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Abstract: According to the demand of modern greenhouse information management, a greenhouse remote monitoring system 
was developed based on Android. This system consists of local monitoring module, server and Android client. The local 
monitoring module accomplishes data acquisition and device control through CAN bus, and interacts with Android client via the 
MySQL database. Media streaming server is developed using Real Time Streaming Protocol (RTSP) to achieve the greenhouse 
remote video monitoring. Android client with user-friendly interfaces can realize real-time data display, historical data query, 
parameter setting, device control, video monitoring etc. Using this system, people can realize real-time and long-distance 
scientific management of greenhouse. And the labor intensity can be reduced, what is more, the level of greenhouse automation 
monitoring can be improved.  
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1 Introduction 
Modern greenhouse, a combination of computers, sensors, 

wireless communications and other technologies, has been 
popularized over recent years, which typically represents a 
transformation from the traditional agriculture to the modern 
agricultural whose quality and yield are both higher. Against 
the background of the global information, the researches of 
greenhouse remote monitoring are attracting increasing 
attention. Previous studies are mostly based on B/S

Browser/Server [1-2], PC monitor terminal installed, and 
users send remote control commands by using the browser. 
However, compared with portable mobile monitor terminal, 
the scheme above lacks flexibility. Therefore, the application 
of the scheme is restricted. With the continuous development 
of mobile internet, studying remote monitoring scheme in 
industry and agriculture based on mobile terminal has 
already become the trend [3-5]. It is reported that, the global 
market share of Android phones have occupied 78.1% in the 
fourth quarter of 2013[6]. Because of the numerous Android 
phone users, it is conducive to information sharing and 
technology upgrading. As a result, based on the previous 
studies [7-8], this work developed a modern greenhouse 
remote monitoring system on the Android platform. The 
system combines JavaScript Object Notation (JSON) format 
data parsing, android asynchronous message processing 
mechanism and other techniques together. Furthermore, the 
open source charting library AchartEngine is adopted to 
display greenhouse environment historical data on Android 
client, and streaming media server is developed over real 
time streaming protocol, then porting the open source 
libraries VideoLAN Client (VLC) realizes greenhouse 
remote video monitoring. On Android client, users are able 
to know greenhouse condition anytime and anywhere, and 
inquire the historical data as well as control devices’ actions, 
which mean that the scientific and intelligent management on 
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"pocket greenhouse" has basically come true. And the 
researches contribute a lot not only to greenhouse 
informatization but also to relative agricultural research. 

2 System overall Design 
The system is composed of the local monitoring module, 

server and Android client, and each individual module is 
relatively independent, which provides convenience for 
system maintenance, and new system functions can be 
extended when needed. 
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Fig. 1: System overall structure 

1)     In the local monitoring module, greenhouse data 
acquisition and device control are realized through 
distributed CAN bus. Sensors connected to the input 
module gather greenhouse microclimate environment 
factors (indoor temperature, humidity, carbon dioxide 
concentration etc.) and outdoor weather factors (solar 
radiation, wind speed and wind direction, etc.) 
synchronously. Then the data is sent to CAN bus by the 
input module, finally monitoring computer receives 
information via a PCI-CAN adapter. The output module 
receives control signals from local monitor software 
though CAN bus, then controls the actions of relay, 
further controls actuating devices(fan, cooling pad, 
inside shading screen  and ventilation window).The 
local monitoring software is compiled by VB 
language and there are many practical functions such 
as data query, device control, data display and more on 
local monitoring computer. 
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2)     MySQL database server is mainly used to store data 
information, including user, status and log tables. User 
table records user's login account name, login password 
and login status. Data table records greenhouse’s 
environment information data. Status table records 
devices operation status and control commands that 
come from remote client. All of the operations of the 
administrator are recorded in log table. Apache server 
receives Http requests from Android client, and then the 
server scripts return results to the client. Streaming 
media server captures H.264 video from greenhouse’s 
webcam, forwarding video stream over RTSP. And 
Android client receives the video stream. VLC 
multimedia player library decodes and plays the video 
stream [9]. 

3)     Android client has the following functions: greenhouse 
real-time data display, device status viewing, historical 
data query, device control, parameter setting, user 
register and login, etc. Android client makes contact 
with the local monitoring module though MySQL sever. 
On the one hand, the client shows data stored in 
database to users, on the other hand, the client writes 
users’ commands to the database tables, and the local 
monitoring module realizes device control by polling 
the database tables per second.  

