS is analyzed
based on the new priority status for tasks preference purposes. The outcome of this paper shows that the QoS of the network is
more conspicuous than non-priority based network.

1. Introduction

ZigBee is a sensor based special network which pulls the
trigger to establish it in wireless network standard. ZigBee
was designed to provide high data throughput in applications
where the lower duty cycle and power consumption are
an important consideration. ZigBee specifications are main-
tained and updated by the ZigBee Alliance based on the Insti-
tute of Electrical and Electronics Engineers (IEEE) Standards
Association’s 802.15 specifications. It operates under the IEEE
802.15.4 physical radio frequency specification and in unli-
censed radio frequency bands, including 2.4GHz, 900MHz,
and 868MHz. ZigBee Alliance states that it is often applied in
industrial automation and physical plant operation, commer-
cial building automation, home automation, personal, home
and hospital care, smart energy, telecom applications, and so
on [1–3]. It is frequently associated withmachine-to-machine
(M2M) communication and the Internet of Things. Internet
of Things is the network in which objects are embedded

with electronics, software, sensors, and connectivity to enable
greater service by exchanging data with other connected
devices. Each object is uniquely identifiable and able to
interoperate within the existing Internet infrastructure via
embedded computing system [1, 4].

However, the sequence of creating and forming a ZigBee
network is simple as follows. The personal area network
(PAN) Coordinator turns on a ZigBee network; it first looks
for a suitable radio channel (usually the one which has the
least activity) and then creates the network of self-assigning a
PAN ID. When the network is formed, a router or terminal
device can bring together the network through a nearby
parent node (i.e., the Coordinator or another router) by
sending a join request, and the parent can accept or decline
the request based on its address space availability and other
criteria [1, 5]. Due to ZigBee’s network formation simplicity,
a gigantic sum of devices can be connected together. The
ZigBee Coordinator can conceal 65,535 devices in a single
network [4]. The end devices are placed at diverse spots. The
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Coordinator may be broken down to operate the network
maintaining convenient QoS. The QoS maintenance and
measurement are a challenging issue for ZigBee network.
Mainly, it refers to the improvement of overall network
performance.

Moreover, to increase the network performance a large
network was partitioned into several zones or areas. Each
zone has priority and containing devices have also local
priorities in their corresponding zones.The priority indicates
their task’s importance. These devices send huge application
traffic to the routers and Coordinator for processing. For QoS
maintenance, this huge amount of traffic processing and end
devices requests synchronization is needed. Priority schedul-
ing is the promising mechanism in this regard. Beforehand,
several strategic approaches had been adopted which worked
on ZigBee network performance analysis in terms of routing
performance and effective data flow and scheduling has been
discussed [2, 6–9]. Yet, there is a lack in forming a ZigBee
network efficiently. In that respect, further study is required
for QoS analysis on ZigBee network as well as improvement
of network performance.

This paper evolves new priority for each device consider-
ing local device and corresponding zone priority. To the best
of our knowledge, this work has not been practiced yet. The
goal of this paper is to construct a reliable ZigBee network for
device synchronization using the node priority mechanism
and study its QoS.

The paper is organized as follows. Section 2 describes
the background and related works. In Section 3, the research
methodology is described. In Section 4, proposed network
simulation and implementation in Riverbed are illustrated.
Section 5 evaluates the performance to show that results
meet up with the designed objectives. Finally, Section 6 is
a conclusion that presents the outcome of this work and
suggests future work.

2. Background and Related Work

ZigBee is a sensible network.The ZigBee network gets world-
wide popularity for its variety of usages. Since ZigBee is used
in various automation system [10–12], therefore, an effective
network formation is on demand. Moreover, reliability and
effectiveness of a ZigBee network service are assessed based
on QoS. QoS is the set of observations of ZigBee network
characteristics. According to Chen et al., QoS analysis is
the vital measurement of network performance. QoS in
wireless sensor and actor networks in the context of critical
infrastructure protection (CPI) was presented in the survey
paper [13]. In this paper, the characteristics are classified into
both user level and low-level specification in the context of
the wireless network. The service ZigBee network mainly
depends on its formation methods. Among the methods,
priority is the most reliable for request scheduling purposes,
event handling, synchronization, and so on. Priority based
network construction is handy on the performance issue.
Priority technique was applied to evaluate performance in
terms of balancing energy in the study [1].

