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Abstract: ZigBee/ IEEE 802.15.4 was evolved for replacement 

of Bluetooth & Wi-Fi technologies, since they were not capable 

to transmit low data rate information in comparatively large 

area (10-100 m) [1]. Use of ZigBee transceiver system instead of 

other technologies were made for special wireless networks 

where distance & battery life was needs to be improved. In this 

paper we have implemented ZigBee system by MSK 

modulation technique, which is implemented using OQPSK, as 

defined in ZigBee specifications. Bit Error Rate by using 

OQPSK modulation is implemented & compared with MSK 

modulation. Results shows BER for MSK is better than 

OQPSK. All the simulations were performed using MATLAB. 

Keywords- ZigBee, IEEE 802.15.4, MSK, OQPSK, BER, 

MATLAB. 

I. INTRODUCTION 

ZigBee is a home-area network designed specifically to 

replace the proliferation of individual remote controls. 

ZigBee was created to satisfy the market need for a cost-

efficient, standards-based wireless network that supports 

low data rates, low power consumption, security, and 

reliability. To address this need, the ZigBee Alliance, an 

industry working group is developing standardized 

application software on top of the IEEE 802.15.4 wireless 

standard. Zigbee standard is basically design for low cost, 

low power consuming & low data rate required system. 

Zigbee standard is placed in Physical and Medium Access 

Layer (MAC). As Zigbee is an standard of Zigbee Alliance. 

Higher layer specified in the Zigbee standard is for industry 

alliance. 

The application of Zigbee Technology can be seen in 

home monitoring system, climate sensors communication, 

collection of data in small area in research field & industrial 

control etc. The major application of Zigbee transceiver is 

shown in wireless sensor networking and automatic control 

system such as home controlling, biotelemetry, personal 

caring (for senior citizens) etc. Home, industry and other 

organization automation is the major application of Zigbee 

transmission. Light (Power) control, Light machinery 

control, SCADA networking etc are some more. 

The IEEE 802.15.4 wireless standard for low power, low 

data-rate sensor networks operate in the 2.4GHz industrial, 

scientific and medical (ISM) band. The ZigBee standard 

provides network, security, and application support services 

operating on top of the IEEE 802.15.4 Medium Access 

Control (MAC) and Physical Layer (PHY) wireless 

standard. It employs a suite of technologies to enable 

scalable, self-organizing, self-healing networks that can 

manage various data traffic patterns. Here we are try to 

reduce packet error rate and bit error rate the packet error 

rate (PER). PER is obtained from the bit error rate (BER) 

and the collision time. The BER is obtained from signal to 

noise and interference ratio using OQPSK modulation. By 

using a platform MATLAB/SIMULINK. 

Here a comparatively analysis of Zigbee, Bluetooth and 

Wi-Fi technology is also present that will help us that how 

Zigbee is different than other wireless networking 

technologies [3]: 

System ZigBee Bluetooth Wi-Fi 

Application 
Monitoring 

& Control 

Cable 
Replacement Internet 

System 

Resources 
4-32 KB 250 KB 1 MB+ 

Battery Life 

(Days 
100s-1000 1-7 Hours 

Nodes in 

Network 
255/65K 7 32 

Baseband 
(kb/s) 

20-250 720 
11 

Mbps 

Distance 1-100m 1-10m 100m 

Key 
Characteristics 

Stability 

low 
Consumption 

low cost 

Price, 
Easy use, 
High Data 

Rate 

Very 
High 
Speed 
Large 

Network 

Table 1: comparison of ZigBee with other protocols 

 

II. A. ZIGBEE AND IEEE802.11.4 SPECIFICATIONS 

Zigbee Alliance was established in August, 2001,The 

ZigBee specification, officially named ZigBee 2007.It offers 

full wireless mesh networking capable of supporting more 

than 64,000 devices on a single network. It’s designed to 

connect the widest range of devices, in any industry, into a 

single control network. The ZigBee specification has two 

implementation options or Feature Sets: ZigBee and ZigBee 

PRO. The ZigBee Feature Set is designed to support smaller 

networks with hundreds of devices in a single network. The 

ZigBee PRO Feature Set is the most popular choice of 

developers and the specification used for most Alliance 

developed ZigBee Feature Set, plus facilitates ease-of-use 

and advanced support for larger networks comprised of 

thousands of devices. Both Feature Sets are designed to 

interoperate with each other, ensuring long-term use and 

stability. The ZigBee specification enhances the IEEE 

802.15.4 standard by adding network and security layers 

and an application framework. From this foundation, 

Alliance developed standards, technically referred to as 

public application profiles, can be used to create a multi-

vendor interoperable solutions. For custom application 
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where interoperability is not required, manufacturers can 

create their own manufacturer specific profiles. 

Some of the characteristics of ZigBee include: 

 Global operation in the 2.4GHz frequency band according 

to IEEE 802.15.4 

 Regional operation in the 915Mhz (Americas) and 868Mhz 

(Europe). 

 Frequency agile solution operating over 16 channels in the 

2.4GHz frequency 

 Incorporates power saving mechanisms for all device 

classes 

 Discovery mechanism with full application confirmation 

 Pairing mechanism with full application confirmation 

 Multiple star topology and inter-personal area network 

(PAN) communication 

 Various transmission options including broadcast 

 Security key generation mechanism 

 Utilizes the industry standard AES-128 security scheme 

 Supports Alliance standards (public application profiles) or 

manufacturer specific profiles. 

 

II. B. ZIGBEE STANDARD DEVICE TYPES 

 

ZigBee devices are the combination of application (such as 

light sensor, lighting control etc), ZigBee 

logical(coordinator, router, end device), and ZigBee 

physical device types (Full Function Device and Reduced 

Function Device)[1]. 

