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Development of remote environment monitoring

system of a state-of-the-art greenhouse
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SUMMARY

I. Title

Development of remote environment monitoring system of a state-of-the-

art greenhouse

IT. Purpose and Background

Environment control and growing management by the computer system
was constructed at the state-of-the-art greenhouse as a representative
symbol of technical intensive agriculture. But the economical efficiency of
greenhouse was declined because of low level utilization according to the lack
of hardware safety and reliability, the lack of operating software, the
complexity of system that could not handle by operator and the lack of
information about the correlation of system and plant. Therefore more
economical greenhouse management plan was asked for.

So a information supplying system should be developed to set the control
strategy of greenhouse management and to monitor each component that was
parts of state-of-the-art greenhouse by the experts.

This research was conducted to develop a remote environment monitoring
system of a state-of-the-art greenhouse that was consisted of data collection
system, integrated management system and display-remote operating system.
This system provides stability and reliability about the state-of-the-art
greenhouse and also provides the control strategy for greenhouse
management by constructing database system about environment factors,
on-line status of system and growing status of plant.

To pursue this goal efficiently, the research subject was divided into two
sub-subjects, namely, "Development of monitoring and integrated management
system for greenhouse control system (Seoul National University)” and

"Monitoring for plant growing status and development of information
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providing system for control strategy (Hankyung National University).

The specific aims of this research were below.

1. Suggestions for desirable architecture of environment monitoring system of
a state-of-the—art greenhouse.

2. Development of monitoring module that was client/server type which
monitors environment of greenhouses and status of control units.

3. Construction of computer vision system that was regarded of conditions of
greenhouse environment and development of analyzing and diagnosing
algorithm about growing status.

4. Construction of data collection system through combining monitoring unit
of environment with monitoring unit of growing status.

5. Construction of database system that was given by developed information
collection system and development of integrated management system that
provides the control strategy information.

6. Development of remote monitoring and controlling system of growing

environment of state-of-the-art greenhouse using Internet.

IMI. Research Content and Scope

Main research contents of each sub-subject are as follows.

[Development of monitoring and integrated management system for

greenhouse control system (Seoul National University)]

The object of this research is the development of systems that collect data
which are related with environment, weather conditions, on-line status of
greenhouse and that save the various data to the database and that offer the
useful information to farmer and related experts in real-time through Internet.

The main research contents of each sub-subject are as follows.

_11_



1. Composition of remote monitoring system of a state-of-the-art greenhouse
A. Analyzing the requirement of greenhouse monitoring system through
investigation the problems of current greenhouse.
B. Definition components of greenhouse monitoring system and study on

logical and physical architecture of system.

2. Development of data collection system for environment and control status
A. Study on monitoring items for the monitoring and integrated
management system
B. Development of monitoring equipment which can monitors environment
and control state of greenhouse.
C. Development of a client/server type data collection system which can

observes multiple greenhouses at the same time.

3. Development of remote control system

To increase the reliability of a state-of-the-art greenhouse, develops
remote control system which can operate the control system of greenhouse in
remote distance at emergency states.

A. Selection of the items to be controlled when emergency happens.

B. Study on remote control methods through investigating existing control

system.

C. Development of remote control system to be used with existing control

system.

4. Development of integrated management system
A. Selection of integrated management system hardware and database
management system.
B. Definition of communication protocol and network between each system
that has been developed as a component.

C. Construction of integrated management system by combination of all

_12_



systems which were developed as components, and installation the system

at greenhouse to field adaptability test.

5. Implementation of database and development of information providing
system for greenhouse control strategy

A. Selection of the major entities through requirements analysis, study on
structure and function of the database and design the database through
the logical and physical design process.

B. Study on the required modules for remote monitoring, integrated
management of control system and providing of information serving for
control strategy.

C. Development analyzing module to produce necessary information that
supply total management and control strategy information serving from
greenhouse database.

D. Development of alarm module that detects extreme environment from
the failure of control unit.

E. Development of web—service module that can control remotely and can

watch the greenhouse by Internet.

[Monitoring for plant growing status and development of information

providing system of control strategy(Hankyung National University)]

1. Construction of computer vision system for measuring growth information
A. Construction of computer vision system for measuring growth
information that was considered the characteristics of plant and

environment of green house
2. Acquisition of time series of plant images and development of analyzing

technique

A. Development of analyzing technique of geometrical characteristics and

_13_



color for image calibration

B. Selection of effective factors for analyzing time series plant images.

3. Development of measurement algorithm for growing status and model for
analyzing growth information
A. Development of measurement algorithm for growing status of plant
B. Development of analyzing method of plant structure
C. Development of yield prediction model

D. Development of diagnostic technique of plant growing status

4. Construction of plant monitoring unit and verification experiment
A. Construction of plant monitoring unit for verification experiment
B. Investigation of time series image property through verification

experiment and development of prediction technique of yield with fresh

weight prediction model

IV. Major Results and Suggestions

[Development of monitoring and integrated management system for

greenhouse control system (Seoul National University)]

1. Composition of remote monitoring system of a state-of-the-art greenhouse

A. As the investigation results of the greenhouse problems, lack of the
stability and reliability of the hardware, weakness of the used software,
complexity of the system to a cultivator and shortage in the information
of the mutual relation among the component was shown.

B. Analyzing the problems and requirements, remote monitoring system of
a state-of-the—art greenhouse was composed of data collection, integrated
management and display-remote operational system.

C. The physical architecture was studied on the basis of logical
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construction.

2. Development of data collection system for environment and control status

A. Temperature, humidity, solar radiation, COZ2 concentration, nutrient
temperature, EC, pH, toxic gases concentration, ceiling and side window,
curtain, boiler, nutrient supplying equipment, weather condition and the
inside image was selected as the representative items of the greenhouse
condition.

B. House Monitor was developed which is measuring module using single
chip microprocessor PIC16F877 for monitoring greenhouse.

C. The performance of the house monitor as follows. 1)detection time of
control status change was less than lminute for side window, curtain and
nutrient pump, 2) and was less than 6 minute for boiler and ceiling
window, 3)precision of the house monitor was within +0.3%. Those were
showed that house monitor had enough features to monitoring the
greenhouse. An abnormal data was intercepted by verifying the measured
value. The communication protocol was selected RS-485 for the group
monitor and the house monitors to observe a lot of greenhouse without
data loss.

D. Using the camera which can control pan/tilt/zoom in a remote place, the
inside state of the greenhouse was able to be grasped intuitively.

E. The group monitor, which was made to manage several house monitors,
transmitted the collected data to the integrated management server at its

request through the internet

3. Development of remote control system
A. Considering the emergency and control equipment of experimental
greenhouse, ceiling and side window, curtain, air cooling fan and
ventilation fan were selected as items of the remote control.

B. The remote control system was developed to transmit the command
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from the remote place to the existing control system by the group
monitor.

C. The remote control system gets the control right only in user’'s request,
after control, it turn over to existing control system, so the modification
of the existing control system was minimized and it could ensure the
stability and combine each other easily.

D. Operation of the remote control equipment — 34,560 times of experiment
in 96 hours — made 99.1% of successful result and showed that it had

stability and real time responsibility.

4. Development of the integrated management system

A. The integrated management system was consisted of integrated
management server, web server, and warning server for data collection,
storing to the database, data processing and analyzing, providing the
information by Internet.

B. The server grade computer and Windows 2000 was selected as
integrated management server for guaranteeing reliability, flexibility and
high performance.

C. MS SQL server 2000 was selected as database management system
considering the user friendly interface and easy to manage with Window
operation system.

D. Implement the web server using DataSnap, ASP and Active X for easy
accessing and upgrading by unskilled person.

E. Development the warning server which can be detected the emergency
situation and immediately and directly generated the warning to user
through the CTI(Computer Telephony Interface)

F. Selection and implement the communication protocol TCP/IP for between
systems and serial, message protocol for equipments considering the
extensibility, flexibility, transmission efficiency, and etc.

G. The integrated system was installed in the experimental greenhouse.
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According to unit test, the integrated system was proved working well.

5. Implementation of database and development of information providing
system for greenhouse control strategy

A. Selection the important entities by analyzing requirement of database,
design the structure of database which consists of as followings; data
collection part of environment and control status, recording part of
farming, maintenance information part of greenhouse equipments, plant
status analyzing part, supplying static information and greenhouse facility
management part.

B. Implementation of greenhouse database by the following procedures; 1)
Grouping the entities by input output method, making information method,
entity attribution, etc. 2) Design ERD(Entity Relation Diagram) and data
table through conceptual, logical, physical design procedure. 3) Porting
ERD and data table to the internal data model of MS SQL.

C. The information providing system for greenhouse control strategy was
composed of data processing and analyzing module, warning module, and
web service module.

D. The data processing and analyzing module could display the graph
and/or table of related information by selecting the monitoring items
and/or searching range. It could analyze the relationship or the trend of
each element; weather condition, internal environmental change, operating
status of control equipments, and plant growing state. It also could search
the harmful insect and plant stress information. The provided information
by this module was helpful to make greenhouse control strategy.

E. Selection monitoring fault, abnormal temperature, and nutrient supplying
equipment fault as the emergency situation. The warning module had
1009 detection rate for monitoring fault situation within 3 minute and
70~80% detection rate for abnormal temperature and/or nutrient supplying

equipment fault within 4.5 hr. The main reason of low detection rate for
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equipment fault was turned out the experimental condition could not make
abnormal environmental condition. From the experiment result, the
warning module was proved that it has sufficient features to improve the
confidence and stability of greenhouse.

