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Evaluation of ZigBee Topology Effect on
Throughput and End to End Delay Due to Different
Transmission Bands for 1oT Applications

Yehia R. Hamdy, and Ahmed I. Alghannam

Abstract—ZigBee is widely used in wireless network in
Internet of Things (loT) applications to remotely sensing and
automation due to its unique characteristics compared to other
wireless networks. According to ZigBee classification of IEEE
802.15.4 standard, the network consists of four layers. The
ZigBee topology is represented in second layer. Furthermore, the
ZigBee topology consists of three topologies, star, tree and mesh.
Also there are many transmission bands allowed in physical
layer, such as 2.4 GHz, 915 MHz, 868 MHz. The aim of this paper
is to evaluate the effect of ZigBee topologies on End to End delay
and throughput for different transmission bands. Riverbed
Modeler is used to simulate multiple ZigBee proposed scenarios
and collect the results. The results of the study recommend which
topology should be used at each transmission band to provide
lowest End to End delay or obtain maximum throughput, which
is case sensitive in some loT applications that required for
example minimum delay time or sending high amount of data.

Keywords-component, ZigBee Topology, Throughput, End to
End Delay, Internet of Things (loT).

I. INTRODUCTION

ZigBee is a wireless network specified by IEEE 802.15.4
standard, it is mainly used in Internet of Things (IoT) and
automation such as factories, plants to keep monitoring of
production lines. It can be also used in hospitals and medical
facilities for data collections of medical devices [1]. Other
usage is at homes, offices and any other places that need to be
monitored, automated or when a data needed to be collected
[2].

The characteristics of ZigBee network make it appealing to
be used for remotely sensing instead using other wireless
networks. These characteristics are: low-power consumption,
ability to support large number of devices, and considerably
small time-delay. In a typical ZigBee network, the end devices
or sensors which are called nodes can operate for several days
with single charge due to fact its low data rate transition and
the end devices can be put to sleep when it’s not used. The
number of end devices which can be supported by the single
coordinator or control center is around 65000 end device
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depending on the type of topology used [3]. The coverage area
of ZigBee network can be up to 100 meters specified by IEEE
802.15.4 standard, the communication in this range translated
to considerably small time delay.

The most important factors in every wireless network are the
delay and throughput, and since ZigBee is a wireless network,
these two factors must be taken in consideration whenever
ZigBee is implemented. The delay and throughput in ZigBee
are largely affected by the type of topology and the
transmission band used.

When ZigBee is applied in loT specific application, the
ZigBee topology must be chosen according to available
transmission band to satisfy delay or throughput for that
specific 10T application. For example, if ZigBee is used to
monitor patient in emergency room of a hospital, the doctors
must know if his heart or lungs stop working as soon as
possible, which required minimum delay, so the planner must
choose the topology that satisfy minimum delay at the
transmission band available, because this 10T application is
sensitive to time. Other loT applications might require higher
throughput (collect large number of data) but the delay is not
that critical. For example, when ZigBee is used in loT
application that monitor protected agriculture farm for
humidity, temperature, sunlight exposure, ... etc. In this case
the planner must know which ZigBee topology should be used
among the three topologies at the transmission band available
to achieve highest throughput, because this 10T application
required to collect large amount of data, but the delay is not
that sensitive. The goal of this paper is to evaluate these
parameters so ZigBee planners can optimize the network for
specific use in 10T applications.

The rest of this paper will be organized as follows; Section
Il reviews the related work. Section Il1 presents ZigBee IEEE
802.15.4 network standard. Section IV presents an overview of
ZigBee topologies. Section V presents the proposed simulation
scenario. Section VI presents the results obtained from
proposed simulation. Finally, section VII concludes the results
and recommends the use of topology according to throughput
and delay required by the 10T application.

Il. RELATED WORKS

This section briefly reviews the research related to topology
and transmission bands of ZigBee networks. In [4], the authors
investigate the star and mesh topology metrics such as
throughput, load and MAC delay for three different industrial,
scientific and medical radio bands: 868 MHz (EU and Japan),
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915 MHz (ISM, US) and 2.4 GHz (Worldwide). The tree
topology is not investigated in this paper also the end to end
delay is not investigated, the study conducted using OPNET
simulator. In [5], the authors analysis the performance of
ZigBee tree and mesh topologies by using different frequency
bands. The performance of throughput, queue size, data
dropped, MAC delay and hop number are analyzed using
OPNET Modeler 14.5 simulator. The paper did not study star
topology or the end to end delay. In [6], the authors investigate
the effect of transmission power on throughput, MAC load,
MAC delay and end to end delay for tree and mesh topologies.
The paper tries to optimize the performance of tree and mesh
topologies according to transmitted power. The simulation
conducted using OPNET. In [7], the authors analysis the
performance of star, tree and mesh topologies for increased
number of nodes. The paper study the effect of increasing the
number of nodes (sensors) on end to end delay, throughput and
number of hops for star, tree and mesh topologies. The study
use Riverbed Modeler for simulation.

