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SUMMARY

I. Title

Development of Control Logic for Greenhouse Climate Optimization

1. Objectives and Sigmficance

The hornticultural crop production in greenhouses have been increasing
very rapidly owing much to the financial subsidy policy of the government.
However, the farmer’s income 1s not satisfactory because of the low crop
productivity and heavy management cost. The low productivity and high cost of
management are mainly due to the failure of optimum control of the greenhouse
environment of which technologies have been developed poorly. Thus, the
development of control logic to optimize the greenhouse environment is needed
urgently for the realization of high productivity and cost cut-down in greenhouse
crop production.

The Objectives of the project are a) to develop the searching logic for the
optimum greenhouse climate to maximize the crop productivity and to minimize
the control cost, and 2) to develop the control alogorithmm for the realization of
optimum greenhouse climate.



IlI. Research Scopes and Perspectives

This research project aims at developing the methods of greenhouse
climate optimization for the enhancement of crop productivity and control cost
effectiveness, and the control algorithms. The overall scopes of the project are as
follows;

0 Development of control logic for the optimization of air temperature and
humidity

0 Development of carbon dioxide enrichment strategy for optimal crop growth
and cost down

o Development of imrrigation control logic based on the crop water demand.

0 Development of integrated control algorithm for greenhouse climate
optimization.

Major objectives in the first year of the project consist of designing the

greenhouse microclimate and crop growth model, acquiring the greenhouse
microclimate data and the crop growth and development data for the model
parameterization and calibration, and developing the gauge for the measurement
of stem diameter microvanation.
1. Construction of plastic greenhouse and control system for the experiments

o Construction of greenhouse plastic greenhouse

0 Development of greenhouse climate controller

0 Development of climate control software
2. Development of greénhouse microclimate model

0 Designing the theoretical model to simulate the microclimate by using the
outside weather vanables as forcing variables

0 Measurement of microclimate inside and outside the greenhouse to
parameterize and calibrate the model
3. Development of greenhouse crop model

0 Designing the theoretical model to simulate the crop growth and

development in the greenhouse



0 Measurement of crop growth and development in response to wvarious
environmental condition to parameterize and calibrate the crop model

4. Development of irrigation control model

o Designing and manufacturing the gauge to measure the microvanation of

stem diameter

0 Investigation of the relationship between the microvariation of stem and the

crop physiological parameters and plant water status

IV. Results and Suggestions

1. Four units of plastic greenhouse(’?Zmz/unit) equiped with climate controller and
algorithms were constructed for the expernnments, and a series of experiments for
microclimate acquisition and crop response to environmental variations were and
1S being carried by using the greenhouse.

2. The theoretical microclimate model based on the energy and mass balances in
the greenhouses, which were divided into 8 above-ground and 10 soil layers,
were designed. The model was composed of several modules simulating the
physical processes in the greenhouse. The module for solar radiation penetration
through the cover layers were programmed and calibered and performed the
realistic simulation of solar radiation inside the greenhouse. The other modules
are under programming. The microclimate data inside and outside the greenhouse
for the model parameterization and calibration were collected in spring to sumimer
season and 1s bemg collected for the fall and winter season.

3. The mechanistic crop growth and development model were designed. to
simulate the growth of stem, leaf, root and fruit, and the development of leaves,
leaf area, flowers and fruits by using the weather data inside the greenhouse as
forcing wvanables. A series of experiments for the model parameterization and
calibration were conducted during spring to summer season, and are belng
carried out during fall to winter season. The growth and development data were

collected under variable temperature and carbon dioxide concentration. For the
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completion of the model, much more crop growth and development data should be
collected under various environmental conditions, and thus, experiments measuring
the crop growth and development under various environmental conditions are
going to be carried in the 2nd year of the project.