F. Web service module could be monitored greenhouse environment, control
equipment, and plant status by the Internet. It also could be remotely
controlled the equipment through the Internet when the emergency
situation was generated. The web service module was proved that it has
sufficient features to remote monitoring and integrated management for
control system.

G. The developed system had enough features to improve confidence and
stability of the state—of-the—art greenhouse. The system, which located in
center and managed by expert, could be efficiently managed the
state-of-the—-art greenhouses by the Internet. Through the experiment, the
system was proved that it could provide enough useful information to

make greenhouse control strategy.

Future study is suggested to develop more efficient monitoring method for
plant status through studying various monitoring items and methods and to
improve the database with expert continuously.

For commercialize the developed system, development of low cost
monitoring method for plant status and more simple, cheap, and rugged
equipments for installed in greenhouse side are required at further study.

The developed system in this study can be use to optimally manage and
improve the productivity of the state-of-the-art of greenhouse by the
specialized greenhouse management company. The system also can be use to
develop and improve the economical environment control model through
monitoring and analyzing the relationship between the plant - environment-

control equipments.
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[Monitoring for plant growing status and development of information

providing system of control strategy(Hankyung National University)]

1. Construction of computer vision system for measuring growth information
A. The computer vision system was constructed using 4 types camera
(RGB, S—Video, composite color signal and B&W image signal), wide

angle lens and optical band-pass filter. And an image signal multiplexer

was also introduced to acquire various image signals in a frame grabber.

2. Acquisition of time series of plant images and development of analyzing
technique
A. To verify the proposed color analysis technique by standard color bar,
the color distribution of lettuce was analyzed. As a result of analysis, the
allocated distributions of lettuce pixels seemed to be similar even if
un-uniform illumination conditions, so we were concluded that the
standard color bar method has shown the reproductivity of color

measurement.

3. Development of measurement algorithm for growing status and model for
analyzing growth information

A. A weight prediction model using average diameter of tomato was
developed and tested. The measurement error was 0.58g for cherry tomato
and 5.4g for tomato therefore the weight measurement was accurate
relatively.

B. After allocating the color of lettuce to the 100 color patches that were
attached color bar, the success ratio for the estimation of the healthy
conditions of lettuce was 80% using allocating frequency of color patches.

C. The prediction model of chlorophyll that was measured by portable
chlorophyll meter(SPAD) was developed. The accuracy of pass—fail test

was 89 % with 550nm band-pass filter images.
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D. The allocation histogram of standard color patches about leaf withered
tomato was analyzed. The major 10 standard color patches had shown
high frequency than any other color patches and the status of leaf
withered disease was possible to predict using frequency ratio of standard

color patches.

4. Construction of plant monitoring unit and verification experiment

A. To acquire the plant image during growing period entirely, 3 monitoring
units that was fixed to greenhouse were constructed. The two units were
used to data acquisition, and the other was used to greenhouse
monitoring. The monitoring unit was combined to driving unit that was
capable of panning, tilting and zooming of camera.

B. The 2nd order polynomial regression model that explains the relationship
between projected area and fresh weight was developed using the images
that was captured during 30 days. This model shows the 0.876
determination coefficient(r2) and 2.61 g prediction error. Finally the
estimation method of yield crop at harvesting and the decision of growth

status were developed using projected area and standard growth table.
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S U AR A5 PHE 9 P o|ARZRANE o &7 7
AEES ARl 20 JHE FANHES HAT PARELS H52EUE
(House Monitor)eti o A9l om, A et 922 UE S Axste]
AN ABRUE ASsa, 249X AAE gAsE IFEUH

(Group monitor)2} W3 FA = #53 dHolHE AFst=E 45T 9
7] 717 = JER U vtz g
HEs 74500, aFEYHE HTE o] & 3} o]
Holl AAE Fdde] AW dAFHes 74500 584 2 AfAR F

A Nede FHe a9 219 2ok

2

=

AHUE

- Power state

Environment l:lj Weather
'\?vw"temp' -Wind speed
:ng i Image -Wind direction
- Solar radiation -Outside temp.
-EC House Monitor
A #1 l RS-232
- Nutrient temp.
- Toxic gases
— House Monitor| |RS-485 m
Control #2
| Equipments |
- Ceiling windows %
- Side windows
- Boiler temp. House Monitor] )
- Curtain #n Group Monitor Server
- Nutrient device

Fig. 2.1 Block diagram of data collection system for

environment and control status
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Table 2.1 Selection of monitoring items

Classification

Monitoring Items

Growing

environmental factor

Inside temp., Relative humidity, Boiler temp.,
Nutrient temp., EC, pH, CO3

Harmful

environmental factor

SOx, NOx

Weather condition

Solar radiation, Wind speed,

Wind direction, Outside temp.

Control device

Side window, Ceiling Window,

Curtain, Nutrient device

Etc.

Power state, comunication state

.

AEEE 2 AARZE AF

1) S$22UEY SH93

!

SH7IASFA T 29

4
o

stol @A FE2He] WFE

A

g S B

A gH e A HEH
s A A
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Table 2.2 Required Specification of monitoring item

Monitoring )
Range Output Resolution | Accuracy
Items
Dry temp. -10~607C AR 01T £0.17C
Wet temp. -10~60TC AR 01T £0.1C
Boiler temp. 0~100C AR 02T £0.2C
Nutrient temp. -10~60TC AR 017 +0.1C
Solar radiation. 0~16kw/m* | 4~20mA | +25w/m’ 2%
SOx 0~20ppm 4~20mA 0.2ppm +1%FS
NOx 0~20ppm 4~20mA 0.2ppm *1%FS
CO, 0~2000ppm 4~20mA 4ppm +35ppm
EC 0~10mS/cm 4~20mA | 0.1mS/cm £2%FS
pH 0~14pH 4~20mA 0.1pH +0.5%FS
Ceiling window 0~100 % 0~5V 1% +2%FS
Side window point of contact | On/Off - -
Curtain point of contact | On/Off - -
Nutrient device | point of contact | On/Off - -
Power state AC power fault - - -
Wind direction 0~360, RS232C 1, 17,
Wind speed 0~78m/s RS232C 0.1m/s 5%
Outside temp. -45~60TC RS232C 0.1T +0.5C

Psychrometric data= -10ColA 55C<¢ WL et 20Tl A 120TC <Y
oA AL AL WA o3 2

- Saturation line, Ps

mPS=31.9602—521Q7~§5ﬂ5—0.46057mT

25538 < T <273.16

_19_



P A+BT+CI*+DTP+ET
In("p )= FT-GT*

27316 < T <b533.16
R=22,105,649.25 A=-27405.526 B=97.5413 C=-0.146244
D=0.12558x10"  E=-0.48502x10" F=4.34903 (G=0.39381x10"

-Wet bulb line
Pyy—P,=B(T,—1

P
1006.9254( P,y — Py)(1+0.15577 #P )
atm
0.62194%

B =
1
W =(7,329,155,978,000 —15,995,964.08 7%)

- Relative humidity

Vh:%
Table 2.3 Nomenclatures

h'ig Latent heat of vaporization of water at T
In Natural logarithm(base e)
Pam Atmospheric pressure, Pa or psi
Ps Saturation vapor pressure at T, Pa or psi
Pswb Saturation vapor pressure at Ty, , Pa or psi
Py Vapor pressure, Pa or psi
rh Relative humidity, decimal
T Dry-bulb temperature, kelvin or rankine
Tap Dew-point temperature, kelvin or rankine
Twp Wet-bulb temperature, kelvin or rankine
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2ol Y A S AT AHELS T 224 AHF a7 TS =
5 Ak a, 2t7he] Al sl digh WA= i 249 2T
Table 2.4 Specification of sensors and transmitters
B H e Ay /A 2 3] A} =9 AT | ®a
2,
©% [-20~100C | PT-100(KS C1603) | AR | +0.15C | 5
O Ty
By
0~ 16
A} 5 S-1-4 / OTA 4~20mA 2%
(kw/m”)
HISENSE-1000D +1%FS
50: | 0~20ppm / INFITRON A=20mA - o5y
HISENSE-1000D +1%FS
NOz | 0~20ppm / INFITRON A20mA - o5y
+35ppm
CO, |0~2000ppm| GMW22 / VAISALA | 4~20mA o)
0~ 10 passive | +204FS
EC (mS/cm) HI98143 / HANNA A 20mA (25C)
passive |+ 50
pH |0 ~ 14 pH| HI98143 / HANNA #0915
4~20mA | (25°C)
B
i - GC-455N/Honeywell | 41%F 34 - RS-485
O
O O
7] e}
YU EAQA(HAHAH)
Aot | oWt 1D ey e | OO
=]
3) F 7AEAE 53

R 7Y BRoRE T, T, 257

Weather Monitor II &
2R a=

Weather

A8 35t
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Table 2.5 Specifications of the Weather Monitor II

) Power | Output
Measuring Item Range Accuracy
supply type
Wind direction 0~360° +7°
Wind speed 09 ~78m/s +5% | 230VAC | RS232C
Outside temperature -45~607C +0.5C

7]
=3
IF L h_-"'- - L —| h.';]'
il - -] [ ._.-::F'
. e "q-.- ui;':p.
Fig. 2.2 Components of Weather Monitor II
A9 MR B L AT B3L ASdE 2 AAEY 9P TY239A
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a9 2674 YERR ST

