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ABSTRACT 

Zigbee wireless communication technology is a kind of newly arisen wireless network technology; the 

characteristics are short distance communication, low speed, low power dissipation, and low cost. It, 

application of Zigbee wireless communication technology, makes that inconvenient wire repeat can be 

avoided in the area of home, factory, hospital, etc. With the rapid development of IT industry and the strong 

functional expansion of SCM, Zigbee wireless communication technology will play an important role in 

wireless sensor network (WSN). In this paper, Zigbee wireless communication technology and the process of 

establishing Zigbee network are introduced, the application of Zigbee wireless communication technology is 

studied in the real world. 
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 INTRODUCTION 

With the development of network and communication technology, the inconvenience of wiring is solved with 

WSN into people’s life; especially it has wide perspective and practicability in the area of remote sensing, 

industrial automation control, and domestic appliance and so on. WSN has good functions of data collection, 

transmission, and processing. It  has  many advantages compared to  traditional wired network, for example, 

convenient organizing network, small influence to  environment, low power dissipation, low cost, etc. At 

present, near field wireless communication technology has been used widely, especially Bluetooth, wireless 

local area network (WLAN), infrared, etc. But, they have a number of disadvantages, for example, complexity, 

large power dissipation, short distance, networking in small scale. In order to satisfy the demand of low power 

dissipation and low speed among wireless communication devices, a new type of wireless net technology-

Zigbee emerges as the times require. In this paper, we will introduce the networking technology and 

application of Zigbee wireless sensor. 
 

THE INTRODUCTION OF ZIGBEE 

Zigbee Alliance was established in August, 2001, Invensys Corporation, Mitsubishi electric company, Motorola 

Company, Philips semiconductor joined  in  Zigbee  Alliance, they would research the next generation of 

wireless communication standards called Zigbee, Zigbee Alliance has had twenty-five members 
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 [1]. The basis of Zigbee is IEEE 802.15.4 standard, but it only defines the lower two layers: the physical 

(PHY) layer and the medium access control (MAC) sub-layer, then the Zigbee Alliance builds on this 

foundation by providing   the   network   (NWK)   layer   and   the   API   is standardized. It could be embedded 

in all kinds of devices, support Geo-location function, and be used widely in area of industrial monitoring, 

safety system, smart home, etc; the protocol is realized by protocol stack. The Zigbee stack architecture [2], 

which is depicted in Figure 1, is made up of the physical (PHY) layer, the medium access control (MAC) sub-

layer, the network (NWK) layer and the framework for the application layer, which includes the application 

support sub-layer (APS), the Zigbee device objects (ZDO) and the manufacturer-defined application objects. 

 The PHY layer has two separate frequency ranges: 868/915 MHz and 2.4 GHz. The 868 MHz is used in 

European, the 915MHz is used in America, and the 2.4 GHz is used all over the world. The MAC sub-layer 

controls access to the radio channel, a CSMA-CA mechanism is used to transmit beacon frames, 

synchronization and providing a reliable transmission. The responsibilities of the Zigbee NWK layer are used 

to discovery one-hop neighbors and store pertinent neighbor information. Also it will make devices join and 

leave a network, keep frames route to their intended destinations. The responsibilities of Zigbee application 

layer is used to maintain tables for binding and forward messages between bound devices. 

 

Figure 1 the Zigbee stack architecture 

Each layer performs a specific set of services for the layer above: a data entity provides a data transmission 

service and a management entity provides all other services. Each service entity exposes an interface to the upper 

layer through a service access point (SAP), and each SAP supports a number of service primitives to achieve the 

required functionality [2]. 

Zigbee 2004 stack is announced by Zigbee Alliance in 2004,  an  application  example  of  family control  

lamp  is provided (now rarely used). Zigbee 2006 stack is announced in 2006, Zigbee 2007 stack is announced 
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in 2007, Zigbee 2007 stack has two versions: Zigbee stack and Zigbee Pro stack. Zigbee  Pro  stack  is  greatly  

good  for  realizing  long-term stability and reliability, it is good for using by the system, but Zigbee stack is 

mainly used in small static network [3]. 

ZIGBEE NETWORK 

 

1.   Primitive 

The concept of primitive is introduced at first. Dialogue between different levels of language called the 

primitive; it could provide a specific set of services to transmit necessary information. Primitives include request, 

confirm, response and indication   primitives,   request   primitive   is   used   to   call predefined lower layer 

from the upper layer, confirm primitive is used to transmit the state of service completed from the lower layer to 

the upper layer, indication primitive is used to indicate the state of the lower layer caused by the upper layer, 

response primitive is used to response indication about the change of the lower layer by the upper layer. 
 