I1l. ZIGBEE IEEE 802.15.4 NETWORK

The general specification of IEEE 802.15.4 ZigBee wireless
network can be summarized in table I.

TABLE |
GENERAL SPECIFICATION OF IEEE 802.15.4 STANDARD

Parameter Value

Transmission Range (meters) <100 (Non-Line of Sight)

20-250 (Depending on

Throughput (Kb/s) Topology)
Network Size (No. of Nodes .
Supported by Single = 6500190%?583?1% on

Coordinator)

Battery Life of Sensors (Days
per One Charge)

<1000 (Depending on
Sensor)

According to the specifications of IEEE 802.15.4, ZigBee
networks can be classified into four layers as in table II.

The upper two layers of ZigBee Networks which are
application layer, Network and security layers specified by
ZigBee Alliance to provide manufacturing standards [8]. The
lower two layers, the MAC layer and Physical Layer are
specified by IEEE 802.15.4 standard to ensure not to interfere
with other wireless protocols.

TABLE Il
LAYERS CLASSIFICATION OF ZIGBEE NETWORK

Application Layer
Network and Security Layer

Medium Access Control (MAC) Layer
Physical Layer

To understand the operation of ZigBee network the
components of the network must be understood clearly. ZigBee
network consist of three components: ZigBee coordinator,
ZigBee router, and ZigBee end device or sensor.

ZigBee coordinator is the core node of the network. Its
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responsible for initializing the network, selecting appropriate
channel, and connecting other devices like routers and end
devices in the network. In any ZigBee network there can be
only one coordinator.

ZigBee router is a mid-device which can be used to connect
between ZigBee coordinator and ZigBee end devices. The use
of the router depends on the type of topology used. Its main
function is routing traffic between coordinator and end devices.

The final element of ZigBee network which is the end device
or the sensor. Its function is collecting data which are been
automated or monitored. It can be connected directly to the
coordinator or to a ZigBee router depending on the type of
topology used [9].

IV. ZIGBEE TOPOLOGY

The topology of ZigBee network is the set of configuration
that consists of: coordinator, routers and end devices which
form the network depending on the type of connection between
these three kind of nodes. The configuration of ZigBee
topology also consists of different protocols and routing
algorithms that used for routing traffic inside the ZigBee
network. The network and security layer is responsible for
determining the type of topology for ZigBee Network [10].
There are three type of topology: Star Topology, Tree
Topology and Mesh Topology.

A. Star Topology

This topology is the simplest and the most limited among the
other types of topologies in ZigBee networks. In this topology
the configuration of the network consists of coordinator which
is located at the centre of the network and end devices which
are distributed in the network. All end devices are connected
directly to the coordinator and all the traffic routing between
end devices is happened through the coordinator. Thus using
routers is not logical as they only can work as end devices and
cannot be used for routing the traffic. The advantage of this
topology is the simplicity of configuration [11]. The
disadvantages are that there is no alternative routing for data
traffic if the connection between the end device and
coordinator is lost. Also the coordinator can be congested with
the large amount of packets since all end devices are connected
directly to the coordinator.

B. Tree Topology

In this topology the coordinator is connected to several
routers and end devices. The routers can also be connected to
other routers and end devices, and this can continue to a certain
number of levels. The hierarchy structure of this topology is
like a tree with the coordinator at the top of it. In this topology
there can only be one coordinator and a number of routers and
end devices [12]. The coordinator and routers are considered as
branches of this tree, therefore can have leaves which are the
end devices. On the other hand, the leaves or end devices
cannot have another leaves, or cannot be connected to other
end devices. In this topology the transmission between end
devices and coordinator are take place by routers [11]. Thus,
when two end devices want to communicate, the transmission
go through router to coordinator, then from coordinator to
router to end device and vice versa. The disadvantage of this
topology is that there is no alternative route if the connection to
reach destination fails.
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C. Mesh Topology

This Topology has a structure similar to that of Tree
Topology from the build perspective, but with more flexibility
in transmission side. There is also one coordinator in this
topology which is connected to several routers. The routers can
be connected to other routers or end devices (sensors), but the
end devices cannot be connected to other end devices. The
transmission goes from end device to routers and then to the
coordinator. However, the routers can communicate with other
routers or end devices directly without the connection goes
through the coordinator [11]. Also the end devices can
communicate with other routers or end devices without the
need the transmission to go through the coordinator. Thus the
transmission is more flexible and can be done by directing
algorithm.

