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Development of an Algorithmt for Searching Optimal
Temperature Setpoint for Lettuce in Greenhouse Using Crop
Growth Model
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ABSTRACT

This study was conducted to develop a searching algorithm for optimal daily temperature setpoint of greenhouse.

An algorithm using crop growth and energy models was developed to determine optimum crop growth environment.
The results of this study were as follows:

1. Mathematical models for crop growth and energy consumption were derived to define optimal daily temperature
setpoint.

2. Optimum temperature setpoint, which could maximize performance criterion, was determined by using
Pontryagin maximum principle.

3. Dynamic control of daily temperature using the developed algorithm showed higher performance criterion than
static control with fixed temperature setpoint. Performance criteria for dynamic control models were with
simulated periodic weather data and with real weather data, increased by 48% and 60%, respectively.

ZQ $-0](Key Words): 335 2(Crop growth model), oA%<z D(Energy input model), 3% A4
(Performance criterion), Pontryagin®] # o} ¢ ] (Pontryagin’s maximum principle), 5
7+ 24 A £ 5 (Daily temperature setpoint)

1. M 2 o AF5E FEI] APA7I L Ak AF5 A

2 23 &AL FAM Bl £7) W] &4 AH

2ol gig o A% Ago] 7D &4 FFAdE 71 A
He @y A Frbo] WE FA@LT ok 71 sl 9
23 @ 22 M 5 Acdss 27 A FHelA

F uUA 20E FasHEd AR AZHKD
A

Atk AAdd srhe o4 FUE A8 2
NA g 24T % s ARACR Agstn o H7

—445 -



O

FFFU7IAGEHA A243 AS5E 19999 108

AolE AAME IF 71$E nBistd & 45 @
e 2ETORN AR AKHA, AT A7)
282 Hu9 FAS Fold & A #§F A &
ZES 9 sigo] aFE

9% 29 SURTH B2 U= 23
33z gt olslg Stk =8, A o)
S 2E 7 A A #7 Aol Y, FAA AN
9 &g, 2gx AuiFEe Mo £5E Frt
1IBEA AR E F2 SAHAEF NS A Ed)A &
= AFE(Seginer, 1980; Takakura, 1971)o] 435
o Ao 1990d el oA 229 AEtAe 2
do] tste] B2 ATFE0| o] Fo F n(Jones, 1991;
van Henten, 1994), o= o] &S YT Ao
WS A Aat 24 #3rdn Ygnd
S 2% dTE0] %ol A= T ok

Seginer(1991)= & & Aojo] &5 vlg o2 FE A
A ARl UL S HAZSYn 13 4L
=33 vwate] Gy ARasst g B¥a
3t3iTh Hansen(1996) @73 Ao19 HAsz 52
71el A5 FY Agqdo] oA aHlE 27% A
AL, FAII7 obd B 87 Frksl tigol 17
~23%7tA] oA A 4n] BREAE AT

<4 ?%73011/‘1 AU A g Hf’* ARans 2

o

2g AL AT SUBEE AL F% Aol o
4 A2 87 s AP WEE A5Y F 9
olob BAo] = IR & % ATk 87 Al o
@242 W A3 A%kl FE AP 2UL
olgatt B8, ZE 4% 2DAA ol g8 H)
Me U YFUATS GE AT EE(Seigner, 1991

A AR 4 vlolE g

4247 AEdoIAL ATAIH Yot
FEHFE Adse F2PEe Agad.
o] oY Wi Yalol W} Aol BB
Q9 Wl Fo3kn Fgo) 4ahAl 97 2
o] $%3] WYl Yo 2 Wl Fol
et AF%3 cigol 4 WERHEE tehy

WA g DRl 22 A RAYSAYT

1%3}315}

rlr

R

Moo

rr rln
k+)

2

() 245 vzt 2y
34 4% 2dY /e g2e Yz

&
FATE AVGE Rl 4B LATYSL
A

SR EFFHEL *37&%741, 7] 02&{1 agla Ao
A AFE 52 YYPog 3 A 2 v
AHog EPAr}. (Seigner, 1991)

aw

T—G{P TYM{LY—R (T)N{W} ceeoeener 1

w = mass of dry matter per soil area
kg(dm.)! m? (soil)

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

M = gross photosynthesis correction for partial
canopy

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

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, W(PAR)/ m* (soil)

T = temperature, K
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(Seigner, 1991)