4. For measuring the microvariation of stem diameter due to crop water status, a
measuring device was developed by using strain gauges. The devices were
accurate enough to be utilized In measuring the microvanation of the stem
diameter. The stem diameter showed the global increase reflecting stem growth
and the diurnal changes, being maximum In the morming and minimum in the
early afternoon, under ample soill water condition. The time of maximum
shrinkage coincided with the time of maximum transpiration, reflecting the plant
water status well. To decide the accurate timing of irrigation based on stem
diameter variation, The relationship between stem diameter variation, and crop
water status and physiological parameters should be elucidated. Thus, experiment
to relate the stem diameter change with crop physiological parameter is being

carnied out by disposing plants to various soil water condition.
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NEE /L= UG

® 1. AEAE 717 Aol "WQ3 /JEa s

R E A ZPA| S - RR=
M= AlE "

Az ALY dMA=Z, MOiAE, o3HX=

A7 T3 B E-L ALl Zzhe] HA(ADDRESS)E AA357] A3 AlA
o] &, Aoy & 5& AFEAVE d¥EA shie Z1eE EdT AMEAE |
2T F Je AAY A Ay 25 2 §x9 B¢ JAEEYH 1HT 274, 19
3 CO2= VN, a-da 71k 370e] 71 AA Y48 e] Jtsst=s AA S

NEZ 9 FHHAA 2L 4E3 T4 279 A2 E Al A4 € &
® 8r37] 715& AYsiit

ZABYA2HE o] 83 FFA7FE A FEANE HEHAEE UWESY A
EZ 9 AJHYEE WE 7|5 F7HsIA.

AolF AL M 58 94AE dET EAAQYH olF 3l A|£Ho] 4
A AW ARG AEE YW} AL AFAAe YFYES AN
Aol At

B3 240 g sl andgez tiAsty] H3 dFFE 2 Ayl dd
A-SZAMNHASZALE 7152 F7H8HAH.

AAE MM AojFBEraadsy 9 dedyd 52 FArds] dd=z AFEo
o} ZHUEE F3] "daEgel A7l 715S Yo a3 RAAE =5
5} et

F 2= PCE FHZEEE A" FRIATHE YEU.

AEEHE AojZzaPL Ao R PCA FRAIAZ2 IR HHS ot
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Alol& Fasht He2 1A F7H3QA Jsd sAHeR 23 . 5 37 ¥
Z 3} open delay time AL 71534l 8= Control Time 37153 714 2 4b
T 3 AF 2% o3 AFPA AT =A% Sequenced 2T AF YA S
AT 4 AT dagFsF 873 7le, AS 4L YFFFA sl Alosi=
Shading Control®4 3} Timerdl 213+ AloAl8 HEE 4+ QJAS dagF WA
715, 28|l IDH 3 o3 AA dHlojgt 4 AEFI7E, 28l WHE A B
ol o3 A]AH down WAIZ)s F HEY 75E 1 e T2aPL WY
=3
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1Y 3.2 Aol Ee] sEo] 3 AAFHYA EA43ojo}, Al A3 vie} 2ol
A HFFE, Aoj7], AA, 37, FE72 FAEHY HA FrEH T2 aPqA F
7], Aoj=d & F3l AAHE “gAHE A= A7} FEE2 9 DOWNLOADH X
BESFHE A B YAt FAFE &3 A& HAsta I AARE v a3}
o oJARFE FQA3F O AFNE AAMAZ e A ZFE | UPLOADAIZIT.

AFE T e ) . l
[_—E Ao 2 ] r At —_) |
&) I_E’épl - l HIA 21 EgZ2 )

Hlol=e| EEDI

el Jo =2 Xz

t - e okl
L]

[
L LUl DL LT

Y 3. 24373 Ae &



2. Aol B o A

AolHHFL ZIERANAM + (HAE HANA HE AAAHY £33 7]ER] + (1)L
32 JolAA Eu AAHYC A2 S0 JEA7) 20Celn L7 2Cen 7R
W X7t 39 4.9 o] JIERNA AAF &Elrt 22TColde] HE Ao
o] Aol FZA/EFF OPEN E= 835718 AHA vt 2384 HYE 2%71 AAF

B 7} 813FR] & 18Ceold7F EHWH tAl Aoy Ho] A= HRP/5% CLOSE =
E 35715 nA "ot oladwkAe Aloje 7]E 24dA B EAFoE AFF
Q@ Ao]7]el hunting(A43 ¢ ON/OFF ¥HE)E w8 4 lon £7HEQ0 AAzk
o] WM3l= Alojol ¥ v|XA FA ot

