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Abstract: ZigBee technology with the characteristics of low complexity, ad-hoc network, low cost, low power
consumption and high security, is widely used for wireless sensing. Wireless sensor network is an interdisciplinary
application between multi-sensor technology and wireless network, and has the broad application prospects in
many fields such as intelligent agriculture and smart home. This paper designs and realizes an indoor environment
monitoring system based on ZigBee and wireless sensor network. The system uses end-nodes to collect
temperature, humidity, PM2.5 and other environmental parameters. The collected data is transmitted to the
coordinator through wireless sensor network and finally to the monitoring system software by serial port protocol.
The online monitoring platform with functions of real-time data display, storage and over-limit warning is
developed by using the LabVIEW software. The test results show that the system is stable, easy to generate a
network system, speedy and reliable to transmit data, and flexible to place nodes.
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finally transmit them to the users who need the
information [1]. At present, the network protocols
applied to WSN mainly include Wireless Fidelity
(WiFi), Bluetooth, General Packet Radio Service
(GPRS), ZigBee, etc. Among them, ZigBee
technology has the advantages of low complexity,
self-organizing network, low cost, low power
consumption and high security. It is widely used in
smart agriculture [2-6], smart home [7-9], chemical

1. Introduction

Based on the characteristics of high information
integration and multi-disciplinary intersection,
Wireless Sensor Network (WSN) is concerned by
various countries. SN involves embedded computer
technology, communication technology, sensor
technology and distributed information processing
technology. It can collect various environmental

parameters in the area covered by the wireless
network, and process the information accordingly, and
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detection [10-13], medical rehabilitation [14-17] and
Smart factory [18-23].
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In recent years, ZigBee technology, because of its
superiority, has been wused for environmental
monitoring [2-23]. Zhang, et al. [5] designed an
intelligent control system for the environmental
monitoring in greenhouses. This system realizes the
monitoring of environmental parameters in
greenhouses, e.g., temperature and humidity.
However, the type of sensors used is single and the
number of nodes is too large; Gong, et al. [9] designed
an environment monitoring system in smart home
based on ZigBee. This system has the advantage of the
real-time monitoring. However, the parameters
monitored by the system are few and the software
lacks the functions of data storage and over-limit
warning. In addition, the package of nodes has not
been designed; Ni, et al. [14] studied a telemedicine
system based on ZigBee, EDGE, Ethernet and
embedded LINUX system. This system realizes the
functions of home self-care, remote diagnosis, etc., but
the system is too complicated. Castro, et al. [18]
described the development of an industrial automation
system based on a ZigBee wireless sensor network,
designed for the monitoring and control of multiple
refrigeration equipment in an industrial area, replacing
the existing cabled network, which was based on the
LonWorks platform. However, the functionality of the
system is relatively simple and the accuracy of the
control is relatively low. At present, most researches
on ZigBee technology are only applied to specific
occasions, i.e., it is not universal.

This study aims to realize indoor environment
monitoring with the characteristics of low complexity,
ad-hoc network, low cost, low power consumption and
high security. In order to avoid the problems of
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complicated wiring, poor mobility, high cost and
energy loss caused by traditional optical fiber, coaxial
cable and other wired monitoring, this study designed
and built an environmental monitoring system based
on ZigBee technology. The system can effectively
reduce the number of nodes and improve the
utilization of nodes. This paper developed a new type
of terminal node package box to achieve waterproof
and dustproof protection for node modules. The online
monitoring platform for this system was developed by
LabVIEW software to realize data display, storage and
over-limit warning of the collected indoor
environmental data.

2. Monitoring System Design
2.1. System Design

As shown in Fig. 1, the monitoring system is
mainly composed of three parts: a terminal node, a
coordinator and an online monitoring platform. All the
sensors are installed on the terminal node. The
acquired environmental data by the terminal node is
wirelessly transmitted to the coordinator module and
finally sent to the monitoring platform. If the distance
between the terminal node and the coordinator is too
far to achieve effective transmission, power amplifiers
can be used to extend the transmission distance. The
system layout is shown in Fig. 2. The coordinator is
connected to the PC by a USB cable. In addition, the
terminal node and coordinator are identical in
hardware. They are only different in functions by
burning different codes.
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Fig. 1. System framework.

