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ABSTRACT 
This research work is implemented in ZigBee using IEEE 

802.15.4 protocol stack, it is most widely used technique in 

wireless sensor network for low rate wireless personal area 

network. In this paper three topologies are used i.e. mesh, 

tree and hybrid topology. The hybrid topology is 

implemented by using the combination of mesh and tree 

topology. The data-based setup is done by changing mobile 

percentage of nodes. The performance of these topologies is 

measured using parameters throughput, MAC delay, DTR 

and DTS. The results quantify that hybrid  topology is best 

among other two topologies as it provides high throughput 

,high DTR and DTS. The simulation is done by OPNET 

modeler 14.5. 
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1. INTRODUCTION 
Wireless sensor networks (WSN) consists of light-weight, 

low power and small size sensor nodes. They have capability 

to monitor, compute and connect wirelessly [1].  Zigbee is a 

wireless personal area network based on IEEE 802.15.4 

wireless protocol. Zigbee network defined first in 2004 and 

released in 2006. The second stack of the Zigbee network 

was defined as Zigbee 2006. It provides short distance 

communication with low complexity, low data rate and low 

power consumption. It is a two way technology which 

pointed to Wireless Sensor Network (WSN) [2]. 

Furthermore, it has several advantages such as self 

organization, smaller size of protocol stacks, and larger 

addressing space. Most commonly Zigbee also used in the 

medical field for patient monitoring or health and added 

together with self-care and self-management technologies 

can enhance their health outcomes [3]. The main aim of this 

technology is remote control and sensor applications, which 

is appropriate to operate in ruthless radio environments and 

isolated locations.The IEEE 802.15.4 protocol defines MAC 

and PHY layers for personal area network (PAN) [4]. The 

medium access control (MAC) layer send data frames over 

radios channels with specified modulation and spreading 

techniques. It enables the transmission of MAC frames 

through the use of the physical channel. The MAC layer of 

IEEE 802.15.4 standards operates in two modes, they are 

beacon enabled and non-beacon enabled mode. In beacon 

enabled mode, beacon messages are transmitted periodically 

for network organization and management. Beacon enabled 

are synchronized and allows the mode to operate on slotted 

Carrier Sense Multiple Access with Collision Avoidance 

(CSMA/CA) mechanism. In non-beacon mode nodes are not 

synchronized, because periodic beacon transmissions are 

absent. Therefore, this mode supported to unslotted 

CSMA/CA mechanism [5]. The physical layer is defined by 

IEEE 802.15.4 standard. The physical layer is responsible for 

providing data transmission service [6]. The physical layer 

offers three operational frequency bands; there are 27 

channels allocated in the 802.15.4 range, with 16 channels in 

the 2.4 GHz band, 10 channels in the 915 MHz band, and 1 

channel in 868 MHz band.  

2.  COMMUNICATION 

ARCHITECTURE 
The Zigbee protocol specifies a wireless technology based on 

the IEEE 802.15.4 standard for wireless personal area 

networks (WPANs). The 802.15.4 is a standard that defines 

the Physical and Medium Access Control (MAC) for low 

power and low data rate wireless networks [7]. Zigbee is built 

on top of 802.15.4 specification and provides a definition for 

two layers of the OSI model: the Application Layer (APL) 

and the Network Layer (NWL).  Two types of devices are 

specified in the IEEE 802.15.4 framework according to their 

capabilities and available resources i.e. Full-Function Devices 

(FFD) and Reduced- Function Devices (RFD) [8]. ZigBee 

coordinator (ZC) is a fully functional device and act as the 

parent of other nodes. It is root of the network or may act as a 

bridge to other networks. To initiate a network it is essential 

to place at least one ZigBee coordinator in the network. This 

will work as trust center, which secure keys and store 

information [zigbee wiki]. ZigBee Router (ZR) act both as 

RFD and FFD. In RFD, it act as child of ZigBee Coordinator 

(parent) and perform the function of intermediate router 

passing data from ZC to ZED. ZigBee Router as FFD is a 

parent to its child node (ZED).Routers that acts as FFD are 

also known as Coordinators, since they coordinate all devices 

that transfer data to coordinator via the FFDs themselves [8]. 

ZigBee routers are devices capable of routing data .ZigBee 

End Device (ZED) have no routing capability – these devices 

rely on their parents, the coordinator or routers, to 

transmit/route their packets [9].It is a reduced functional 

device, work as a child node and receives data from its parent 

nodes. So, it requires lower memory usage, which makes it 

cheaper than ZC or ZR [6]. There are three network 

topologies i.e. Star topology, Mesh topology, Tree topology in 

the ZigBee network. The star topology consists of a 

coordinator and several end devices. In this topology, the end 

device communicates only with the coordinator. Any packet 

exchange between end devices must pass along the 

coordinator. The main advantages of star topology are its 

simplicity, energy saving and predictable. The drawbacks are 

limited scalability [10]. A mesh topology provides greater 

flexibility than other topologies. It covers multiple paths for 

messages within the network. If a particular router fails, then 

ZigBee self-healing mechanism will recover the network. 