3   Android Client Functionality Implementation          
Android client is developed based on Android 4.4.2, and 

the developing tool is "JDK Java development kit +Eclipse 
+Android SDK Software development kit +ADT Android 
development tools ". Android system is defined as software 
stack structure, which from bottom to top has Linux Kernel, 
Android Runtime and Libraries, Application Framework, 
Applications [10]. Google provides official SDK for Android, 
and encapsulates JAVA API (Application Programming 
Interface), contributing to self-development. Fig.2 illustrates 
Android client’s brief development process. 
AndroidManifest.xml is located in Android application root 
directory, in which each file’s properties and permissions are 
declared [11].  
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  Fig. 2: Android development process 

3.1   User Register and Login 

The system sets an administrator and ordinary users. 
Ordinary users only can look over the environment 
information and device status of greenhouse, having no 
permission to set parameters or control devices. The 
administrator can set system parameters, at the same time, is 
able to control greenhouse devices remotely. The 
administrator has the highest authority. Logging into 
administrator account repeatedly is forbidden, which ensures 
no conflicts between control commands and enhances the 
security of the remote monitoring system. New users need to 

register before logging in the system. Data persistence 
technology is used to save users' login password in the 
system. Android system mainly provides three ways to 
achieve this function: file storage, SharedPreferences storage 
and database storage. The system adopts SharedPreferences 
storage, and utilizes key-value pairs to store data, which 
make the operations simple and efficient. When registering a 
new user, the regular expression is used to verify the 
legitimacy of registration information, which can improve 
the safety of the software. A regular expression is a criterion 
that can be used for pattern matching and substitution, which 
is a text mode composed of ordinary characters and special 
characters (meta-character). The related authentication 
method of this system is encapsulated in Utility.java. E-mail 
format validation's sample code is as follows: 

public static boolean isEmail(String strEmail) { 
String strPattern = 

"^[a-zA-Z][\\w\\.-]*[a-zA-Z0-9]@[a-zA-Z0-9][\\w\\.-]*[a-z
A-Z0-9]\\.[a-zA-Z][a-zA-Z\\.]*[a-zA-Z]$"; 

…/*parameter passing*/} 

3.2   Data Display 

On Android client, users can obtain greenhouse real-time 
environment information, including outside temperature, 
solar radiation intensity, inside average temperature, inside 
average humidity and CO2 concentration, etc. It is easy to 
refresh UI on Android client with the interactive mode of 
dropping down the screen, displaying the latest data, which 
spends less online traffic than polling periodically. When 
transmitting the greenhouse data in the network, it is 
necessary to format data firstly, enabling them to perform the 
same structure and semantics. Then Android client receives 
the data, and parses data with the corresponding structure and 
semantics, achieving data display. This system adopts JSON, 
lightweight data-interchange format, to realize data 
transmission on the network. And JSONObject is used to 
parse JSON format data. 

3.3   Data Query 

Historical data is an important reference tool to arrange 
and adjust the production plan in agricultural production. On 
Android client, users click on the menu bar to query 
greenhouse historical environment data and device          
control records. In order to analyze and judge greenhouse 
data   visually, open source charting library AchartEngine is 
selected to realize visualization on Android client.     
AChartEngine supports many kinds of chart types such as 
line chart, bar chart, combined (any combination of line, 
cubic line, scatter, bar, range bar, bubble) chart, and 
improves the efficiency of developing. 

3.4   Parameter Setting 

The greenhouse's reasonable parameter setting provides a 
reliable guarantee for crop growth environment. 
Administrator sets appropriate range of variation for 
temperature, humidity and solar radiation based on 
experience in Android client's environment parameter setting 
interface. If the real-time environment data exceeds the 
reference value range, an error message will appear to 
remind the user to take timely control measures. In system 
parameter setting interface, the administrator can select 
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different control modes (automatic or manual), as well as the 
existing different control algorithms of the system: 
temperature integration control, fuzzy control and interval 
control. 

3.5   Device Control 

Safe and effective device control is the core of modern 
greenhouse remote monitoring system. Android client 
accesses network by the method of HttpClient, interacting 
with the server. Apache HttpClient module is already 
integrated in Android SDK. DefaultHttpClient performs 
requests and gets the response. According to the different 
request method (GET or POST), the corresponding 
HttpGet object or HttpPost object is encapsulated, then 
returns HttpResponse. 

Greenhouse devices are classified into two types 
depending on whether they need to delay reset: type 1 is 
controlled by single phase motor such as fans and cooling 
pad, and type 2 is controlled by three-phase motor such as 
ventilation window and inside shading screen. For type 1, 
the administrator sends control commands by clicking the 
screen button. At the same time, Android client requests 
to the server by the method of HttpClient, and then writes 
corresponding control logic to the database. Local 
monitoring software detects the new control command in 
the database, and changes device operational status, then 
sets the status bit of database. Android client prompts 
command executed successfully after detecting the set 
information, and then updates UI in sub thread by utilizing 
asynchronous message processing technology. If the set 
information transmission timed out, Android client 
prompts command executed   unsuccessfully. 