V. PROPOSED SIMULATION SCENARIOS

The Riverbed Modeler Academic Edition 17.5 is used to
simulate the ZigBee network and obtain results. To study the
effects of ZigBee topology on throughput and end to end delay
for different transmission bands, three scenarios have been
created in Riverbed Modeler simulation program depending on
the assumptions in the table I11.
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VI. RESULTS

The results of simulation are divided into three categories
depending on the transmission bands used in this study, which
are 2.4 GHz, 915 MHz and 868 MHz.

a) 2.4 GHz transmission band

For the transmission band of 2.4 GHz, three scenarios are
built according to table 3 parameters. The results of the three
ZigBee topologies: star, mesh and tree are shown in Fig. 2 and
Fig. 3 regarding throughput and end to end delay respectively.

BERBEE

TABLE Il
SIMULATION PARAMETERS
Zighee Topology
Star Tree Mesh

No. Coordinators 1 1 1

No. End Devices 18 18 18

No. Routers 0 8 8
Transmission 2.4GHz, 2.4GHz, 2.4GHz,
bands 915MHz, 915MHz, 915MHz,
868MHz 868MHz 868MHz
Transmit power 0.05w 0.05w 0.05w
250KBPS, 250KBPS, 250KBPS,
Data rates 40KBPS, 40KBPS, 40KBPS,
20KBPS 20KBPS 20KBPS
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The scenarios simulate the three ZigBee topologies; star, tree
and mesh described in the section above. The area of ZigBee
network is taken 100x100 meter for the three scenarios. To
evaluate the effect of ZigBee topology performance regarding
throughput and end to end delay, the three transmission band
specified for ZigBee standard are compared.

For the three scenarios used in simulation, the number of
coordinators used is one in the middle of simulation area. The
number of end devices or sensors are set to 18 end device, and
the number of routers used set to 8 routers except for the star
topology scenario since there is no rule for routers in directing
of data. The transmitted power is kept constant at 0.05 watt at
all scenarios. Three transmission bands of ZigBee Network
which are: 2.4 GHz, 915 MHz, and 868 MHz are studied. For
each transmission band the three scenarios are applied and
evaluate the performance regarding the throughput and end to
end delay. The network topologies (Star, Tree and Mesh) are
shown in Fig. 1 (a), (b), (c) respectively.
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Fig. 1. (a) Star Topology (b) Tree Topology (c) Mesh Topology “screenshots
from the simulator”
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Fig. 2. Throughput (bit per sec) of the three ZigBee topologies at 2.4 GHz
transmission band.

From Fig. 2 its found that the tree topology has the best
throughput at 2.4 GHz transmission band flowed by mesh and
star. While the largest end to end delay for 2.4 GHz from Fig. 3
is for tree topology followed by mesh and star.

b) 915 MHz transmission band

For this transmission band, the same simulation scenarios
used from Fig. 1 and table IIl. The results of simulation for
throughput is shown in Fig. 4 and end to end delay in Fig. 5.
For the three ZigBee topologies. The throughput of star
topology from Fig 4 is found to be the best for 915 MHz
transmission band.

The throughput of mesh and tree topologies are convergent
with better throughput of mesh topology. From Fig. 5 the
largest end to end delay is for star topology while the best one
is for this transmission band is tree topology.
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Fig. 3. End to End Delay (mili sec) of the three ZigBee topologies at 2.4 GHz
transmission band.
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Fig. 4. Throughput (bit per sec) of the three ZigBee topologies at 915 MHz
transmission band.
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Fig. 5. End to End Delay (mili sec) of the three ZigBee topologies at 915
MHz transmission band.



258

¢) 868 MHz transmission band

The results of simulation for the lest transmission band of
ZigBee network at 868 MHz are shown in Fig. 6 and Fig. 7 for
throughput and end to end delay respectively.
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Fig. 6. Throughput (bit per sec) of the three ZigBee topologies at 868 MHz
transmission band.
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Fig. 7. End to End Delay (mili sec) of the three ZigBee topologies at 868
MHz transmission band.

The throughput of 868 MHz transmission band show that the
star topology has the best performance at this band from Fig. 6.
While the throughput of mesh and tree topologies are much
less compared to star topology. From Fig. 7 the worst case of
end to end delay in this transmission band and also in all other
cases of transmission bands is marked for star topology. The
end to end delay of tree and mesh topologies are convergent
with slightly less delay for mesh topology.