Terminal node

Fig. 2. System layout.

2.2. Network Topology and Sensor
Parameters

In the ZigBee protocol specification, three
network topologies are defined: star structure, tree
structure and mesh structure. Among the three
network topologies, the star structure is the simplest
one. As shown in Fig. 3, there is no router in the star
structure, only one coordinator and multiple terminal
nodes, and all terminal nodes are required to be within
the communication range of the coordinator. That is,
the star structure is a radial system, and all devices
communicate with the coordinator at the center. If any
two terminal nodes need to communicate with each
other, one of the nodes is required to send data to the
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coordinator, and then the coordinator forwards the
data to another node. In this mode, the coordinator
plays the role of information relay. In the entire star
structure, the coordinator is usually powered by a
continuous power system, while the other terminal
nodes are powered by mobile batteries. The star
structure is generally suitable for small-scale
applications such as home automation and personal
computer peripherals.

Terminal node

Terminal node
Terminal node

Terminal node
Coordinator

Terminal node Terminal node

Fig. 3. The structure of star topology.

The environmental parameters monitored by the
system are temperature, humidity, fine
particles (PM2.5), carbon monoxide, liquefied gas and
vibration, the parameters of each sensor used in this
system are listed in Table 1. The sensor module is an
integral part of the terminal node module in the system
hardware platform. Among them, the liquefied gas
sensor and the vibration sensor can only realize the
function of over-limit warning. Besides, the liquefied
gas is highly sensitive to hydrogen, methane, and
propane. In addition, it can monitor a wide range of
flammable gases for a variety of applications.

Table 1. The list of sensor parameters.

Name Scope Accur acy Type
Temperature 0~50°C +2°C
& humidity | 2095% | <5 % DHTI

0~8000 GP2Y1014

PM2.5 pes +] um AUOF
Carbon 10-1000
monoxide ppm +5 ppm MQ-7
Liquefied gas 0/1 MQ-2
Vibration 0/1 SW-1801P

2.3. Package Design

The communication band (2.4 GHz) of the ZigBee
network is an unlicensed free band in industrial,
scientific and medical applications. Because the
2.4 GHz band is free, there are many other wireless
sensor networks in this band, such as WiFi, Bluetooth,
wireless USB and so on. These traditional wireless
sensor networks have interfered with the
communication of the zigbee network, which has been
proven by many researchers [24-26].
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ZigBee will be interfered by signals such as WiFi
and Bluetooth in the environment during wireless
communication. LQI (Link Quality Indicator) is an
indication of link quality, which indicates the quality
of the link between the current transceiver terminals.
When there is interference in the channel, the packet
loss rate will increase, and the LQI value calculated in
the received packet will also decrease. Therefore, the
LQI value can reflect the strength of the interference
in the current channel, and the anti-interference design
flow chart of the wireless sensor network is shown
in Fig. 4.

Wireless network
anti-interference
Monitor channel l

Collect LQI value
of each channel

Evaluate channel

Find the optimal
channel
Maintain charmel 1
Monitor the LQI value
of the current channel

Tdentify the curren Stop

communication

Monitor the LQI value
of the current channel

Fig. 4. The anti-interference design flow chart of wireless
transmission network.

The node module package box of the system is
made of acrylic sheet and is assembled by organic
adhesive (acrylic glue), which has the advantages of
simple design, simple assembly and low cost. By using
the transparent acrylic sheet, the user can directly
observe the condition of each sensor from the outside.
The layered design inside the package box can isolate
the node module from each sensor module, which can
protect the node module from dust and water, and also
make it easy to replace the sensor module directly. The
node package box is shown in Fig. 5.