Fig. 2.3 Photograph of the Fig. 2.4 Photograph of the

EC/pH transmitter Gas Sensor(SO03,NO;,CO2)
Fig. 2.5 Photograph of the Fig. 2.6 Photograph of the
RTD ane—- mometer and the
pyrheliometer

9 &4 W 94 95

B ATgNE 24 e JHE AU T £ YEF WY P
°]

R

g5sto] 2FRUHAA A9 F AEF gk UT 9L el 14
5 AFelAE A7hg PCAMBE Agsgo, ¥ A7 AEEA ey
2 olgstel AAGA Avlete] 9x% A Ao UY FHE Y B

op

skt
Zhd 2k= Hneywell AFe] GC-455N& A8kl om 1F X UYEo| MatroxAl<]
Cron Zd < @ o]® (Frame grabbor)E A x|3te] 7lWgle] ¥ = NTSC
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B3 g ANF5E 559 siete 99X+ HoneywellAb2]  GPT-203
Pan/Tilte =2tolHE T4 /O 7t=5 o] &3te] Alojabalar, g Fa4 Ao

T RS-485 BAl& ol&sisith. & 262 Jhdlere] Feo wWAlelx, ¥ 272
Pan/Tilt =2fo] W7} F-2be Fheete] 9] wholtt,

Table 2.6 specifications of the internal monitoring camera

% A NTSC
2dd GC-455N
=24 AR 1/4" 1T CCD
%_;'_Zj—;; er—: 5’_\',:_/ 410,000 &} 4
S/N H] 46dB ©] %+
T3 T 450TV Line ©]4F
A= 16¥) = (F1.6, f=3.9~63mm)

Shooting Distance| WIDE(1cm) TELE(120cm)

HA IARA 2% | 1Lux

urg = x2(x32): 7]¥ A2 x8/(x128): Option

7] WA W 57]/91%% 7] (Option); VBS

AWB/Preset(Indoor, Outdoor)/Manual WB/

White balance Open push AWDB/Special AWB

A W RS-485 »d

Fd =9 VBS; 1Vpp, 752/Y; VS 1 Vpp / C; 0.286 Vpp
Az Mg &% 1/60~1/10000 28%+A)
Flickerless Mode | Manual ON/OFF

Iris %A Auto/Manual

AGC =4 ON/OFF

TELE(’3371)/WIDE(38&7])/NEAR(+7])/
FAR(-7])/MENU

T 2= 0°C~40T

By 2% -20C ~60C

T A4 DC 12+2V

2] A AW

oy A 65.8%64.6x104mm
= 430g

On screen Display| ON/OFF
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Fig. 2.7 Photograph of the internal monitoring camera

& Pan/Tilt driver

2. 22Uy AL
1) st=919
7H A=d 74 ' 7E
SR UEe F8 P 17 2.80 e AL
AFE A= S/W 23S 5319 RTC(Real Time Clock)e] A7He oz A
g gon, aFEYEE Bt M SA deldel dig etk shskak
S AR F 9lo] 74 dHolE o ARHEAE AT + 4
ZUEE 11709 obdza A5 s 16719 "AE Aas FrHer A
g el ¢ RTCE5E &2 ASAZHE 2% EEPROMe| &tite] 3
OdERUHe] g7 wet 43 tolHE RS-485 TAlo®
dol8 = LCDE §ato] FAIEH ARE27E 42 vlolE o 4
AuH Au5y ARFoE ARE WA, IFEYE AR
WA &

- AR U= RS-485 $4AlS ol &g mx doly Edgle]l 4T HolH

il
g

o AFEUHE AFT 5 9ov, Brd HSARUHE TFRY

&
Hol A% & Q=2 Ausigck
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AC/DC Back-up | | Analog power

AC Power —

Converter Battery Digital power
Environmental RS-485 driver s 10 Group monitqr or
Sensors I other house monitor
: — | Alarm devices
Signal L pux JA/D
Conditioners
T — |Character LCD
Control cp -
e U EEPROM
l — “— | Switches
soatae | Digital Input A
solators B - RTC

Fig. 2.10 Block diagram of the house monitor

) who] A= £ 2 A A (Microprocessor)

S9-2~RYE ] wolAZZZ A= 8 bit CMOS Alo]71& o] A/D3 =,
EEPROM, RAM, 871¢ pull up port 5= 7FA 1 lon 3FuE= of7)dx
(Harvard architecture)®] RISC CPUZ W& A& TE 7131 3+ Microchip
Akl PICI6F877S AL-8319

PICI6F877 A Zzad g E 7HAa glo] Lz a9 (Firmware)
A FAol &olstal AHAn7E Av. aula a9 wEe et dHely v
2 7F gk EeEldo] vine]e &fert wom WEold iy BEAAYE F
3 o ghwie] sfx|vto R E wWEo] Hao] rheatng ALt wET

5 8Kx14 word ¢ &= FeiAl TR v e} 368x8 nfo]E Q] |
olf "W R (RAM) 183 256 x8 H}o]E o] EEPROM Hlol¥ wWXE#Z 7}x 1

P

EUE el o] SAs o & thado] Bal WiF Adto]l B Al &g

3 272 PICI6F8779] i3k SAS vYeEtlidth
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Table 2.7 Specifications of the system controller

Model PIC16F877
Operating Frequency 20MHz
Resets(condition) POR, BOR
Flash Program Memory(14bit word) 8K
Data Memory 368 Bytes
EEPROM Data Memory 256 Bytes
Stark depth 8

I/O Ports Ports A,B,CD,E
Timers 3
Capture/Compare/PWM modules 2

Serial Communications MSSP, USART
Parallel Communications PSP, 12C

10bit Analog-to-Digital Module 8 input channels

Instruction Set 35 Instructions

gto] BElA 3R guHe A A
o] @ =(Reference zener diode)$t A4 FEH7[(LM324)& Ab&ste]l AHSshs &
AA 7= 3 2E AT

AA el Aadel dido] RS Aol BelA 3= 544
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Table 2.8 Specifications standard of the serial communication

RS-232 RS-423 | RS-422 | RS-485
Max Driver 1 1 1 32
NO. Receiver 1 10 10 32
Max. Distance(m) 15 1200 1200 1200
Max. bps 20k 100k 10M 10M
Transmit Max £15V 6V B
Level Min 15V +3.6V +2V +15V
Sensitivity (8] 3k ~ Tk ~ <450 | ~<100 ~ <60
Driver Zou 3009 60kQ 60kQ 120kQ
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It fh2 167 Hexgkolth

Table 2.9 Control character of communication

Symbol Hex Description

NUL 70 NULL

STX E Start of Text
ETX 73 End of Text
ENQ 75 Enquire

ACK 76 Acknowledge
NAK 7 Negative Acknowledge

o]l o] WMAIX FFxE= T 2103 2t}

Table 2.10 Communication protocol of the house monitor

0 1 2 3 LENGTH-1
STX ID LENGTH | OPCODE DATA FIELD [N]
TX M22| | RS_ID | TX_BUF | TX_BUF+1 TX_BUFD
RX o =22 RX_BUF

[0] STX(= 7EH)
[1] LENGTH

[2] OPCODE

[3] DATA FIELD

% DATA FIELD9 Zo]&= OPCODE®

-> start of message flag (1byte)

—> total message length ( STX ~ DATA FIELD )
-> command®l] operation code

-> OPCODE ©°| W& data

w2} 0730 bytes 7} W3},
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¥ 2112 Data fielde] FH|E YElH Zolth Time stampt Month, Day,
Hour, Minute, Second®] 22 Z}7Z} 1 bytes® BCDFZo|1 Ao &AX e =
2 bytes(16bit)oll A1 10bitE A&t A F&E2 16Bit #s A&7 913
High byte$} Low byte, 2 bytesE Al-&3th.

Table 2.11 Format of data field

Data Field Measuring Item Data Field Measuring Item
DF[0:4] Time Stamp DF[17:18] COrs =
DF[5:6] Dry temperature DF[19:20] EC
DF[7:8] Wet Temperature DF[21:22] pH
DFI[9:10] Boiler Temperature DF[23:24] AAMNE]L
DF[11:12] Nutrient Temperature DF[25:26] AANE2
DF[13:14] NOyx 5% DF[27:28] AL F
DF[15:16] SOx &&= DF([29:30] Al o] 73 2] %l
3) ™o
S apvE s 2gmdEAdcle WA AgolA WA 7% 4 5

rir

W o]el Opcoder ¥ 2.129F 2t}

Table 2.12 Opcode of command message(Group < House)

Index | Opcode(G—H) | Opcode(G<—H) Description
1 0x01 Ox11 Data request
2 0x02 Ox12 Measuring data upload
3 0x03 0x13 Status data upload
4 0x04 0x14 Event data upload
5 0x05 0x15 EEPROM data upload
6 0x06 0x16 1st Alarm point upload
7 0x07 Ox17 2nd Alarm point upload
8 0x08 0x18 1st Alarm point download
9 0x09 0x19 2nd Alarm point download
10 Ox0A Ox1A Real time upload
11 0x0B 0x1B Real time download
12 0x0C 0x1C Zero value upload
13 0x0D 0x1D Span value upload
14 Ox0E Ox1E Install information upload
15 O0xOF Ox1F Install information download
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7}) Data request ( Opcode : 0x01 )

7l & ¢ wvlE dolHE dEF 8
* Command
0 1 2 3 LENGTH-1
STX RS_ID LENGTH OPCODE DATA FIELD [N]
Ox7e 0x00 or ID 0x04 0x01 No data

- Total message length: 4 bytes

- Opcode : 0x01
- RS_ID : Z} House monitor 2 & ID AH
- Data Field =
* Response
0 1 2 3 LENGTH-1
STX RS_ID LENGTH OPCODE | DATA FIELD [N]
Ox7e Same ID 0x05 0x11 DF[0]

- Total message length: 5 bytes

- Opcode © Ox11
- Data Field
DF[0] 00 ; No data
01 ; Measuring data =98] 4.
02 ; Ao’ el data v H.
03 ; EEPROM data 4] #.