To summarize the results of Riverbed Modeler simulation
for the throughput and end to end delay, the average values of
all topologies and transmission band of ZigBee are collected in
table IV.
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TABLE IV
RESULTS SUMMARY
Topology

Star Mesh Tree
Avera%nggzoé?:‘f‘g;? d(KbpS) 30046 | 65384 | 81433
Avera?;gqgoﬁggué;?]é'(bps) 20948 | 23.624 | 21.802
R
Aviﬁg)ef'épglzogﬂg gg:%yi” 0.0168 | 0.0259 | 0.0356
Avg;asﬁ)ﬁfr”gltsol\%dzgﬂﬁé’ | 909564 | 0.4583 | 0.3962
Avfnrig)’i;ngetsonﬁﬁdz%ﬂ% | 1541081 | 0.3327 | 0.3432

For star topology, it can be noticed from table 4. that the
End to End delay increases significantly and the throughput
decreases with the change of transmission band from 2.4 GHz
to lower transmission bands of 915 MHz and 868 MHz. The
reason for that is at 2.4 GHz transmission band the bit rate is
250 Kbps while the bit rates for 915 MHz and 868 MHz is 40
Kbps and 20 Kbps respectively. Since the communication
between end devices is done through coordinator only in this
topology, for the same simulation time and same data
transmitted, the End to End delay increases and throughput
degreases with the decreases of bit rate. Specially the
modulation type used for 2.4 GHz transmission band is O-
QPSK, while the modulation type used for 915 MHz and 868
MHz is BPSK.

For mesh and tree topologies, also from table 4. it can be
noticed that the End to End delay increases slightly and
throughput decreases significantly with the change of
transmission band from 2.4 GHz to lower transmission bands
of 915 MHz and 868 MHz. in the case of mesh and tree
topologies the effect of transmission band on End to End delay
is little because the communication between end devices is
done through multiple routs not only through the coordinator
on the opposite of star topology case.

VII.

The effect of ZigBee network topology on performance is
evaluated for throughput and end to end delay for three
transmission bands: 2.4 GHz, 915 MHz and 868 MHz. There
are three topologies in ZigBee network: star, mesh and tree. For
each ZigBee topology, the three transmission bands are
evaluated for two important parameters, throughput and end to
end delay. In some loT applications of ZigBee network a low
end to end delay is required, while high throughput may be
required for other applications. This study shows the
performance of possible cases available, so the planner for new
ZigBee network can optimize it according to what is needed
from the specific loT application. For table 4. It is found that
ZigBee Network that using tree topology at 2.4 GHz achieve

CONCLUSIONS
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the highest throughput, while at 915 MHz and 868 MHz, the
highest throughput can be obtained using star topology. Also
from table 4, it can be shown that the minimum end to end
delay for 2.4 GHz can be achieved by using star topology,
while for 915 MHz the minimum end to end delay is obtained
by using tree topology. Finally, for 868 MHz, the minimum
end to end delay is achieved by using mesh topology. It is
found that the end to end delay for star topology at 915 MHz
and 868 MHz bands is very high. The results of throughput and
end to end delay of mesh and tree topologies show that they are
convergent at 915 MHz and 868 MHz bands, especially at 868
MHz band, with slightly better performance of mesh over tree
topology. For 2.4 GHz band, the highest throughput can be
obtained by using tree topology, while the minimum end to end
delay at this band can be achieved by using star topology. The
end to end delay for star topology for lower frequency bands
such as 915 MHz and 868 MHz start to increase very much
compared to mesh and tree topologies, which is not acceptable
for most 10T applications. To summarize conclusions, for 10T
applications that are sensitive to delay: all three topologies
have acceptable End to End delay with star topology slightly
better than mesh and tree topologies at 2.4 GHz transmission
band, so the three topologies can be used in this band. While
for 915 MHz and 868 MHz transmission bands the delay of star
topology is very high and unacceptable, so it’s not
recommended to use star topology in these transmission bands,
instead its recommended to use meh or tree topologies. For loT
applications that requires to transfer large amount of data: its
recommended to use mesh or tree topologies at 2.4 GHz
transmission bands which provides higher throughput
compared to star topology, with tree topology provides the
highest throughput at this band. While for 915 MHz and 868
MHz transmission bands, its recommended to use star topology
which provides higher throughput at these bands compared to
mesh and tree topologies, especially for 868 MHz transmission
band, star topology provides very high throughput compared to
mesh and tree topologies.
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