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Abstract 

 Automation system is essential in desired application area. Network topology, network span and transmission 

time, which influence the performance of the system are used to select and implement an appropriate 

technology. It provides real time power monitoring which has enabled us to connect devices with conveniences. 

Programmable logic controller is used in many industries to control the whole process automatically with less 

human intervention and to avoid errors. Zigbee is designed for reliable wirelessly networked monitoring and 

control networks. Bluetooth is intended for a cordless mouse, keyboard, and hands-free headset, UWB is 

oriented to high-bandwidth multimedia links, , while Wi-Fi is directed at computer-to-computer connections as 

an extension or substitution of cabled networks. It suggests, Zigbee is an emerging technology in the field of 

Automation system. It also demonstrates the designing and implementation of automation system for remote 

controlling and monitoring of various domestic loads/appliances using Zigbee protocol.  

Keywords— Bluetooth, programmable logic controller (PLC), Ultra-Wideband (UWB), Wi-Fi, 

Zigbee 

I. INTRODUCTION  

In the past few decades, a lot of research has been carried out on various wireless technologies, such as IEEE 

802.11 (WLAN), IEEE 802.15.1 (Bluetooth), and IEEE 802.15.4 (Zigbee), can be applied to the wireless Field 

bus or hybrid Field bus which has enabled us to connect devices with conveniences.  

Programmable logic controller (PLC) is a device use modem for transmitting signals from plc to the process 

where Xbee is used for transmitting and receiving the signals from the plc to process and vice-versa. In this 

paper, study of transmission time, data coding efficiency, protocol complexity, and power consumption are 

overviewed.  

Section II briefly introduces the wireless protocols including Bluetooth, UWB, Zigbee, and Wi-Fi. Next, a 

comprehensive evaluation of them is described in Section III. Then, in Section IV, the complexity and power  

 

 

consumption are compared based on IEEE standards and commercial off the-shelf wireless products, 

respectively. Finally, Section V concludes this paper. 

The implementation of wireless protocols in home and industrial automation systems is rapidly increasing due to 

various advantages [1] such as:  Cost effectiveness , Easy placement and installation , Compact size and 

portability ,Scalability feature which provides easy extension ,Various comfort benefits and feasibility 

 and Mobile device connectivity. 

II. LITERATURE SURVEY 

ZigBee is an open global standard to address the unique needs of low-cost and low-power wireless personal area 

networks (WPANs). The ZigBee operates in unlicensed bands worldwide at the following frequencies: 2.400 – 

2.484 GHz, 902 – 928 MHz and 868.0 – 868.6 MHz ZigBee may operate in different kinds of networks: in star 

network, mesh network [1]-[2]. 
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A PLC is a digital computer used for automation of industrial processes, designed for multiple input and 

multiple output arrangements, extended temperature ranges, immunity to electrical noise, and resistance to 

vibration and impact.  The advance they offer: cost effective, flexible, reliable, etc. A small PLC has a fixed 

number of connections built in for inputs and outputs. These PLC programs are typically written in a special 

application on a personal computer, and then downloaded to the PLC over a cable. The PLC can be 

reprogrammed several times, thus making it adaptable to the process changes required by the 

company/organization.  

Bluetooth, also known as the IEEE 802.15.1 standard is based on a wireless radio system. A piconet is a WPAN 

formed by a Bluetooth device serving as a master in the piconet and one or more Bluetooth devices serving as 

slaves. A Bluetooth device may participate in several piconets at the same time, thus allowing for the possibility 

that information could flow beyond the coverage area of the single piconet.  

UWB has recently attracted much attention as an indoor short-range high-speed wireless communication. [3]. 

One of the most exciting characteristics of UWB is that its bandwidth is over 110 Mbps (up to 480 Mbps) which 

can satisfy most of the multimedia applications such as audio and video delivery in home networking and it can 

also act as a wireless cable replacement of high speed serial bus such as USB 2.0 and IEEE 1394.  

Wireless fidelity (Wi-Fi) includes IEEE 802.11a/b/g standards for wireless local area networks (WLAN). The 

basic cell of an IEEE 802.11 LAN is called a basic service set (BSS), which is a set of mobile or fixed stations. 

If a station moves out of its BSS, it can no longer directly communicate with other members of the BSS. Based 

on the BSS, IEEE 802.11 employs the independent basic service set (IBSS) and extended service set (ESS) 47 

network configurations.  

With the rapid development of wireless network technologies, the Home Automation systems (HASs) are 

becoming more advance and feasible for controlling and monitoring the loads efficiently. Yang Li et la. [4] has 

described Wireless Sensor Network (WSN) based home automation system with the implementation of CC2430 

Chip. It provides novel approach for connecting the outer home network with the inner ZigBee network using 

home gateway [5]–[7] have focused on home networks rather than focusing on home automation.  

Whereas in [8] architecture of more efficient energy saving Home Energy Management System (HEMS) is 

discussed. It elaborates the establishment of HEMS network with ZigBee hub and home server.Some of the 

papers have exploited the use of Internet along with ZigBee. For example [9] has described the PLC based 

HEMS which combines home network and Internet for efficient control of appliances. Despite rapid 

development in technologies HAS have not been adopted widely. K. Gill et al. [10] not only provides the 

reasons for this slow adoption but also describes the flexible home automation architecture. This architecture 

combines ZigBee based HAS and WiFi network through a common home gateway. Incorporated home gateway 

enriches the system with various features such as network interoperability, remote access to the system and a 

simple and flexible user interface. Also [11] has described the GSM based HAS. Such a wireless network 

,basically contains a GSM/GPRS gateway and three kinds of wireless security sensor nodes ; door security 

nodes, infrared security nodes and fire alarm node. Hence it provides automation along with the security, but 

GSM based systems require strong network without which the user is unable to access the remote system. In 

home automation, apart from the GSM based system, DTMF principle is implemented by many other systems 

[12] [13] [14].  

