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Abstract. With the characteristics of fast transferring speed and wide coverage
of TD-LTE network, the research designs and implements the TD-LTE-based
Real-time Monitoring System for Greenhouse Environment Temperature. The
TD-LTE network, which is connected with the data server of the Internet, can
transmit the real-time temperature data that sensor collects to the data server.
The B/S mode-based data server can realize data query, analysis and other
functions. This monitoring system solves the problems that previous monitoring
systems are slow and can not be transmitted at a distance, and it can also meet
the need of the real-time data acquisition that precision agriculture needs.
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1 Introduction

Compared with the commonly used wired network, wireless network is a new type of
network formation. It is no longer dependent on the network cables which the tradi-
tional wired network depends on, eliminating the need for network cabling, effectively
saving the cost, being used more and more conveniently. In the past, most wireless
networks construct network with the help of WIFI, ZigBee, Bluetooth and so on. This
method can implement the wireless transmission, but the transmission distance is near.
If you want to transfer to a far distance, you need get access to the Internet. TD-LTE
fully Time Division Long Term Evolution, also simply LTE-TDD, is one of the duplex
technologies used in mobile communication technology. It is also one of the interna-
tional standards led by China. TD-LTE can directly get access to the Internet, which
makes up for the shortcomings of the traditional wireless network and greatly improves
the efficiency of the wireless network [1–4].
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The greenhouse, also called greenhouse, can keep heat. In the season that is not
suitable for plant growth, it can ensure the normal growth of plants, and ensure the
output. The greenhouse is an important part of modern agriculture [5]. In the modern
precision agriculture, the control of the growth environment of crops in the greenhouse
has been changed from the traditional personal management mode to the modern,
centralized management mode. Highly centralized management can effectively reduce
the management cost, can make timely and accurate judgment in the shortest time,
ensure the normal operation of the greenhouse, and ensure the normal production of
greenhouse crops [6–9]. Greenhouse temperature is the basis of greenhouse planting
and the coverage of centralized management is large, and the wireless network, which
the traditional greenhouse temperature collection system used, is ZigBee mode, while
ZigBee itself does not have the ability to get access to Internet, so the traditional
greenhouse temperature monitoring system can only work in a small range, which is a
problem for centralized management [10–12]. Based on TD-LTE network and
embedded system, the greenhouse environment temperature monitoring system, which
is comprehensive covering network, provides the wireless transmission mode that is
not limited by the distance, and the efficient and fast data transmission service.

2 Overall Design System

The system consists of a wireless remote temperature acquisition system and an online
data server based on WEB. The core of the greenhouse environment temperature
acquisition system is embedded system, which uses the temperature sensor to collect the
real-time data of the greenhouse environment temperature, and transmits the collected

Fig. 1. Conventional and spectra after pretreatment
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data to the data server on Internet through TD-LTE network. Database server is based on
WEB technology, which achieve real-time monitoring, analysis and management of
long-distance data. The overall structure of the system is shown in Fig. 1.

3 Temperature Acquisition Module Design

3.1 TD-LTE

LTE, which is based on the OFDMA technology, is the global standard by the 3GPP
organization. TD-LTE, also LTE-TDD, fully Time Division Long Term Evolution, is
one of the duplex technologies used in mobile communication technology. It is
developed by the world’s major companies and operators covered by the 3GPP
organization. It is also one of the international standards led by China. It is a follow-up
evolution technology scheme of TD-SCDMA, and its network transmission speed is
dozens of times as fast as TD-SCDMA. TD-LTE can be directly connected to the
Internet, and functions with the Internet serve, which greatly improving the efficiency
of wireless network.

HUAWEI B593S is the production of TD-LTE produced by HUAWEI. The device
supports TD-LTE through the built-in DHCP function, and also down is compatible
with TD-SCDMA and EDGE networks, which can achieve a comprehensive coverage
of the network. In the network access mode, the device supports 802.11 and RJ45, and
802.11 supports the connection of multi-users, so the system mainly used RJ45 mode.

3.2 Embedded

The hardware of this system includes the embedded microprocessor and peripheral
equipment. The system mainly consists of CPU chip, FLASH chip, SDRAM chip,
DM9000 network card, sensor and other hardware components. And the CPU, which is
the core of the whole hardware system, uses the ARM series embedded processor
$3C2440A by Sanxing. SDRAM and FLASH chips are the system storage module.
FLASH stores boot code, kernel, and file of system (including the applications), and
SDRAM provides the running space for the system and applications and stores tem-
porary data when system working.

3.3 Operating System

Linux is an operating system that can run on a variety of different hardware platforms.
The software platform of the smallest embedded Linux system consists of three parts—
the boot process, the kernel image and the file system. When the system is powered,
firstly the guidance program is implemented, then the kernel is called and booted by it
in order to realize the detection and drive of hardware system, finally mount the file
system and run the applications.

