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ABSTRACT 

 It's important in a Zigbee networking, how the Zigbee 

devices are communicate with each other in the network. In 

IEEE802.4 standard define three way to communicating the 

Zigbee devices with each other which are known as network 

topologies. The network topologies that define in this standard 

are star, Mesh and Tree topology. This paper focus on the 

performance of the Zigbee topologies depending on the 

measuring of the throughput, delay and the number of packets 

send and received. Many scenarios have been created in 

Opnet modeler simulation program to study the performance 

of the three network topologies (star, Mesh, and Tree). Finally 

to take the effect of activation of ACK mechanism in 

consideration, duplicate scenario for each network topology 

was configured with same network configuration and 

activation the ACK mechanism. 
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1. INTRODUCTION 
 Zigbee networking today become used in many modern 

applications like internet of thing, healthcare, tracking and 

security system [1]. Zigbee based on wireless devices operate 

in 868MHz, 915MHz, and 2.4GHz radio frequency bands. 

The maximum data rate is 250K bits per second. This data 

rate consider low data rate. Zigbee is designed mainly for 

application need low data rate, low cost and long battery life 

[2]. In Zigbee networking there are two types of Zigbee 

devices that defines in IEEE802.4 standard. The first is the 

full function device (FFD) while the second is the reduce 

function device (RFD). The FFD devices are capable of 

performing all the duties that described in IEEE802.4  

standard and accept any role in network while the RFD 

devices  have processing power and memory size are 

normally less than of FFD devices and for this the RFD 

devices  used in very simple applications [3]. The FFD 

devices in an IEEE802.4 network can take three roles:  

Coordinator, Router and End device.  The coordinator and the 

Router are FFD devices [4]. The Coordinator able to initiate, 

terminate and relaying the data throughout the network while 

the Router is capable to relaying data throughout network 

only [5]. The End device may be FFD or RFD device.  If the 

end device is an FFD device it can capable to relaying data. 

On the other hand, if the end device is an RFD device it 

cannot capable to relaying data and received data only [6]. 

The Zigbee network have an optional ACK, It is a technique 

that is optionally used in Zigbee networking to add the 

reliability to transmission process. The transmitter requests 

ACK when it is transmitting the packet to receive side then 

the receiver will send ACK to notify the transmitter that 

receiving is done [7]. 

2.  ZIGBEE TOPOLOGIES  
There are two main network topologies in Zigbee. The first is 

the star topology while the second is the peer to peer 

topology. In the star topology as shown in figure 1, the Zigbee 

devices (router, end device) can communicate only with the 

coordinator. In other words, any Zigbee device can’t 

communicate direct with other this mean the Zigbee devices 

first sent the data to the coordinator and the coordinator relay 

the data to the other Zigbee devices (destinations) [8].        

 

Fig 1: star network topology 

In a peer to peer topology as shown in figure 2, every Zigbee 

device can communicate directly with any other Zigbee 

device if this devices in the same coverage area of the radio 

wave. Any Zigbee device (FFD) in this topology can play the 

role of the coordinator. Depending on restrictions on the 

Zigbee device that communicate with each other the peer to 

peer topology can take different shapes.  If there are no 

restrictions, the peer to peer topology is known as a mesh 

topology [9]. While another form of peer to peer topology is 

known as a Tree topology. In the Tree topology the 

coordinator establishes the initial network. Zigbee Routers 

form as branches and relay the data while the Zigbee end 

device act as leaves of the tree that it not participate in data 

relaying [9].  

 
Fig 2: peer to peer (Mesh, Tree) topologies 

3. SIMULATION DESIGN AND RESULT 

ANALYSIS 
Many scenarios have been created in Opnet modeler 

simulation program to study the performance of the three 
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Zigbee topologies (star, Mesh, and Tree). The main network 

parameters are shown in the table  1 , It appear from the table 

that the packet destination is random to show all possible 

destinations of packet in the three topologies because the 

coverage  area  of the network nodes are  overlapping.  

 

Table 1: Network parameters that use in simulation 

 

In scenario one as shown in figure 3, star Zigbee topology was  

configured  with one coordinator and ten end devices that 

represent as network sensors. The end device can only 

communicate between them through the coordinator. 