1
>h
Hed
o
0z
X

reeep pEEREFPL Frrap
P rr b ke mo
A - o=

. sy Ffdmmm gy rra
A F 1 d mmagansn
Py 4 = omomow

sy n g pp @ b mk hp gy g g F R
o » - . -

L . PR
e .:1- -

b v ppw sk E A h e
L

- * ¢ B A m m 3 a3 rF8 e I &1 r = 2
i m ' ¥ - mom ' ’

+

- B o+ b F n Lo moaag oy

i m gl bk woaom aa

PR

214 FFmam
. #
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I

D[
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L

P

**a19 94 0ad
LI
-

n F
L
w1
o F ks T FYEFEY A A FF AR
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~
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e e
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AA 2xo] Z4 17 394 Be uig o] By, AE, A%, %, 8F7 &
of XxAoE A3l HaF 94 FUHY, Y %7} SETPOINTET =& 73
Folls Bde3— AE IR -FH 8T TAHAE A7t J¥HIT iR 227}
SETPOINTEL K& A-%oe fF7->FF A -AHAEELE £A4E Aojrl
AY e =5 L= AT

olZL AolTAHe 71EHA AlojcAd £t 24dejFo EFf70] g2 of
U ARERES] 277 lEdle A O AloeAE MATE £ Ue 22 ALEHA
o},

AR

- -—

no

IO 25(-‘3517:[ + 23&}

]
e

=B N MEf 7 - | %67' N e 7 > PSisEo) o

no

e

Z3 2™ OPEN AtH|.

(BEI v yE 7

yes

Y 3. % Ao sequence



FXAle] Sequencedl= PIZE, S3, }F7] F 37HA AojQoirt BAFL

HA 271 FAREG F2 3l vZ2ES>FH->8F7] SAZ Aojrl A E]
H Y2 %71 EXXEY @S Fede FFI->FFou2E £AR Aor)
3y Ert,

R Heo =873
B2 SRANA Hloju=
Sequence?] A= 9l
7 a=g

gk BFE 24959 EFRAFTY AEAY g7 A=y TAE uiE

= WEo 2 AlogE Y i wideE 53
ko2 P3G, olF s g 9.9 HA Ao
M GE7F 7 2L priority S 2= 3FE o7 HAF}

& e P22 E A

{ |
ARARB IR AR R AR AR AL AL T e
E T M - 11 .........................
L T T T N E L e SRR

a3 4. % Ao sequence



CO.Ale] Sequencedl= CO, BA 7|5t Alojg A2 T/ Fit}.

COt ERARY F& Z-Fd COEA7IE OFFA7IAl COyb HEAEDL &
A5ol COEA7IE 7HeAITh & ol F%dl ZE2] CO.BEL ¥ dAxAx
27189 A#IAA 7 Yot 1dxte] 22 ade g QA o]d Fse ZzaHs
Mt en BEFadd Aoriesd & MLEFS 2AHRE 2394 /lAdsts 7ddd o

g ol

CO8l A4E 2497 BFRAT AHgAtel a7 Aojzat €M vE 5

no

PR B

CO;

..............

ek R T T A T T T W U g W A W ey

yes

yes

o2

7| on 4l 7

“QFF

yes

...............

g 5. 9]

A

............................

3letA Ao sequence




F Ao}l Sequencedll= XF3Fetut Aol AE FoFict

Fol FRAEY w& 3ol AFAEL CLOSEAZI Fo] BREAHT FE 7
o AFAEL OPEN Atk J2u} B dpshde) AMEE AL RFAEANAL
ol muld #AR 1z Aloldle FAHA Ffeow AF F7HE EFBAHA T
Ndol= F71ste o]§E ool

BBl B 24059 EFRAI AHRAS] 79 Aloj=gly &AM E

------------------------------

a9y 6. 3 Ao} sequence

s
oSt

I
il
s
K
0
)
rr

ok 9l LA Sequenced}d Aol Sequences & Al =
Hom &, FX, CO2 ¥ F 7|ety Aojgad qFA7F, 53 T F&5, 18
I 3ol #dd AL Hekr] A7 SequenceoH.

