ZERFRIE o] &3
24 AALAALE: g4 duFY AL
Development of an Algorithm Searching Optimal Temperature
Setpoint in Greenhouse Using Crop Growth Model

Faa’ Ay #7197
34 LK
K. H. Ryu H. G. Kim G. Y. Kim
1. A&

ZUAE F£3 4o g 2FF FAE W 58 FUY L TP LR AHY4
AHe AYF 108 %% F7Hst 96@ A 47,406 ha o ol21 Yok A|HHd FUte
Q] ZE 98 A9 FEE AT ANE A YHIE AT ANHe AFHE
F43 APA AL Ut AF3 AU E zHE AL {FAY L] F7] W 4 AAe
A7 Agol RFRT. SAFAAE F7 ANF Fkol BE FLAYT okt e 3

7ol og FE M S HagsE 7] AP Al 2uE HasEEAM B
3 A2ALHAL 2AY £ U FHAAR ¥EET Aok HHANE MM AR
7138 3zt AEASEAS TN HY ASHAG, AL FEA7] 281 F
1o E48 dojd F Ue FAAA AZE| 9 sjLo] g FEH.

A mde 24837 FE dojue EFT FEFEo AT olsE F2, A
o] &S A7) 3 24 AL Asie WY = BAAAEEL] B E AuFE
Aee] £&8 &t} 198037t E F2 248HNE AlEHA e AT E(Seginer,
1980; Takakura,1971)°] S8 soi R 1990 thel]l EolA ZAEo] Az Ldd tstd
ge AFEo] o]Fo]H L (Jones, 1990; van Henten, 1994), & 2ol Hulol&& 4§ Ao
Wy ARy st LA AEdY AFRLE FHI AFEC] Bol FYHT UTh

Seginer(1991)= HZHAlojol2& ulEoZ ZEAUAIAHAY HALEZE HAHF dUx
2R AAexwA D vlwste dabn] A ERst &S RustAoh Hansen(1996)2 37
Aoje]l FH3Z FA7 AFHo W3 glo] MR A¥E 27 % FAAHL, FHIZL
obd A Fga Z7lel tjEo} 17~23 % 7HA YA 4H HAEHJE AFAC

& AN AY 25AoE A3 MAARE AAse AL HEY A ASEH =

43 ggulg 87 2N 2T B A7 BAe AWMLY FY¥er RUY
B3 AHAdole e olfata AUyt F YFLEE AHsste YnUFE e
= sl

« Agdgdn sYAF A YEALTRR FAVIALE
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2. 45 2 I
7t. 38 A% 24

g S AT 248 S 11101%} B Aol dEY AES 87 W3t g wes
&g F Aol FHo L AAdE & 4 Avh A2 #A A Y we =g
At 2HE A EDE o] BEHHT.

FEYG AEHO)AE AdTFAA dojue ¢FLYFTS AMdse U HS AHL89
TH(Spitter,1989). Z+&o] ¥ w& YAl wtel Ay Fo] ZAHE T Yo wao] a3
3 ZEo] AAEA HY AT o] FE3 BddA Hoz o "eAo]l FoEL wa A
A5%% v d $EHEE UEue dU9ANE 1Hsd FE AF S RAysgy
(Marsh,1987).

(1) AFY ¥s =Y

3g *M} waﬂ AeH gae drde 2B
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7]’5’2\-711 3]-!— AolAx 2F 52 d¥Eo g 3o AT 2 nEuAoz gHEPL
4V — G(P,IM(L) — RITIN(W (1)
W = mass of dry matter per soil area, kg(d.m.)/m*(soil)
G = closed canopy gross photosynthesis rate, kg(d.m.)/m*(soil)

M = gross photosynthesis correction for partial canopy

R = respiration rate, kg(d.m.)/kg(d.m.)s

N = effective crop mass for respiration, kg(d.m.)/m*(soil)

L = leaf area index, m*(leaf)]/m®(soil)

P = PAR(photosynthetically active radiation) flux, WK PAR)/m*( soil)
T = temperature, C

