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Abstract 

In the field of wireless communication, zigbee is a latest technology in wireless 

network based on IEEE 802.15.4 standard. On IEEE 802.15.4 standard based zigbee 

network uses low power sensor nodes to ensure reliable, process, collect, and store the 

data. The sensor nodes have low cost, smaller in memory size and used in lower coverage 

area first two layers based on IEEE 802.15.4 standard are PHY and MAC layer.  Routing 

protocols are divided in two categories that are reactive protocol and proactive protocol. 

AODV routing protocol comes under reactive protocol. It creates route between source 

and destination when needed. When source node has data to transmit to the destination 

node then it will create RREQ (route request message) and send to all neighbors in the 

network, when the destination node found or neighbor node found the route to destination 

then they will generate a RREP (route reply message) and forward back to source node. 

After the creation of route between source node and destination node they can exchange 

the data. 
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1. Introduction  

In the field of wireless communication, it uses low power sensor nodes to process, 

collect, and store the data. The sensor nodes have low cost, smaller in memory size and 

used in lower coverage area [8]. In wireless sensor network, the nodes can be more than 

thousands sensor nodes in a network. More number of sensors can sense larger area. 

zigbee is a latest technology in wireless network based on IEEE 802.15.4 standard. On 

IEEE 802.15.4 standard based zigbee network uses low power sensor nodes to ensure 

reliable, process, collect, and store the data [1]. The sensor nodes have low cost, smaller 

in memory size and used in lower coverage area first two layers based on IEEE 802.15.4 

standard are PHY and MAC layer. The work done by both the layer are physical layer is 

responsible for detection of energy, calculation of signal quality, and reception and 

transmission of data. MAC layer is responsible establish route and route management 

between source node and destination node. It also handles the collision in the network. 

IEEE 802.15.4 based zigbee network uses 2.4 GHz frequency band for communication. 

The frequency band 2.4 GHz is license free band to use. Figure1 shows the protocol stack 

of IEEE 802.15.4 zigbee network [5]. 

 

1.1. IEEE 802.15.4 ZIGBEE AD-HOC Routing  

In zigbee protocol stack, first two layers based on IEEE 802.15.4 standard are PHY and 

MAC layer. The work done by both the layer are physical layer is responsible for 
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detection of energy, calculation of signal quality, and reception and transmission of data. 

MAC layer is responsible establish route and route management between source node and 

destination node [10]. It also handles the collision in the network. IEEE 802.15.4 based 

zigbee network uses 2.4 GHz frequency band for communication. The frequency band 2.4 

GHz is licence free band to use. Figure1 shows the protocol stack of IEEE 802.15.4 

zigbee network [2,3]. 

 

\ 

 

Figure 1. Protocol Stack [5] 

Coordinator – it is the backbone of the network which is used to control the whole 

network. It has capability to save the information about the devices within the network 

which is used. Coordinator of network cannot sleep; it will be always active. 

Router – it is used to provide route information between sources to destination in the 

network. Router gives the shortest path between source and destination. 

End device – it is used to transmission and reception of data whenever source user and 

the destination user have data to transmit. End devices can only transmit or receive, 

cannot provide route information to the network [4]. 

 Star topology- in the star topology, end devices cannot send data directly to the other 

devices, data of each device can go through coordinator to the  
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Figure 1. Star Network [5] 

 

Figure 2. Tree Network [5] 

  

Figure 3. Mesh Network [5] 
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other devices. If the coordinator broke down, then network will shut down and end 

devices can not transmit data. 

Tree topology – it is the combination of bus topology and star topology. In which one 

node is called parent node and other are called child node. In tree topology, each node has 

point to point link to all node around to it. In the tree network, if one link is break than 

other link will be active. 

Mesh topology – in mess topology of zigbee network, each node is connected to directly 

to other node through radio link so that if one link is break then data is transferred through 

other route. Due to this reason mess network of zigbee network has less delay [9]. 

Routing protocols are divided in two categories that is reactive protocol and proactive 

protocol. AODV routing protocol comes under reactive protocol. It create route when 

needed. When source node has data to transmit to the destination node then it will create 

RREQ (route request message) and send to all neighbors in the network, when the 

destination node found or neighbor node found the route to destination then they will 

generate a RREP (route reply message) and forward back to source node. After the 

creation of route between source node and destination node they can exchange the data [7, 

17,14]. 

