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Data-Based Model Approach to Predict Internal Air Temperature of Greenhouse
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Abstract

Internal air temperature of greenhouse is an important variable that can be influenced by the complex interaction between outside weather and greenhouse
inside climate. This paper focuses on a data-based model approach to predict internal air temperature of the greenhouse. External air temperature, solar
radiation, wind speed and wind direction were measured next to an experimental greenhouse supported by the Electronics and Telecommunications
Research Institute and used as input variables for the model. Internal air temperature was measured at the center of three sections of the greenhouse and
used as an output variable. The proposed model consisted of a transfer function including the four input variables and tested the prediction accuracy
according to the sampling interval of the input variables, the orders of model polynomials and the time delay variable. As a result, a second-order model
was suitable to predict the internal air temperature having the predictable time of 20-30 minutes and average errors of less than £1K. Afterwards
mechanistic interpretation was conducted based on the energy balance equation, and it was found that the resulting model was considered physically
acceptable and satisfied the physical reality of the heat transfer phenomena in a greenhouse. The proposed data-based model approach is applicable to any
input variables and is expected to be useful for predicting complex greenhouse microclimate involving environmental control systems.
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Fig. 1 Schematic view of (a) the studied greenhouse that consists of three buildings (the right building is the target of this study) and

(b) tomatoes grown only in sections 1 and 2
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Fig. 2 Flowchart of a continuous genetic algorithm

]

4 nb

Ealy k— l + E E 'm.n Um (n 1)) (6)

m=1n=

A7y (k) = A T
2 (K)& vk

4] QJR}-5-2 Haupt and Haupt (2004) 2] 44 G4 &
112]2 (continuous genetic algorithm) &2 243}4c} 7|
Z9] o] HH 9] 4 &are]Z (binary genetic algorithm)-2
A o] 7o) el £F 7Fadt 29 STt T E=
o] ksl 54 fd dare)ES AMAY] 2719k st
B EE 7S ] WollA] ot 5 2l 4= 9L
o}, E3 o] X O] FMAIE A= Heksh= JVJO] g4a 3l

7] wzoll AAF &=7F 7129] B E o) w2 A o] Qlk
(Haupt and Haupt, 2004).

A darefEo] Ae] B2 Fig. 29k Ak WA £ o
TelEe] QA S A (6)9] ot 4B e
ofatet. hgo.2 elEl el AUAE AL ol
Gro= 2715k gk, B2 Ao dielo] 4 A& AkkelT
Q|2 A K40 2 ARk, A=l whe} 3} (mating)
@} FHo| (mutation) E & HHA| 2] 4= A tal F2F9 2 A
slol sajo} ol S 4TI, ol % tha] A Akstol 4
9 o2 BEISHL, A lohe A 9ol AlE, mAteh
#lo] 748 vl

2 ATrollA = 4 dare]E9] Akt IAgofl A A 2

ofl &Jal] Alitel 24 -] 7]

Sl=sastal=iF #5738 A3E, 2015 « 11



HlOJEf 7|Hh R&oj| <

=4 U 712 HE ol

1

= 007Hi sk, uf Aleoll A wape} Holof 4=
A 4221 50 % = A7 stk 7 2] 7152300 Al
A7 A HE U 249) GUAL Sk oS 7
Aty AL 4] (7)31]. o] 24 YH 7]eo =
A g o AN e B A oA A
EAF SA 2845 42 0] EES HHgs)

> o
z
Al
oE.

— od
WA 15590 ohsto] AE 4 mEe 2 85to] 24
F712Z d5sh7] St 2 RS A5k REE A
Stk 2d Q12 q,, Qs "7 g g b1y gy tts byz,nb%‘%
Aot gz 9bA A vk} o] 24412 EOL =45
tlolElE AREsE oM, A (6)2] FHoA o5 gk y (k) &
AR Z738R1 y(k) 2 di A5} X*C’”F/IZOEE% 2l

S-S =As1Ath 2AE AAEL HLsle] LAAE nd
& A53He Aol 6Uxt S4H vlolE g Bestgrk

e

45 8 Al 911 58] o) oA A
2 U9 F0 8 olch B Hlole] 7wk o mule] 3
g= na, nb, dol| 23j| A 2=, o]= oS0l E-g-F= o]
19] 1891 Sfm|gte, ol 5o, na®h nb7ndl 290z k