For type 2, to analyze Android client remote control 
logic, take inside shading screen for example. The inside 
shading screen's opening and closing status can be 
simplified as four kinds according to time mechanism: full 
close, open 40%  open 70%, full open. According to state 
machine-related knowledge, there are 12 transformation 
situations to control inside shading screen. When 
detecting the administrator's control commands, Android 
client compares the current device status with the desired 
device operating status, and makes a judgment on what 
control situation it belongs to, then writs it to database. 
Local monitoring software detects the control commands, 
and then calls the appropriate control subroutine to achieve 
remote control. Fig.3 shows Android client device control 
logic. 
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Fig. 3: Device control logic 

3.6   Remote Video Monitoring 

Without position feedback sensors in the greenhouse 
system, the users can't ascertain the operational states of 
greenhouse devices easily, which may results in safety risk in 
some instances. Therefore, the remote video monitoring is 
designed to provide security for remote motor control. And 
the HIKVISION infrared webcam of DS-2CD3212D-I5, 
installed inside the greenhouse, is used to capture real-time 
video of the main ventilating devices ventilation window and 
fans in greenhouse, which help the users observe devices 
real-time operating status expediently. H.264 is the most 
advanced video compressed algorithms nowadays, which 
consists of the video coding layer (VCL) and network 
abstraction layer (NAL). H.264 standard introduces error 
resilience technology including data partitioning strategy, 
which satisfies the demands of high compression ratio and 
complex network environment in mobile remote video 
monitoring. Therefore, streaming media server acquires 
H.264 video stream from the webcam in this system, and 
then forwards the video stream based on RTSP. The Android 
client connects to streaming media server, and then obtains 
real-time video stream, decodes and plays them though VLC 
multimedia player library. The process of remote video 
monitoring is depicted in Fig.4. 
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Fig. 4: Video monitoring process 

4   Results and Analysis 
The system application has been tested since last 

September in the greenhouse located on the roof of 
Department of Automation, University of Science & 
Technology of China. The span of greenhouse north-south is 
8.2m, the length of east-west is 12.2m, the eave height is 
4.9m and the roof height is 6.2m. The test smartphone is 
SANSUNG GALAXY S4 (I9500), with Android version 
4.2.2, accessing the internet via WIFI. 

 
Fig. 5: Data display 

5744



  

1) It displays the time of data acquisition at the top of the 
real time data display interface. By sliding down the screen, 
the users get the latest greenhouse environment data such as 
inside average temperature, solar radiation, outside humidity 
and others as shown in Fig.5.  

2) Fig.6 (a) shows historical data graphically, the interface 
supports zoom-in and zoom-out function. Fig.6 (b) is 
greenhouse devices operation records. In the case of local 
monitoring software opening, the actions of greenhouse 
devices including fans, cooling pad, ventilation window and 
inside shading screen can be recorded as well as inquired. 

   
(a) Historical data                 (b) Devices operation records 

Fig. 6: Data query 

3 Fig.7 (a) shows system parameters setting, including 
different control modes and algorithms. Fig.7 (b) shows 
environment parameter setting. The temperature extremum 
represents the maximum temperature variation range that 
plants in greenhouse can bear, and the range of temperature 
setting is the desired temperature control range. Because 
greenhouse temperature changes slowly, the temperature 
integration is adopted to describe the average temperature 
variation during a time of data acquisition. 

   
    (a) System parameter setting   (b) Environment parameter setting 

Fig. 7: Parameter setting 

4) Device control interface is given in Fig.8 (a), (b).   Fan1, 
fan2 and cooling pad belong to the type 1 device as 
mentioned before which are on-off devices. And the 
continuous devices ventilation window and inside shading 
screen are type 2 devices. Fig.8 (a), when the administrator 
clicks on the open button of the fan 1, the fan 1 opens 
immediately. Fig.8 (b), after the open command of inside 
shading screen is sent, it takes a few seconds to open the 
inside shading screen. During one control command 
executed, the other control command can't be executed until 
the system prompts success or failure.  

     
(a) Fan1 open                    (b) Inside shading screen open 

Fig. 8: Device control 

5) Fig.9 shows the remote video control screen in 
landscape mode. The operational status of fans and 
ventilation window are observed in the system. Although 
about 1s delay, the overall picture is clear. In the video 
monitoring interface, the administrator can click the button at 
the bottom right in the screen to select the best viewing mode. 
Meanwhile, it is allowed to save pictures with the screenshot 
button. 

 
Fig. 9: Video monitoring 

The greenhouse remote monitoring system, both English 
and Chinese versions contained, has continuously operated 
for about eight months, and the users can send remote control 
commands accurately and effectively with Android 
smartphone, which provides stable and favorable conditions 
for the greenhouse plants growth.  
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5 Conclusions 
In this work, an Android-based modern greenhouse 

remote monitoring system was developed, which combines 
RTSP, JSON format data parsing and other techniques 
together and is capable of achieving safe and reliable 
real-time monitoring on greenhouse. However, there are 
some issues of this work needing further study such as 
improving the intelligent control algorithm and smoother 
video playing. On the whole, the scientific and intelligent 
management on "pocket greenhouse" has basically come true. 
Furthermore, this work will play a role in the remote 
monitoring of the Internet of Things development. And it 
will be widely used in modern agriculture's other areas. 
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