Fig. 5. Node package box.
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2.4. Monitoring Platform

The user monitoring platform of this system is
written by LabVIEW software. LabVIEW is a
program-development environment developed by
National Instruments (NI) and its program is written
by graphical G language [27-29]. The login system of
the system is shown in Fig. 6, the users enter the
monitoring platform by the username and password
set up by themselves. The user monitoring platform
designed in the system is shown in Fig. 7. It has the
functions of real-time display of indoor environmental
parameters, e.g., temperature, humidity, PM2.5 and
concentration of carbon monoxide. For indoor
parameters of liquefied gas and vibration, the
monitoring platform has only the function of over-
limit warning because of sensor’s performance
limitations. According to the specific conditions of the
monitored indoor environment, the upper limit and
lower limit of the vibration and concentration of
liquefied gas can be set as artificial values. In addition,
the monitoring platform also has the function of data
storage for each indoor environmental parameter,
which can automatically generate a historical record of
monitoring data in the background to facilitate data
analysis and prediction.
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Fig. 6. Login system.

Fig. 7. User monitoring platform.

3. Experimental Resultsand Analyses

The environmental parameters monitored by the
terminal node module were temperature, humidity,

PM2.5 concentration, carbon monoxide concentration,
liquefied gas concentration and vibration. Among
them, the monitoring form of liquefied gas and
vibration is over-limit warning, while other
environmental parameters can be detected to specific
values. The environmental data is collected by the
system for a duration of 24 hours in December in an
indoor room in Xi'an, and the environmental changes
are observed and analyzed from 6 am on the first day
to 6 am on the next day.

The changes of temperature and humidity are
shown in Fig. 8, the temperature in the room has three
large changes in one day, which are 8 am-12 am,
14 pm-18 pm, and 21 pm-23 pm. This is basically
consistent with the time of the switch of the air
conditioner. Due to the dryness of the indoor
environment, the humidity decreased with the rise of
temperature. The changes of PM2.5 concentration and
carbon monoxide concentration in the room are shown
in Fig. 9 and Fig. 10, respectively. It can be seen that
the changes of PM2.5 concentration and carbon
monoxide concentration in one day are stable. The
concentration of PM2.5 fluctuated around 75 pg/m?,
and the concentration of carbon monoxide was
around 12 ppm.
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Fig. 8. Variation of temperature and humidity
within 24 hours.
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Fig. 9. Variation of PM2.5 within 24 hours.
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Fig. 10. Variation of carbon monoxide within 24 hours.

The measurement of liquefied gas and vibration
used a mode of fixed-point warning. And the signals
of the liquefied gas sensor and the vibration sensor are
transmitted as switching signals. When the liquefied
gas is detected, the liquefied gas sensor outputs the
number “1”, and when there is no liquefied gas, the
number “0” is output. The setting of the vibration
sensor is opposite to liquefied gas sensor. When there
is vibration, the number “0” is output, and when there
is no vibration, the number “1” is output. As can be
seen from Fig. 11, the liquefied gas sensor outputs the
number “0”, and the vibration sensor outputs the
number “1”. This indicates that the liquefied gas and
vibration signals were not detected, which was
consistent with the actual situation.
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Fig. 11. Variation of liquefied gas and vibration
within 24 hours.
4, Conclusions
This paper designs and builds an indoor

environmental monitoring system based on ZigBee
and wireless sensor network. The system has a simple
structure, stable operation, low cost and high
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reliability. In this paper, a new type of node module
based on CC2530 and its package box are designed
and fabricated. The double-deck structure separated
the node module and sensors to realize the dustproof
and waterproof protection of the node module, which
is convenient for operation and maintenance. The
terminal node module is connected with many sensors,
which can greatly reduce the number of terminal node
modules. Based on LabVIEW software, the system's
online monitoring platform was developed, which has
realized the real-time display, storage and over-limit
warning of environmental data.
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