AZEol A o] &4 W 712, v (k) & 743171 f18ke] 4] (6)
of whet 24 W59 7]%ZX47Ly(k 1),“',y(k*n)34°‘
Aot ulk—d),u(k—d—1), -, u(k—d—(n—1)) S A3}

Al ek ﬁ,ﬂﬂi(dm 1) leu 474 gro] ol ol wrg =
th oS S0l Agshd, A1), Bz ) k4o A7t 2
Aol at, Xl?ﬂ AZ¥o] 1, AZE 71 0] 302 uff & 1 Ele 9}
302 (=k—1)2H60% (=k—2) o312 A dlojE 5 &8s}
o @A (=k)e] 24 Wi 71e-e 4D 4=k dhd 22
Z310 M A% Al7ko] 291 790l A 602 (=k—2) 290
2 (=k—3)9] g HolgE 283 "k ol ARH<
ol uhet FA B3 A HlolE S E-88ko] 302 E=
603 0] 241 7] 25 ol Fsh=d] E-8-HH, o5 7He et Al
TR S50 AR A A A AR 35 (At < d) 0.2 7
O &= Qlok FALR 2| A AlREe] 291 79 (d=2)0ll= o=

(k)= A2 Al 712 543k y(k—1), y(k—2), -
ylk—n) ok o 714 d28gh wlk—2), ul(k-3),

12 < Journal of the Korean Society of Agricultural Engineers, 57(3), 2015, 5

u(k—2—(n—1))of &3} ﬂlﬁmbﬁﬂ (QXAt)‘—’J % 7k
AZbE ghe 57 ffste] gk y(k—1) S A& 3y (k—1)
2 AL ol ol S gy (k— 1)%d—1 Aol mg 2

=] ek

o] A(z 1) eF B (271) 9] 2= (nat nb)= AT 5
A3 AABFA L, 2<4=7}, 2, 3 wof jate] ZHz mele
Hdste] 1 AHE vlaskgle 27k 12k woll= F 570
o IA}E FAgaHoF st 27} 2219} 33+ well= 2k}
10, 157]9] QRS A alof gict. el QIxfe] 4o A8
B AR 5HA 0 7 Fol7] flate] 22 mEl o] QIAFE S
ek 7ol 12} Q] QIA} 324 3 Alsdto] ARga}aL
Z7hElR= 5709] QIANES AlEA g3kt Ze o s
3;}3:4101]/\1}_245::414 107 QAUAF 574 e o= AR
o, 27l 570 QIARES AEAl S8 8H3T

Aol A =3H dlojE= 1029 *17J {Pﬁii Z"*ﬂ
QA S79%42] AT 20 304, 1
H, 120820] === 7}7F =Aato] thefst *lZ_P 7J7—:‘1 Oﬂ/ﬂ &
g dlole] 2] 284S vlastlth A AIRE20, 1,22 A]
wato] meo] o3 7Hst AI7HS A ESFILAL BT

_L

B 55 105, 305, 602, 120531 1
o] o] A Y7 711 ﬂoh-:ié o]ﬁa}oq 2] /\]7]—0] 01,2
12}, 22}, 32} AR S o] 0z 5 Z17F =46k, &
gS ol gate] o SH 24 YR 712 gHEQ oS s
Akt 2o 1A} 527 I ol A o Bt Alg ket

o] A A= Table 1] AA|Ho] glom, melo] A=
o] T8l 4]+= Table 2] Lreh} Qlc.

mdlo] A} 24 Mg oA YA 07 HE nulEo|
A =& AR AFE B 53] 302 1M 2] HoJE & A
S REE-2 X A7t 2o 1A §10] 0.999 2 =2 A7
A2 Bk Bha 1208 7H4 9] glo] Bl S AR mel 94
Aol Ao R 2 H Al oA} o AYASES
e it whebA] dlolE 9] AlZE 714 0] ﬂxui Etu

l‘

o2 Aot SobAle A2k Bk ol A el
ol o] 1}7] ] lojejo] 7]ukg Fof ulFe] ghe oS

37] uh ol Ak 7k2o] A4S A gt mle] gt 7t
o] QIetilo] Zol57] tE0= AR 4= Ik 2 vt
A A1 Al7ke] Z7Kefol whek o] B Al LAk AR

