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Abstract:  

ZigBee is an IEEE 802.15.4-based specificat ion suite for high-level communicat ion protocols used to create personal area networks 

with s mall, low-power digital radios. ZigBee is the wireless language that everyday devices use to connect to one another. The 

technology defined by the ZigBee specificat ion is intended to be simpler and less expensive than other wireless personal area  

networks (WPANs), such as Bluetooth or Wi-Fi. ZigBee is mesh wireless network designed for low data-rate applications. It is ideal 

for situations when there are static radio frequency (RF) environments and when nodes are consistently spaced. Its low power 

consumption limits transmission distances to 10–100 meters line-of-sight, depending on power output and environmental 

characteristics. ZigBee devices can trans mit  data over long distances by passing data through a mesh network of intermediate devices 

to reach more distant ones. ZigBee is typically used in low data rate applications that require long battery life and secure networking  

(ZigBee networks are secured by 128 b it symmetric encryption keys.) ZigBee has a defined rate of 250 Kbit/s, best suited for 

intermittent data transmissions from a  sensor or input device. If the nodes are evenly distributed and not move, one can architect a 

decent mesh. But if they aren’t, you’ll have to overbuild the mesh to ensure it makes all of its connections (and no data is lost if the 

connection breaks). It ’s  important to understand that mesh networks don’t do well in dynamic RF environments. Street and electric 

meters in urban areas can do well with mesh network, and thus work for ZigBee applications include wireless light switches, e lectrical 

meters with in-home-displays, traffic management systems, and other consumer and industrial equipment that requires short -range 

low-rate wireless data transfer.  
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I.INTRODUCTION 

 

ZigBee is the newest and provides specifications for devices that 

have low data rates, consume very low power and are thus 

characterized  by long battery life. Other standards like Bluetooth 

and IrDA address high data rate applications such as voice, 

video and LAN communications Zigbee is self-organizing ad-

hoc digital radio networks were conceived in the 1990s.The 

IEEE 802.15.4-2003 ZigBee specificat ion was ratified on 

December 14, 2004.The ZigBee Alliance announced availability 

of Specification 1.0 on June 13, 2005, known as the ZigBee 

2004 Specification. ZigBee was conceived in 1998, standardized 

in 2003 and rev ised in 2006.In  September 2006; the ZigBee 

2006 Specification was announced, obsolescing the 2004 stack. 

Due to differences in routing options, ZigBee PRO devices must 

become non-routing ZigBee End-Devices (ZEDs) on a ZigBee 

2006 network, and ZigBee 2006 devices must become ZEDs on 

a ZigBee PRO network. The applicat ions running on those 

devices work the same, regard less of the stack profile beneath 

them. The first ZigBee Application Profile ZigBee PRO, also 

known as Zigbee 2007, the enhanced ZigBee Pro Specificat ion, 

was posted on 31 October 2007, and was finalized that same 

year ZigBee PRO is fully backward -compat ible with ZigBee 

2006 devices. A ZigBee 2007 device may join and operate on a 

ZigBee 2006 network and vice versa, Home Automation, was 

announced November 2, 2007. ZigBee chips are typically 

integrated with radios and with microcontrollers that have 

between 60-256 KB of flash memory. ZigBee operates in the 

industrial, scientific and medical (ISM) radio bands: 2.4 GHz in 

most jurisdictions worldwide; 784 MHz in China, 868 MHz in 

Europe and 915 MHz in the USA and Australia. Data rates vary 

from 20 Kbit/s (868 MHz band) to 250 Kbit/s (2.4 GHz 

band).ZigBee builds on the physical layer and media access 

control defined in IEEE standard 802.15.4 for low-rate WPANs. 

The specification includes four addit ional key components: 

network layer, application layer, ZigBee device objects (ZDOs) 

and manufacturer-defined applicat ion objects which allow for 

customization and favor total integration. ZDOs are responsible 

for some tasks, including keeping track of device roles, 

managing requests to join a network, as well as  device discovery 

and security. 

 

Table.1. Comparison of zigbee with various wireless devices.  
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Figure.1.graphical representation of zigbee with various 

wireless devices. 

 

 
Figure. 2. working area representation of zigbee with various 

wireless devices  

 
 Figure.3. working of zigbee.  

    

 
Figure.4. Zigbee device object diagram. 
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Figure. 5. Mesh network of Zigbee. 

