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ABSTRACT: In this paper by concentrating on 
various wireless technologies like Bluetooth 
(802.15.1), Ultra wide band (802.15.3) , ZigBee 
(802.15.4) and Wi-Fi(802.11), their performance 
was analyzed based on the area of coverage and 
the data transfer error control mechanism and data 
error rates ,the frequency range of each wireless 
protocols and by comparing each with the other 
protocols, defining a performance report that helps 
us to implement the appropriate protocol for the 
differentiated network models. All the above stated 
wireless protocols are used in the short range 
communication systems. By concentrating on the 
various parameters involved in the Wireless 
protocols data transfer mechanism, we can define 
the data transfer methodology, mechanism and 
power consumed by implementing each protocols 
and the complexity nature occurs in the data 
transfer mechanism, data carrying potency are 
measured using various real time network models. 
Finally one can pick up an appropriate protocol 
for wireless data transfer based on their network 
area and the application for which they going to 
implement. 

Keywords – CSMA, LAN, MAC, PAN, Wireless 
protocols, WLAN, Wireless network. 
 

I. INTRODUCTION 
 In the last decades, wireless technology has 
been developed and appears to be a really enticing 
analysis space for the pc researchers and students. 
One among the terribly progressively necessary 
things in business automation is that the networked 
communication. In communication functions, an 
automation system may be worked along side 
numerous controllers, sensors and networking 
machines employing an electronic messaging 
specification. Lain etal has evaluated that the local 
area network (carrier sense multiple access with 
collision detection, bus), Device Net (with 
arbitration on message priority, bus), Control Net 
(token-passing bus) for networked management 
applications. once elaborate discussion on the 

(MAC) medium access management sub layer 
protocol for every of the network, they studied that 
the key parameters of the networks once employed 
in a typical state of affairs, together with network 
time delays and utilization..Obviously, reducing the 
cable restriction is one among the advantages of 
wireless with hook up with cabled devices. 
Normally speaking, the short-range wireless 
technique is presently control by four protocols: 
Bluetooth, UWB, ZigBee, and Wi-Fi, that are akin 
to the 802.15.1, 802.15.3, 802.15.4, and 
802.11a/b/g standards, severally. IEEE that defines 
the physical and waterproof layers for wireless 
communications over a brief varies around 10-100 
meters. In Bluetooth and Wi-Fi it was analyzed 
their main options and behaviors in terms of varied 
metrics, together with capability, security, and 
quality of service support, topology, and power 
consumption. [1] In Mahattanakul analyzed the 
waterproof of 802.11e with 802.15.3. Their results 
shown that the output distinction between them is 
comparable. Additionally to that, the facility 
management of 802.15.3 is appears to be larger 
than that of 802.11e. In ZigBee and Bluetooth, 
Baker studied their weaknesses and strengths for 
industrial networking applications, that claimed 
that ZigBee over 802.15.4 protocol appears to 
satisfy a wider style of industrial networking 
desires than Bluetooth thanks to its future battery 
operation, flexibility in an exceedingly range of 
dimensions, larger helpful vary and dependableness 
of the mesh networking structure. Here during this 
paper, once an summary of the on top of mentioned 
four short vary wireless protocols, we have a 
tendency to arrange to create a preliminary analysis 
on them and so specifically study their coordinated 
universal time, protocol complexness, and power 
consumption. This paper is organized as follows. 
Section II that concisely describes the wireless 
protocols together with Bluetooth, ZigBee, UWB 
and Wi-Fi. Then the elaborate analysis of those 
protocols is delineated in Section III. Next, in 
Section IV, the character of complexness and 
power consumption are reviewed supported 
network standards and industrial wireless 
merchandise. Section V concludes this paper. 
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II. STUDY ON WIRELESS PROTOCOLS 
 This section [2] W. Kluge, F.Poegel introduces 
the Bluetooth, ZigBee, UWB and Wi-Fi protocols 
that are referred to as 802.15.1, 802.15.3, 802.15.4, 
and 802.11a/b/g standards. The network standards 
define solely the physical and Macintosh (Medium 
access control) layers in its standards. For each 
protocol, separate sectors of concern worked to 
develop specifications covering the network, 
application profile layers, security so the business 
potential of the standards might be perceive. This 
material delineate during this section is most 
generally out there within the literature survey. 
Hence, the foremost vital goal of this paper is to 
contribute to analysis studies within the space of 
wireless standards, by analyzing the four main 
short-range wireless network protocols. 