Mesh topology is highly reliable and robust. The limitation of 

this topology is lower end-to end performance.A Tree 

topology consists of a Coordinator and this coordinator 

linked with its children which are basically the set of routers 

and end devices. A Router also connected with its children 

like another routers and end devices.      
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3. SIMULATION SETUP 
The    simulation       process is done using OPNET modeler 

14.5. 

Table 1: Simulation parameters 

Network  Size 45 m * 45 m 

Number of  Nodes 36 nodes 

Simulation  

Duration 

300 Sec 

Mobility Model Random Waypoint 

Lm 5 

Cm 10 

Rm 10 

Using table 1, three scenarios has been designed in which 

percentage of mobile nodes varies from 20 to 80 percent and 

using random waypoint mobility model the speed of mobile 

nodes are 5 m/s. The nodes are randomly placed anywhere in 

the network. In the first scenario tree topology and in second 

scenario mesh topology is used. In third scenario the 

combination of tree and mesh topologies are used to 

implement a hybrid topology. 

4. RESULTS AND DISCUSSION 
The given result shows the performance of hybrid (H), tree 

(T), mesh (M) with 20%, 40%, 60% and 80%of mobile nodes 

in the network. Using following parameters the performance 

of the network has been observed. 

4.1 Throughput 
Throughput is the ratio of the total amount of data that a 

receiver receives from a sender to a time it takes for receiver 

to get the last packet. Throughput is the data quantity 

transmitted correctly starting from the source to the 

destination within a specified time (seconds). A low delay in 

the network translates into higher throughput. The results 

shown in Figures 1, 2, 3 and 4 conclude that maximum 

throughput is achieved by hybrid topology and minimum 

throughput is achieved in tree topology. Throughput in mesh 

topology is almost same in all cases. 

 
Figure 1 Throughput of tree, mesh and hybrid     

topologies with 20% of mobile nodes 

 
Figure 2 Throughput of tree, mesh and hybrid topologies 

with 40% of mobile nodes 

 
Figure 3.Throughput of tree, mesh and hybrid topologies 

with 60% of mobile nodes 

 
Figure 4.Throughput of tree, mesh and hybrid Topologies 

with 80% of mobile nodes 
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4.2 MAC Delay 

Represents the end to end delay of all the packets received by 

the 802.15.4 MACs of all WPAN nodes in the network and 

forwarded to the higher layer. Figures 5, 6, 7 and 8 shows 

that MAC delay of hybrid topology is maximum and MAC 

delay of tree topology is minimum in all simulation. The 

MAC delay in mesh topology is almost same in all scenarios. 

 
Figure 5. MAC delay of tree, mesh and hybrid topologies 

with 20% of mobile nodes 

 

 Figure 6. MAC delay of tree, mesh and hybrid topologies 

with 40% of mobile nodes 

  

Figure 7. MAC delay of tree, mesh and hybrid topologies 

with 60% of mobile nodes  

 

 

 

 

Figure 8.MAC delay of tree, mesh and hybrid topologies 

with 80% of mobile nodes 

4.3 DTR (Data Traffic Received) 
It represents the total traffic successfully received by the 

MAC from the physical layer in bits/sec. This includes 

retransmissions. The results shown in Figures 9, 10, 11 and 

12 conclude that maximum DTR is provided by hybrid 

topology .Whereas tree topology attained minimum DTR. 

The mesh topology obtains effective DTR in all cases.  

 

Figure 9. DTR of tree, mesh and hybrid topologies with 

20% of mobile nodes 

 

Figure 10. DTR of tree, mesh and hybrid topologies with 

40% of mobile nodes 
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Figure 11. DTR of tree, mesh and hybrid topologies with 

60% of mobile nodes 

 

Figure 12. DTR of tree, mesh and hybrid topologies with 

80% of mobile nodes 

4.4 DTS (Data Traffic Send) 
These statistics record the amount of data transmitted by the 

network interface onto the physical layer. The results shown 

in Figures 13, 14, 15 and 16 conclude that maximum DTS is 

provided by hybrid topology .Whereas mesh topology 

attained minimum DTR. The tree topology obtain effective 

DTS in all cases.  

 

Figure 13. DTS  of tree, mesh and hybrid topologies with 

20% of mobile nodes 

 

Figure 14 . DTS of tree, mesh and hybrid topologies with 

40% of mobile nodes 

 

Figure 15. DTS of tree, mesh and hybrid topologies with 

60% of mobile nodes 

 

Figure 16 . DTS of tree, mesh and hybrid topologies with 

80% of mobile nodes 
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5. CONCLUSION 
This research work show that the hybrid topology achieved 

maximum and tree topology achieved minimum throughput 

and in case of mesh topology the throughput is almost same 

in all cases. MAC delay of hybrid topology is maximum and 

MAC delay of tree topology is minimum in all simulation. 

The MAC delay in mesh topology is almost same in all 

scenarios. Maximum DTS and DTR are achieved by hybrid 

topology. Tree topology provides minimum DTR and mesh 

topology provides minimum DTS. 
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