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Abstract: ZBR is the most popular routing protocol in ZigBee network currently, but in some cases, it is not 
very efficient. In this paper a new improved ZBR is proposed which add the network address range field  
of neighbor node in the neighbor table. So the node can distinguish whether the destination node is the 
descendants of its neighbor. Compared with the previous protocols OI-ZBR, NI-ZBR and ZBR in NS-2,  
NP-ZBR shows its merits in the average hop, end to end delay and the first packet delay. Copyright © 2014 
IFSA Publishing, S. L. 
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1. Introduction 
 
ZigBee is a standard for wireless personal area 

network (WPAN) [11] based on IEEE 802.15.4. It 
has been developed for low cost, small volume and 
low power consumption. These features make 
ZigBee widely used in the fields of industrial control, 
home networking, building automation, and 
consumer electronics [3, 4]. 

Routing protocol is a critical technology  
in network, which directly affects the overall 
performance of network. A good routing algorithm 
plays a very important role in the ZigBee network. 

ZBR is the most popular routing protocol  
in ZigBee network. Compared with other routing 
protocols, it has the advantages of high transmission 
rate, low delay and low average hop. However, there 
are some deficiencies exist in the ZBR. In ZigBee 
network, if source node wants to transmit data, it will 
broadcast Route Request (RREQ) messages to the 
whole network if there no route record in its route 
table. This will consume much power and increase 

the load of the network and the congestion risk. This 
paper supposed an improved ZBR called NP-ZBR 
(Neighbors Perception ZBR), which can effectively 
reduce the ZBR routing hops and delay [9, 10]. 

The principle of ZBR and existing optimization 
algorithm at present are introduced in the second 
section. The third section elaborates and analyzes the 
improved algorithm NP-ZBR. The fourth section 
shows the performance of NP-ZBR through NS-2 
simulation experiments. The last section is a 
summary and prospect of the future work. 

 
 

2. The Related Theory and Work 
 

2.1. The Operational Principle 
 

ZBR routing algorithm is the combination  
of AODVjr and Cluster-tree algorithm. AODVjr is a 
simplified version of AODV while Cluster-tree is the 
tree routing protocol. It takes advantages of the two 
algorithms, not only transmits data by parent-
children path, but also by router-discovery. 
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Cluster-tree mainly adopts distributed address 
allocation mechanism. Each node has a 16 bits short 
network address and 64 bits IEEE extended address 
in the ZigBee network. When a new node joins the 
network, it must find a parent node and the parent 
node assign a 16 bits network address to the new 
child node. 

Assuming a parent can have Cm children nodes at 
most and Rm routers among them. The network 
depth is Lm, the address offset Cskip (d) that parent 
assigns to its children can be computed as follow 
when the depth of node is d: 
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If a node is router, it can have child, its address 
computation formula such as: 
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If a node without routing capacity, it can’t receive 
child node. Its address computation formula such as: 
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Among them  mm RCn 1 , parentA  is the 

network address of the parent. 
 
 

2.2. The Related Optimization Work 
 

The improvement of the ZBR routing protocol is 
mainly to reduce the energy consumption.  
For example, controlling RREQ propagation 
direction and RREQ spread radius, etc. [7-8]. 

OI-ZBR and NI-ZBR are the typical methods we 
have mentioned above. The former limits RREQ 
broadcast range within 2 Lm, while the latter limits 
RREQ broadcast range within Hs+Hd-2H (Hs is the 
network depth of the source node, Hd is the network 
depth of the destination node, H is the  
common network depth of the source node and the 
destination node). 

OI-ZBR and NI-ZBR have some improvements 
in the RREQ and energy consuming, but in some 
cases, it is not very efficient. In this paper a new 
improved ZBR is proposed which add a network 
address range field of the neighbor node in the 
neighbor table. Since we optimize the routing 
protocol algorithm based on neighbors perception, so 
we called the improved protocol as NP-ZBR. 

 
 

3. Routing Algorithm Based on 
Neighbors Perception 

 
When sending a data in ZigBee network, the node 

will check the existence of the destination node in its 
routing table, if exists, transfers directly, otherwise, 

finds the routing path through broadcasting. This 
paper provides improvement methods in view  
of these circumstances. As shown in Fig. 1: in the 
original routing, if Node 10 transmits data to Node 
11, Node 10 should transmit data to Node 5 firstly,  
if routing to Node 11 exists in the routing table  
of Node 5, Node 5 will transmit directly according  
to the routing table. Otherwise Node 5 will send 
RREQ to find the routing through broadcast, so  
it will increase the energy consumption and delay 
(represented by red arrows). From Fig. 1, we find 
that Node 4 is the neighbor of Node 5 and if the 
Node 5 know the destination node is the descendant 
of Node 4, then can transfer data directly to Node 4 
and Node 4 can send the data to its descendant node 
(represented by red arrows). This algorithm can 
decrease hops and delay effectively. Specific 
algorithm is as follows: 

 
 

 
 

Fig. 1. Comparison between the classical path  
and improved path. 

 
 
In NP-ZBR, each node has a neighbor list  

in ZigBee network, the format is as follows: 
 
 

Table 1. Neighbor list format [5, 6]. 
 