1) Measuring data upload ( opcode : 0x02 )
7] 50 AW S FA S S (w 18 F71E dlolH seto] £vE)

* Command

0 1 2 3 LENGTH-1
STX RS_ID LENGTH OPCODE DATA FIELD [N]
Ox7e 0x00 or ID 0x04 0x02 No data

- Total message length: 4 bytes

- Opcode

0x02
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* Response

0 1 2 3 LENGTH-1
STX RS_ID LENGTH OPCODE | DATA FIELD [N]
Ox7e 0x00 or ID 0x23 0x12 DF[0:30]

- Total message length: 35 bytes
- Opcode © 0x12
Data Field
DF[0:4] : Time stamp (Month, Day, Hour, Min, Sec 2} lbyte, Hl¢|E+
BCD +%%1)
DF[5:6] : Dry temp average data (High byte, Low byte, 234 -> 23.4)

DF[7:8] : Wet temp DF[9:10] : Boiler temp.
DF[11:12]: &9 2% DF[13:14] : NOx &%
DF[15:16]: SOx &% DF[17:18] : CO2 &%=
DF[19:20]: EC DF[21:22] : pH
DF[23:24]: A3 = DF[25:26] : 37N %= 2
DF[27:28]: dAM& DF[29:30] : Alo1 =] e
= Ao1FA e
DF[29]
Obit @ 57 Left 0=Open, 1=Close
1bit : =% Right 0=Open, 1=Close
2bit : YJEAE Left 0=Open, 1=Close
3bit : ¥ FFAE Right 0=Open, 1=Close
4bit @ WEAHE]L Left 0=Open, 1=Close
5bit : WH#AE1 Right 0=Open, 1=Close
6bit : WH-AE2 Left 0=Open, 1=Close
7bit : WE7 E2 Right 0=Open, 1=Close
DFI[30]
Obit : ¥ Flow 0=0OFF, 1=On
1bit : Power Line 0=A/C, 1=Battery
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t}) Status data upload ( opcode :

L

71 5o

0x03 )

AojgAle] dAl FHE FATT (SR YE A Aot o] A

B Ash7h A Ag-ol HolH sete] &MIE. 1P, 1E 9 E HelE 7 A

45 (opcode : 0x02) data setoll:= Z Ao Ao ZAEHA Ae7F 4132
* Command
0 1 2 3 LENGTH-1
STX RS_ID LENGTH OPCODE | DATA FIELD [N]
Ox7e 0x00 or ID 0x04 0x03 No data
- Total message length : 4 bytes
- Opcode 0x03
* Response
0 1 2 3 LENGTH-1
STX RS_ID LENGTH OPCODE | DATA FIELD [N]
Ox7e 0x00 or ID 0x06 0x13 DF[0:1]
- Total message length : 6 bytes
- Opcode 0x13
- Data Field

DF[0:1] : A= Ael, g7 W4 A5 DF[29:30]13 5<

2}) Event data upload ( opcode : 0x04 )
7] T o0 B, Ao, ARIA 5 olWlEYL B 3¢ AR E o

A& Time stamp®t #o] |9 dlo]el& EEPROMel #43k. ol& F4lshe=

o7 AEHH,

L

.

* Command

AU A E v

A

FOHE %732 RE dolE

0 1 2 3 LENGTH-1
STX RS_ID LENGTH OPCODE DATA FIELD [N]
Ox7e 0x00 or ID 0x04 0x04 No data

- Total message length: 4 bytes
0x04

- Opcode
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* Response

0 1 2 3 LENGTH-1
STX RS_ID LENGTH | OPCODE | DATA FIELD [N]
Ox7e 0x00 or ID 0x0C 0x14 DF[0:7]
Total message length : 12 bytes
Opcode 0x14
Data Field
DF[0:4] : Time stamp (Month, Day, Hour, Min, Sec Z+ lbyte, H°]H &
BCD +%%1)
DF[5] : Event data
Obit : M| Flag® Z-&(FA)
Ibit @ &41 fault 0="87%, 1=
2bit : 9 fault 0=A/C, 1=Battery
DF[6:7] @ d¥HE (@Y 7 H2o A=A AFYH A3 dud
S7F 081 HelHE A8 w74 2FEUEHe= ASSA g syt
SAIS el Al al ok gt
7}l) EEPROM data upload ( opcode : 0x05 )
7] & 1 BAloldo] WAl HAHow dHolHE AFstA £ A$ 9

2R UE A &4 HolEE Time stame}
EAEH o]E AEsE Ao

o] EEPROMel #7ataL, F4lo]

ZAHE 2/ SRR RE dolHE 2.
* Command
0 1 2 3 LENGTH-1
STX RS_ID LENGTH OPCODE | DATA FIELD [N]
Ox7e 0x00 or ID 0x04 0x05 No data
- Total message length : 4 bytes
- Opcode 0x05
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* Response

0 1 2 3 LENGTH-1
STX RS_ID LENGTH OPCODE | DATA FIELD [N]
Ox7e 0x00 or ID 0x25 0x15 DF[0:32]

- Total message length : 37 bytes
- Opcode o 0x15
- Data Field

DF[0:~30] &7 W A5 U4

9 FA dolH 58
FA dold 58E SPRUHAA TFRUHE AsE 49
N HFEUEE AFshe A4R el =4nAt.

O FZ A HolHE oo ASE ¥ 2213 Z1 dolH

o
7]

= a9 2229 2

i)

MN

pey V4 B v
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Fig. 2.21 Message format of data reading from the house monitor
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Table 2.13 Resolution of the house monitor

Item Range Resolution ?gj;lﬁgzg
(Temperature) -10~60T 01T 01T
SO, 0~20ppm 0.1ppm 0.2ppm
CO2 0~1800ppm 1ppm 4ppm
NO2 0~20ppm 0.1ppm 0.2ppm
EC 0~10 mS/cm 0.ImS/cm 0.2mS/cm
pH 0~14pH 0.1 pH 0.1pH
pyrheliometer 0~1600w/m’ 1 w/m’ 25 w/m’
Ceiling open 0~100 % 1% 1 %

Aol g9l gA e FARY] Astel FA 24 ALt $U4

AA 2SR e Al o

Table 2.14 The monitoring performance for the control equipment

. ] o] 2 kg4 71 ]
S, VA a1
o T [Asergd] ageyH -
1y 0 5.2% 6% 53] H+t
RES 0 2.3% 3 53] A
=3 0 6% 1% EERES
AE 0 6% 1% EERES
oF ol F 0 6% 1% NS
A0 0 1= 1% -
R 0 1% 1% -
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Table 2.15 Specification of the house monitor
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Fig. 3.1 Schematic diagram of computer vision system for monitoring plants
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Table 3.1 Specifications of camera system for plant monitoring system

Item Model & Manufacturer Remark

RGB color images
Color camera XC-T711, Sony )
NTSC color images

Color camera GC-455N-K-G, Honeywell | S-Video color images

Monochrome )
LG-Honeywell, Honeywell B/W images
camera
Monochrome ) )
LCL-902HS, Watec America | Under low luminance
camera
) 6.4 mm on XC-711 Used in the Ist-year’'s
Wide angle lens ]
4.0 mm on LG-Honeywell experiments
Light interference | 550nm, 670nm, 694.3nm, For analysis of chlorophyll
filter 760nm, 850nm, 940nm content
Image signal For image signal process
ae =8 GCQ-430, Honeywell ge send b
multiplex by one frame grabber
A7) A Aeow del ol &HE AU ofyy] W, Folu @7}
(Wide angle) 7]15< zl+ #dl=z = 23 Zo] We x| 7o 2 sE

o= NTSC W49l gANss st AA svats 712 A4 3E 5182
o2 AbgsAth ob&d, F3 XY vl $Fsta sh4e]l A sty shH el
z7#Fo] go]3 S-Video A7} 2H(GC-455N-K-G, Honeywel)S F7}2 +¢
ste] Aol Ag-3h

g, NTSCH2 9] Composite 2155 3= S7tvets o] §3te] A

Avetel wE5E £ + YRS FAh 53, FPRA A FFo)

}0*
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St o] AHl= dHANEZA Composite(NTSC) 47, S-Video 171E, 84135
2 A Composite 1719} S-Video 170 & AF&3tc}, weEla, RGB A A) Jlv =5
Hel gddalse A Zodd ol ddsilar, A shvese 974Al
%+ Image Signal MultiplexE ©]-&3}o] Zg 9] o] AA3 ST}

