
Abstract
Recent advances in micro-electro-mechanical systems (MEMS) 
technology, wireless communications, and digital electronics 
have enabled the development of low-cost, low power, Multi 
functional sensor nodes that are small in size and communicate 
in short distances. Wireless sensor network (WSN) system 
is autonomous and operates unattended, adaptive to the 
environment. So it’s widely used in military, environment, health, 
home and other commercial areas. ZigBee is a new standard 
intended for low cost devices in automation, home controls and 
computer peripherals. For sending sensor readings, which are 
typically a few tens of bytes, high bandwidth isn't necessary, and 
ZigBee's low bandwidth helps it fulfill its goals of low power, low 
cost, and robustness. It enables the broad-based deployment 
of wireless networks with low cost, low power solutions.
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I. Introduction

A. New wireless sensors network system with zigbee nodes 
layer stacks

Based on the ZigBee’s flexibility and reliability, to consummate 
the WSN system, we proposed a new ZigBee nodes based 
WSN system (NWSNS) structure that embedded the ZigBee 
technology into the WSN system. As shown in Fig. 1, in the 
NWSNS, the physical layer, data link layer and the network 
layer wholly take over the definitions of the corresponding 
layers in ZigBee. The physical layer of NWSNS integrates the 
traditional sensors and the physical layer of ZigBee into a whole. 
The physical layer of ZigBee is defined by the IEEE 802.15.4 
standard and is encoding the bits to be sent and decoding of 
the bits received, and it’s implemented in the silicon. The data 
link layer is controlling access to the shared radio channel. The 
network layer is managing the network structure and handles 
routing and security functions for the relayed messages. The 
application layer of NWSNS remained all the definition of the 
traditional WSN system [1,2].

 

Fig. 1.1:   Protocol stack of the NWSNs

II. Nodes Design Of NWSNs

A. Hardware design 
Fig. 1 shows the universal structure of the new WSN nodes.

 
 
Fig. 1: Structure of NWSNs nodes [2]

In the data transfer unit, the ZigBee module is embedded to 
match the MAC layer and the NET layer of the ZigBee protocol. 
And considered from the different functions required by the 
FFN and the RFN, the functions such as transmit, receive of 
ZigBee transfer unit is configurable. The ZigBee unit should 
be dynamically conFig.d and switched into the resting module 
to save the power. In the data acquisition unit, an optional 
controller is designed to build up a closed loop for the different 
tasks. However, the sensor nodes, the controller nodes and 
the integrated nodes of them are both offered to the user for 
its flexible configuration. 

B. Software design
The software design includes the communication software and 
the application software. In the software design of the nodes, 
TinyOS is a good tool. TinyOS is an open-source operating system 
designed for wireless embedded sensor networks. It features a 
component-based architecture which enables rapid innovation 
and implementation while minimizing code size as required by 
the severe memory constraints inherent in sensor networks. 
As shown in Fig. 2, TinyOS is composed by many components, 
which include main component, application component, 
actuating component, sensing component, communication 
component and hardware abstractions component [3].

Fig. 2: Structure of TinyOS

III. Applications of NWSNs
Embedded monitoring covers a large range of application areas, 
including those in which power or infrastructure limitations make 
a wired solution costly, challenging, or even impossible. 
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Fig. 3 : Application areas

For utilities such as the electricity grid, streetlights, and water 
municipals, wireless sensors offer a lower-cost method for 
collecting system health data to reduce energy usage and 
better manage resources [4].

A. Greenhouse system
Zigbee is a new Wireless sensor network technology 
characteristic of  less distance and low speed. Lately traditional 
system to collects parameters for Greenhouse is widely used 
in agriculture. 

