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Solar Greenhouse Temperature Prediction Model Based on 1D CNN — GRU
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Abstract; Accurate prediction of heliostat temperature was the key to achieve efficient greenhouse
regulation, which was of great importance to crop growth and development, but it was difficult to achieve
continuous and accurate prediction due to the characteristics of time series, nonlinearity and multi
coupling of temperature. At the same time, the current production regulation of greenhouse mostly
depended on the relevant experience of producers. This method had caused the lag of feedback control
and affected the growth of crops. A temperature prediction model of solar greenhouse based on 1D CNN —
GRU was proposed. The internal and external environmental factors were obtained through the monitoring
platform inside and outside the greenhouse, and the strong correlation features and structural features
were obtained by Spearman correlation coefficient and the two-dimensional matrix input network with time
step, which was used for temperature prediction. The determination coefficient of the model after 1 ~4 h
prediction on the test set was 0.970 ~ 0.994, the root mean square error was 0.612 ~ 1.358C , the
average error was 0. 428 ~0. 854°C ,and the maximum absolute error after the absolute value was 0. 856 ~
1.959°C. The model was verified under different K, and the results showed that the model had the best
prediction effect when K, =0.5 (sunny), and the model also achieved ideal prediction accuracy under
other K, indicating that the model was universal and provided an important basis for accurate and
efficient temperature control of solar greenhouse.

Key words: solar greenhouse; temperature; prediction model; one-dimensional convolutional neural

networks; gated recurrent unit
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Fig. 1 Monitoring platform inside and outside greenhouse
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correlation coefficient and degree of correlation
LIPS
Y X

MR BORARE  WRAHSE AR

(0.8,1) (0.6,0.8] (0.4,0.6] (0.2,0.4] [0,0.2]

SSARE RS ARSE

2.2 BES®EZWETFIN

AT B R 8 AR RO ST R =N RE =
N2 3 N R R R N R KR
FNOC IR B Ah A R L Ah A R AR
AN CO MR |38 Ah 4 Bl B e %8 b L e K 10
AT 5 1 h 5l A I A O R B, H A
RN 3 Fiow o

*3 BETFEERERENBEXRZHANE
Tab.3 Absolute value of correlation coefficient

between each factor and greenhouse temperature

B P A 2 B Ao 3HE
%N IR 0.706
NS SRR BE 0. 687
N R 0. 603
KR 0. 169
N B 0. 629
FEAME R 0. 657
ELIEEEaW i PORITY; 3 0. 562
A CO W E 0.174
A+ R 0.423
T KR 0.272




342 & oAk HLOB % 4R

2023 4

i 3 AT, &8 A 2 A0 B AR IR L R
JE OLRERIEE, AR EAAEES 1T h J5RERE T
SRAHOC s A A R B S 1 h
J& T ARG AR 7 i T A G B 3 A G . I
& N RS K R A M R IR, B A A R KR
SRR T/ 3002 TR A R B AR R TR T
T E T 3, A A A AR B B K ) 2%
SV D T A PN A ORI R A PR B 5
W, 17 2 PN 2 SORH O 38 B2 SR 52 W it 2 Y R B TR 3%
1128 Ah 3 ol TR Ak B S SO R s AN T
HE T 5 0 il 2 PR R B ATEAS IR 454 R, = 4+
S K AR AR BT 3 PN R R W il A

hy AR R 5 % i, AR SCAN 25 0 5 i A R B R
A s AR OC 3R OC B R AR OE 3 B SE AR BE Y I 1o
PG, H ' 2 TR A 00 o 96 38 NIl EE V3 I s SO
X RE 5 PN R R R A O IR R S A s Rl
JE b A ORI B K E Ah R T R AR
HEIA

3 HEBHE

3.1 1D CNN- GRU W% 444

T 1D CNN — GRU VR B i 28 W) 45 LR 25 ¥4
B2 s B AR g h sk B A W&y 0%, 3L
48585, Hb Az X, o TR i AR
B j AWEEE KX, ~ X, RS 0 2B A
¢+ I Z0 i AFEAS S @ A FRIE RO X, ~ X, ROR
¢ I ZREARBAE A 1~ DFRIE . BRZE RN —4E
6 B PR B UECHR FRAE DR AR O A i b, ok
WAL . T ZEHE 2 2 GRULZE 1 )2 M4k
[ A B [0 25 i 3 1) 56 B ¥ 91, 5 2 )2 I 4% 0 [l
AT I B el . R AR 2
iy it H bR s 20 B T AR

Lol

2 1D CNN - GRU 4% 454y
Fig.2 1D CNN — GRU network structure

Hrr, 1D CNN J& IR B 2% ) v i) — Rl AT 302 2
HE SR 3 5 45 B B AU i DA JR) 358 B BBURRAIE , 7
THREHLRLSE 5 T HAS T B Ar AR o TR 78 T3 41 1)
v, 1D CNN A] 5o 45 B )2 00 U8 3 2% il 32 S A %X
s (B B4 AH B 6 JR, I Al A Ao 2 ) R AE ) 8
ANE T —Z Mg s e 47 B, 5, 2546 B0 o g
FRSF R 5 BF, 1D CNN 3 5f % 1 3 304K % JF 1)
rh R IR 8 — 2 Y A1) B R AR SRR, ARl 3 R .