_58_



(o

A, 3Ad e Aol s 2487 2 S AA A"l iEs
S AE-E FhelEl AlAEE RUE Y FUe] ARz A E ol oid AW

e Fasnd g

2
of

2) AU ZFA H F3FH

e S Aty Ys AFE3 =g el 28w (Frame grabber)E Integral
Technologies Inc.olA #1238k FlashPointo] 1t} o] Z#l¢) Zz#iw7} JHuks
T ' 9dAZAZ N E RGB, S-Video, NTSC % RS-170 So|t}. uwhahA],
A7l Ae BE R e dANEE JdETS 5 Addnh dHE A
A Ae 1280x9609] =712 TIFF #dojy JPEG Hd 5

o (eF 500~650KB), 3 channel(RGB), 24 bits/pixel2

=z Q) 2= e S48 30 FFREY. F3FE = AE A (600
MHz)% PC(RAM=- 128 M)7F AbE-591ow, 350 webr = =4 @4l A9
AL o] sAS 1 ste] 15° LCD X YE $F 866 MHz & PCe 247} 234

< (Panel) 8 #H3FE 7 AFE5 ST

o,
Mroo
ol
olf
o
N
N
=
ui

3) BFAZZA

Y
i
R
i
ui
il
>,
X
2,
ne

O
>,
)
iliea
o2
o
o
fr
2
o
i,

A FAIYaa =gelr, agla, AFE L Firewire W49 IEEE-1394
FAlo] 74153k Interface Boards T Hskel AF&sATE o] A2l dHolyH

T oF 400MB/secol Attt 121, Hard Diske] & %3 o542 A4
of gl ydo] JTrtsta Ja, HTAdE Giga @99 CPUE AE3tx
[EEE-1394 % USB 2.0 &41& 7|2 202 & PC/F BgHHi 9

_59_



4) kvl FEFA
B2 #dd A FelA ASHAy s FE AL Zert &
Agreh webA, ZEo] A% AEHE AAdthE AL 1 gide] BRE FER )
= el 9Ad otk 1, AFE AZgH e dx e}
o] Ak wito] A& AAo] W A= Brbssich wEA, 14 =S gy
o2 3A H3y] wiEow WA FAE gastolol ok o oM e

=4
F9 EE 24 B4} AL A% 4G deto] Bastn AHEE 422

Hel= &&,tw?ﬂ% 2 +60°

o] Ao Fhvlete] Pan¥ Tilt
TEAA R olugl Fhdet AAE
ol53&l7] 93k olFAA e Fpwzl =

2, 24, =94 )& A A

< A ZUEY Fulel W A

Fig. 3.2 Photo of camera pan/tilt
Woll Al 71tz gk control system

9. ed% F8E nHG AFH AARA 7

325 ASAR A= 98 o ArolA AL&s AFHE AZFA o
e Aot e, ok 2 AFEH A4PAE

29 AEe] ASAHES AZa] ML LA 2B BAzAL F3

ljet
rlo
i
=
2,
i
N
ofr
ol
=
o
Ho

i)
4
il
>
A
o

S ARAR AZE 7
e

= o
ol Qoin wmeslol @ B A Abg

- £ el B2 AlokeR sl AR Fhvle Abelel A AlwH o,
- e e A Aokl ARl Ud dRe 1Y WG5S 9

_60_



Table 3.2 Example of computer vision system established in this study for
plant monitoring system

Item Specifications
Input RGB camera : Sony, XC-711 (Wide angle
] Camera
device lens : 6.4mm)
Image Frame grabber FlashPoint (Integral Technologies Inc.)
moessg | Image signal RGB, S-Video, NTSC, RS-170
Host Host computer PentiumIll - 600MHz, 128M
computer
& Image signal multiplex | LG-Honeywell, GCQ-430
peripheral
devi Image storage 1.3GB MO Disc interfacing with IEEE-1394 card
evices
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Table 3.3 Results of a geometric calibration for 3 cameras

RGB camera S-Video camera B/W camera
(XC-711) (GC-455N-K-G) (LG-Honeywell)

R. 1 R. 2 R. 3 R. 1 R. 2 R. 3 R. 1 R. 2 R. 3

HL| 1843 | 17/ | 1862 | 1630 | 16402 | 1988 | 20/34 | 1880 | 2.0847
VL| 1832 | 1&73 | 18114 | 16713 | 16617 | 19113 | 20732 | 19267 |1.9227

R. 4 R. 5 R. 6 R. 4 R. 5 R. 6 R. 4 R. 5 R. 6

HL| 18739 | 1'/M61 | 19907 | 171080 | 16/8 | 17156 | 20681 | 19166 | 2.0700
VL| 183 | 17868 | 1877 | 1708 | 17108 | 1663 | 18992 | 19018 | 2.0113

Note : HL : Horizontal length/pixel, [mm/pixel]
VL : Vertical length/pixel, [mm/pixell
R.1 ~ R. 6 : Region 1 ~ Region 6

Region |

|
Region eqion Region B

Fig. 3.8 Regions for each color reference patches
related to a geometric calibration
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Fig. 39 Example images of lettuces(a) and tomatoes(b) showing each
positions of color reference patches marked in a geometric
calibration.
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Table 3.4 Result of paired comparison t-test for repeatability of lettuce color
analysis using calibration bars

Name of Degree of t-values for P(T<=t) in [Name of Degree of t-values for P(T<=t) in
samples freedom samples two—tailed test| samples freedom samples two—tailed test
imgl 27 -0.0396 0.9687 imgl4 27 -0.0015 0.9989
img?2 27 0.0000 1.0000 imglb 27 -0.0522 0.9587
img3 27 0.0000 1.0000 imgl6 27 0.0000 1.0000
img4 27 0.0000 1.0000 imgl7 27 0.0000 1.0000
imgb 27 0.0000 1.0000 imgl8 27 0.0000 1.0000
img6 27 0.0000 1.0000 imgl9 27 0.0000 1.0000
img7 27 0.0000 1.0000 img20 27 0.0000 1.0000
img8 27 0.0000 1.0000 img?21 27 0.0000 1.0000
img9 27 0.0013 0.9990 img22 27 -0.0020 0.9984
imgl0 27 0.0040 0.9968 img23 27 0.0000 1.0000
imgll 27 0.0000 1.0000 img24 27 0.0000 1.0000
imgl2 27 -0.5704 0.5731 img25 27 -0.5695 0.5737
imgl3 27 0.0000 1.0000 img26 27 -0.5695 0.5737
Note: t-values for H, = 2.0518

Table 3.5 Reported image parameters according to growth states of
lettuces and tomatoes
2 BEPE 7994994
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(a) (b)

Fig. 3.12 Structured laser image for tomatoes(a) and binarized image of
laser beams(b)
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Fig. 3.14 Images of top area of tomato plant(a), binary image(b), morphological
filtering image(c) and extracted stem image(d)

_89_



g T8F 45 24 Ad

1) &F9 TF 45 24
70 AR AAT
a9 316w AF TEddemyE SAE QA dFel dY FIuH A
Fo AGE AT wAlE dEd. 2l & ko] F=e v

A3k gAFS A= P BAL 92 & 5 Ak

O

50
'S
2 40
5
'g 30 .
2 20 M
(0]
&= L 4 * - * *
a K 4
'9 10 "Q: '0
PO 0 XR
0 Leew®
0 100 200 300 400 500 600
Projected area [cm™2]

Fig. 3.15 Relation between top fresh weights and projected area
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Table 3.7 Results of simple and quadratic prediction equations
for lettuce weights by projected area

_ Ranget
Lettuce weight| Simple and Quadratic R’ Pr%?;%?on [g]
(Y) prediction equations B [o]
(n=42)| 18 (n=36)
Y=0.0761xPA—3.7542 0.8942 | 2225 | 3185
Top fresh _
weight | y=0.0001PA” 09277 | 18813 1.000

+0.0288xPA +0.1699

, Y=0.0854<PA—3.934 09141 | 2484 | 3575
Fresh weight

of lettuce | y— 0001x PA? 0.9450 | 2.0643 1.287
+0.0365%xPA +0.0871

Y=0.0049xPA—0.1444 | 09040 | 0.1435 | 995
Top dry

weight | y—=0.549210 *xPA> | 09976 | 0.1424 0.087
+0.0024xPA+0.0677

. Y=0.0054xPA—0.1140 09145 | 0.1954 253
Dry weight of

lettuce | y—0.5004x10 *<PA* | 09300 | 0.1932 0.115
+0.0031% PA +0.0792

Note) PA : Projected area [ cmi?l
n : No. of sample [plant]

t : Range of data set used for verification of the developed
simple and quadratic prediction equations.
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Table 3.8 Experimental method for estimating tomato fruit weight using
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Table 3.10 Results for classification of the health into two
groups according to leaf color of lettuces

By the machine vision

1st class 2nd class
1st class 10 plants 3 plants
By farmer
2nd class 2 plants 11 plants
Summary Correctly classified: 21 /26 = 80.8%
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Fig. 3.29 Distributions of values and determination coefficients
between chlorophyll contents and image parameters
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(a) A tomato RGB image (b) Binarized saturation image for
extracting background image
(gray value < 50)

(c) Segmented hue image by (d) Binary image for Fig. 3.31(c) (gray
OR operation to Fig. 3.31(b) level < 35)

Fig. 3.31 A tomato plant image and the processed images for detecting
projected plant area and red tomato fruits
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Fig. 3.40 Pan/Tilt drive unit and its controller
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Table 3.11 Video server specifications

ARTPEC-1 compression chip
Hardware
ETRAX 100, 32bit RISC, 100 MBPS CPU
1 input
out port : color, B&W, time stamp, text overlay
JPEG still images, motion-JPEG video
Image
Resolution File Size(Kb) Max fps
704x480 1-150 10
352x240 1.4-40 30
Remote control pan/tilt/zoom support for remote camera control
10/100 base T Ethernet, HTTP, FTP, SMTP,
Network
ARP, BOOTP, General 1/O
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(a) Early stage (b) Last stage