A 9 A g FRPALE, B4 FL FAZEZTES Andd FNEEFFE A
B3 g dPoE &Ho] HAERE HAERE et AFE FIH FHEE FEE YL
TE 19 vgH} Z2 234 es 2o izt AEY FFHES FAFIIT

B{T}=Bg+a(T— Tg) + B(T— Ty)* @
B = gross photosynthesis response to temperature, kg(d.m.)/m*(soil) - sec

Tr = reference temperature, 25T

B = coefficient, 1.43% 10 ~*ke(d. m)/m?* (s0il) - sec
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coefficient, —5.46 X 10 ~° kg(d. m)/ m*(s0il) - K - sec
coefficient, —2.99% 10 % kg(d. m)/m*(soil) - K - sec

™
t

23 AT ZAHE FHY FIBFPART 4 R £59 P42 Fa
5 433 2ol Yed & Ao,

_ ePB{ T}
G{P, T} = P+ BT )

G = closed canopy gross photosynthesis rate, kg(d.m.)/m*(soil)

P = PAR(photosynthetically active radiation) flux, W PAR)/m?(soil)

T = temperature, C

B = gross photosynthesis response to temperature, kg{d. m.)/m*(soil) « sec

€ = photosynthetic efficiency, 5% 10 kg(d.m.)/J( PAR)

FAEAEEL JTHY 2SR T L LA HER GUAAFE 2T H@e 9
3 2AA.

ML} = 1—e¢™ % @)
M = gross photosynthesis correction for partial canopy
L = leaf area index, mZ(leaf)/m*(soil)
a = coefficient, 0.8m*(soil)/m*(leaf)

g SFEF 3 BAAH HE T EFVF SHHEY 254 ©WE IEFFE A(©B)
s 2o
R(T) = Rpe”T™™ 5)
R = respiration rate (corrected as G), kg(d.m.)/kg(d.m.)s
T = reference temperature, 25T
T = temperature, C
Ry = coefficient, 0.427x1071/sec

b = coetficient, 0.0693
3EFFLS A5 vdEld Frtstng H6)d o BRAFEd.
NW =W 6
N = effective crop mass for respiration, kg(d.m.)/m*(soil)

W = mass of dry matter per soil area, kg(d.m.)/m*(soil)
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< QAN FE2AES dTHY AFo] st FAAH I} Eolx
I Ak FEo] ojE W FEFEFF wel dFgo] AFFHo Qo]
go] F238t3 ZEo] YASA HY YT ol FE3| wHEA Hug 3 oo Fo=
o Ao g Age APHETOE AHE FFNE F AdTHos AgyHE 3
HESY ol o2& AR A o] AL Eo] dAHUY AFF ¢Ee g3 go] AL
W, = mWw ®)

W, = mass of dry matter per soil area in shoot, kg(d.m.)/m*(soil) |

m = fraction shoot to total dry matter, kg(d.m.)/ke(d.m.)

duAuEs 4 WY LEs} YA ZANA BRYES Lol o8 AYH T 24}
e A@®) 2.

dL/dW, = A{T, P} @
A{T,Pl=Ar+ A T— Tg)— &P— Pp) ®
Ap = coefficient, 7dm*(leaf)/ke(d. m)
8 = coefficient, 0.26m*(leaf)m*(soil)/ke(d.m) - W PAR)
y = coefficient, 2.9m*(leaf)/ke(d.m) - K

Tr = reference temperature, 25T

Pr = reference temperature, 127 W{ PAR)/m*(soil)

A(6), AN, 2 H(@)E ol&3t] AAHH Tl tid 2dAE A& F UL

% = mA{T, P(G(P, TYM{ L} — R{ TYN{ W) ©

Y. dyiA £ =24
24 R dAFES Ao FAFEHEE 70 %2 3o AUDE T3 AdsA
P, = P, (10)
P = PAR(photosynthetically active radiation) flux, W{ PAR)/m?(soil)
7 = transmissivity of greenhouse to solar radiation, 0.7