1. System Framework for greenhouse
Every greenhouse in this system comprises a gateway and some 
wireless nodes. Gateways and nodes are all embedded with a 
CC2420 RF transceiver. Data can be transmitted by transceiver 
between gateways and nodes, and finally the data from all 
greenhouses are collected to be transmitted to a server. The 
sketch of the system is shown in Fig. 4.
The framework and functions of the system lies in the 
following:
• Functions of gateway:(1) Communicating with the server via 
Ethernet; (2) Communicating with nodes by RF transceiver.
• Framework and functions of wireless nodes:
(1) Atmega128L MCU and TinyOS operating system;(2) 
Temperature, humidity and light intensity collection 
periodically;(3) Transmitting collected data to gateway by using 
CC2420.[5]

Fig. 4: Frame of wireless sensors network                            

2. The Framework of Wireless Sensor Network of 
Greenhouse system

The Framework of Wireless Sensor Network is shown in Fig. 
5. They can either receive message or transmits message, 
and can transmit messages to a gateway via self-configuration 
and multi-hop routing. The gateway can use many ways to 
communicate with remote network, such as Internet, satellite 
and mobile communication network (in this system we use 
Ethernet). 

 
Fig. 5: Typical Framework of wireless sensors n/w 

B. Home-Care System Using ZIGBEE
In recently, wireless sensor networks are used to structure 
home-care system in many researches. Although Bluetooth is 
better than ZigBee for transmission rate, but ZigBee has lower 
power consumption. Hence, ZigBee is generally used for 24 
hours monitor of communication transmission systems. The 
structure of the wireless sensor network for home-care system 
illustrate in Fig. 6.

Fig 6: The structure of the wireless sensors network for home 
care system

C. A vehicular wireless sensors network for CO2 
monitoring 

Micro-climate monitoring usually requires deploying a large 
number of measurement tools. This work proposes VSN 
architecture to realize micro-climate monitoring based on GSM 
short messages and availability of GPS receivers on vehicles. 
We demonstrate our prototype of a ZigBee-based car network 
to monitor the concentration of carbon dioxide (CO2) gas in 
areas of interest. The reported data are sent to a server, which 
is integrated with Google Maps as our user interface. Since 
mobility of these vehicles is not controllable and sending 
short messages incurs charges, we also design an on-demand 
approach to adjust vehicles’ reporting rates to balance between 
the micro-climate accuracy and the communication cost [7].

1. VSN Architecture
Fig. 7 illustrates the proposed VSN architecture for microclimate 
monitoring. It contains a monitoring server, several vehicular 
sensors, and GSM networks. Each vehicular sensor is equipped 
with a CO2 sensor, a GSM module, and a GPS receiver and 
periodically reports its sensed CO2 concentration and its 
current location to the server through GSM short messages. 
The monitoring server then calculates the distribution of 
CO2 concentration and renders the result on Google Maps. 
According to the observed distribution and the vehicle density, 
the server will ask sensors to adjust their reporting rates. For 
each vehicular sensor, the intra-vehicle network is a ZigBee 
network.  
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Fig. 7: The proposed VSN architecture for micro-climate 
monitoring.

Jennic board: It is a microprocess with a wireless module. • 
A Jennic board contains a JN5139 chip, which has a 32-bit 
RISC processor, a fully compliant 2.4 GHz IEEE 802.15.4 
transceiver, 192KB of ROM, and 96KB of RAM. We use the 
ZigBee protocol for inter-board communication [17].
GPS receiver: We adopt the uPatch300 GPS module. It can • 
provide geographic location with accuracy ≤ 1.8 meters. 
Its reporting rate is set to 1 second [18].
CO2 sensor: We adopt the H-550EV CO2 sensor module. • 
It will sample CO2 concentration every 3 seconds. Its 
detectable range is from 0 to 5,000 ppm with error range 
of 30 ppm [8].
GSM module: We adopt the SIM300 GSM module, which • 
supports the tri-band GSM/GPRS communication on 
frequency bands of 900 MHz, 1,800 MHz, and 1,900 
MHz [9].

D. Medical applications

1. Health Care
The healthcare domain presents opportunities for a significant 
number of applications of wireless sensor technology. The 
following sections focus on three broad health monitoring 
applications that include Chronic Disease Monitoring, Personal 
Wellness Monitoring, and Personal Fitness. Chronic Disease 
Monitoring: Chronic diseases encompass a wide range of health 
problems including diabetes, asthma, heart diseases and sleep 
disorders. In many cases, chronic diseases require some kind of 
health monitoring, especially in the later stages of the disease 
progression. Since not all chronic disease monitoring is the 
same, we further refine the category as follows:
• Episodic patient monitoring is often utilized in non-critical 

patients to track specific indicators and identify the 
progress of the disease or recovery.