RF s
A
SFAIE
PRI ey
B

l S

i [(F=vi
iy
FHE

3 1D CNN TAEJR A
Fig.3 1D CNN working principle

FIPEARG 26 500 (GRU ) S — il 3 T 10 36 it 22 [
AL W 45, it 5L AT B &, Ak 1l
JLNERAE I, AT eV AL B A5 L i ke T PR M
P 286k L 25 2] 7 B e B B AR G R TR R, AR RRR
A5 AR 2 UM LI AN S T 2 A=
MAAR, &5 E—r 2R A, W 4a iy
N NEEA R OB Z R o S B o FEIE] 4b
HLGRU I AR E B ] r FUEERT ] 2, B r il
A x SR 2 Dy L R, IR RS SR
TF1) TG 2K 14 1 SRS, B R B A0 T B AR O &R
TR 2 0 i A i b — B Z0C A2 R, R PR I
F2A7 B, A W S A SR 4l 418 470 B4l 1) ) 44
3.2 REREMNERET

JET bR R A S5, AR SCH LT 1D CNN -
GRU Fyid & BN AL, A7 D)2 Nl JBE 3 N 25
ARG 58 A S R S O IR S A R
U 3 A A UM R 8 B 2 A - S B D B A S
2P 6, RIS ARE MR8 6 x 75120 1.2.3 4 h
Je U BE S AR SRR B AN AT S R

(1) T AN R AR AS K30 ) B{E S LAY 1 R 22
S, B AALAT BT AN TR, DAy bR e 2 0 45 400 3R O 4R
T A5 TR LIRS 38, X AR A Al >R P A — R Ak B 4
BEL0,1]2Z 0,



. 3£F 1D CNN - GRU [ H L %=

T JE U A A F 5T 343

958 4 [ipE
h—>| GRU |—‘>| GRU |—>| cru| e

g

(b)
K4 TIEPEER ROTE
Fig.4 GRU structure

AR AR
FarE TR
HdmH—1k

(7= g A A |

FREHSE

AR TR A

//%&%ﬁfj;>

PE SR AR B v v AR
Fig.5 Flow chart of establishing temperature prediction model
(2)fEH—AfE )R Y 2 160 2 %4, L HK 1 512
B (L REA BB 70% ) A IR 4R, 4y 648
AR (5 FEAS B 30% ) VR 9 N 4R | 5 Jm LA
IR AR BRI G Y 00 3 B0l 0 i A R 119 32 AL g
1 R
(3)%$”}5'4%%t/|\$ﬁ]/\’r$$§ﬂ% Y
B AT & AR AE 5, 0 DU & b, 38 3 V0 pR 5L
HEAEIAZ , RI
Y. =f(W,,s +b,) (1)

A 0 R

l "ﬁ)\ﬁéﬂi’ﬁﬂliﬁ
b, — i A JZ EIE BUZ X R e A
y 5 ¢ D R R
TEAE 302 T REAS B oo Sl T OB 2
Koo b Z S IR B BRLOTAR S ¢ m o is B0 i 2 4 i
e B R

z =sigmoid( W_h, , +U.x,) (2)
r=sigmoid( W.h, | +U x,) (3)
c=tanh(W_(h,_  ®r) +U x,) (4)

b= GRO®((1-)®h, ) (5)
K h,——4 T B[] 25 A e A2 B s
W. W W U .U U—HF EEH
I B E A A (B
g
(4) 5 JZ P 25 259 2R 1 26 M 0 2R 2 (Rectified
linear unit, ReLU) YE Jy i V& o6 %%, 9 J7 % 2% R 3L
(Mean square error, MSE ) 45t 2 sR 4, 6] 05 Shy S2 PR
i 25 0 245 AU 1 ST, R T A SE A Bl Al AR B
2L AV IR B i i, B —MES S B b N RS
JBE B R 1) 189 5 AR B TR R B R R I R R g
AT U HAAE T fifk DL A 18 B 2 AT 3R P 2 ] st
RIEY o TERU AT, LUK o B /ME R I
16 B AR, i 5 BE ) — B Bl i A [ gl i 20
fifi 27 o A [ b B
RTINS E IS B AL A 2 > %y 0,001,
YIZREE R 500, KR 5E i ML E 1 DI 248 80U , H1
T HC A 1 45 2R 7 T S ARG BB, A AR D) R
PH R SR, A 221 Sk 3 38 A AU B 5 2 0 A2 D)
LR E O
(5) LA i 4 35 B2 Sy 552 s (L, 455 28 i 11 S 98
AR, Xt =3 S H — Ak, K 52 5 A 1 N5, 7 L
& VP 48 b R AR BORS BE Kz AL BE ) R AT DA

4 BENH5HEBGIE

4.1 AREEZMEKTLE
oA 56 UE AR SCFE R 1 T AL DL E R R
¥ i% 2 (Root mean square error, RMSE) |31
2 %t 1% 22 ( Mean absolute error, MAE) Fll 4 X {8 ) 5%
K4 %} 1R 2% ( Maximum absolute error, MaAE) & PEAf
AR, AL IS 19 2 S0 2 M [l H i (Multiple linear
MLR ). BP #ff 2 & 2% 5 ¥ ( Belief
propagation neural networks, BPNN) | — #f 3 FH i 22
RI2% (1D CNN) K [T E 3 50 (GRU) 5 —4E 45 1
MR EIT R 2 (1D CNN — GRU ) s/ BEROCR 47
XF LG, H N 25 R N5k 4 B

regression,



344 & oAk HLOB % 4R

2023 4

x4 TEEEMMEZERIE

Tab.4 Comparison results of different algorithms and durations
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