2.   Basic network structures 

Zigbee supports multiple network structures, which mainly include star, tree, and mesh network, shown in 

Figure 2. They are composed of the Coordinator, the router, and the end device.  The  Coordinator  and  the  

router  need  full  function (FFD),  but  the  end  device  could  select  either  full  function device (FFD) or 

reduced function device (RFD). RFD is only used to acquire data information and transmit the information to its 

parent node; it is not used to finish the work such as data transmission, route discovery, and route maintenance. 

The responsibility of  RFD  is  used  for  building a  new network, transmitting network beacon, managing 

nodes in the network, and storing network information, etc. Star network is composed of a Coordinator and an 

end device or multiple end devices, the end device could only communicate with Coordinator, it cannot 

communicate with end device, so star network is called single-hop network. The tree network and mesh 

network have routing function, so they are called multi-hop network. 

 

Figure 2 the architecture of Zigbee network 

3.     Establishing Zigbee network 

In the low rate wireless personal area network (LR-WPAN) defined in Zigbee technology, personal area 

network (PAN) Coordinator is the origin of establishing network, Figure 3 is the process of establishing 
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network. The NLME-NETWORK-FORMATION.request primitive is generated by Coordinator, and 

transmitted to network layer management entity (NLME), it is used for starting the process of establishing a new 

network. If the process is started by others, the NLME-NETWORK-FOR-MATION.confirm primitive which state 

is INVALID-REQIE- ST is transmitted to the upper layer by NLME to stop the process. After the network 

begin to establish, the MLME-SCA-N.request primitive is transmitted to MAC layer by network layer  of  

device,  it  responsibility is  to  scan  the  information channel which is provided by Zigbee protocol or is 

acquiesced by the PHY layer, the scanned result is returned through the MLME-SCAN.confirm     primitive.     

After     succeed,     the information channel beyond the  level of  specified power is abandoned by NLME. 

If the right channel is not found by NLME, the STARTUP-FAILURENLME-NETWORK-FORM-

ATION.confirm  primitive  is  transmitted  to  the  application layer. 

After the right channel is found, a PAN identifier is chosen by NLME for a new network. Firstly, PANId 

parameter in the NLME-NETWORK-FORMATION.request is checked by NLME to see whether the PANId 

chosen by NLME is conflicting with existing PANId, if not conflicting, the ID value is the PANId of the new 

network or a PAN identifier that is not 0xFFFF is selected by the device. After the PAN identifier is determined, 

the MLME-SET.request primitive is transmitted to MAC layer by NLME in order to write the value in MAC 

layer as macPANId attribute. If failed, the NLME-NETWORK-FOR- MATION.confirm which state is 

STARTUP-FAILURE is transmitted to the upper layer by NLME in order to stop program. 

After new PAN identifier is selected, the MLME-START.re- quest primitive is transmitted to MAC layer by 

NLME in order to run PAN, the state of PAN is returned to network layer through the MLME-

START.confirm. The starting state of PAN is reported to the upper layer which starts Zigbee Coordinator by 

NLME through the NLME-NETWORK-FORMATION.co-nfirm primitive. 

 

Figure 3 the process of establishing a new network 



 

29 

 

 

After the new network is established, if other devices are allowed to join the network by Zigbee 

Coordinator or router, the NLME-PERMIT-JOINING.request primitive is transmitted to NLME. If the 

primitive is received by the NLME of Zigbee end device, the NLME-PERMIT-JOINING.confirm primitive 

which state is INVALID-REQUEST is returned. A device to join the network has two forms: one is association 

form, the request to join the network is transmitted by devices that have yet to join the network; the other is 

direct form, the devices in the existing network decide the devices to join is used as child nodes of which one. 

After the devices connect with the network, the network layers can transmit data frames with each other, the 

request is transmitted through the NLDE-DATA.request, and the request result is returned through the NLDE-

DATA.confirm primitive. In order to receive data, devices must open their receiver, once the receiver is on the 

state of reception, the data frames are received by the network layer through MAC data service. Once received 

frame information, the value of safety in the control domain sub-domain is detected by network layer data 

entities (NLDE). If the value is not zero, the frame is transmitted to security service unit by NLDE; safe 

disposal will be sent according to the required security standards.  

If the upper layer of devices wants to leave the network, the NLME-LEAVE.request primitive is transmitted by 

upper layer. When the devices leave successfully, the NLME-LEAVE.confirm primitive is returned. Based on 

the flow of network being disconnected in MAC layer, there are two methods about child devices being 

disconnected with network have two: one is disconnected request is transmitted from child devices to parent 

devices, the other is disconnected request is transmitted from parent devices to child devices. 