According to Islam et al., priority is an effective technique
to synchronize requests from different regions. And the

network performance is better than without-priority based
ZigBee network with tree routing method [14]. The priority
based scheme is used for event monitoring. Priority shows
efficiency in handling related problematic delay and ensuring
delivery of high priority packets analyzed in the article [15].
For home and M2M communication, the total home area
is divided into subareas based on potential applications and
radio services. AndQoS improved in this strategy [10]. Again,
QoS was enhanced for the smart grid. In the ZigBee-based
smart grid, priority based differentiated traffic service was
analyzed in the research [16]. In addition, different routing
methods also play a vital role in the QoS issue. Tree, Mesh,
and AdHoc On-DemandDistance Vector (AODV) had been
used in ZigBee network. Besides, the research paper [17]
describes an agent assisted routing to ensure better QoS in
WSN. Localized routing for QoS of WSNs based on traffic
differentiation is illustrated in the study [18]. Furthermore,
QoS improvement for IEEE 802.15.4 based wireless body
sensor network for health care is analyzed in the research
article [19]. Moreover, room storage problem of tree based
ZigBee network and neighbor table based shortcut tree
routing is analyzed, respectively, in [20, 21].

In accordance with related works, priority is used for
efficient network formation. And QoS is highly endorsed
to analyze any network. From this context, a motivation
comes to build a new priority calculation strategy for ZigBee
devices where each device and zone have priority. This new
priority is useful for synchronizing ZigBee devices from
different zones. Since the new priority technique has not been
practiced previously, QoS has been scrutinized to validate the
performance of the prospective ZigBee network.

3. Methodology

A literature review is performed to find out the wide range
use of wireless sensor network. Based on the literature review,
ZigBee is selected to develop its versatile use of forming a
smart network for home automation and office automation
and performing Internet ofThings concept. A careful study is
done on how ZigBee performs Internet ofThings and how to
enhance its QoS. Afterward, an enhancedway has been found
in the ZigBee network. In this study, zones and device request
synchronization is performed based on the proposed priority
method to construct an efficient ZigBee network.

A supported simulation tool was needed to design and
implement a complete network model. A deep study has
been performed on many simulation tools such as Network
Simulator 2 (NS2), Network Simulator 3 (NS3), OMNET++,
Riverbed [22], andMATLAB, which support ZigBee network
development features. The Riverbed is chosen to design
and implement ZigBee network as a simulator for its user-
friendly interface and its wide range of acceptance. More-
over, Riverbed simulator provides the fastest discrete event
simulation used to evaluate various parameters of network
performance [23]. The selected tool is installed in an Intel
Core i5 processor-based workstation.

Simulated data are collected properly and carefully from
the different ZigBee protocol layer. After analyzing the
simulated data, appropriate graphs are plotted. Careful study
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of the plots is expected to offer a quantitative measure of the
effect of different network parameters. Finally, QoS has been
measured of the designed ZigBee network analyzing various
QoS parameters like end-to-end delays, MAC delay, MAC
load, and MAC throughput.

4. Proposed Network Simulation

The section provides an overview of the proposed ZigBee
network simulation configuration. Furthermore, it illustrates
the analysis of QoS in this ZigBee network for the reliable and
robust network.

4.1. Problem Formulation. In this subsection, formulation of
the zone synchronization problem is conducted for compet-
ing for end devices. At the beginning, the ZigBee network
has been marked in different zones. These zones have the
same number of devices. In the ZigBee network, various
types of end devices are set up in different ranges. All nodes
are connected to several routers having a common central
processor named ZigBee Coordinator. These nodes try to
communicate with other nodes via Coordinator or routers.
ZigBee end devices send a large number of requests to the
routers or Coordinator and vice versa.