7 . outer condition 0 ' inner condition

AALEE A7 A3 dod 24 @ FaF2 HIDE ol &3ty ANEH=
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AdstAd. Add & FaFe) 0x Fow dwre x| $a 24 YR 9o gge
#8718 T3 WEAIE ReR %
4So + F — (U+(T,—T,) = 0 (1)
S = global solar radiation flux , W solar)/ m?(soil)
F = heat flux from heater, W heat)/m?*(soil)
U = convective-radiative heat transfer coefficient, 7 W heat)/ m*(soiD K
Q = transfer coefficient due to ventilation, W head)/m?(soi)K

g = heating efficiency of global solar radiation, 0.4

54% F 3AAEAFEGHL HUDERE A,
P; P,
S, T s T ¢ (12)

P = PAR(photosynthetically active radiation) flux, W PAR)/m*(soil)
S = global solar radiation flux , W solar)/ m?(soil)
¢ = ratio of PAR to global solar radiation, 0.5
A 2o AuArt A3AE = e AdFe IS @)% £ slx o))

t}. Pontryagin®] #Hd] €3

24 Wl Y HAPLEE 37] A8 Pontryagine] o) aE o] &34k A(13)L #HE
BEE AEHlA e EdHoln H(l4)e ASAFE ondct A48 Jusss
dHe] AFE = HH3 EAlE Pontryagin® Hd Yl L3l A5 4 A
4 AP oA Hamiltonian & Hd sl Aok 24 EAz Agdn)

=fAx, u, e} (13)
i
J=Ha(t}, elt))+ [ elxl ), ul(h, el Blar (14
x(ty) @ T8 F58F e(ty) 1 8719 ANF13
x(8) : A5 ASAH e(t) - ¥ N4 A3 (HRy)
u(d : A A 2% 287
Hix, u,e pt=glx,u e+ HBAx u, el (15)

M Ests p(H7F Aol weh HABTY ol Hel ALae Aumas FaMo Pas)
2 odgE RAE dued 24099 glrued T BNFANA Folde usum,
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HBfxu e Aolel A2 geol Yeig AR olde Yehdth vggFE 4(16)
& BEaojo} B},

dp __ 0H

Pontryagin®l Hol 9 SR v &£¢5 Adolth HETEE AMIINE LE AojB
240l 4B F= Aotk MEHS 27 A4S AU voE goz 4UNE
HEseio} e,

—d _ _ v

2. AsAs

AufAlz=g Alo] HEH e K88 deAre olfold. WAL FeAFE A=
e AolRE AAMol . Aojse IWFH UF F JHAeg. &vle U - 9y
exot Aol Aolo) & A BHE Ao YT 24 FABNA ARG 23
Ad 5 B71€ A AEHE JHLE2FES bld Hsto JojHoez ooz gy
Erg 24BY gz AARAT T deATE 4318)% 2o

J = HEWit) — w, — [ cFlaar (19
Wity : #8719 BEHF A1) 871G AR
v:AY 2AUE B ¢ gE g @t
F() : by 279 o S8

ul, AA 24 Aojoo &

Pontryagin®] Hdol A& o8& HAsef Wy
A AALRE & 7A 713 AE7E estt. o
fEHE FE AU FANAHA )G S oY
7] NS AAZEY £ ok wepA o] daugFEE 24 ALY AP A
Aol o] &3t7] AMME 7] v EFFH 2 HE Rgo] dadit HZ 3083 HE
NFAEE o] E3H FAF o nE - Ao e e AQAAT AAHE T ¥y
g A7 Tt dAAHQL rFRstel A FHA S g § ot B AT
Mz 2718 2RO thAztel] x7F ddetx AV AARE o] &8 7] v &S
e AAsYT S 24A1 7k gk 214 AR AEEH FE AejA] Ao oAy =71
AARLEY HAHEE AE3AUY.
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3. 2% 2 213
7t 7H3 713 ARE ol &7 A EHOIA