B{T) = Ba+ a(T ~Ty)+ BT —Ty) weevesveen @
B = gross photosynthesis . response to tempera-
ture, kg(d.m.)/m?* (soil) - sec

Ty = reference temperature, 25C
Br = 143x107Skg(d.m)/ m*(soil) - sec
a = —546x10"%kg(dm)/m¥(soil) - K - sec
= —2.99x 10~%kg(d.m) / m*(soil) - K* - sec
FRPHL 2uol 2AHE BT SERAE

(PAR)F} 24 & 29 &2 TdHY 40)%
Zo] vtebd 4= ghr}. (Seigner, 1991)

PB{T
G{P, T} = _ e
eP+B{T}
G = closed canopy gross photosynthesis rate,
kg(d.m.)/ m*(soil)sec

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

T = temperature, K

B = gross photosynthesis response to temperature,

kg(d.m.)/ m*(soil) - sec
& = photosynthetic efficiency,
5x10"%kg(d.m.)/ J(PAR)
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M{L} = 1 —€ ™ srvrreeemennnnneneennsssnnnceeenns )

M = gross photosynthesis correction for partial

canopy

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

a = coefficient, 0.8m*(soil)/ m*(leaf)
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R{T} = Rge® T B e )

R = respiration rate (corrected as G),
kg(d.m.)/kg(d.m.)sec

Tr = reference temperature, 298.16K

T = temperature, K

Ry = coefficient, 0.427 X 10~¢/sec

b = coefficient, 0.0693
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N{W} = W corvtrricsttecntinnnennanecisenanesens (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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W, = MW eeerrenreesnessnnnininintiiseeneessnenens )
W, = mass of dry matter per soil area in shoot,
kg(d.m.)! m¥(soil)

fraction shoot to total dry matter,

kgldm.)/ kgd.m.)
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Zc}. (Seigner, 1991)

ALIdW, = A{T, P} --eesrvesrssesmsnsenssnnsaiinne (8)
A{T, Py = Ag+ ¢ (T =T) = 5(P —Pe) == (9)
Ap = 14m¥(leaf)/ kg(d.m)

8 = 0.26m*(leafym? (soil)/ kg{d.m) - W(PAR)

y = 2.9m*(leaf)/ kg(d.m) - K

Tp = reference temperature, 278.16K

Py = 127W(PAR)/ m¥(soil)
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Po= [P, ceerrrerrernennnncccannn ieteeceeeeseeenenens an
P

i

PAR (photosynthetically active radiation) flux,
W(PAR)/ m*(soil)

7 = transmissivity of greenhouse to solar radiation,
0.7

outer condition

Il

inner condition
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~¢SD+F_(U+Q) (T, = T,) = 0 seeorrrncrnrnrenacs (12)
S = global solar radiation flux, W(solar)/ m*(soil)
F = heat flux from heater, W(heat)/ m*(soil)

U = convective-radiative heat transfer coefficient,
TW(heat)/ m¥(soi)K

QO = transfer coefficient due to ventilation,
W(heat)! m*(soil)K

q = heating efficiency of global solar radiation, 0.4
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S

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
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Fig. 1 Evolution of total dry weight and leaf
area ratio for the two state-variables
model under optimal control.
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Fig. 2 The trajectories of the two adjoint
variables for the two state-variables
model under optimal control.
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Table 1 Summary of crop growth simulation
for different temperature setpoints
with a set of virtual weather data
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Table 2 Summary of crop growth simulation
for different temperature setpoints
with a set of actual weather data -

Temperature | Growing period | Performance Temperature | Growing period | Performance
setpoint(C) (day) criterion (won) setpoint(C) (day) criterion (won)
10 37.10 -203 10 74.11 —1,429
15 32.09 65 15 49.12 411
20 31.10 -109 20 55.11 —435

" Optimized 30.15 204 Optimized 40.12 984
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Fig. 4 Optimal temperature-setpoints trajec-
tory under a real climate : mean tem-
perature and mean solar radiation.
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Fig. 5 Optimal daytime temperature setpoint
trajectories by methods of determining
the initial values of costate function.

Table 3 Summary of crop growth simulation
according to methods of determining
the initial costate variables

Performance
criterion (won)

Input weather | Growing period
data (day)

Constant (15T) 49.12 411
Average weather 47.11 689
Real weather 40.12 984
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