III. METHODOLOGY 

The different Wireless technologies are mainly characterized by the range of operation and maximum data rate 

provided by it. According to these primary factors the area of application changes. Fig.1 depicts comparison of 

the three short-range wireless technologies on the basis of these factors. Table I below summarizes differences 

between the three short-range wireless technologies. As shown below, Wi-Fi provides higher data rates as 

compared to ZigBee and Bluetooth which provides lower data transfer rates. Hence WiFi is suitable in for 

multimedia access application. ZigBee and Bluetooth are intended for Wireless Personal Area Network 

(WPAN) communication (about 10m), while WiFi is designed for WLAN (about 100m).  

The range of ZigBee depends on implemented network topology as well as on the chip set used. It can be 

extended up to 100m using dedicated transceiver chips such as Xbee-PRO module. Table II shows the 

maximum transmission range, data rate and the number of allocable nodes of existing wired and wireless 

Fieldbuses. The wired Fieldbus, Profibus and DeviceNet, can support 500 kbps within 200m and 100m, 

respectively. However, the data transmission rate of wired Fieldbus decreases as the transmission range 

increases. Therefore, the location of the nodes should be considered in order to ensure desired transmission rate. 
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Depending on the necessities, the wireless Fieldbus may operate in either of two topologies: the star topology or 

the peer-to-peer topology. In the star topology, the communication is established between devices and a single 

central controller. In the peer-to-peer topology, the wireless devices can communicate with each other directly 

without involving central coordinator. Each wireless device can act as either receiver or relay which can help to 

forward the message.  

Therefore, nodes of wireless Fieldbus can be assigned more freely than nodes of wired Fieldbus. R-Fieldbus, 

which is one of existing wireless Fieldbuses, can support high transmission rate up to 2000 kbps. However, it 

can only support up to 30 nodes. Elpro, a commercial wireless Fieldbus, can support up to 95 nodes. However, 

its transmission rate is considered low. 

 

Table I Differences between the three short-range wireless technologies 

 

 
Fig.1. Comparison between the different short range wireless technologies 
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Table II Comparison between wired and wireless Field bus 

 
 

 

With the rapid development of wireless network technologies, the Home Automation systems (HASs) are 

becoming more advance and feasible for controlling and monitoring the loads efficiently. Yang Li et la. [4] has 

described Wireless Sensor Network (WSN) based home automation system with the implementation of CC2430 

Chip. It provides novel approach for connecting the outer home network with the inner ZigBee network using 

home gateway. Some research papers [5]–[7] have focused on home networks rather than focusing on home 

automation. 

  They have explored, how the home networks can be utilized by users for management of the access control, 

while sharing data and devices.Whereas in [8] architecture of more efficient energy saving Home Energy 

Management System (HEMS) is discussed. It elaborates the establishment of HEMS network with ZigBee hub 

and home server.Some of the papers have exploited the use of Internet along with ZigBee.  

For a wireless sensor network in factory automation systems, since most data size of industrial monitoring and 

control are generally small, (e.g. the temperature data in an environmental monitoring may required less than 4 

bytes only), Bluetooth and ZigBee protocols may be a good selection (from a data coding efficiency point of 

view) in spite of their slow data rate. 

For example [9] has described the PLC based HEMS which combines home network and Internet for efficient 

control of appliances. In summary, Bluetooth and ZigBee are suitable for low data rate applications with limited 

battery power (such as mobile devices and battery-operated sensor networks), due to their low power 

consumption leading to a long lifetime. On the other hand, for high data rate implementations (such as 

audio/video surveillance systems), UWB and Wi-Fi would be better solutions because of their low normalized 

energy consumption. 

As communication in such kind of system occurs over a fixed telephone line, it doesn’t require Internet facility 

or establishment of dedicated infrastructure which is the primary advantage of the system.At the same time,it 

suffers from various disadvantages such as; users are not facilitated with a graphical user interface;hence they 

have to remember a password or an access code along with the list of valid commands associated with 

corresponding control action. Selecting an inaccurate command leads to the undesired control action. Hence, 

many HASs have been developed using various technologies for efficient control and monitoring of domestic 

loads. 

IV. CONCLUSION 

The different wireless technologies have been designed for various purposes out of which ZigBee is an efficient 

short range wireless technology in terms of power consumption, scalability. It also provides a suitable data rate 

for control and monitoring purpose. This paper has presented a broad overview of the four most popular 

wireless standards, Bluetooth, UWB, ZigBee, and Wi-Fi with a quantitative evaluation in terms of the 

transmission time, data coding efficiency, protocol complexity, and power consumption. The prime focus of this 

paper is replace the existing home and small scale industries based wired plc system into wireless plc system 

using Xbee as communication interface because the wireless PLCs modules are very expensive and is not 

desired in replacing for small applications. Using Xbee as communication interface between process and plc is 

one of the approach for operating wired plc as wireless to automate small applications. This paper mainly 
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emphasizes on analyzing the various performance metrics of ZigBee based wireless automation system 

developed .With the implementation of star topology and restriction of the packet size up to 32 bytes, the 

average latency of the system is found to be 58.5 msec. Whereas the average Round Trip Delay (RTD) time 

involved in operation is around 92 msec. 
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