= =yFapo] AYAUG AA Bolgw E&AFE BITE ON A7E HEME
k-8 FAAFIE 77t ARAA(EREL 2om)BEY BE o ZF$-A %8 BITE ON
A7l 98E 333t



) yes

_ Hoixtz mo| 2istof AoiHH WY

a9 8. 7+9% A9l sequence



o] 42| Ao Sequences< Z}7] SHFHLZ Aojo BAFA g1 Aojaswz
YA €A, F 847 3T priorityel]l @l Alojo] TBAFG, ag 904 BE
Hlol Zo] FE-LE->FF/FEF-CO>7F AR Ho o2 Aojd B
gtk & Alo]§ BIT-SET ZF Alojasx AHFsdAd RUe g BITE
SETTINGS}=Hl Alojaad Ao uat ¢4 SETH BIT otg Aojaiel BIT
SETTING®] ®o2A=(OVERWRITING)A 2 d>d9 BIT-SETTING®] ©]Fo|A
A HFAHRA BIT7F &€ Fol v|24 Aodadggart 7HEsHA €k

ey § 3 Feel Y e i) A |
L PP a |

=
- e .oa [
LI T N .
LI [
L I I R S T
-« .« a e
= [
m s o2 oa . [

a3y 9. AA Aol sequence



A 438 sit=gioje] 7R

2 Aol 24dA o] AL 71 (Printed Circuit Board PCB)E AFA| A|&tste] sl
st FATAAS JHAY 8bitFE ] CPUQ! i8051 Zd& AR&3tued, 719
Aze] Z7]= ROM©e| 64K Byte, RAMC’]‘ IM Byte® A3t 5% RAME
SRAMZ &3t HY3g TEFdE AFE A8 49EHA & 5HES A

E 3tHY. Aloj7]9] Display3lHe LCDE o|&std=d 3] A= 5X7 Dot
Matrixe] EHE2E FAHILH, 3 W 207F 282 EEE + Ue 27)
2 EAY. 1A e dEAELE Jdsisey 23} dEddES AL 9
Holt}, AAMATHZE 93 Analog to Digital converter= 12Bit¥4e. 2 2| &
o HAA Y3 Channel& Main BoardAtel Wl 87H7}1A], LimitAl &% Digital
& Channel> W 24707t 7hsst=8 AAEAT. PCerel S4A1E& fshiA] RS232
HFAlo] EAPortE &3P FIREE 7157 (Function Key)7d [, D=1, =1,
[ed, [=1, L] [=1, 5 70, A |(Number Key)7F L, 2.3 4, 5,6, 7, 8 9, O
5 1072 FAEH U

Aei71e] P2 Hews

P

Carbonate 2| A 2] 7|4 EA| o]

A3l FA F HAAHZZE @ dF Poly

l oo Mg e T g
' CPU 18051(8b1t) )
I ROM 64K BYTE‘: -
RAM | 1M BYTES
REAL TIME .
CLOCK W 9 A Az 72hr AABAL7 S
gEMicoM | RISPLAY | LCDA-8, 20Ax23Y, 5x7:EE, Y3 &
A/D 12BIT
CONVERTER |
AqHAHA Analog - 8Channel, Digital : 24Channel
ZH A A 24Channel
4 PORT RS232
FlR e Function7] 1078, =c&17] 1071
= A APC, 57:FBPC
° s | FIBOR 1.380x W 280x 180X T2

_.30_



A5 HE Aol B AJFE

24AY AlojaAa E Ao AL F 394 Ee uigl Ao AAes WA &4
SHE U &k, g%, CO; AAE Y HAsiqa, 247 FEAAMZ
T &, €AL AT, A, 25, g5 AAE 12 At 24U 9] JIdRE ¢
ol o] &3t

Aolgae drbE7he] Alojgsast fFAlSHAl A3, 2F7], 857, AL, CO;
S, AT & AAA o549 Aog F3 24U ¥FS 33l
3 A =3

|..

L e - T

Ty
.........................
.........................................................
................................................................................
............................