Each zone has a priority value. The higher priority
value makes the devices of the zone executed first in the
Coordinator. The zones’ priority value and execution of
these nodes according to the zone value are considered as
global processing. On the other hand, every zone consists
of numerous ZigBee nodes and each node has to adjust
priority values for their local processing.The local processing
concerns the end devices application traffic processing based
on their respective priority values.

When two or more devices have same local priority how
should the application traffic be treated? Moreover, Zone’s
priority values are different. How the application traffic of two
different prioritized devices from two different zones will be
processed? This is the primary concern. In this case, which
requests are processed first before the others?The central goal
of this research is to implement a method for application
traffic synchronization of ZigBee nodes based on zone and
individual priority and study its QoS.

4.2. Priority Implementation in ZigBee Network. A ZigBee
Coordinator is responsible for forming a ZigBee network.
End devices and routers have always a distance from ZigBee
Coordinator. This distance around ZigBee Coordinator is
defined as different area factors. The area factor is called a
zone and each zone has many end devices under a router.
Each zone has a set of priority attributes for defining its
priority. In addition, the end nodes have also priority values
in their zone. When nodes of different zones are trying
to communicate via intermediate nodes, then routers or
Coordinator always checks their priority values. In this
mechanism, a child node (end node or router) connects to
a parent node according to the child nodes willingness to pay
for the connection. The paying preference is considered as a
priority.We assume that each end device in the network has a

Table 1: Proposed zone payment scheme.

Zone
name

Unit
price Available nodes

Zone 1 10 node 1, node 18, node 19, node 20, node 21
Zone 2 11 node 2, node 15, node 16, node 17, node 23
Zone 3 12 node 3, node 5, node 6, node 7, node 24
Zone 4 13 node 4, node 8, node 9, node 10, node 25
Zone 5 14 node 26, node 27, node 28, node 29, node 30
Zone 6 15 node 0, node 11, node 12, node 13, node 14

certain willingness to pay and its zone has also a priority. End
devices with higher priority zones have a higher willingness
to pay and vice versa [1].

At first, the ZigBee network has been divided into six
zones and set the priority values to the corresponding zones.
The zones and participating nodes in these zones are listed in
Table 1.

In Table 1, Zone 6 has the highest priority value 15 and
lowest priority value 10 for Zone 1.The devices in the highest
priority zones always get preference at the Coordinator for
processing. The corresponding nodes in each zone have
set priority value 𝐷

𝑃
(1, 2, 3, 4, and 5) according to their

appearance on the table. This priority value is true for every
zone and all participating nodes. Furthermore, a priority
resolution technique is described in the following.

4.2.1. Priority Calculation. Locally, the higher prioritized
nodes get a chance to send application traffic via a router to
the other end devices. There are two sets of priority values.
One is zone’s priority and the other is an individual node’s
priority. When end nodes try to communicate beyond their
respective zone at the same time, then priority resolution
is needed in Coordinator for global access. As the two
sets of priorities, a generalization has been done between
the individual node and zone priorities. Standard deviation
calculation is the process to find out general deviation from
a set of values. In this context, standard deviation relates to
this two-set priority with the same deviation value [24]. That
paves the way for generating new priority for global device-
to-device communication. Simply, in the global priority
calculation is as follows.

The sum of all device priorities in each zone is

𝑆
1
=

5

∑

1

𝐷
𝑃
= 15,
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1
=
𝑆
1

𝑁
,

so, 𝑥
1
= 3,

(1)

where𝑁 is number of elements.
The standard deviation of the device priority values is

𝜎
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Here, 𝑥
𝑖
represents individual node priority values.
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The value of standard deviation of individual devices’
priority is 𝜎 = 1.41.