Bit: 16 64 16 8 8 32 

PANId
Extended 
address 

Net-
address

Device-
type 

Relation-
ship 

Add-
range 

 
 

PANId: PAN identifier of neighbor node; 
Extended address: 64-bit IEEE extended address 

of neighbor node, recording the information when 
neighbor node and this node are parent-child 
relationship; 

Netaddress: 16-bit network address of neighbor 
node; 

Devicetype: Types of neighbor nodes (0x00 = 
coordinator, 0x01 = router, 0x02 = terminal device); 

Relationship: The relationship between the 
neighbor node and the current node (0x00 = parent, 
0x01 = child, 0x02 = other); 
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Addrange: Network address range of neighbor 
nodes, the length is 32-bit; 

There are only the first five fields in the original 
neighbor table. The improved idea is add a new field 
(32-bit Addrange) in the neighbor table. The first16-
bit is the Netaddress of neighbor nodes, the rest  
of 16-bit is the address block size of neighbor nodes 
which indicates the network address range of its 
descendants, the address block size can be  
obtained by network address allocation mechanism 
mentioned above: 

 
 dCskipNetaddressAddrangeNetaddress 1  

 
In the formula: 
Netaddress: The network address of neighbor 

node; 
d: The depth of neighbor node; 
If the address of destination node exists in the 

range of the neighbor node, the data should be 
transmitted directly to the neighbor node. Then the 
neighbor node determines to transmit to descendant 
according to the judgment algorithm as follows: 

 
if(netaddress+1<=destinationaddress<=netaddr

ess+Cskip(d)Rm+n)  
{ 

//Rm: The maximal number of routersthat 
neighbor node can have; 

//n: The maximal number of terminal devicethat 
neighbor node can have; 

//d: the depth of child; 
if(netaddress+Cskip(d)Rm+1<=destinationaddr

ess<=netaddress+ Cskip(d)Rm +n) 
//To judge whether the node is the terminal node 

or not 
Transmit to the corresponding destination node; 

ELSE; 
{ 

 k = 1; 
WHILE (k<=Rm) 

{ 
if (netaddress+Cskip (d) × (k-1) + 1 <= 

destinationaddress <=netaddress+Cskip (d) ×k) 
// to judge which sub router 
{ 
d = d + 1; 
netaddress = netaddress+ Cskip (d) × (k-1)+1; 

//the next transmission direction 
BREAK; 

} 
ELSE 
k++; // to find the next sub router 

} 
END WHILE 

} 
} 

From above algorithm we can judge the next hop 
to the destination node. At last we can find the 
destination node. 

In the above Fig. 1: Node 10 wants to transmit 
data to Node 11, but Node 10 can’t find the routing 
to Node11, so Node 10 will send the data to Node 5. 
In classical algorithm, Node 5 will send the data  
to its parent node—Node 2 if Node 5 can’t find the 
next hop in its route table too. If we use the improved 
algorithm Node 5 can discover that the destination 
node is the descendant node of Node 4 and Node 4 is 
a neighbor of Node 5. So Node 5 will transmit the 
data to Node 4 directly. 

Then we can discover routing to Node 11 directly 
according to the improved algorithm, the 
transmission path is: 10→5→4→7→11, it can 
reduce the time delay and improve the performance 
of network. The process of the improved routing 
algorithm is shown in Fig. 2. 

 
 

4. Routing Simulation and Performance 
Analysis 
 
The simulations completed by NS-2 software and 

the necessary tools are the followings [1, 2]: 
Trace file: Record the process of simulated; 
Nam: Demonstrate the process of simulated; 
Awk: Analyze the data; 
Gnuplot: Drawing tool [1, 2]; 
The area of simulation is 100 m×100 m, and the 

data transfer session is 100 seconds. We observe the 
performance of routing protocols when time interval 
are 0.05 s, 0.1 s, 0.5 s, 1 s, 5 s, 10 s. The experiment 
are static simulation, the basic configuration  
is as follows: 

setval (chan)             Channel/WirelessChannel; 
setval (prop)         Propagation/TwoRayGround 
setval (netif)               Phy/WirelessPhy/802_15_4 
setval (mac)               Mac/802_15_4 
setval (ifq)                 Queue/DropTail/PriQueue; 
setval (ll)                    LL 
setval (ant)                 Antenna/OmniAntenna 
setval (ifqlen)            50 
setval (nn)                  7 
setval (rp)                          ZBR 
setval (x)       100 
setval (y)       100 
setval (tr)                           wpan_demo5.tr 
setval (nam)       wpan_demo5.nam 
setval (traffic)            cbr 
The comparisons between NP-ZBR, OI-ZBR,  

NI-ZBR and ZBR in packet delivery ratio, average 
hop, end to end delay, the first packet delay and 
network throughput. 

 
 

4.1. Packet Transmission Rate 
 
Packet transmission rate: The radio of destination 

node receives datapacket correctly to the source 
node sending. 

Packet transmission rate = (receives/sends)×100 
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Fig. 2. The routing process of NP-ZBR. 
 