 

 
Fig 3: Star topology 

While in scenario two as shown in figure 4, Mesh Zigbee 

topology was configured with one coordinator, four routers 

and ten end devices that represent as network sensors. Where 

the coordinator communicant with routers and end devices 

without any restriction and the end devices in this topology 

may be communicate direct with them. 

 

 
Fig 4: Mesh topology 

Finally, in scenario three as shown in figure 5, Tree Zigbee 

topology was configured with one coordinator, four routers 

and   ten end devices that represent as network sensors. In this 

topology the coordinator communicates with the parents and 

the parents itself communicate with your children.  

 

Fig 5: Tree topology 

To take the effect of the optional ACK in consideration, 

duplicate scenario   for each network topology was configured 

with same network configuration and activation the ACK 

mechanism.  

From the results of packets sent (bits/sec) in MAC layer for 

the three network topologies (star, Mesh, Tree) as shown in 

figure 6, The Tree topology in general sent packet more than 

Mesh and  Star topologies because in  the star topology  the 

all end devices communicate  only through the coordinator to 

communicate between them while in the Mesh topology the 

packet send depending on the routing algorithm and the 

 
Zigbee topology 

Star Mesh Tree 

Maximum No. 

Coordinator 
1 1 1 

Maximum No. 

Children 
10 10 10 

Maximum No. 

Routers 
0 4 4 

Maximum 

depth 
1 4 4 

Packet 

destination 
random random Random 

Packet 

interarrival 

time 

Constant 

(1.0) 

Constant 

(1.0) 

Constant 

(1.0) 

Packet size 
Constant 

(1024) 

Constant 

(1024) 

Constant 

(1024) 

Transmission 

bands 
2.4 GHz 2.4 GHz 2.4 GHz 

ACK wait 

duration 

(second) 

0.05 0.05 0.05 

Number of 

retransmission 
5 5 5  
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packet sent through different paths, In contrast the Tree 

topology more efficient to send packet hierarchy from 

coordinator to parents and finally to children.  

 

Fig 6: Traffic sent (bits/sec) for the Three network 

topology 

The figure 7 shown the packet receive (bits/sec) in MAC layer 

for the three topologies by all destinations in the network that 

is possible to receive the packets.  

 
Fig 7: Traffic received (bits/sec) for the Three network 

topology 

The figure 8 shown the throughput (bits/sec) in MAC layer,  

Where the throughput in the Tree topology is the highest and 

is the lowest in star topology.  

 

Fig 8: The throughput (bits/sec) for the three network 

topology 

The end to end delay (sec) is shown in figure 9 for the three 

Zigbee topologies. This delay represents the total delay 

between creation and reception of an application packet. 

Where the star topology has less delay compare with Tree and 

Mesh topologies because in Tree and Mesh topologies the 

packet reach the destination by multi hops.     

 
Fig 9: End to End delay (sec) for the three network 

topologies 

 

When the ACK mechanism is active, the sending side don’t 

send the next packet until received the ACK for the previous 

packet, this add more delay before sending new packets and in 

the same time reduce the number of packets that send as 

compared with the case of non-activation the ACK 

mechanism. The figure 10 shown the throughput (bits/sec) 
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before and after activation ACK mechanism for the three 

topology, where the star topology effect more than Tree and 

mesh topology  because the end devices only communicate 

through the coordinator  and  this may be causes an increase 

in packet collision. While the figure 11 shown the end to end 

delay (sec). 

 

 
Fig 10: The throughput (bits/sec) for the three network 

topologies before and after activation of ACK. 

 

 

 

 

 

 

 

 

 

 

Fig 11: The End to End delay (sec) for the three network 

topologies before and after activation of ACK 

 

4. CONCLUSION 

The performance of the Zigbee Tree topology is better than 

Mesh and star topologies.  In the Tree topology the Zigbee 

devices communicate as hierarchical shape and this regulates 

the transmission between Zigbee devices. When activation the 

ACK mechanism the Tree topology was still the best in 

throughput compare with the other network topology. In 

contrast, the performance of the star topology decreased 

significantly, compared to the case of non-activation of ACK 

mechanism, where the throughput decrease from 22880 

bits/sec to 8000 bits/sec and the End to End delay increase 

from 15 msec to 60 msec.  
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