The difference (𝐷
𝑖
) between individual zone priorities

and the sum of all device priorities (𝑆
1
) in each zone is as

follows:

𝐷
1
= 𝑆
1
− Zone 1 priority value,

𝐷
2
= 𝑆
1
− Zone 2 priority value,

.

.

.

𝐷
6
= 𝑆
1
− Zone 6 priority value,

thus, 𝐷
𝑖
= 𝑆
1
− Zone

𝑖
priority value.

(3)

From the above, the difference is in each zone, respectively,
𝐷
1
= 15 − 10 = 5. Similarly,𝐷

2
= 4, 𝐷

3
= 3, 𝐷

4
= 2, 𝐷

5
= 1,

and𝐷
6
= 0.

It is clear that Zone 6 has the always highest priority with
no difference in total priority of the devices in this zone. As a
result, all the devices in Zone 6 have the highest priority the
same as the global zone priority value of Zone 6.

Now, consider the other five zones as follows: these zones
have different zone values from their total sum-up of the
values of corresponding devices. Now, the sum of priority
values of Zone 1 to Zone 5 is given below:

𝑆
2
=

5

∑

1

Zone
𝑖
Priority Value. (4)

The sum of the zones priorities is 𝑆
2
= 60. Thus, the average

is 𝑥
2
= 𝑆
2
/𝑁 = 12.

Again, the standard deviation has been computed accord-
ing to (2) for the corresponding zone values. Hence, the
standard deviation of corresponding zones’ priority is 𝜎 =
1.41.

The deviation is the same for both the devices’ priority
and zones’ priority. The standard deviation method has been
applied for the two sets of priorities in order to make it
generalized for further calculation.

When a node tries to connect globally, then its possibility
to be executed in the Coordinator depends on the node’s
respective priority value and its zone value. As its zone
priority value is in a generalized form which is the standard
deviation 1.41, it is quite easy to compute the new priority for
different nodes in their global participation. The following
equation generates new priority for all the participating
devices, computing all the individual node priorities along
with its corresponding zone priority:

𝑁
𝑝
= 𝐷
𝑃
× 𝜎, (5)

where 𝑁
𝑝
is new priority (per device), 𝐷

𝑃
is corresponding

device priority, and 𝜎 is standard deviation.
This equation simplifies the early described problems.

4.2.2. New Priority Status. Equation (5) can change the
existing priority status. In addition, it helps Coordinator to

make the decision for request processing in terms of equal
priority devices. Different observations are described below.

Observation 1 (different priority devices). During this obser-
vation, a lower priority (node 1) and a higher priority
(node 10) device have been considered from Zone 1 and
Zone 4, respectively. Initial priorities of node 1 and node 10
are 1 and 4 accordingly. After computing with (5), the new
priority (𝑁

𝑝
) values are 1.41 and 5.64 for node 1 and node 10,

respectively. Therefore, node 10 gets the procession first in
this case.

Again, the updated priority scenario has been observed
for node 23 andnode 29 fromZone 2 andZone 6.The initial
priorities are 5 and 4 for node 23 and node 29 sequentially.
After computation, the new priority (𝑁

𝑝
) figures have been

found at 7.05 and 5.64 for node 23 and node 29, respectively.
Though node 23 is from the lower priority zone, the new
priority allocates it to get privilege for the first processing
compared to node 29 to the Coordinator.

Observation 2 (the same priority devices). This observation
mainly concerns the same prioritized devices which are from
different zones. Here, both node 5 and node 8 have the same
priority in their corresponding zone.The initial priority value
is 2 for both the devices. The new priority (𝑁

𝑝
) has been

computed according to (5) and it has been found to be 2.82
for both node 5 and node 8.

Thus, the new priorities are also equal for both the
devices.The Coordinator checks their priority and respective
zone priority. Then, the Coordinator gives access to node 8
first because of its higher zone priority. All the zones and their
nodes synchronize in this manner.

Equation (5) computes the new priority for every device.
Based on these new priorities, ZigBee Coordinator makes
a decision when certain conditions arise in synchronizing
various device application traffic from diverse zone regarding
the above two observations.