 
A. Bluetooth [802.15.1] Bluetooth is additionally 
referred to as the 802.15.1 customary is essentially 
designed on a wireless radio system for short-range 
networking and mobile devices to exchange cables 
for pc peripherals, like keyboard, mice joysticks, 
and printers. These applications area unit termed as 
wireless personal space network [3] S.Beyer 
R.Jahene. Two property topological structures area 
unit outlined in Bluetooth: the scatternet and 
piconet. Wherever piconet in WPAN shaped by a 
Bluetooth device work as a master and one or 
additional Bluetooth devices act as slaves. A 
frequency-hopping channel supported the address 
of the master that defines every of the piconet. All 
devices taking part during this communications 
during a given piconet area unit work a similar time 
victimization the clock of the master. The 
communication between the slaves and therefore 
the master are within the style of purpose to 
purpose communication and therefore the entire 
network is controlled by the master. The master 
accustomed transmit the information either purpose 
to purpose (one-one) or purpose to multipoint (one-
many). So as to avoid wasting the ability 
consumption by the active modes and standby 
modes, a slave device are often within the position 
or standby modes thus it'll scale back power 
consumptions. Within the scatternet networks the 
operational Bluetooth piconets organized during an 
assortment fashion overlapping in time and area. 
To make a scatternet 2 piconets are often 
connected. 

  
B. ZigBee [802.15.4]: [4] W.Kluge and Dathe 
ZigBee that defines the specifications for Low Rate 
Wireless PAN and support easy devices that 
consume minimum power and operate within the 

personal in operation space of ten meters. ZigBee 
that may be a self organized with multi hop reliable 
mesh networking with economical long battery 
period of time. The 2 completely different device 
varieties which may involve in associate Local 
WPAN network: a totally perform device (FD) and 
a reduced-function device (RD). The FD will 
operate in 3 completely different modes function a 
PAN organizer, or an easy device. Associate FD 
will discuss with RDs or different FDs, whereas 
associate RD will speak solely to associate FD. 
Associate RD is specifically used for applications 
that area unit most very simple, like a light-weight 
switch and a passive infrared detector. They don’t 
have the necessity to send massive amounts of 
information and it's going to solely go with one FD 
at a time. Similarly, the RD is often enforced 
victimization minimum memory and capability 
resources. When associate FD is activated, it's 
going to produce and establish its own network and 
become the organizer PAN. All star mesh networks 
operate severally from all different star mesh 
networks presently operative. This can be achieved 
by choosing a PAN symbol or organizer, that isn't 
utilized by the other network among the network 
coverage radio area.  

 
C.Ultra wide Band-[802.15.3] 
 UWB [Ultra wide Band] has recently attracted 
with abundant attention among the user as an inside 
short vary high speed wireless communication 
protocol [5] D.Hooman. one among the foremost 
exciting and attention-grabbing characteristics of 
UWB is that its power of information measure is 
over a hundred and ten Mbps [up to 580 Mbps] 
which may satisfy the necessity of most of the 
transmission applications like video and audio 
delivery in home networking and it can even act as 
a wireless networks customary and cable 
replacement of high speed serial bus like USB 
two.0.With the coordination of Federal 
Communications Commission  and us , the 
frequency allocation for this UWB , the Electronic 
Communications Committee is progressing within 
the elaboration of a regulation for extending the 
UWB technology in European states. In associate 
implementation purpose of read, many customary 
solutions are developed so as to use the UWB 
technology effectively in compliance with the 
FCC’s restrictive needs. Among the prevailing 
[Physical] solutions, in 802.15 [6] Hoi Jun Yoo 
Task cluster 3a, created a sub bands by multi-band 
orthogonal frequency-division multiplexing, a 
carrier-based system dividing UWB, and direct-
sequence UWB, associate impulse-based system 
that multiplies associate input bit with the 
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spreading code and transmits the information by 
modulating the component of the image with a 
brief pulse are planned by the UWB Forum and 
WiMedia Alliance. 
 