 

2. Literature Survey 

Rajagopalan R. et al. [2013] discussed about the routing protocol which is AODV and 

DYMO. They concluded that AODV work better in zigbee network in terms of end to end 

delay through put and number of hops also said that performance of network can vary 

after increasing or decreasing the number of nodes. Kalaivani K. et al. [2015] discussed 

the method to integrate the zigbee network with 4G technology for fast data transmission 

and to provide better security to the network. Performance is compared in terms of data 

sent, jitter, delay, end to end delay, and packet delay. Stevanovic D. et al. [2008] 

compared the two topologies of zigbee network on the basis of random sink mobility and 

predictable sink mobility in the network and they concluded that random sink movement 

is better than predefined sink movement in zigbee network. Hammoodi I. et al. [2009] 

investigated the capability of OPNET modeller in zigbee. They suggested that OPNET 

modeller is suitable for zigbee but they also mentioned that modeller work well with 

MAC layer but in PHY layer modeller needs some improvement, they encountered that 

there is energy consuming problem. Nourildean S. et al. [2012] described and compared 

the performance of one coordinator and multiple coordinators in the zigbee network. They 

concluded that tree routing is better than mesh routing in zigbee network with multiple 

coordinators. Kaur A. et al. [2014] described the hybrid topologies in zigbee by using 

three topologies of zigbee on the basis of delay, throughput, end to end delay etc. and said 

that hybrid topologies is much better than simple topologies of zigbee. Hussein A. et al. 

[2015] described the location effect of coordinator in the zigbee network. They designed 

two networks on different location of coordinator and concluded that central location of 

coordinator in the network is more suitable than other. Kaur S. et al. [2016] compared and 

analyzed the performance of two routing topologies that was tree and mesh routing. They 

concluded that tree routing is better than mesh in terms of throughput but mesh routing 

has less delay than tree routing. 

 

3. Result and Discussion 

I compare the performance of zigbee mesh routing and AODV routing in mesh 

topology of zigbee network. Comparison performs on the basis of delay, throughput, and 

packet delivery ratio using OPNET modeler 14.5. in the result, AR-Mesh (AODV routing 

in mesh topology) gives better result than mesh topology on the basis of all parameter 

such as delay, throughput, and packet delivery ratio. AODV create route when needed. 

When source node has data to transmit to the destination node then it will create RREQ 
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(route request message) and send to all neighbors in the network, when the destination 

node found or neighbor node found the route to destination then they will generate a 

RREP (route reply message) and forward back to source node. After the creation of route 

between source node and destination node they can exchange the data. Figure 4 shows the 

comparative graph of zigbee mesh routing and AR-Mesh routing on the basis of 

throughput. Throughput of AR-Mesh routing in zigbee network is maximum because 

AODV create route when needed, when source node has data to transmit to the 

destination node then it will create RREQ and send to all neighbours in the network then 

load of networks are divided among the entire router and the coordinator and due to this 

reason collision reduced in the network. data traffic received at the receiver side is the 

traffic of data on the whole network. The result is given in bits/sec. figure5 shows the 

comparative graph of zigbee mesh routing and AR-Mesh routing on the basis of Delay, 

delay is combination of all delays in the network generated by route maintenance process, 

queuing, retransmission due to failure link and propagation of data from source to 

destination. Delay is maximum in AR-mesh routing of zigbee network because data is 

sent one node to another node from source to destination in the network and minimum in 

the mesh network. Delay in the network, generated by route maintenance process, 

queuing, retransmission due to failure link and propagation of data from source to 

destination. Figure 6 shows the comparative graph of zigbee mesh routing and AR-Mesh 

routing on the basis of PDR. packet delivery ratio is the ratio of data traffic received 

divided by data traffic sent. In which, data traffic sent is the traffic of data sent by sender 

side on the network and data traffic received is traffic received at the receiver side, PDR 

of AR-Mesh routing in zigbee network is maximum because AODV create route when 

needed, When source node has data to transmit to the destination node then it will create 

RREQ and send to all neighbours in the network then load of networks are divided among 

the entire router and the coordinator and due to this reason collision reduced in the 

network. data traffic received at the receiver side are maximum. 
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Figure 4. Throughput 

 

Figure 5. Throughput 
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Figure 6. Delay 

 

Figure 7. Delay 
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Figure 8. Packet Delivery Ratio 

 

Figure 9. Packet Delivery Ratio 
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4. Conclusion 

In this paper, we compare the performance of zigbee mesh routing and AODV routing 

in mesh topology of zigbee network. Comparison performs on the basis of delay, 

throughput, and packet delivery ratio using OPNET modeler 14.5. in the result, AR-Mesh 

(AODV routing in mesh topology) gives better result than mesh topology on the basis of 

all parameter such as delay, throughput, and packet delivery ratio. In the result, , AR-

Mesh(AODV routing in mesh topology) has maximum delay, throughput, packet delivery 

ratio as compare to mesh topology. But for delay, mesh routing is more suitable than 

other topologies. zigbee is a latest technology in wireless network based on IEEE 

802.15.4 standard. On IEEE 802.15.4 standard based zigbee network uses low power 

sensor nodes to ensure reliable, process, collect, and store the data [1]. The sensor nodes 

have low cost, smaller in memory size and used in lower coverage areafirst two layers 

based on IEEE 802.15.4 standard are PHY and MAC layer and AODV create route when 

needed. When source node has data to transmit to the destination node then it will create 

RREQ (route request message) and send to all neighbors in the network, when the 

destination node found or neighbor node found the route to destination then they will 

generate a RREP (route reply message) and forward back to source node. After the 

creation of route between source node and destination node they can exchange the data. 
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