4.3. Simulation Configuration. According to the proposed
implementation method, a simulation scenario has been
created. The scenario consists of a ZigBee Coordinator, six
routers, and several ZigBee end devices. After that, all the
devices are organized into different zones. The proposed
ZigBee network model scenario is organized on the basis of
Table 2. The zones and their devices have set of predefined
priorities according to Table 1. The new priority calculation
has been performed using Riverbed’s “Utility” service. The
service sets new priority after analyzing communicating
devices.

The synchronization of different proposed zones is done
on the basis of priority values for processing their nodes
request. According to Table 1, the priority values have been
fixed for simulation in different zones and their correspond-
ing devices. Almost all the devices were active in commu-
nication when Figure 1 had been captured. The node 0 is
a central node which is ZigBee Coordinator whereas five
routers (node 1, node 2, node 3, node 4, and node 5) are
placed at a certain distance from the Coordinator.The routers
are intermediary nodes and they hand over the application
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Table 2: ZigBee network scenario overview.

Parameters Descriptions
Number of nodes (overall) 30
Number of Coordinators 1
Number of routers 5
Number of end devices 24
Network dimension 300 m × 300 m
Simulation time 600 sec

Figure 1: ZigBee network simulation scenario.

traffic to a particular destination. On the contrary, ZigBee
Coordinator is a full-function device which is responsible
for all functionalities as well as performance issues. After
the 600 sec simulation, ZigBee nodes start communication as
depicted in Figure 1.

5. Simulation Results

This section gives a detailed description of the analysis of the
obtained simulation result. The result is prepared based on
the ZigBee’s (application andMAC) layer attainment analysis.

The graphs are generated by analyzing different QoS
parameters (i.e., end-to-end delay in the application layer,
MAC load, and MAC delay in MAC layer).

5.1. With versus without Priority. ZigBee network shows
more efficiency on priority mechanism for setting up nodes
in various zones of a home or office. If any zone has higher
priority, then its activity will increase compared to zones
with lower priority or without priority. The investigation
of various QoS parameters is in progress for the proposed
ZigBee network.

5.1.1. End-to-End Delay. End-to-end delay or one-way delay
refers to the time taken for a packet to be transmitted across
a network from source to destination.

Delay components are as follows:

𝐷end-end = 𝑁[𝐷trans + 𝐷prop + 𝐷proc] , (6)

where 𝐷end-end is end-to-end delay; 𝐷trans is transmission
delay; 𝐷prop is propagation delay; 𝐷proc is processing delay;
and𝑁 is number of links (number of routers + 1).
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Figure 2: End-to-end delay (sec) for the global model.

Each router has its own 𝐷trans, 𝐷prop, and 𝐷proc. Hence,
this formula gives a rough estimate [25, 26].

It describes that when nodes try to communicate with
other zones’ node, then the request is processed on the
priority based mechanism. In this sense, when one node
communicates with a node in lower priority zone compared
to its priority zone, then the total delay between creation
and reception of application packets generated by this node
increases.

Figure 2 represents that a global end-to-end delay is
higher for network without priority compared to the priority
based network. The priority based network faces on average
0.05 sec delay approximately. On the other hand, non-priority
basednetwork faces 0.07 sec delay approximately.The average
end-to-end delay is slightly higher in the non-priority based
network.

5.1.2. MAC Delay. Most of the requests are dropped on the
basis of their priority and a limited delay occurs in accessing
medium. It represents the total end-to-end delays (sec) of all
the packets received by the 802.15.4MACs of allWPANnodes
in the network and forwarded to the higher layer.

In Figure 3 (both for global network and forCoordinator),
it is evident that without-priority based network has slightly
higher MAC delay than the priority based network. The
average MAC delay in ZigBee Coordinator (node 0) is about
0.12 sec and 0.14 sec for priority based network and without-
priority based network, respectively. As a consequence, the
average delay in the global network is 0.11 sec and 0.12 sec
approximately for the prioritized and nonprioritized net-
work, respectively.