MLE ¢RAFE ol 8ste] AFFo] ZHke 4o 1% WAN) ©|8 WA A
A28 A A TR du9 HY HALEI HAFEAE B9y s
o FF L=E 10T, 15C 283 20CT2 AANS A9 AudS a8xn Y548
Mz ARG F LEE J31 5C, HA -5CY dF WHE Rol: FI¥42 o
AL 17TARE g TA7LAE 0ol 12419 HT 400 Wm? o WaE Rol: Z7]8
2 JdFaAch of} HALEE A3 Y PAE JMALE 3FL JA#Ey) 98 5C=
AAsn FIEAHLENE A3 3

A5 e 59 2ol AALEY mel LAEHL Aol AW A2 AZ I YU
o) Frbe a9 1% Toh Agdeld 23 AFe AFFS AY ¥ 30de] AR ¥
B3 AFF 0302 ke(d.m)/m*(s0i) e £1% 3 &3 ol =2atAc}.

14 03
3
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Time, day Time, day
Fig. 1 Evolution of total dry weight and leaf area Fig. 2 The trajectories of the two adjoint variables

ratio for the two state-variables model under optiénal for the two state-variables mode! under optimal
control control

29 26 AMAZES 3 21 RE dFsel 454 E e Hg Bao) 2
N%e AAT e Ud &4 FVLEE HARNE vEASEY WHE RAZD Y,
A 27dE ARLEE FAN ATH] A4S WL o AT F4E woln 9
Zeto] 88 WL HW QTY Hend 2 B 4o HAYLEE FAsE
Hol F& AwAolth guAulel WEFrt 2olE B FE AT 0o W23
£ AL oA AE 4T B WIHD ATh AF ) WEEE FUAuSE voe I
4g wolm ek

129 38 #7149 4% LE} YA AN Bl BTESE AFF 9 7R
3 4HLEE ANANZ Aol od A8l A YA we 4gFe] AR =
2 eAUR AYLEE EolA o) BT Heolol Bk FYA AL AP w§
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HeHt Ropz HALEE YKIAV &RLFE Fhste FPE HolA 4 29
39 AAXEE oY AE SAF ZF FFEY. FHHY E©HINE HFE7] A =24
FU AR LEE HH5H2QY 15T, 20T R A2@HE 1 ¢ 10C = dA3A 44 3
9 QAT R AudsE vusHd. 2 Ade ® 13 2o

% Table. 1 Summary of crop simuiation by
A

% s setpoint temperature type with a set of virtuat
w A& T

5 ‘. weather data

L A

QO L N .

2 15 A i iaiiiizaaaa setpoint growing |performance

g temperature type period criterion

£ 10

K constant (10) 3710 day | -203 won

[4,)

constant (15) 32.09 day 65 won

o
[3,]

10 15 20 % 0

Time, day constant (20) 31.10day | -109 won
Fig. 3 Optimal temperature-setpoint trajectories

. o optimized 30.15 day 204 won
for the two state-variable model under periodic

weather

ot MALXEE 5TE Ay F HALEW2 S GEsie AE2A44L AEdHoA
sk Mdd dnES A8t HHHG Fe HYLXEE HF ASHL 15~20To)
A AL MR 2A JEd 15C2 249 w9 vande 2138 % A5A4 A
£AFE den Audss gEHAong L HAH3) wyo] g3sign ¥ ¢ gl
o

U, AA VNBARE o4 AEHolA

U 7)1 xAY el T FF 24 FX HAH E=EE FHHse ANEYNA oY
of )Rxot YAIFEAC] sl AA 71AEE o83 AHLEE HAHHATL

dY 7A3AEE 19979 104 14 FE 9 FUAXY 71BA8E ol &stAth 14 4 AA
N1ZARE YR 3t doj HH HAHKLEE Ueld Aot dArFo] F& 2o FH
$ AALEI} ZolXE Z¥E B F U ATl AT AA 73 A FREAPLE
HA3E Yriatrl f8 nAE AN Ady, deAFE g Ades ® 29
Zoh, YA gl FEIA FL T 07 WEd RE AHLYAA AZEASES YA Y
Byttt MALEE HAAHAZY ZF 15C 24 A=W} vlwstd 13942 % 4%