 

1.1 Types and operating modes OF Zigbee:- 

  ZigBee devices are of three kinds: 

1) ZigBee Coordinator (ZC): The most capable device, the 

Coordinator forms the root of the network tree and might bridge 

to other networks. There is precisely one ZigBee Coordinator in 

each network since it is the device that started the network 

originally (the ZigBee Light Link specification also allows 

operation without a ZigBee Coordinator, making it more usable 

for over-the-shelfhome products). It stores informat ion about the 

network, including acting as the Trust Center & repository for 

security keys. 

 

2)  ZigBee Router (ZR): As well as running an application 

function, a Router can act as an intermediate router, passing on 

data from other devices. 

 

3)ZigBee End Device (ZED): Contains just enough functionality 

to talk to the parent node (either the Coordinator or a Router); it 

cannot relay data from other devices. This relationship allows 

the node to be asleep a significant amount of the time thereby 

giving long battery life. A ZED requires the least amount of 

memory, and, therefore, can be less expensive to manufacture 

than a ZR or ZC. The current ZigBee protocols support beacon 

and non-beacon enabled networks. In non-beacon-enabled 

networks, an unspotted CSMA/CA  channel access mechanis m is 

used. In this type of network, ZigBee Routers typically have 

their receivers continuously active, requiring a more robust 

power supply. In beacon-enabled networks, the special network 

nodes called ZigBee Routers transmit periodic beacons to 

confirm their presence to other network nodes. Nodes may sleep 

between beacons, thus lowering their duty cycle and extending 

their battery life. Beacon intervals depend on data rate; they may 

range from 15.36 milliseconds to 251.65824 seconds at 

250 Kbit/s, from 24 milliseconds to 393.216 seconds at 40 Kbit/s 

and from 48 milliseconds to 786.432 seconds at 20 Kbit/s. 

However, low duty cycle operation with long beacon intervals 

requires precise t iming, which can conflict with the need for low 

product cost. 

 

 
Figure. 6. Various layers of Zigbee OS I Model.  

https://en.wikipedia.org/wiki/Electric_beacon
https://en.wikipedia.org/wiki/CSMA/CA
https://en.wikipedia.org/wiki/Duty_cycle
https://en.wikipedia.org/wiki/Kbit/s
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layer Layer Name  Layer Description 

Seven Application  
Provides access to available network 

resources 

Six  Presentation  
Translates, encrypts and compresses 

data 

Five   Session  
Establishes, manages and terminates 

communicat ive sessions 

Four  Transport  
Provides reliable process-to-process 

message delivery and error recovery 

Three  Network  

Moves packets from source to 

destination providing inter-

networking capabilit ies 

Two  Data Link  
Organizes bits into frames providing 

node-to-node delivery 

One  Physical  

Transmits bits over a transmission 

medium establishing mechanical and 

electrical specifications 

 

1.2 Zigbee various layers Description 

 

1) The physical layer:- was designed to accommodate the need 

for low cost yet allowing for h igh levels of integration. The use 

of direct sequence allows the analog circu itry to be very simple 

and very tolerant towards inexpensive implementations. 

2) The media access control (MAC) layer:-MAC was designed 

to allow multip le topologies without complexity. The power 

management operation doesn't require mult iple modes of 

operation. The MAC allows a reduced functionality device 

(RFD) that needn't have flash nor large amounts of ROM or 

RAM. The MAC was designed to handle large numbers of 

devices without requiring them to be"parked". 

 3) Network layer:-The main  functions of the network layer are 

to enable the correct use of the MAC sublayer and provide a 

suitable interface for use by the next upper layer, namely the 

application layer. Its capabilit ies and structure are those typically 

associated to such network layers, including routing. The data 

entity creates and manages network layer data units from the 

payload of the application-layer and performs routing according 

to the current topology. On the other hand, there is the layer 

control, which is used to handle configuration of new devices 

and establish new networks: it can determine whether a 

neighboring device belongs to the network and discovers new 

neighbors and routers. The control can also detect the presence 

of a receiver, which allows direct communicat ion and MAC 

synchronization. The routing protocol used by the network layer 

is AODV. To find the destination device, it broadcasts out a 

route request to all of its neighbors. The neighbors then 

broadcast the request to their neighbors and onward until the 

destination is reached. Once the destination is reached, it  sends 

its route reply via uncast transmission following the lowest cost 

path back to the source. Once the source receives the reply, it 

will update its routing table fo r the destination address of the 

next hop in the path and the path cost. 

 4) Transport layer: - the transport layer is responsible for 

providing communication services between computers on a 

network. For example, as the data packets transit between the 

originating or sending computer and the destination or receiving 

computer, the transport layer performs erro r checking and data 

packet routing services. Additionally, while working with the 

three lower and three upper layers, the transport layer continues 

to provide services, even though different applicat ion software 

processes are running simultaneously on mult iple computers.  