D. Wi-Fi (wireless Fidelity) - [802.11a/b/g] 

Wireless fidelity (Wi-Fi) includes 
802.11a/b/g standards for making wireless native 
space networks (WLAN). This enables users to surf 
associated search the web at higher broadband 
speeds once connected with an access purpose or in 
an advertisement hoc mode. The 802.11 customary 
designs consists of many vital elements that move 
to supply a wireless LAN (Local space Network) 
that supports station quality transparently to higher 
layers of mobile transport layers. [7] Local / 
Metropolitan area networks Standards committee 
the fundamental cell (node) of associate 802.11 
local area network is named a basic service set that 
is with a collection of mobile or mounted stations. 
If a member of this BSS must communicate with 
the other member of this BSS then it should got to 
be at intervals the BSS limit alternatively it can’t 
communicate to any extent further with the other 
member. Supported the (Basic service set), 802.11 
that employs the extended basic service set and 
freelance basic service set network configurations. 
As given in Figure. 1,[10] Jin-shyan Lee, the IBSS 
operation is feasible only 802.11 customary 
stations are able to communicate directly while not 
victimization any access purpose. This kind of 
802.11 local area network is never shaped with 
none designing, or only the local area network is 
required, this kind of operation is commonly 
termed as an advertisement hoc network. Rather 
than being freelance, a BSS may kind associate 
extended sort of network that's designed with 
victimization multiple BSSs. The subject field part 
wont to interconnect varied BSSs is that the 
distribution system.  

 
Fig 1: Configuration of Wireless networks 

 

III. PERFORMANCE ANALYSIS 
Table I that summarize the most variations among 
the four wireless networking protocols. Wherever 
every protocol relies on associate network 
standards commonplace. Most typically UWB 
(Ultra wide band) and Wi-Fi (Wireless Fidelity) 
give the next rate transmission, whereas ZigBee 
and Bluetooth which provides a lower one. In 
common, the Bluetooth, UWB, and ZigBee are 
specifically meant for WPAN communication 
about 10 meters, whereas Wi-Fi is meant to 
wireless local area network about 100 meters. This 
shows that because the distance will increase 
mechanically the speed of information transfer can 
decrease. However, ZigBee may reach 100 meters 
in a number of the applications.FCC power spectral 
density emission limit for UWB (ultra wide band) 
emitters operative within the UWB band is - 41.3 
dBm/Mhz. 
 
A. Radio Frequency Channels and its Efficiency 
Bluetooth [802.15.1], ZigBee [802.15.4] and Wi-Fi 
[802.11a/b/g] protocols have techniques of unfold 
spectrum within the two.4 GHz band, that is 
unauthorized in most a part of the countries and 
conjointly called the common industrial, scientific, 
and medical analysis band. Bluetooth uses 
frequency hopping unfold spectrum with seventy 
nine channels and one megahertz information 
measure, wherever ZigBee uses direct sequence 
unfold spectrum with sixteen channels and a pair of 
megahertz information measure and Wi-Fi uses [8] 
D.Weber etal., DSSS (802.11), complementary 
code keying (CCK, 802.11b), or OFDM 
modulation (802.11a/g) with fourteen RF (Radio 
frequency) channels and twenty two megahertz 
information measure. UWB (ultra wide band) uses 
the three.1-10.6 GHz, with none approval and 
crowded 802.15.3a commonplace, of that has 2 
spreading techniques, Direst sequence -UWB and 
OFDM, are accessible. 
 