5.1.3. MAC Load. It represents the total load (in bits/sec)
submitted to the 802.15.4 MAC by all higher layers in all
WPAN nodes in the network. Figure 4 points that without-
priority based networks have higher global MAC load than
the priority based network. In the priority based network,
Coordinator (node 0) processes all the requests. For that



6 Journal of Electrical and Computer Engineering

0
0.02
0.04
0.06
0.08

0.1
0.12
0.14
0.16

0 24 48 72 96 12
0

14
4

16
8

19
2

21
6

24
0

26
4

28
8

31
2

33
6

36
0

38
4

40
8

43
2

45
6

48
0

50
4

52
8

55
2

57
6

60
0

D
el

ay
 (s

ec
)

Simulation time (sec)

MAC layer delay

Zone_Based-Without_Priority-DES-1: Office
Network.node_0.ZigBee 802_15_4 MAC.Delay (sec)

Zone_Based-With_Priority-DES-1: Office
Network.node_0.ZigBee 802_15_4 MAC.Delay (sec)

Zone_Based-Without_Priority-DES-1: ZigBee
802_15_4 MAC.Delay (sec)

Zone_Based-With_Priority-DES-1: ZigBee
802_15_4 MAC.Delay (sec)

Figure 3: MAC delay (sec) for global model and Coordinator
(node 0).
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Figure 4: MAC load (bits/sec) for global model and Coordinator
(node 0).

reason, priority based networks have more MAC load for
Coordinator than without-priority based network as shown
in Figure 4.

TheMAC load in global network is roughly 9,000 bits/sec
and 5,000 bits/sec for without-priority and priority based
network.The without-priority networks carry a huge load for
lack of node’s request synchronization. But Coordinator faces
almost similar load in both networks.

5.1.4. Throughput. In the context of a communication net-
work, throughput is the rate of successful message delivery
over the communication channel.The priority based network
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Figure 5: MAC throughput (bits/sec) for global model and Coordi-
nator (node 0).

has high throughputs compared to without-priority based
network.

Figure 5 represents throughput for both the global net-
work and the ZigBee Coordinator (node 0) much higher for
priority based network compared to without-priority based
network.

The average throughput in a global network for the
priority based network is almost 1100,000 bits/sec. On the
other hand, for the without-priority based network it is
only about 700,000 bits/sec. Throughput for the Coordinator
(node 0) is relatively higher in the priority based network
compared to the without-priority based network.

Various QoS characters of ZigBee network are observed
for performance analysis of with-priority versus without-
prioritymode. Almost in all the statistics shown here, priority
based network performance is going prominent compared to
without-priority based network.

6. Conclusion and Outlook

This paper presented a set of observations with the emphasis
on the priority of different zones and their nodes. The
results were obtained by performing a simulation study. This
research comes to several conclusions from ZigBee network
along with its QoS parameters.

First, application layer’s parameter (end-to-end delay) is
considered for user level service performance measurement.
About 14% less end-to-end delay has been found for the
priority based network in the application layer. Second,MAC
layer’s parameters (MAC load, MAC delay, and throughput)
have been considered in MAC performance measurement.
In the global network perspective, the priority based net-
work has almost 14% and 44% less MAC delay and load,
respectively. Moreover, there was 36% higher throughput
compared to the without-priority based network. All the QoS
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Figure 6: Overall QoS performance summary under proposed
scheme.

parameters are shown in a percentage bar graph regarding
their QoS improvement as shown in Figure 6.

The analysis of ZigBee layer’s parameters contrasts signif-
icant response for QoS. After this study, the proposed priority
based ZigBee network’s performance is identified to be more
effective than without-priority based ZigBee network with
respect to these improved QoS parameters. The proposed
approach is handy in differentiating or synchronizing differ-
ent zones and their devices with different priorities in the
ZigBee network.

The future work will address the ZigBee network per-
formance analysis based on different queuing along with
the mathematical model. This is ongoing work, including
network latency and an efficient load balancing technique for
ZigBee network. Moreover, this work intended to extend to
security issue to model a reliable large scale ZigBee network.