SRR YA o Es 0 o L blm

T4, AL 2k, 55

S >, & %

.
(Z}170)

AAREH©2A), FHAEEQ]), RBL2AHAE(
AolEa (W ), 25719), CO2gA7I(1), F|7AN2i4W ¥uAA]
W), 3HF-AX)

-2 AR
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A6 d 2HA43Y AHF

Adut Al A7l ME AAEtEE StEA] AR50 ot @A dubAA AA
U= TimerE ©|83 deA|of7]d Exsitt £ d7iddME dvbsre Ao
718k FAFSE BEie] AlojE AFASIUY, dA AT FFA Y A E ARV
o 9483 A€l F&7|(Actuator)ol A RAStE LimitAl & Alojr]dl AE3l7]
13t Digital Relay Boardg F7I2 AR|8le FHAU Ao ALFo] HEE 3}
Aot 29 AHA-ZF REHIFIFE A3 24Volt Transformeret 7§ Magnetic Relay 9
(AL A3 Overload Relays AAsle T4 FA4AS dvrdQd AA7|¢ {AFSH AL
g T :?.1‘3]-.

OEL E&dA AL F8 J)FE gAY

- BE3AE § A
3710 o]l ALY F)22 AN/t dE AL, 249 AT
AYFAEL wiAIsy] Asty A9 FFR71 #AR3 Adrlg AAE
B3 v B 7 2 AHEY #A F9 A¥S HAS] A8 A
718 A%

- AlojTy H AR
JEEYY 9WHFe Y3t #3237 Ao & 5 UEF 319 F=
A2 FHPALAANE T4

- FEAo R
AEA 7t AASAY FFoldA +FAAE dteol & A9 29
g A8l FAH FFAoE & 5 A=F ¢

- &3 7IA o F-
3710 AYE FFSY FFASEF st= Hiolo vlavER 34
o, YuEALAY Y e IFxde FIASGNEF . £EF InEX
AXe BRE= AEEH YA & & U=F F

- TAVIIHAR RAEYEH
2o E 29XPHE A AR E YHT= D2 FAEHY Y
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< ARc AEEFH YHYHES %A 75

- A 75
ALA, AFA, 71et 5327 ZFBEATE AASA 240A ALL-3)
Qe Ade HH, AASARFHF B FF7IY dEHE BAISHA, &4
9] o]4fFFE AUY F JUEE F

- Z1Et5-t]
AR dido] F& dA5t AYAZE FA s, yH3HE da)5o A
AU 2x4eE YA BT FFFAE 3ty AFAALS =Er F



A 38 24 v7Y d5Ed e g
A14d AN o

a2 HEA ] ol LR A Eo JRI|FT= vl HdE o] £AH
B, |2 15t LF7|de] FAAZ Al7|d= A=Azt 7hesith. 247]|F Y 9
F7199t @] £AHEHE AL FE oF9 o9 F 7HA 4 JiklEn § &
A2 HEAC dsty F7I7F BYezA a¥A &L F-FI v F9 F7)9
o] n¥o] AASHA HAHTY EFF F&o| v¢ 3tdEt. Iy FAiae FAH
Hog 249 dux|et SR FF¥stH FLHY Fhe AT 24A
Aehs AE, EY, HEA 5 &4 FAA S dyA|, £57], BitE 5o 2@
of @&st7| dEoln, FHAS AT B F3HE FA 7|Uste A=A H
A= 24 A BRE AUR] FAd AFHoR FE3tr] "otk 249
718 AHHLE ZAEY AR IS §7] Wi nrdE

gL A 7HE 452 840] HESF XHS= AL vl F8318 olF 9
A Z4AdA dojuvs S84 HA-E FAZet RIS W wE &4
7174l W3E =3y A% Ed Y |47 @4 A EHo] $ton (Avissar
et al, 1982; Takakura et al, 1971; Kindelan, 1980; Bot, 1989; Kimball, 197 ) ¢] &
dE F A A 240|714 HAIFE AT =2 o]ZEr] A% dFE 9
Folz a1 o) '(Houter, 1990; Van Henten and Bontsema, 1991; Gitzen et al, 1990;
Gitzen and Cate, 1988). R|7| 42" E& olef 2 ZFA | o|&sl7] AdA= AA &
g31A n7)18E AST 5 Yook s FHAc TFT BHZANAM EF AlLH
dx ZE&EH F UEE 7FHA A AAZE FHeojok F}d(Avissar and Mahrer,
1982). oj¢} &L JiFd FEEH7] ddAs A FSFo] Hu 244 95t S
L2 ghe BAJAE 1AFHQA FAxHLR o] &3lodol 3l EJF LHAAHE 4
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BAZAL R st WHYSES F2EA 24AWY Trd8AES AT 7 Ue
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