Linux kernel is well-structured and integrated with the most parts of the mainstream
of the hardware driver. With the help of the Linux kernel, the whole system is more
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stable. And Linux has the perfect network function, which can make our system get
good network compatibility. The Linux core of the current standard is too large to the
resource-constrained embedded system. So due to the features that embedded software
and hardware can be cut, we need to abandon our unused modules in the kernel,
leaving only the functions needed by the system.

3.4 Data Communication

In order to guarantee the fast, safe and efficient data communications between the
acquisition system and the server, it is necessary to carry on a series of conventions for
the communication heat preservation format between each other. The system uses the
data preservation format as “verification code || node number || date || temperature 1 ||
temperature 2 || temperature 3 ##”, and the “||” is the data delimited identifier, and “##”
is the data end identifier. In the acquisition frequency of temperature data, the system
can be accurate to 1 s, but, in fact, such a high accuracy is not necessary, so the
system’s acquisition time is set to 1 min. Internet server intercepts properly the relevant
data that the acquisition system sends and stores them in the database.

In order to guarantee the continuity and effectiveness of the data and prevent net-
work outages and other emergencies, the system carries on the real-time transmission of
data to the server, then backups them and stores the data to the embedded system. And at
0 o’clock everyday, the aggregated data will be sent to the server and be verified with
server-side data so as to ensure the continuity and effectiveness of the data.

4 Server

The operating system of the server uses Linux operating system because Linux is the
open source operating system. It has obvious advantages in terms of security. At the
aspect of software cost, the windows system is charged and running software is also
charged, so the cost is higher, while the Linux operating system is lower than the
windows operating system and most running software are free software. At the aspect
of centralized management, windows needs a large number of servers, while using
Linux can effectively reduce the cost. Because Linux is selected as the operating
system, Mysql is chosen to be the database. Mysql is also an open source database and
it has the advantages, such as small size, fast speed and it can effectively guarantee the
security of data storage.

4.1 Data Reception

Data transmission is through the Internet network, using the “standard” data commu-
nication format, so the server side intercepts the transmission data in terms of the
calibrated data format. This program uses JAVA to write and the database uses Mysql
to carry on the data storage. When the program is started, the process will automatically
monitor the port to transmit data. Upon receipt of the data, the first data packet header
data is verified to determine whether the data is sent to the client data, if verified on,
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then split the received data according to the agreed data format and stored them in the
corresponding database.

4.2 Data Monitoring

The data monitoring platform features the real-time display for the greenhouse tem-
perature data and analyzes the historical data. The monitoring platform is developed
with the help of B/S structure model. The advantage of this model is that the appli-
cation core of the system is focused on the server, which simplifies the development,
maintenance and usage of the system. In the client side, there does not need carry out a
separate application development, the client can interact with the server information
through the browser. The client is also not limited to the windows operating system, but
both Linux and MAC can be used.

The server uses Linux as the operating system. Database uses MySQL as the
database, uses JAVA to carry out the relevant WEB page development and uses apache
as the middleware. The network construction can effectively ensure the stable running
of the system and the interaction between the user and the database. Through the
browser to get access to the WEB page, the client can monitor the real-time temperature
of the remote greenhouse and can view, analyze and export the historical data.

5 System Implementation

5.1 Data Acquisition

When the embedded system is running, it will automatically take 1 min to collect the
temperature data in the greenhouse, as shown in Fig. 2.

In addition to real-time transmission of data, the system also files historically data.
At 0 o’clock daily, a full day’s data will be uploaded to the server so as to ensure the
continuity and effectiveness of data, as shown in Fig. 3.

Fig. 2. Collect data

174 X. Zhao et al.



Fig. 3. Collect data

Fig. 4. Data monitoring
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5.2 Data Monitoring

In the data monitoring, the system not only displays the current temperature, but also
display the recent 5 temperature state below so as to facilitate the observation of data
trends, as shown in Fig. 4.

5.3 Historical Data

The system has a historical data filtering function and meanwhile supporting to export
to excel, as shown in Fig. 5.

6 Conclusions

The system uses the embedded system and TD-LTE technology to implement the
automatic collection of greenhouse environment temperature, and the collected data is
transmitted to the data server side on Internet. Administrators can get access to the data

Fig. 5. Historical data
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server through the client’s browser, and access contents information includes the
current state of the greenhouse as well as browsing and analyzing the historical data.
After testing, the system works stably and the transmission distance is more far, which
provides a stable foundation for the modern agriculture centralized management. At the
same time, the usage of the Linux operating platform has significantly reduced the cost
of production, and produced certain economic benefits compared to the traditional
windows platform.
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