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Abstract

Monitoring and control of the greenhouse environment play a decisive role in
greenhouse crop production processes. The network system for greenhouse control was
developed by using recent technologies of networking and wireless communications. In
this paper, a remote monitoring and control system for greenhouse using a smartphone
and a computer with internet has been developed. The system provides real-time
remote greenhouse integrated management service which collects greenhouse
environment information and controls greenhouse facilities based on sensors and
equipments network. Graphical user interface for an integrated management system was
designed with bases on the HMI and the experimental results showed that a sensor data
and device status were collected by integrated management in real-time. Because the
sensor data and device status can be displayed on a web page, transmitted using the
server program to remote computer and mobile smartphone at the same time. The
monitored-data can be downloaded, analyzed and saved from server program in
real-time via mobile phone or internet at a remote place. Performance test results of
the greenhouse control system has confirmed that all work successfully in accordance
with the operating conditions. And data collections and display conditions, event
actions, crops and equipments monitoring showed reliable results.
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Fig. 1 Plan of system structure for the greenhouse monitoring and control.
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Fig. 2 Design of system structure for the greenhouse monitoring and control.
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Fig. 3 The structure of the greenhouse monitoring and control system.
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Fig. 4 Installation of the greenhouse monitoring and control system.
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Fig. 5 Views of the greenhouse monitoring and control system.
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Table 1. Specifications of the greenhouse monitoring and control system

[tem Manufacture & Model Specification
JIntel 1037U 1.86GHz dual core
) .DDR3 1066MHz, 2GB
Server .Ensh|p, ES2 160G HDD

Power Gate Way .Mcopia, UbiMas-PU

Sensor Gate Way .Mcopia, UbiMas-MTU

.10/100/1000 Ethernet

.Power over Ethernet(PoE)
Ach. Analog Input
.10/100Mbps Ethernet

.128 Ksteps

.AC 110/220, DC5V 6A

.Open Ethernet

.RS-232C 1ch., RS-422/485 1ch.
.Profibus-DP, Master

.DC 24V 16ch. Input

.DC 24V/AC 110V/220V, 16ch Relay

.H.264/MPEG-4/MJPEG
.30fps in 704*480
.12x Optical Zoom, 16x digital Zoom

.500VA

.LSIS Co., XGK-CPUS
.LSIS Co., XGP-ACF2
.LSIS Co., XGL-EFMT
PLC .LSIS Co., XGL-CH2A
.LSIS Co., XGL-PMEC
.LSIS Co., GPL-D22A
.LSIS Co., GPL-RY2A

Camera . Samsung Co., SNP-3120VH

UPS . Power Com, BNT500AP
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Table 2. Specifications of the greenhouse monitoring and control system

Item Specification
0S Linux Compatible
Linux Kernel 2.6
Web Server SULinux 2.0
DB Server Apache 2.0.63
Java JDK MySQL 5.5
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(a) computer monitor

(b) smartphone

Fig. 7 Views of the greenhouse monitoring and control software.
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Table 3. Operation test results of the greenhouse control system on setting of temperature

Conditions
Device Operation Results
Time Range Values Temperature Range Values
open 8~18 17 24~26 27 success
X 8~18 17 24~26 25 success
Roof close 8~18 17 24~26 23 success
windows close 8~18 19 24~26 27 success
close 8~18 19 24~26 25 success
close 8~18 19 24~26 23 success
open 8~18 17 24~26 27 success
X 8~18 17 24~26 25 success
Roof close 8~18 17 24~26 23 success
windows close 8~18 19 24~26 27 success
close 8~18 19 24~26 25 success
close 8~18 19 24~26 23 success
open 8~18 17 24~26 27 success
X 8~18 17 24~26 25 success
Side close 8~18 17 24~26 23 success
windows close 8~18 19 24~26 27 success
close 8~18 19 24~26 25 success
close 8~18 19 24~26 23 success
open 8~18 17 24~26 27 success
X 8~18 17 24~26 25 success
curtain close 8~18 17 24~26 23 success
close 8~18 19 24~26 27 success
close 8~18 19 24~26 25 success
close 8~18 19 24~26 23 success
open 8~18 17 24~26 27 success
x 8~18 17 24~26 25 success
Side close 8~18 17 24~26 23 success
curtain close 8~18 19 24~26 27 success
close 8~18 19 24~26 25 success
close 8~18 19 24~26 23 success
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Table 4. Test results of limit switch operation and displaying status on motor operation of each

apparatus
Limit switch Contact status rggr?gg::g Results

Contact OPEN 0K

Upper Non-Contact in opening operation
Non-Contact in closing operation Closing OK
Contact Close 0K

Lower Non-Contact in closing operation
Opening OK

Non-Contact in opening operation

Table 5. Performance test results of the greenhouse control system controlled by smartphone

Item Performance
Control command errors(%) 0.2~0.5
Response time for smart phone control(s) 2~4
Simultaneous data collection number(ea) 980
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