THE APPLICATION OF ZIGBEE TECHNOLOGY 

 Zigbee   wireless   communication   technology   has   wide perspective, Zigbee will be used in a couple of 

years in the area of industry control, industrial wireless location, home network, building automation, medical 

equipment control, mine safety, etc, especially home automation and industry control will be the main application 

fields. 

 Zigbee wireless communication is applied in families. With the development of people’s life, the concept of 

smart home and home automation is well known, but it must relate to the transmission of information and signal 

if it comes true, so it is troublesome to wire cables. Zigbee is a new short-range technology for wireless 

communication, it is specially designed for applications of wireless communication of low speed and low power 

dissipation, and it is ideally suited for establishing family wireless net. It is effortless to realize home 

temperature regulation, remote control of interior lighting systems, and automatic adjustment of curtain [4]. 

Zigbee wireless communication technology is applied in meter reading system in [5], the monitoring center just 

needs to analyze and calculate data acquired from users and obtain electricity consumption of users. After that, 

electric charge of the month is deducted from electricity account of users, the workers who is obliged to read the 

meter in user’s home, the thing that users are not at home when workers are to read the meter is avoided. 

Compared to working expediently for workers, it is the most important to be used in safety. [6] introduces an 

experimental home security monitoring and alarming system based on Zigbee technology, it is capable of 
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monitoring door and window magnetic contact, smoke, gas leak, water flooding, providing simple controls such 

as turning off the valves, and sending the alarms to the residential area security network, etc. 

Zigbee wireless communication technology is applied in factories or enterprises. It is applied in information 

system of coal preparation enterprises in [7], all kinds of disadvantages of traditional   cable   network   system   

are   avoided   by   coal preparation enterprises, it highly improves the level of information automatic, 

automation, and management. Zigbee wireless communication technology is applied in  ARM NC system 

network in [8], Experimental results showed that the improved method can guarantee the processing 

efficiency of NC system with satisfied accuracy and data transmission speed. Aiming at substation perimeter 

safety, a novel laser alarm system based on Zigbee is proposed in [9]. It consists of laser railing security 

subsystem and data central monitoring subsystem, the communication between the two subsystems is realized 

by Zigbee wireless technology, a real-time human-machine interface can be provided for worker. 

Zigbee wireless communication is applied in mine. Aiming at improving safety of production and staff safety, 

Zigbee technology is applied in the Miner’s Lamp Monitoring in [10].This system can realize underground 

staff orientation and achieve monitoring and control of the state of charge on the miner's lamp, and the high 

effective control and management on use of miner's lamp. Utilizing the underground existing net and the 

extension Zigbee nodes, the system also can be more easily increased the humidity, gas and other sensors, to 

achieve mine environmental monitoring, ensure safety in production, the improved method has been 

researched in [11]. 

 Zigbee has been widely used in many areas due to the advantage of low power consumption and low cost, it 

is good for wide-scale application. But there are some problems now, the coordinator carry too much nodes, 

especially in the large scale wireless sensor network, it is necessary to result in bad real-time, data packet loss, 

and stability decrease; also, there are some places where it is difficult for humans to change the batteries of 

nodes, or there is a fairly large number of nodes which is troublesome to change.[12]presents an improved 

design, the coordinator only deal with the task on the Zigbee network, the rest tasks will be processed by 

another processor. Prolonging the lifetime of the Zigbee network is the important goal of designing the Zigbee 

routing protocol. An energy-aware routing mechanism EA-AODV is presented in [13]; it can save energy and 

improve the performance of Zigbee network. Zigbee wireless communication technology is applied in container 

Information system in [14], the paper presents the strategy of networking and routing in order to keep energy 

load balancing between network nodes, prolonged the lifetime of node and network effectively. It is highly 

necessary to research these respects. 

 

CONCLUSIONS 

 Zigbee wireless communication technology has advantages of low cost, low power dissipation, high-

capacity networks, safe and reliable data transmission; it could be applied in remote control, measure, data 

acquisition, etc. Recently, there are few companies like this, but it has already been applied in products of many 

companies abroad, for example, it has been applied in home automation products in the Control to Company of 

United States, and the products have obtained high opinion. With the ceaseless upgrade of Zigbee protocol and 
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the improvement of performance of Zigbee development tool, it is possible to design high-performance Zigbee 

wireless communication network, it will be a effective measure for extending the existing network, it will have 

broad application space in real life. 
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