 

Receives: The number of destination node 
receives data packet correctly; 

Sends: The total number of source node sends the 
data packet; 

NS - 2 simulation results are shown in Fig. 3. 
From the chart Fig. 3, we can find the four protocols 
are relatively high in packet transmission rate which 
can reach more than 86 %. But NP-ZBR is slightly 
higher than the other three. 

 
 

4.2. The Average Hop Counts 
 

The average hop: the average forwarding number 
that data transmitted from one end to the other. 

The average hop = the total number of forwarding 
data / the number of packets. 

 

 
 

Fig. 3. Contrast in packet transmission rate. 
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The average hop count of four protocols  
with different network load as shown in Table 2. 

 
 

Table 2. The average hop. 
 

Time 

interval 
ZBR 

OI-

ZBR 

NI-

ZNR 

NP-

ZBR 

0.05 3.8892 3.8383 3.8577 3.6899 

0.1 3.5003 3.5111 3.5223 3.4044 

0.5 3.5153 3.5050 3.5245 3.2136 

1 3.5278 3.5367 3.5183 3.3265 

5 3.6389 3.6098 3.6289 3.4375 

10 3.7778 3.7668 3.7709 3.4763 
 
 
NS - 2 simulation results are shown in Fig. 4. The 

chart Fig. 4 shows that NP-ZBR the average hop is 
obviously decrease compared with OI-ZBR, NI-ZBR 
and ZBR. 

 
 

 
 

Fig. 4. The average hop. 
 

 
4.3. The Average End-to-end Delay 
 

Average end-to-end delay: the average time that 
the effective data from one end to the other. 

Average end-to-end delay = end-to-end 
delay/(receives). 

End-to-end delay: the total time that the effective 
data from one end to the other. 

Receives: the number of valid data received. 
The average delay of four protocols with different 

network load as shown in Table 3. 
NS - 2 simulation results are shown in Fig. 5. The 

chart Fig. 5 shows that the average delay  
of NP-ZBR is significantly decreased compared  
with OI-ZBR, NI-ZBR and ZBR. 

 
 

4.4. The First Packet Delay 
 

The first packet delay: Its value can be obtained 
directly from the Trace file. 

Table 3. Average end-to-end delay. 
 

Time 

interval 
ZBR OI-ZBR NI-ZNR NP-ZBR 

0.05 0.036817 0.036527 0.037033 0.035810 

0.1 0.026211 0.026021 0.025725 0.025209 

0.5 0.023419 0.023388 0.023065 0.022417 

1 0.022235 0.022330 0.022025 0.021229 

5 0.022645 0.022440 0.022042 0.021638 

10 0.022380 0.022070 0.022005 0.020878 
 
 

 
 

Fig. 5. The average end-to-end delay. 
 
 

The first packet delay of four protocols  
with different network load as shown in Table 4. 

 
 

Table 4. The first packet delay. 
 

Time 

interval 
ZBR OI-ZBR NI-ZNR NP-ZBR 

0.05 10.399865 10.390064 10.350764 10.320866

0.1 10.387305 10.390003 10.340105 10.309307

0.5 10.377305 10.370206 10.340105 10.307304

1 10.377305 10.370206 10.340105 10.307304

5 10.377305 10.370206 10.340105 10.307304

10 10.377305 10.370206 10.340105 10.307304
 
 

NS - 2 simulation results are shown in Fig. 6. 
From the chart Fig. 6 can be seen NP-ZBR the first 
packet delay is lower than the others. 

 
 

4.5. The Network Throughput 
 
Throughput: The amount of data in unit time 

through a network. 
Throughput = sum / (last-time–first-time).  
Sum: a total of the number of bps that the system 

received. 
Last-time: the last time of receiving data. 
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First-time: the first time of receiving data. 
NS - 2 simulation results are shown in Fig. 7. 

From the chart Fig. 7 can be seen NP-ZBR and OI-
ZBR, NI-ZBR, NP-ZBR don’t have too big change in 
the network throughput. 

 
 

 
 

Fig. 6. The first packet arrival delay. 
 
 

 
 

Fig. 7. The network throughput. 
 
 

From the five charts, we can discover that the 
NP-ZBR don’t have obvious improvement in packet 
delivery rate and network throughput, but NP-ZBR is 
better than the other three protocols in the average 
number of hops, end-to-end delay and the first packet 
delay. In conclusion, the improved routing algorithm 
based on neighbor perception can reduce the network 
delay, improve the instantaneity of network. 

 
 

5. Summary 
 

This paper firstly introduces the technology  
of ZigBee and ZBR which is the most popular 
routing protocol in ZigBee network. Meanwhile, we 
analyze its mechanism and principle and then draw  
a summary to the current improved ZBR routing 
protocol method. Secondly, the paper introduces the 
routing algorithm based on neighbor perception  
in detail. Finally, the simulation in NS-2, with packet 
delivery ratio, the average hop counts, end-to-end 
delay, the first packet delay and network throughput 

as a measure of network performance indicators  
to compare the improved routing algorithm and the 
previous protocols, the results shows the  
neighbor perception routing algorithm can reduce the 
network transmission delay and improve the  
network performance. 
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