• Patient alarm monitoring can also trigger alarms based 
on preset conditions that are specific to the patient and 
the disease.

Fig. 8 : shows a few examples of monitoring devices that can 
take advantage of ZigBee wireless technology and provide 
comfort and ease-of-use in the Chronic Disease Management 
monitoring applications.[10]

Fig. 8: Chronic Disease Monitoring device 

Episodic patient monitoring scenario: these use case • 
deals with non-acute or episodic patient monitoring. In 
this scenario, the patient’s vital signs (e.g. heart rate, 
temperature) and disease-specific indicators (e.g. blood 
pressure, blood glucose level, EKG) are monitored to 
determine anomalies and spot trends. The monitoring 
is done periodically. All the information collected by the 
medical sensors is time stamped and securely forwarded 
to a gateway that functions as a patient monitoring 
system. Additionally, the gateway forwards the aggregated 
information in a secure way to a Data base server. 
The medical personnel and the family can access the 
information stored in the database server to monitor the 
progress of the disease. As an example, certain types of 
diabetic patients would have to monitor their blood glucose 
level only a few times a day. In this case, the application 
would not have to poll the glucose meter as the patient is 
responsible for initiating the data sampling process. Since 
all the information is time-stamped and the patients in this 
scenario are not in a critical state, the latency of transmitting 
the information to the gateway is not critical. The data can 
be stored locally at the medical device and/or gateway 
and securely transmitted only when a predetermined 
amount of data is gathered. It is also possible that the 
medical devices and/or the gateway perform some type 
of data compression to minimize bandwidth use. This use 
case also covers periodic, routine medical exams, where 
a number of medical sensors are worn by the patient during 
the medical exam. During the exam, all the readings are 
interpreted by the primary physician and archived in the 
patient’s database
Patient Alarm Monitoring Scenario: In this scenario, the • 
patient’s vital signs (e.g. heart rate, temperature) and 
disease-specific indicators (e.g. blood pressure, EKG, EEG) 
are monitored on a continuous basis. The data collected 
by the medical sensors is time-stamped and securely 
forwarded to a gateway that acts as a patient monitoring 
system. Additionally, the gateway securely forwards the 
aggregated information to a database server. In this case, 
a certain minimum bit error rate and maximum end-to-
end latency not to exceed a few seconds should be 
guaranteed. At pre-determined settings, alarms are issued 
and responses/actions could be triggered automatically. A 
specific example of a patient alarm monitoring application 
can be seen in the HeartCycle14 project.[11]
Heart Cycle provides a closed-loop disease management • 
solution able to serve both heart failure (HF) patients and 
coronary heart disease (CHD) patients, including possible 
co-morbidities hypertension, diabetes and arrhythmias. 
This is achieved by multi- parametric monitoring and 
analysis of vital signs and other measurements. Adverse 
event alarms are generated for immediate professional 
attention and an decision support system derives therapy 
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recommendations for the information acquired. Vital 
body signs will be used to track health status and the 
impact of the current treatment, showing the patient the 
importance of adherence to the treatment, motivating 
improved treatment adherence and a more active role 
in their care.