Competing Interests

The authors declare that they have no competing interests.

References

[1] J. Wang, M. Chen, and V. C. M. Leung, “Forming priority based
and energy balanced ZigBee networks—a pricing approach,”
Telecommunication Systems, vol. 52, no. 2, pp. 1281–1292, 2013.

[2] C. Zhang andW. Luo, “Topology performance analysis of zigbee
network in the smart home environment,” in Proceedings of
the 5th International Conference on Intelligent Human-Machine
Systems and Cybernetics (IHMSC ’13), vol. 2, pp. 437–440,
Hangzhou, China, August 2013.

[3] J. Baviskar, A.Mulla,M.Upadhye, J. Desai, andA. Bhovad, “Per-
formance analysis of ZigBee based real time Home Automation
system,” in Proceedings of the International Conference on Com-
munication, Information and Computing Technology (ICCICT
’15), pp. 1–6, IEEE, Mumbai, India, January 2015.

[4] ZigBee Specification, ZigBee Alliance, http://www.ZigBee.org.

[5] W. Wang, G. He, and J. Wan, “Research on Zigbee wireless
communication technology,” in Proceedings of the 2nd Annual
Conference on Electrical and Control Engineering (ICECE ’11),
pp. 1245–1249, Yichang, China, September 2011.

[6] Deepika andM. Sharma, “Effective data flow in ZigBee network
using OPNET,” in Proceedings of the 3rd International Confer-
ence on Communication and Signal Processing (ICCSP ’14), pp.
1155–1158, Melmaruvathur, India, April 2014.

[7] Z. Wu, H. Chu, Y. Pan, and X. Yang, “Bus priority control
system based on Wireless Sensor Network (WSN) and Zigbee,”
in Proceedings of the IEEE International Conference on Vehicular
Electronics and Safety (ICVES ’06), pp. 148–151, IEEE, Beijing,
China, December 2006.

[8] S. Rao, S. Keshri, D. Gangwar, P. Sundar, and V. Geetha,
“A survey and comparison of GTS allocation and schedul-
ing algorithms in IEEE 802.15.4 wireless sensor networks,”
in Proceedings of the IEEE Conference on Information and
Communication Technologies (ICT ’13), pp. 98–103, IEEE, Jeju
Island, South Korea, April 2013.

[9] K. Dong, Performance and fairness enhancement in ZigBee
networks [Ph.D. dissertation], TU Delft, Delft University of
Technology, Delft, The Netherlands, 2011.

[10] Y. Zhang, R. Yu, S. Xie, W. Yao, Y. Xiao, and M. Guizani,
“Home M2M networks: architectures, standards, and QoS
improvement,” IEEE Communications Magazine, vol. 49, no. 4,
pp. 44–52, 2011.

[11] Y. T. Park, P. Sthapit, and J.-Y. Pyun, “Smart digital door lock
for the home automation,” in Proceedings of the IEEE Region 10
Conference (TENCON ’09), pp. 1–6, IEEE, Singapore, 2009.

[12] J. Byun, B. Jeon, J. Noh, Y. Kim, and S. Park, “An intelligent
self-adjusting sensor for smart home services based on ZigBee
communications,” IEEE Transactions on Consumer Electronics,
vol. 58, no. 3, pp. 794–802, 2012.

[13] J. Chen, M. Dı́az, L. Llopis, B. Rubio, and J. M. Troya, “A
survey on quality of service support in wireless sensor and actor
networks: requirements and challenges in the context of critical
infrastructure protection,” Journal of Network and Computer
Applications, vol. 34, no. 4, pp. 1225–1239, 2011.

[14] N. Islam, M. J. H. Biddut, A. I. Swapna, and M. H. R.
Jany, “A study on priority based ZigBee network performance
analysis with tree routing method,” Journal of Computer and
Communications, vol. 3, no. 8, pp. 1–10, 2015.