 
Figure 1: ZigBee Network 

 

II. C. ZIGBEE LOGICAL DEVICE TYPES 

There are three categories of nodes in a ZigBee system. 

They are Coordinator, Router and End devices. 

1) Coordinator: Forms the root of the network tree and 

might bridge to other networks. There is exactly one 

coordinator in each network. It is responsible for initiating 

the network and selecting the network parameters such as 

radio frequency channel, unique network identifier and 

setting other operational parameters. It can also store the 

information about network, security keys. 

2) Router: Router acts as intermediate nodes, relaying data 

from other devices. Router can connect to an already 

existent network, also able to accept connections from other 

devices and be some kind of re-transmitters to the network. 

Network may be extended through the use of ZigBee 

routers. 

3) End Devices: End Device can be low-power /battery-

powered devices. They can collect various information from 

sensors and switches. They have sufficient functionality to 

talk to their parents (either the coordinator or a router) and 

cannot relay data from other devices. This reduced 

functionality allows for the potential to reduce their cost. 

They support better low power models. These devices do 

not have to stay awake the whole time, while the devices 

belonging to the other two categories have to. Each end 

device can have up to 240 end nodes which are separate 

applications sharing the same radio. 

These are end devices such as sensors actuators which only 

doing limited tasks like recording temperature data, 

monitoring lighting condition or controlling external 

devices. The current ZigBee standard requires FFDs to be 

always on, which in practice means that FFDs must be 

constantly powered. Battery-powered FFDs have a lifetime 

on the order of a few days. 

 

II. D. ZIGBEE PHYSICAL DEVICE TYPES 

 

Based on data processing capabilities, two types of physical 

devices are provided in IEEE 802.15.4: Full Function 

Devices (FFD) and Reduced Function Devices (RFD). Full 

Function Devices can perform all available operations 

within the standard, including routing mechanism, 

coordination tasks and sensing task. The FFD plays role of 

coordinator or router or end devices (It can be either FFD or 

RFD depends on its intended application). A typical FFD in 

a ZigBee network will be powered from an AC-fed mains 

supply, as it must always be active and listening to the 

network. Reduced Function Devices, on the other hand, 

implements a limited version of the IEEE 802.15.4 protocol. 

The RFDs do not route packets and must be associated with 

an FFD. 

 

II. E. ZIGBEE / IEEE 802.15.4  PROTOCOL 

ARCHITECTURE 

 
Figure 2: ZigBee/IEEE 802.15.4 Architecture 

 

II. F. FREQUENCY BANDS AND DATA RATES 

 

The standard specifies two PHYs: 

 

1) 868 MHz/915 MHz direct sequence spread spectrum 

(DSSS) PHY (11channels) 1 channel (20Kb/s) in European 

868MHz band 10 channels (40Kb/s) in 915 (902-928) MHz 

ISM band. 

 

 2) 2450 MHz direct sequence spread spectrum (DSSS) 

PHY (16 channels) 16 channels (250Kb/s) in 2.4GHz band. 
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III. PROPOSED METHODOLOGY 

 

The main objective of this work is to simulate and physical 

level simulation of IEEE 802.15.4 ZigBee protocol. For this 

we have simulated the ZigBee system for IEEE 802.15.4. In 

this process first we have implemented the ZigBee system 

with existing OQPSK modulation, than the system is being 

implemented using MSK using OQPSK by using platform 

MATLAB. 

 

 
Table 2: Frequency Bands & Data Rates of ZigBee 

 

Proposed Algorithm 

 

 
 

 

 
Figure 3: IEEE 802.15.4 / ZigBee Generic MATLAB 

Simulation Block Model 

 

IV. SIMULATION RESULTS 

 

In this work physical layer MSK modulation 

implementation of IEEE 802.15.4 ZigBee has been done. 

First with the help of existing OQPSK modulation technique 

the IEEE 802.15.4 ZigBee protocol, system was 

implemented, then using MSK through OQPSK modulation 

the system was implemented again. Several 

MATLAB/Simulink simulations were done to evaluate the 

performance of Zigbee/IEEE 802.15.4 physical layer. The 

simulation results show how the BER versus the SNR 

values were affected when varying communication 

parameters such the input data rate, the level of the AWGN 

power and number of bits per symbol. 
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Figure 4: BER for ZigBee with Conventional OQPSK 

 
Figure 5: BER for ZigBee with MSK Using OQPSK 

 
Figure 6: BER Performance of ZigBee for OQPSK & MSK 

 
Table 3: Simulation Results Comparison 

 
Figure 7: BER vs SNR for OQPSK & Proposed Schemes 

 
Figure 8: Graph for BER vs SNR Comparison 

 

VI. CONCLUSION 

 

In this work physical layer modulation level implementation 

of IEEE 802.15.4 / ZigBee protocol has been done. First the 

simulation of the system with existing OQPSK modulation 

has been done. Then, the system was implemented with the 

MSK modulation using OQPSK, was simulated. The 

simulation’s BER plots and Table show that the MSK 

modulation has better bit error rates performance than the 

OQPSK modulation. The OQPSK system offers twice the 

data rate of the MSK system, but the OQPSK system 

requires more memory and compute cycles. Based on the 

results of this work, one would choose the 868 MHz or 968 

MHz MSK Physical Layer to optimize the hardware cost 

and implement the 2.4 GHz Physical Layer to maximize 

data rate. But, overall we can conclude that due to minimum 

variations in MSK, the BER probability is less in MSK 

systems. 
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