A4 FeEH7E AR AudsE SEHAG
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as 160 Table. 2  Summary of crop simulation by
e setpoint temperature type with a set of actual

120
25 —y A
f\ r‘.\ - weather data
setpoint growing |performanc
temperature type| period |e criterion
S [ —a-optimal temperature setpoint r‘“ -

constant (10) | 74.11 day |-1429 won

o Lo ou adadon : 0 constant (15) | 49.12day | 411 won
¢ 10 ] 20 30 40

Time, day constant (20) | 55.11 day | -435 won

optimized 40.12 day 984 won

Temperature
S
[ =
(.
-

Sofar radiation, W/m2

[——— temperature

Fig. 4 Optimal temperature-setpoint trajectory under
a real climate : mean temperature and mean solar
radiation

o Au Al A g A g4

249 F} HALE HAZ e Pontryagine Hdl Y928 HLHYD AEYo)HS 3
B34S A5 £ 23 ASAF/ 2HLE 2N 59 AF Ao} nlwstd =
el 873%5te 2RSS we} 4327 Wastgth. 28v Hamiltonian
TE HUFsle A FE AAs= vl &g x71go] BRs: o] 27| AAE=
58 AFF o2 Aui71AA Y s xE s dest 24 Aodr2de] YYLEE
ARsted Add ¢ndFE o8 Fdd u gy 271 A g ngo) B
23},

AA A2 AuAE" HEE A B AFdME s 271F% dAC Fdr)|4a
BE o83 AF2x d¥e W EAEe] 98 H3 - JALEE VB e
71 E ARSI AAES HdVIdARE Qo] 19953 RE 1997374 A o HFUALF S
dEAER AHEIAT. HAVIAAES 19973 108 A28 F IR E o439 nlgw
T Z271%E 2R B ao @E AL E A3 dde a9 59 2

8

“@ " Octiricedvih red vt cita Table. 3 Summary of crop simulation by

25 |- — e —4— Oktivized wih average weather dla - - L. c

£ i B —— methods of determining the initial costate

8o oy variables

§1s ) -

£ input weather growing |performanc
10 i data period e criterion
50 " - - P constant (15) | 4912 day | 411 won

Fig. 5 Optimal daytime setpoint temperature average weather| 47.11 day 689 won
trajectories by methods of determining the initial
real weather 40.12 day 984 won

vaiues of costate function

—300—



27 u4ds 24 gl wE HALE MRS uTehy] A AT AN
42 E 39 AANAT. AA AR E 9Feel METF 27182 AAHE Aol WY
AEE o188 A$RT B AvAS Ae ANATE RAc HAY E 36 e
Astel 2ol WAARE 08T AN RHLE YHIN F AFAFT AR ¥E I5C
o mHeE MY waste) 6764 %e] AEAS A ASL B} W FE Ay
Aegs 44k AASE WA Aoy F2R HEY & AL Aoz B

4. 8 2 48
B AFqNE 24 #FAAN 2 A F AAHLEE AAste ¢ndFE gt
Yo 1 AdE 4 2o
1. F A olEL HE3Y] Astd AE AFH dUA Fde sz RdYs3
o
2. Pontryaginl Hdl Hel& HEa deArE Hdgs=d 24 FHHPZEE F
A g3t ot
3. AlEdold 3 A Jdd dngFed A% F3 HdALEY FHANE 24 H4F
e HEtd & HEANFE HU HALEE AF HSHEL 15~20TAA
HeAF7t P A JdEdG 15T2 248 et Hastd gHAAE M3 1Y
Azel e 21385 %, 19973 10¥ FE9 2A VAR E 08T B 13942 %9
AeAgF A5E}E UM
4, AR E o)gsty HEAF V|G AAAUES W HAHLEE 15CTE FAAMNY 2
A AR uusly 6764 %o AEATF FSEFAE AUH. olE AFH2RE
Mg gndFe AA 2H4BH AojAzde dP2EE AAsted AHEE = A
g Aol ddEn.
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