(c)First camera(for data acquisition) (d)Second camera(for data acquisition)

(e) Third camera (for monitoring)

Fig. 341 Fixed monitoring unit for growing analysis
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Fig. 3.42 Software hard copy of image monitoring unit
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<28 day> <29 day>

Fig. 3.44 Images of lettuce during growing period
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Fig. 3.45 Thresholding of lettuce image under unartificial illumination in
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Fig. 3.46 Extraction of lettuce pixels in natural color image
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y = 3E-08x® + 0.0007x + 0.3678
R® = 0.8761
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Fig. 3.52 Relationship between projected area and fresh weight
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Table 3.12 Prediction model for weight measuring

Dependent . 9 Prediction Range
Variable Equations R Error (g) [(n = 60)
Projected 2
Y = 3E-08x" +0.0007x + 046 ~
Areg 0.3678 0.8761 2.61 36.24
(mm®)

Note) Y : Fresh Weight (g)

x © Projected area (mm?)
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Table 3.13 Standard growing table according to fresh weight and
growing period

Fresh Growin Fresh Growin Fresh Growin

weight(g) period weight(g) period weight(g) period
0.44 1 3.61 13 15.49 25
0.52 2 4.05 14 1758 26
0.66 3 4.34 15 19.57 27
1.13 4 6.44 16 19.64 28
1.36 5 7.57 17 21.82 29
2.02 6 8.02 18 23.17 30
2.11 7 8.02 19 2452 31
2.11 8 8.40 20 24.70 32
2.14 9 8.49 21 25.00 33
2.14 10 8.49 22 26.00 34
2.18 11 8.49 23 27.05 35
2.65 12 13.40 24
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Table 4.1 Selected items for remote control

Device Remote Method of remote operation
Control
Ceiling window O - Open/Close
Side window @) - Open/Close
Internal & External o - Open/Close
curtain
Air cooling fan O - On/Off
Ventilation fan @) - On/Off
Camera @) + Pan/Tilt/Zoom
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1) PLC (Programmable Logic Controller)
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Table 5.1 The specifications of integrated management server

Item Description Remark
CPU Intel Xeon 2.4G Dual L2 Cash 512KB
Mother Board | Tyan Xeon Dual type M/B INTEL 17500
Chip-set
Main Memory | 512MB DDR ECC RAM 184pin ECC
VGA Card ATI Built in ATi range
LAN Card 10/100 LAB-UTP Built in
SCSI A-SCSI 2940UW-PRO
HDD SEGATE U-SCSI 36.4GB 10000rpm
ODD LG 52x CD-ROM
FDD SEC 35"
CASE LIAN-LI 7323A ALUMINUM CASE
POWER SEVEN TEAM 400W
CABLE SCSI CABLE
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Table 5.2 The specifications of CTI

Items Description

Interface type Two-wire loop atart, balanced battery feed
Loop current 25mA +/-2VDC

Open loop voltage -21 VDC +/-2VDC

Short circuit current Current limited to -30mA max

loop length 6000hms nominal

Impedence 2500 feet, typical (24gauge)

Signal/Noise ratio 35dB +/-3dB(15dBm, 1004Hz reference)
Cross Talk coupling Less then -70dB max. (0dBm, 1004Hz)
Ring voltage 42Vrms typical

Ring equivalency 1 REN per line all lines ringing simultaneously
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Fig. 5.7 The procedure of communication
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Table 6.1 Database Entities

Category Entity set
*Greenhouse group data
Basic data ‘Individual greenhouse data
‘User data

*Growing environment data
Control equipment status data
Control data ‘Weather data

‘Equipment data
‘Maintenance record
‘Camera data

Environment &

Equipment

management data

Growing record

‘Plan of growing

‘Record of damage from disease and harmful insects
‘Record of plant stress

‘Harvesting data

Growing

management data

‘Plant information
‘Disease and harmful insects information
‘Plant stress information

Growing support
data
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Table 6.2 Category of data searching and analysis modules

Category of module Subordinate module

Environment state of the greenhouse
‘Control equipments operating state
‘Weather state

Environment & Control data
searching and analysis module

‘Control equipment
-Camera
‘Equipment maintenance record

Equipment management data
searching module

Culture record

Culture plan

Plant growing management data | ‘Record of damage from disease and
searching and analysis module harmful insects

‘Record of plant stress

‘Harvesting data

‘Plant growing state

Plant growing data searching Cultured plant information
and analysis module ‘Disease and harmful insects information
‘Plant stress information
Real time monitoring module ‘Display current status of greenhouse
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- Store the faults information &
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Fig. 6.4 The flow chart of detection for emergency situation
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Fig. 6.8 Entity relation diagram of greenhouse database
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Table 6.5 Data table of greenhouse user

Field Name Data Type|Length Description Note
UserlD_Text char 8 ALZX} ID (USR00010) PK
PassWord_Text char 8 HY #HS NOT NULL
UserName_Text char 8 ALEX}L Ol &
UserLevel_Code char 8 ALE XL S=(URLO0010) FK
UserTelNum_Text char 13 |[AFSA MEHS
UserCellPhone_Text char 13 |AFSA FUE HSE
UserEmail_Text varchar 20 |AFEAL e-mail
UserADD_Text varchar 50 |ARBX F2

6.6 HE=H AR HolER AujEs e, WA, 24 ), A
To® TSI, ® 6.7 2AEA AR HolER fEde 777 =
7=

gE] F AL E FEI AR shedvk

Table 6.6 Data table of individual greenhouse

Field Name Data Type |Length Description Note
GreenhouselD_Text char 7 24 ID (GH00010) PK
GroupGreenhouselD_Text char 8 2AckX] ID (GGH00010) FK
UserlD_Text char 8 ARZ X} ID(USR00010) FK
CroplD_Text char 8 el == 1D(CID00010) FK
GreenhouseArea_Number smallint 4 24 HE(y)
CulturableArea_Number smallint 4 | Arel HE(m?)
GreenHouseType_Code varchar 20 | 2ASEf(GHT00010) FK
GreenhouseFoundingDate_Number | datetime 4 =4 delel
GreenhouseDirection_Number smallint 24 Mx|utsk( °)
CultureType_Code varchar 20 | Z{uiSE(CLUOOO10) FK
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Table 6.7 Data table of greenhouse group

Field Name Data Type | Length Description Note
GroupGreenhouselD_Text char 8 2ACX| 1D PK
UserID_Text char 8 ALEXEID FK
GreenhouseNumber_Number Smallint 2 N2
GroupMonitorlP_Number varchar 15 IE82YEe IPFEL
GroupGreenhouseTelNum_Text char 13 2AEX] MatHE
GroupGreenhouseFAX_Text char 13 2ACX] ARG
GroupGreenhouseADD_Text varchar 50 | 2ASX F2

2247 AR 9 AH AR Ao dFEts A FE AR
HoOAZANe] dHolE HolEL # 68%E X 6100 YEFNITH o] ARELS
Sl o} &3, Aujxt, A&7l 9sle] =" ARE AFT 5 e Fx

H

BoAFeAE BT AHUS FE B8] 3Fe 2 A%go] A

e

Table 6.8 Data table of plant information

Field Name Data Type| Length Description Note
CroplD_Text char 8 Zt= ID(CID00010) PK
CropName_Text char 8 ZE OlE
CropBreed_Text varchar 20 zE ES
CropCompany_Text varchar 20 ZH35|AL OIF
CompanyTelNum_Text char 13 ZR3| AL TEHE
CultureTempMin_Number real 4 e =H(2E) 55t 2%
CultureTempMax_Number real 4 e =H(2E) Aot 2%
CultureECMin_Number real 4 Muf =74(EC) skt EC
CultureECMax_Number real 4 el =74(EC) a5k EC
CulturePHMin_Number real 4 Ml =7 (pH) stgt pH
CulturePHMax_Number real 4 Ml =2 (pH) Abst pH
ExpertName_Text char 8 & 22 ME7t 0l &
ExpertTelNum_Number varchar 13 27 A=y
ExpertEmail_Text varchar 50 HE7F e-mail
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Table 6.9 Data table of plant disease information

Field Name Data Type|Length Description Note
DiseaselD_Text char 8 &35 oto|El(DID00010) PK
DiseaseName_Text varchar 20 "HEs ol&

CropID_Text char 8 w &5 ciab =H=(CID00010) | FK
DiseasedCroplmageLocation_Text varchar 50 HE 2= M o A=
DiseaseSymptom_Text varchar 50 Zat

DiseaseCause_Text varchar 50 el

DiseaseGeneralState_Text varchar 50 LAY AFEN

DiseasePrevention_Text varchar 50 2|

Table 6.10 Data table of plant stress information

Field Name Data Type |Length Description Note
GrowthStressID_Text char 8 M=o oto|C|(GOB00010) PK
GrowthStressName_Text varchar 20 | Mol ol&

CroplD_Text char 8 th &+ 2+=(CID00010) FK
GrowthStressimagelocation_Text varchar 50 | ST zE ok ot 4=
GrowthStressSymptom_Text varchar 50 B4