Fig. 9: Heart cycle system flow chart

2. Personal Wellness Monitoring
Personal Wellness Monitoring is an area that will first focus on 
individuals age 65 or older. As an initial focus, the monitoring 
concerns the person’s activity and safety. As this market 
develops, adoption of this technology will find applications 
for the general population. The Personal Wellness Monitoring 
application is shown in the above Fig. depicting several 
aspects of the assisted living scenario. The scenario in Fig. 
shows several devices that would be used in managing the 
care, safety and activity of the residents in an assisted living 
facility. The information securely collected by these devices is 
centrally managed and analyzed. It is in such scenarios that 
ZigBee technology can provide solutions addressing the needs 
of the medical staff
and the residents.
                                       

Fig. 10: Assisted living scenario

Senior Activity Monitoring Scenario:  This use case focuses • 
on monitoring an elderly person’s daily activity. Besides 
a number of wearable medical sensors/devices that 

monitor the vital signs (e.g. heart beat, temperature), this 
use case involves monitoring other non-medical sensors 
such as environmental sensors, motion sensors, home 
sensors (e.g. bed, door, window), etc. All the information 
from these sensors is sent to a gateway for recording and 
processing.
Safety Monitoring Scenario: This case deals with monitoring • 
the safety of the home environment. The home environment 
is monitored for safety hazards including toxic gases, 
water and fire. Additionally, the vital signs (e.g. heart beat, 
temperature) of the persons in the home are also monitored. 
The data gathered by the medical and non-medical devices 
is analyzed locally and/ or securely forwarded to a gateway 
for processing and storage. If predetermined events occur, 
the caregiver and/or family receive alerts. Automatic 
responses can be triggered when certain events occur. 
It is worth noting that the Safety Monitoring applications 
will be addressed with a combination of several ZigBee 
profiles, including the ZigBee Health Care and ZigBee 
Home Automation public application profiles.

3. Personal Fitness Monitoring
Personal fitness is also a market segment showing high potential 
for use of wireless sensor technology both in the home and in 
health fitness centers. A large variety of devices and services 
are envisioned to accommodate the growing fitness market.

Fig. 11: Fitness monitoring equipment

Monitoring and Tracking Fitness Level Scenario: This use • 
case focuses on tracking the fitness level or progress 
made by an individual. A number of parameters that the 
individual wishes to monitor are recorded as the individual 
performs his/her workout routine. For example, while 
running on a treadmill, the individual monitors his/her 
heart rate, temperature and blood oxygen level. This 
information, obtained from medical sensors that are worn 
by the individual, are securely streamed to a gateway or a 
collection data unit and displayed on the treadmill’s console 
in real time along with other performance information 
provided by the treadmill. Additionally, the gateway sends 
the information to a database server for record keeping. 
Note that the information need not be sent in real time, 
but may be collected and transmitted after the workout 
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routine ends. After the workout, the individual can review 
a history of these parameters to track and analyze their 
fitness level. In this use case, the application polls each 
sensor type at a different rate. For example, the application 
would poll the temperature sensor two to four times a 
minute and the pulse monitor twice per second. The latency 
requirement for this application should be less than one 
second [12].
Personalized Fitness Schedule Scenario: This scenario • 
focuses on personalization of the fitness schedule of an 
individual. The schedule to be followed by the individual 
can be entered by a trainer or the individual. For example, 
training for a marathon could include running on a treadmill 
according to a schedule designed by his/her trainer. For 
each training day, the trainer schedules the distance, the 
pace, and the maximum heart rate at which the individual 
is to train. The trainer would also like to monitor the 
individual’s respiration pattern. While the distance and 
the pace are provided by the treadmill, the heart rate and 
the respiration are monitored by wireless medical devices 
worn by the individual.[13][14]

IV. Conclusion
ZigBee technology is a new wireless protocol that widely used 
various areas for it excellent performance in reliability, power 
profile, capability, flexibility and cost. So it’s significant to embed 
the ZigBee into the WSN system that widely applied now. Based 
on the ZigBee technology, a NWSNS with close loop of signal 
is proposed. In the NWSNS, the MAC layer and the network 
layer of ZigBee is wholly taken over, and a new node, both 
its hardware and software implementation, is designed that 
integrate the WSN nodes and ZigBee module together. An 
integrated WSN access achieved in this realization offered a 
capability of delivering data, concentrated management and 
real time monitoring. At the same time, it also met the need of 
developing of data acquiring and control system in industrial 
automation. However, the realization and the application of 
the NWSNS in industrial still need much more experiment and 
test. But all of the characteristics have shown that the NWSNS 
will have a vast range of prospects. 
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