5) Session layer:-The session layer is primarily responsible for 

setting up and managing communicative sessions, thereby 

enabling the sending and receiving of data for an undetermined 

length of time—similar to a telephone call. Additionally, the 

session layer is responsible for terminating sessions between 

software processes. Session layer protocols (our helpers) are to 

set up, control, maintain, and close communicat ive sessions. 

Common session layer helpers are often referred to as 

application programming interfaces (APIs).  

6)Presentation layer:- Data Translation: Networks provide the 

capability of connecting different types of computers, servers 

and mainframes on the same network and may employ different 

character sets. The presentation layer is responsible for fixing 

any irregularit ies while making translations transparent between 

networked systems. Translates, encrypts and compresses data. 

7) Application layer:-The application layer is the highest-level 

layer defined by the specification and is the effective interface of 

the ZigBee system to its end users. It comprises the majority of 

components added by the ZigBee specificat ion: both ZDO and 

its management procedures, together with application objects 

defined by the manufacturer, are considered part of this layer. 

The application support sub layer (APS) is the other main 

standard component of the layer, and as such it offers a well-

defined interface and control services. It works as a bridge 

between the network layer and  the other elements of the 

application layer. 

 

1.3 Advantages of zigbee: -  

 

ZigBee is a low-cost, low-power; wireless mesh network 

standard targeted at the wide development of long battery 

life devices in wireless control and monitoring applicat ions. 

Zigbee devices have low latency, further reduces average current 

having following advantages 

1) ZigBee Keeps You Secure:-ZigBee watches your home when 

you can’t, alert ing you to intruders, smoke, carbon monoxide, 

even water leaks. Protecting the things -and people- you care 

about. 

2) ZigBee Improves Comfort:-ZigBee works for you. Testing 

your temperature, controlling your lights, even opening your 

drapes; keeping your home the way you like it.  

3) ZigBee is Convenient:-ZigBee is easy-to-use and extends 

your control. Control your home from the comfort  of your couch 

or from the other side of the world.  

4) ZigBee is Reliable:-ZigBee harnesses the power of the mesh 

to connect every product to every other product. So if one of 

your products fails, the others will continue to communicate 

without interruption. 

5) ZigBee is Low-Power:-ZigBee allows devices to last for years 

on a single battery. With the Green Power Feature, you don’t 

even need any batteries! 

6) ZigBee is Interoperable:-ZigBee standardizes everything from 

basic communication to how a product operates. Products with 

the ZigBee logo work together seamlessly, even if they’re from 

different companies. 

7) ZigBee provides facilit ies for carry ing out secure 

communicat ions, protecting establishment and transport of 

cryptographic keys, cyphering frames, and controlling devices. 

 

https://en.wikipedia.org/wiki/Network_layer
https://en.wikipedia.org/wiki/MAC_address
https://en.wikipedia.org/wiki/AODV
https://en.wikipedia.org/wiki/Wireless_mesh_network
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1.4 Applications of Zigbee: 

 

1) Home Automat ion 1.2  

2) Smart Energy 1.1b  

3) Telecommunication Serv ices 1.0 

4) Health Care 1.0 

5) RF4CE – Remote Control 1.0 

6) RF4CE – Input Device 1.0 

7) Remote Control 2.0 

8) Light Link 1.0 

9) IP 1.0 

10) Commercial Build ing Automation 1.0 

11)Gateway 1.0 

12)Green Power 1.0 (Optional battery-less remote control 

feature of ZigBee 2012) 

13)Retail Services 

14 )Home Entertainment and Control — Home automation such 

as in QIVICON, s mart lighting, advanced temperature control,  

safety and security, movies and music 

15)Wireless sensor networks — Starting with individual sensors 

like Telosb/Tmote and Iris from Mems ic.  

 16) Industrial control 
 17) Embedded sensing 

  18) Medical data collect ion 

   19) Smoke and intruder warning 

     20)Build ing automation  

 

 
Figure.7.Application of Zigbee as a sensor. 

 

 

 

 
Figure.8. Zigbee applications in home automation  

 

II. CONCLUS ION   

 

Zigbee is very useful device for day to day applications now 

days. As it is wireless device used for home automation 

Industrial control, med ical field, build ing automation 

commercia l building automat ion, telecommunication system due 

to its easy installation & simplicity & better power profile than 

Bluetooth & IEEE 802.11b. 
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