GrowthStressCause_Text varchar 50 #el
GrowthStressGeneralState_Text varchar 50 L atEl
GrowthStressPrevention_Text varchar 50 ZA| g
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A FeE EZ87] Slste] B2 de] ATt olFolxor stuw, Aatst I}
olF, 4 e HolsS Aostairh E
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Table 6.11 Data table of growing environment

Field Name Data Type| Length Description Note
EnvironmentDataSegNo_Number int 4 UAHHS PK
EnvironmentTime_Number datetime 8 Cloled =& AlZt
GreenhouselD_Text char 7 24 ID (GH00010) FK
DryTemp_Number real 4 Hiex ©(-50.0~100.0)
WetTemp_Number real 4 ET2E ©(-50.0~100.0)
BoilerTemp_Number real 4 Holgl 25 0(-50.0~100.0)
NutrientTemp_Number real 4 OOH 2 0(-50.0~100.0)
NOx_Number real 4 NOx ST ppm
SOx_Number real 4 SOx s& ppm
CO2_Number real 4 Co, s ppm
EC_Number real 4 EC mS/cm
PH_Number real 4 pH pH
InsideSolar_Number real 4 Ef e AL kw/m?®

Table 6.12 Data table of control equipments state

Name Data Type| Length Description Note
ControlDataSegNo_Number int 4 UAHHSG PK
ControlStateTime_Number | datetime 8 Hole =& AlZt
GreenhouselD_Text char 7 =24l |ID(GH00010) FK
CoolingPump_Number smallint 2 HZE mH I AbEY (0:0ff/1:0n)
VantFan_Number smallint 2 SE H AE| (0:0ff/1:0n)
AirCoolingFan_Number smallint 2 Y T AEY (0:0ff/1:0n)
CeilingWindow1_Number smallint 2 ME 1 AEY JHE(0%~100%)
CeilingWindow2_Number smallint 2 ME 2 status JHE(0%~100%)
SideWindow_Number smallint 2 T AEf O:'\ﬂcfo?,gﬁ?’gﬂgfogéose
InCurtain1_Number smallint 2 L EHE 1 abEf O:’\ﬂ‘ltoggﬁ?’gﬂgfogéose
InCurtain2_Number smallint 2 LHEAHAE 2 Al O:’\#go%gﬁ?’gggfogéose
OutCurtain_Number smallint 2 o8 HE MeE| O:'\ﬂcfo?,gﬁ?’gﬂgfogéose
NutrientFlow_Number smallint 2 okl 52 Flow state(0:0ff)/(1:0n)
PowerLine_Number smallint 2 My 33 (O::/ocvsl/e(q :Séztt?ery)
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Table 6.13 Data table of weather

Field Name Data Type| Length Description Note
OutSideEnvironmentSegNo_Number int 4 27| &4 Colg LEHS PK
OutSideEnvironmentTime_Number datetime 8 27| HAXME A AIZE
GroupGreenhouselD_Text char 8 2AIEHX] obo|E[(GGH00010) | FK
OutSideWindSpeed_Number real 4 =5 m/s
OutsideWindDirection_Number real 4 =&
OutSideTemp_Number real 4 Q7| 2
=2 Al A=A Aol A HolES X 6.14, ¥ 6.159F o] A5t

Table 6.14 Data table of cultural record

Field Name Data Type |Length Description Note
CultureRecordSegNo_Number int 4 TP AR dHHS PK
WorkStartTime_Number smalldatetime| 4 e AIEE AlZH
WorkEndTime_Number smalldatetime| 4 g BE AlZH
GreenhouselD_Text char 7 o4t 24(GH00010)
CroplD_Text char 8 CH &+ 2+=(CID00010) FK
WorkType_Code varchar 20 e B/ (WRK00010) FK
WorkPeriodTime_Number smallint 2 Y AlZH
WorkerNumber_Number smallint 2 e ol
WorkRecordDetails_Text varchar 100 | &AMl 2 W&

Table 6.15 Data table of cultural plan

Field Name Data Type |Length Description Note
CulturePlanSegNo_Number int 4 MAHE AdHAHS PK
GreenhouselD_Text char 7 o4k 24(GH00010) FK
WorkStartExpectTime_Number |smalldatetime| 4 Y A o e (AlZH
WorkEndExpectTime_Number  [smalldatetime| 4 e BE o @(Alzh
CroplD_Text char 8 tf &4+ =t=Z(CID00010) FK
WorkType_Code varchar 20 Zted &/ (WRK00010) FK
WorkPlanDetails_Text varchar 100 | MIF ZdAE W&
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Table 6.16 Data table of equipment management record

6183} ot

Field Name Data Type | Length Description Note
RepairRecordSegNo_Number int 4 olzd dHHS (XSS} PK
TroubleGeneratedTime_Number [smalldatetime 4 & YA
GreenhouselD_Text char 7 oA+ 241 (GH00010)
EquipmentType_Code varchar 20 | Z 7 (EQT00010) FK
EquipmentID_Text char 8 Ztx| ofo|C|(EID00010)
TroubleType_Code varchar 20 1z 78(TRB00010) FK
RepairTime_Number smalldatetime 4 HE Al
RepairType_Code varchar 20 2= 7% (RPT00010) FK
HandlingStatus_Code varchar 20 2| AEf(MST00010) FK
ManagementCompany_Text varchar 15 T8 A
ManagementLeaderName_Text char 15 = 2l Xt
LeaderTelNum_Text char 13 Hdzhy
LeaderEmail_Text varchar 50 2l X} Email

Table 6.17 Data table of equipment information
Field Name Data Type [ Length Description Note
EquipmentID_Text char 8 Z+X| o}o|C|(EID0O0010) PK
EquipmentType_Code varchar 20 Zx| ZF(EQT00010) FK
EquipmentName_Text varchar 20 x| Ol
GreenhouselD_Text char 7 o & 24(GH00010) FK
OperatingType_Code varchar 20 T3 24A(0TC00010) FK
ProductsName_Text varchar 20 HNE Y
MeasurementScope_Text varchar 16 £ ¢
Accuracy_Text varchar 16 Pl
PowerSupply_Number varchar 16 o
OutputValue_Number varchar 16 &9
EquipmentCompany_Text varchar 20 M| Z= 3| A
InstallCompany_Text varchar 20 M X| AL
EquipmentEtcindex_Text varchar 50 7|t £
Table 6.18 Data table of camera information

Field Name Data Type| Length Description Note
CameralD_Text char 8 7t 2} oto|E|(CAMO0010) PK
CameralP_Text char 13 ZHH 2L ip ZHa 2t ip
GreenhouselD_Text char 7 =4 o}o|C|(GH00010) FK
Timelnterval_Number int 4 HaE S AZE 7HY (hr) I 2 EA|
CaptureTime_Number | smalldate 4 G atE| Sote AlZH 43]/
Zoom_Number smallint 4 zoomat level
Pan_Number smallint 4 panat level
Tilt_Number smallint 4 tiltak level
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Table 6.19 Data table of image
Field Name Data Type Length Description Note
ImageCaptureSeqNo_Number int 4 25 i dHs PK
ImageCaptureTime_Number smalldatetime 4 Fa S AlZH
ImageName_Text varchar 20 Aa olF key word
GreenhouselD_Text char 7 24 ID(GH00010) FK
CameralD_Text char 8 7t 2t ID(CAM00010) FK
ImageCaptureLocationID_Number smallint 2 FaE 5 Ea 0~10
ImageSavelocation_Text varchar 50 ME EHa
Table 6.20 Data table of image analysis

Field Name Data Type Length Description Note
ImageAnalysisSeaNo_Number int 4 GBS dHS PK
CroplID_Text char 8 CHA+ =H=(CID00010) FK
ImageAnalysisTime_Number smalldatetime 4 Gak A At
AnalysisimageName_Text varchar 20 A& 24 o|o|X] o|& | key word
GreenhouselD_Text char 7 24! o}o|C|(GH00010) FK
Analysisindex_Text varchar 100 =4 W
ImageAnalysisLocation_Text varchar 50 24 AA KB B
ColorintensionLevel_Number smallint 2 A&

Table 6.21 Data table of plant growth

Field Name Data Type Length Description Note
CropGrowthSegNo_Number int 4 MSAHE AdHHS PK
GrowthRecordTime_Numvber | smalldatetime 4 Ms dE |15 Azt
GreenhouselD_Text char 7 241 ID(GH00010) FK
CroplD_Text char 8 A 2= FK
LeavesArea_Number smallint 2 x| 5 #(0~100)
BioMass_Number real 4 M= 9(0.0~100.0)
NormalAColor_Number smallint 2 HAA (0~100)
NormalBColor_Number smallint 2 HaB (0~100)
AbNormalColor_Number smallint 2 O AHA (0~100)
BackgroundColor_Number smallint 2 Hif 23 A4 (0~100)
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Table 6.22 Data table of plant disease record

Field Name Data Type |Length Description Note
DiseaseRecordSegNo_Number int 4 HEH 7|5 LHEHS(RSS7H | PK
DiseaseTime_Number smalldatetime 4 HES] 2 Al
GreenhouselD_Text char 7 24 ID(GH00010) FK
CroplD_Text char 8 O &+ Z+=(CID00010) FK
DiseaselD_Text char 8 & &3 ID(DID00010) FK
DiseasedDamage_Text varchar 30 HEs Tl =
DiseasedHandling_Text varchar 30 =X U
Diseaselndex_Text varchar 50 HES ol MFE JI=
DiseaselmageName_Text varchar 20 2 22 GMOIE
Diseaselmagelocation_Text varchar 50 a ZHE gatmel A2