B. Integration Mechanism 
 Till currently Bluetooth, ZigBee and Wi-Fi use the 
two.4 GHz band, the difficulty of being should be 
treated. Basically, Bluetooth associated UWB give 
an accommodative frequency hopping (AFH) to 
avoid channel collisions, whereas ZigBee and Wi-
Fi use dynamic frequency choice (DFS) and 
transmission power controls. [9] C.P Lee., in 
802.15.2 it had been mentioned the interference 
downside of Bluetooth and Wi-Fi. Also provided 
quantitative measurements of the being issue for 
Bluetooth, ZigBee, Wi-Fi, and microwave ovens. 
Weber et al were centered on quantifying potential 
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interferences between Zigbee and 802.11g by 
analyzing the impact on the output performance of 
Zigbee devices and 802.11g once co-existing 
among a selected atmosphere. Moreover, conferred 
a performance analysis of Bluetooth and ZigBee. 
 
 C. Constraints on network structure 
The maximum range of devices which will be 
connected and that belongs to the network’s 
structured cell is eight slaves and one master) for 
[10] Jin Shyan lee, a Bluetooth and UWB piconet, 
65000 for a ZigBee star mesh network, and 2009 
for a structured Wi-Fi. All the protocols have a 
provision for establishing a lot of advanced 
network structures designed from the various basic 
cells: peer-to-peer for UWB, the scatternet for 
Bluetooth, cluster tree or star mesh networks for 
ZigBee, and therefore the extended standard set for 
Wi-Fi.  
 
D. Encrypting Standards 
While considering the protection of those four 
protocols that have the quality coding and 
authentication mechanisms. Bluetooth that uses the 
E0 shared secret and stream cipher with 16-bit 
cyclic redundancy check, whereas ZigBee and 
UWB adopt the advanced coding customary  block 
cipher with counter mode and cipher block 
chaining message authentication code, additionally 
referred to as counter with  32-bit and 16-bit CRC, 
severally. In 802.11, Wi-Fi uses the CRC-32 
verification for integrity and RC4 stream cipher for 
coding. However, many serious weaknesses were 
known by cryptanalysts, any wired equivalent 
privacy key will be cracked with promptly 
accessible package in 2 minutes, and so by 
mistreatment the Wired Equivalent Privacy was 
suppresses and outdated by Wi-Fi protected access 
two i.e. 802.11i customary, of that the CCM and 
AES block cipher also are utilized. 
 
E. Time Estimation for transferring data’s 
The Transmission time depends on the info rate 
turnout, the message size encoded, and therefore 
the distance between 2 completely different nodes. 
The formula for Transmission time (µs) will be 
delineating as:  
 
TRtx = (Sdata + (Sdata / Smaxld * Sovr))* Tbit + Tpro (1) 
 
Where S knowledge is that the knowledge size, 
Smaxld is that the most payload size, Sovr is that 
the overhead size, T bit is that the bit time, and 
Tpro is that the propagation time between any 2 
devices. For simplicity, the propagation time is 
negligible during this paper. The standard 

parameters of the four wireless protocols used for 
TRM analysis area unit listed in Table II. Note that 
the most rates a hundred {and ten} Mbit/s of UWB 
are adopted from an unapproved 802.15.3a 
customary. As shown in Fig. 2, the TRM for the 
ZigBee is longer than the others owing to the lower 
rate (250 Kbit/s), whereas UWB needs less TRM 
compared with the others. Obviously, the result 
additionally shows the desired TRM is proportional 
to the info payload size and disproportionate to the 
most maximum data rate. 