[15] T. H. Kim and S. Choi, “Priority-based delay mitigation for
event-monitoring IEEE 802.15.4 LR-WPANs,” IEEE Communi-
cations Letters, vol. 10, no. 3, pp. 213–215, 2006.

[16] W. Sun, X. Yuan, J. Wang, D. Han, and C. Zhang, “Quality
of service networking for smart grid distribution monitoring,”
in Proceedings of the 1st IEEE International Conference on
Smart Grid Communications (SmartGridComm ’10), pp. 373–
378, IEEE, Gaithersburg, Md, USA, October 2010.

[17] M. Liu, S. Xu, and S. Sun, “An agent-assisted QoS-based routing
algorithm for wireless sensor networks,” Journal of Network and
Computer Applications, vol. 35, no. 1, pp. 29–36, 2012.

[18] D. Djenouri and I. Balasingham, “Traffic-differentiation-based
modular QoS localized routing for wireless sensor networks,”
IEEE Transactions on Mobile Computing, vol. 10, no. 6, pp. 797–
809, 2011.

[19] J. J. Garcia and T. Falck, “Quality of service for IEEE 802.15.4-
based wireless body sensor networks,” in Proceedings of the
IEEE 3rd International Conference on Pervasive Computing
Technologies for Healthcare, pp. 1–6, London, UK, April 2009.

[20] L.-H. Yen and W.-T. Tsai, “The room shortage problem of
tree-based ZigBee/IEEE 802.15.4 wireless networks,” Computer
Communications, vol. 33, no. 4, pp. 454–462, 2010.

[21] T. Kim, S. H. Kim, J. Yang, S.-E. Yoo, and D. Kim, “Neighbor
table based shortcut tree routing in ZigBee wireless networks,”



8 Journal of Electrical and Computer Engineering

IEEE Transactions on Parallel and Distributed Systems, vol. 25,
no. 3, pp. 706–716, 2014.

[22] Riverbed, http://www.riverbed.com/.
[23] I. S. Hammoodi, B. G. Stewart, A. Kocian, and S. G. McMeekin,

“A comprehensive performance study of OPNET modeler for
ZigBeewireless sensor networks,” inProceedings of the 3rd Inter-
national Conference on Next Generation Mobile Applications,
Services and Technologies (NGMAST ’09), pp. 357–362, IEEE,
Cardiff, UK, September 2009.

[24] J. Han, M. Kamber, and J. Pei, Data Mining: Concepts and
Techniques, Elsevier, New York, NY, USA, 2011.

[25] A. Kaur, J. Kaur, and G. Singh, “Simulation and investigation of
Zigbee sensor network withmobility support,” in Proceedings of
the IEEE International Advance Computing Conference (IACC
’14), pp. 176–181, IEEE, Gurgaon, India, February 2014.

[26] J. H. Biddut, N. Islam, M. H. Jany, and A. I. Swapna, “Perfor-
mance analysis of large scale ZigBee network design through
geometric structure,” in Proceedings of the 2nd International
Conference on Electrical Information and Communication Tech-
nologies (EICT ’15), pp. 263–268, Khulna, Bangladesh, Decem-
ber 2015.



International Journal of

Aerospace
Engineering
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Robotics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Active and Passive  
Electronic Components

Control Science
and Engineering

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 International Journal of

 Rotating
Machinery

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation 
http://www.hindawi.com

 Journal ofEngineering
Volume 2014

Submit your manuscripts at
http://www.hindawi.com

VLSI Design

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Shock and Vibration

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Civil Engineering
Advances in

Acoustics and Vibration
Advances in

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Electrical and Computer 
Engineering

Journal of

Advances in
OptoElectronics

Hindawi Publishing Corporation 
http://www.hindawi.com

Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Sensors
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Modelling & 
Simulation 
in Engineering
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Chemical Engineering
International Journal of  Antennas and

Propagation

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Navigation and 
 Observation

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Distributed
Sensor Networks

International Journal of