3144 A4 ol 2oz ekl 9 ARkl 57+



M2 - 201 - 2k - olRlE

Table 1 Mean squared error and coefficient of determination (shown in parentheses) between the measured and the estimated air

temperature in zone 1 during the process of parameter estimation

At 30 s 1 min, 5 min, 10 min, 30 min, 60 min, 120 min,
d na
0.059 0.064 0.039 0.047 0.060 0.089 0.070
(0.998) (0.999) (0.999) (0.999) (0.998) (0.998) (0.998)
0 0.035 0.033 0.037 0.043 0.050 0.081 0.059
(0.999) (0.999) (0.999) (0.999) (0.998) (0.998) (0.998)
0.035 0.032 0.037 0.043 0.050 0.068 0.045
(0.999) (0.999) (0.999) (0.999) (0.998) (0.998) (0.999)
0.074 0.060 0.203 0.476 0.809 1.694 3.976
(0.998) (0.998) (0.995) (0.989) (0.976) (0.952) (0.883)
1 0.049 0.058 0.176 0.333 0.677 1178 1.855
(0.999) (0.998) (0.995) (0.990) (0.979) (0.964) (0.938)
0.048 0.058 0.170 0.335 0.677 1,083 0.606
(0.999) (0.998) (0.995) (0.990) (0.979) (0.965) (0.984)
0.074 0.099 0.426 0.702 2.021 4239 12.894
(0.998) (0.997) (0.991) (0.9821) (0.943) (0.869) (0.430)
5 0.057 0.090 0.286 0.543 1.582 3.355 3.074
(0.998) (0.997) (0.991) (0.984) (0.951) (0.890) (0.880)
0.056 0.090 0.278 0.545 1.503 2.939 0.393
(0.998) (0.997) (0.992) (0.984) (0.953) (0.900) (0.987)

Table 2 Mean squared error and coefficient of determination (shown in parentheses) between the measured and the estimated air

temperature in zone 1 during the process of model validation

At 30 s 1 min, 5 min, 10 min, 30 min, 60 min. 120 min,
d na

0.269 0.371 0.263 0.416 0.399 0.818 0.549

(0.990) (0.989) (0.990) (0.984) (0.985) (0.972) (0.981)

0 0.286 0.307 0.262 0.370 0.412 0.861 0.599
(0.989) (0.989) (0.990) (0.987) (0.985) (0.972) (0.978)

0.287 0.305 0.262 0.370 0.415 1.108 3.029

(0.989) (0.989) (0.990) (0.987) (0.985) (0.964) (0.937)

0.451 0.313 0.439 0.708 1.073 2.108 10.334

(0.985) (0.988) (0.983) (0.973) (0.959) (0.912) (0.542)

1 0.316 0.308 0.449 0.558 0.979 4,492 23.616
(0.988) (0.988) (0.983) (0.979) (0.962) (0.835) (0.271)

0.316 0.308 0.398 0.558 0.910 6.404 30.063

(0.988) (0.988) (0.985) (0.979) (0.964) (0.776) (0.161)

0.363 0.288 0.712 0.922 1.950 8.663 17.097

(0.988) (0.989) (0.975) (0.964) (0.926) (0.629) (0.116)

5 0.332 0.378 0.515 0.663 1,721 15,110 50,742
(0.988) (0.986) (0.980) (0.974) (0.933) (0.497) (0.010)

0.332 0.378 0.507 0.663 1.848 21.141 102,352

(0.988) (0.986) (0.981) (0.974) (0.929) (0.434) (0.121)
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Fig. 3 Measured versus modelled greenhouse internal air temperature
for the six days, showing the results of the 3rd—order model
structure At=10 min.& d=1 and 2
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Table 3 Mean squared error and coefficient of determination (shown in parentheses) between the measured and the estimated air
temperature in zone 2 and zone 3 during the process of model validation

At Zone 2 Zone 3
d na 10 min, 30 min, 10 min, 30 min,

1 0.954 (0.964) 1.232 (0.954) 10.590 (0.883) 15,445 (0.955)

1 2 0.957 (0.962) 1.118 (0.957) 7.818 (0.965) 8.421 (0.964)

3 0.839 (0.968) 1.150 (0.955) 7.762 (0.968) 8.531 (0.964)

1 1.148 (0.959) 2.349 (0.912) 11.677 (0.962) 20.664 (0.935)

2 2 1.030 (0.959) 1.979 (0.920) 7.814 (0.965) 12,806 (0.944)
1.018 (0.960) 1,947 (0.920) 7.743 (0.966) 12,700 (0.942)
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