Table 6.23 Data table of plant stress record

Field Name Data Type |Length Description Note

GrowthbstacleRecordSegNo_Number int 4 MFEOf ol =AM PK
GrowthObstacleTime_Number smalldatetime| 4 M T 2 Azt
DreenhouselD_Text char 7 oA 24! ID(GH00010) | FK
CropID_Text char 8 tf 4 == ID(CIDO0010) FK
GrowthObstaclelD_Text char 8 M &0 ID(GOB00010)| FK
GrowthObstacleDamage_Text varchar 30 MEZo| meidg=
GrowthObstacleHandling_Text varchar 30 ZA A
GrowthObstaclelndex_Text varchar 50 M Zof M2 715
GrowthObstaclelmageName_Text varchar 20 2y ZE FaolE
GrowthObstacleLocation_Text varchar 50 LS datnd A2

Table 6.24 Data table of products record

Field Name Data Type |Length Description Note
HarvestRecordSegNo_Number int 4 T2 e AdHHS PK
GreenhouselD_Text char 7 24! o}o|C|(GH00010) FK
CroplD_Text char 8 2t= olo|C|(CID00010) FK
HarvestingDate_Number smalldatetime 4 Tt
ProductsWeight_Number smallint 2 et Kg
ProductQuality_Code varchar 20 MARE S2(PDL0O0010) FK
SellingPrice_Number smallint 2 oA ok

- 190 -




3) HeolgHol X F=

Aolgl ®HolEH MS SQLS o] &3te] dHolElHo]~E 533t 19 69+
MS SQL server 20000 =% 24 dHogjwo]2~E SQL Server Enterprise
ManagerZ o83l YeEldl Ao 2 SQL mangerE ©| &3] HolE F+& 4
AAE WS deoly e, Bl Wy 5o Ads T

a9 6102 7 Hlo]=xte] BASE HA dHolHHel e FxE YEW Zo
2, MS SQLeA 5% vlolgue] =9 tholojaglela, O9 6112 HASAF
< 338 AFE dolgE SQL Explorerg 53l A3k Zloltt,

AR G AFA, AFTNE, BFEH 5 AFor FHEE HelHE 1
FEUEAA AEHA, g HolEe] dz=s2 AFHA s, A=A, A
A, WEel ol¥ S5 AuiAE fdEetes siglen, AN, A AR
Ay 248 ez dHolHE £xste] dolgu|o]~ DBA(Database
Administrator)7} 48 A T £ AR WEE 4R, ASE) 4R T
ot JAEUlE o] &3t AnE Fste] desaint

ojf
flo

|

[og
Caraii oE-11-3 20 = E
Cowie, T TE-11-71 50 .
w1 I-11-A SR LRE

= (=2 T [N Ep A ol L b SSIEETE TR )

= |§ yewrbans LCorkw'_Fwn AE--ASH ainE
Canm g Lo et Py il b L SR 2B e E
= Crap L Bedu R B

Cinp Disaan -1 50 Tk

Crep Disaa s Fecaxd =117 50 E2RIT

LCrep e IE-11-A 2P 5=

Lrep Merelh Chaiscie A1 20 351

Crip farstiuiwtain A 01120 2B =511

Crap Privha 6 Bpoid IR0 2B RN

Cimare Piw 1171 50 ==IT

s Flacoad -] E-11-3 =0 =T

FueERREL -1 2P IS

Eraceram 12 X0 3]

Ersbirnrmir_ okl i 11 3B E

i P it JE-11-3 2B e

F T 00 i el E-11-A 50 =%k

4 i DITAE] S R0 5 Ceeadenae, s EE-11-AEp R

%23 33 L] 110 2 [ A

4 2 = iR E T ey f AR R L

) Eﬂ § T i DCHEHE 2B 1230

CYhay L LT o Reda R B 1 H

Fig. 6.9 Greenhouse database implemented on MS SQL
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Fig. 6.13 A display of environment analysis module (temp.)
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AuiatE AR ZE2 240 AuiEes s ddes o =2
A4 A A A AErke] A=A 52 tlolEH TEFoRA AA
AuiE FRshs el 22 AAAFA FEel I AARS A sk, A
<ol o' ZAZ B, A7t A dgete] Ees vE ¢ =S T4

sttt 19 6232 AWAE X REO o2 e Holt

- 203 -



5 o o @ T o o 6 o W
&= w o L E T P o cl
. o o = xoz iy o
<4 £ 41 4 w0
...- 1 o X H HO ﬂ” Lt HL 1@!
{ m.w.m. &rﬁ & = ~ T o T o
i : R = T = “,wah wﬁ m o =
1111 o o o B2 o AR )
R T ke PoTE 4L 0@
R S 5 W G N el o
jliaRoiuE g s X o5 . o n kal
qa S ENAE =T X o ~ = K 5 B! X b
g _~ o Moo = = o W
= i 3 i
pEsagis = WX of Moo T oy W g
o P P AL AT 5] ﬂ OE 7U ) )
FAEFE S T = WM o
el 5 o X = T o F o o)
CHETED < oy T o m %
SRR e o B Mo W A
g N o) W oo il =~ o o]
e B -4 m =0 _ Jl = X0 = ~ e =
azmns g g 2 2} T oo o) T4 w
T O MR -
TELEN fm ‘WJn = HT_ ﬁE ‘.n__“r_Mv T Eua 1_,_Al L ﬁo
- § R, s, ~o TO I Py o do N el
Iy e X AR P 1H -~ %
= o} o T ph X ay <~ X —
. NS =) o 5 oo 3 BT 5
o [HE AGESHR 2 X0 o p o o ) =n
' - — Ty o E_.U On_ N T o z.L I W
R * Hum.wu"r ,ul .Hl <0 ..;.._ A O A.:u U* ,C
fae R aEEda T e wEew R g 4
sBf Jsaiiidl [ o= s 50T gy S
=i B ilffrcsre=83 S T = B8 = X7 i E W
RS = »ina o : PR e oo 2 g
Al zpiiE g2 g PR mw I
Al llmnaeEntm [y - = Oru A_I —_ =T o
Y X N %o s
385 HiMee2Ro: ® 4w _ﬁ_ L e
T b T x = o o T oW T
m.mu + B X = o o 0N oo = |
s2f o iif 3 ’ Y I Lﬂo s + w_ o "B - T
. oo =l ) ey <o
T - = “t ‘W UA' ‘wo ,M.O ‘.M[m \Mu_.O 7 “Im_AH X Mﬂ \.M[m H_._L
T " of o T W TN

H

S

Aok yFal Aurt B

- 204 -

Aol



[gmomig teeeraes o
w8 2 | Eyin
X mEed | & =

|“ ols
BEaRE  COmneklencst ssdopg

: BN RE  MELHE SR T AN ARl A1 A SHHE 20 RS 2 A0 283
fpmwn SO0 AT T HEE we 39 S OE TN G B WEE TS
ST R PR ER] T

lmpurm i me 35 cous BES U UG $2E SRUEE Gest

| ale|m|a|=]a| | |&] gHToE Zv 3y |

[“E -] M OS0] L= DA eE WE TR A

Lethentiack,  BIM WE s Clbhech L sluonfiack pg 821 AHE] B 8000 SOITI0H 1B WE AR
Lethenbinck BITI EE ra bt Leteortieck py  8HEI T WE] & D0 RNETY ATHHH B THE HEE
Lebrnlalach B &8 e Cilbteck ' LefeosCaisch pg M SRR WP SIO Moo & W0 STEi
Lethenligiet  OIJ00E SEH &e Dt Leteobigiock iog a1 2210 RE00 O 20917 Zako armn ) wd
Lehenilah  FFEE e Lt Lebeennck pg - WS 22150 SIS O DIOSIR] 26k0 SESEIE
Lebscefeist H EE e it L twenFelonk ipp  HLELEE TR T AT RRRISIN LIS HN O 8

ag g ol

Fig. 6.24 A display of plant stress information module

2) =4 dojguolx #e
AT & F st 2AAEHE GAA dolEwo]l 2~ # A}
(DBA : Database Administrator)”} =4 djo]EjH]o]| 25 &3t dAe HH
£ ARl A Algats Aotk wEkA 2 Aol s 24 dolEHolx we
T2aHs JhEste] doly el H ARAREE HA & 7 A=F s

7h) diolEHel & B MY
=4 dHolguol~ e EEs Jidstel DBAZF 44 Heles w4k, 4
v~ Bas Jfdstel Haee A5l SO A=Aulel d23 ARS
Al Al AlE st A sk
dlolgjmo] 2~ 7k A& o wefeopd Holee AbEAL A4, 7y
H2d Hol=a Bad, FNHR 5o FRAMB| 2o #AH = Heol=olth
# 6.25% &4 dolgwelzdA A&Hor Helsjel & HolE HFI 5
'e UEhdY 29 625 24 dolElels we] 2RI Wl 2e
@ Aew s REEd dAH] U

A=)
5

o
i
u}

- 205 -



Table 6.25 Category of data updating modules

Category of module

Subordinate module

Greenhouse management
module

Greenhouse user
*Greenhouse group
‘Individual greenhouse

Growing support data module

and database management

‘Plant stress information
‘Disease and harmful insects information
‘Mail and Q/A

module
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Fig. 6.25 A diplay of management program
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Fig. 6.27 A display of greenhouse user management module
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Table 6.26 The detection rate for monitoring fault
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Table 6.27 The detection rate for temperature fault
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