TABLE I 
 

 
 

 
 

 
 

Fig 2. Comparison of the transmission times versus 
the data size. 
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IV. WIRELESS PROTOCOL 
COMPLICATION AND ITS POWER 

UTILIZATION RANGES 
 
A. Wireless Protocol complication  
In this paper, the complications of every protocol is 
analyzed compared supported the numbers of events 
primitives. Table III that shows the amount of 
primitives and Bluetooth host controller interface 
events, and also the numbers of UWB MAC/Physical 
primitives, ZigBee, and Wi-Fi protocols. Within the 
raincoat (Medium Access control) /Physical layers, 
the Bluetooth primitives embrace consumer service 
access purpose, [11] A Mirzaei et al., synchronous 
association homeward , and  logical link management 
and adaptation protocol primitives. As shown in Fig. 
4, the Bluetooth is that the most intricate protocol 
with highest variety of 188 primitives and events in 
total. Next comes the, ZigBee that is that the simplest 
one with solely forty eight primitives outlined in 
802.15.4. The entire variety of primitives is just 
concerning one fourth the amount of primitives and 
events outlined in Bluetooth. Analyzing and by 
scrutiny with the Bluetooth, UWB, and Wi-Fi, the 
simplicity that makes the ZigBee as terribly 
appropriate for detector networking applications 
altogether sectors as a result of their restricted 
memory process ability and process capability. 

 

 
 

 

Fig 4. Comparison of the complication for each 
protocol. 

 
 

B. Power Utilization 
Bluetooth and ZigBee are largely supposed for brief 
vary transportable product, and restricted battery 
power. Most ordinarily, it offers terribly low power 
consumption and, in few cases, won't measurably 
have an effect on the battery life. UWB (Ultra wide 
band) is planned for brief vary and high information 
transmission rate applications. On the opposite hand, 
(Wireless Fidelity) Wi-Fi is meant for a reference to 
longer length and supports devices with a nominal 
power provide. so as to much analyze and compare 
the ability consumption, four wireless product that 
the elaborate characteristics are in public on the 
market associate degreed are in brief conferred as an 
example, together with [10] Jin Shyan Lee 
BlueCore2 from Cambridge semiconducting material 
radio, XS110 from Free scale, CC2430 from Chipcon 
of TX Instruments, and CX53111 from this 
consumptions of the transmit rate and receive rate 
conditions for every protocol are shown in Table IV. 
[12] Yung-Hoon Jo the info shown are for explicit 
product, though are broadly speaking representative 
for samples of a similar sort. Fig. five indicates the 
ability consumption by every protocol in mW unit. 
Obviously, the Bluetooth and ZigBee protocols 
consume less power as compared with UWB and Wi-
Fi. On the idea of the bit rate, a comparison of 
normalized energy consumption is provided in Fig. 6. 
From the mJ / Mb unit purpose of read, the Wi-Fi and 
UWB have the higher potency in energy 
consumption. Totally, Bluetooth and ZigBee are 
appropriate for low rate transmission applications 
with restricted battery power (such as battery-
operated detector networks and mobile devices), 
thanks to their low power consumption resulting in 
an extended lifespan. Next to that for top rate 
implementations (such as video/audio surveillance 
systems), Wi-Fi and UWB would be higher solutions 
due to their low normalized energy consumption. 
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Fig .5. Comparison of power Utilization of each 
protocol 

 

Fig 6. Comparison of normalized energy consumtion 
for each protocol 

 
V. CONCLUSION 

 In this paper we have a tendency to had 
conferred a quick summary and outline of the four 
most significant wireless standards, Bluetooth, 
ZigBee, UWB, and Wi-Fi with a quantitative analysis 
in terms of the time taken for transmitting data’s from 
a source to destination, protocol structuring 
complexness, and power utilized by each protocols 
based on its application design and this could be used 
as a reference for the new network user and 
administrator to a use a acceptable protocol and 
additionally for research worker who concentrates on 
the wireless networks. Then the fundamentals of 

radio frequency channels, its integration mechanism, 
network area, and security are preliminary reviewed. 
Here during this paper it's to not draw any conclusion 
concerning that one is healthier than the opposite one, 
since the suitableness of network protocols is greatly 
influenced by sensible applications, in future various 
other network parameters are considered like natural 
changes in the climate and its interference in data 
transferring and the noise raised due to weather 
changes are focused and we can define a clear cut 
solution for a wireless operated networks with these 
protocols. 
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