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Research on environmental prediction and regulation of agricultural
facility environment based on TimesTransformer

HAO Xuan,REN Shougang * ,SHU Xin,GU Xingjian, YAN Jiaxing, XU Huanliang

(College of Artificial Intelligence , Nanjing Agricultural University , Nanjing 211800, China)

Abstract ; [ Objectives | Facility agriculture has high input and high output. How to improve the efficiency of facility environmental
regulation and reduce energy consumption has become the key to its sustainable development. Constructing an accurate predictive model
of the temporal changes in the agricultural facility environment and developing intelligent control algorithms for the facility environment
based on this model is a feasible way to achieve low-carbon agricultural production. However, existing predictive models have not fully
utilized the multi-periodicity characteristics in the temporal data,which limits the improvement of multi-step prediction accuracy and
thus restricts the precise control effect of the facility environment. This paper proposed a model for the environmental prediction of
agricultural facilities and the corresponding regulation scheme. [ Methods ] In this study, an agricultural facilities environmental
prediction model , TimesTransformer,was designed based on the Transformer architecture. The Fourier transform was adopted to obtain
the characteristics of multiple time series periods,which were then transformed into two-dimensional data. Subsequently , the local-global
transformer was utilized to achieve long-term prediction based on the temporal dependence for the two-dimensional data. Based on the
known environmental parameters,the environmental change prediction model proposed in this paper was combined with the particle
swarm optimization algorithm to search for an environmental regulation scheme with low energy consumption and meeting the expected
effects ,and this scheme was compared with the regulation schemes using other prediction models. [ Results ] Compared with models such
as Crossformer,the prediction results of the TimesTransformer model for the environmental temperature of agricultural facilities were the
most consistent with the real trends. Taking the Lishui duck house dataset as an example, when predicting 12 h with a prediction

horizon of 12 h, the three evaluation indices of the TimesTransformer model, namely the coefficient of determination (R*) ,the mean
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absolute error(MAE) ,and the root mean squared error( RMSE) ,were 0.918,0.501 °C ,and 0.621 °C ,respectively. When predicting 6 h
with a prediction horizon of 12 h,the above three evaluation indices were 0.934,0.456 °C,and 0.516 °C, respectively, which were
superior to time series prediction models such as Crossformer. Moreover, the energy consumption of the environmental regulation scheme
proposed in this study within one week was 341.4 kW -h™' which was approximately 32.3% lower than the 504.6 kW -h™' of the
threshold control method. [ Conclusions ] The environmental change prediction model TimesTransformer proposed in this study can be
used to achieve long-term accurate prediction of agricultural facility environments. Its accompanying control scheme can significantly
reduce the energy consumption generated in the control process.

Keywords : agricultural facility environment ; temperature prediction ; environment regulation ; fast Fourier transform ; TimesTransformer;
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R1 EREEASH

Table 1 Technical specifications of sensors

fEIRARIEHY Sensor types #15 Model K Accuracy I 5 Measurement range
ZENEJE/C Indoor temperature RS-WS-NO1 +0.35 -40~80
ZEAIMEE/C Outdoor temperature RS-WS-NO1 +0.35 -40~80
ZENIRJE /% Indoor humidity RS-WS-NO1 +3 0~100
ZEAMBIE /% Outdoor humidity RS-WS-NO1 +3 0~100
%N CO, &t/ (mg-m™) Indoor carbon dioxide concentration RS485 +50 0~5 000
= CO, S/ ( mg-m’3 ) Outdoor carbon dioxide concentration RS485 +50 0~5 000
2= N JE5E/Pa Indoor pressure RS-QY +0.5 0~1 000
ZE MR/ Pa Outdoor pressure RS-QY +0.5 0~1 000
i/ (°)Side window NVW5792 +0.2 0~90
JE47/(m® +h™") Wet curtain DR-35 +1.5 0~600
MWL/ Pa Fan DF-1000 +0.5 0~1 000

OB AE L B L LR = A0 R XDV A BRI R 4, = NG 3 IR B R AR A, A B 2l A
F12.15 7128 m BT, 73 AR % N XL A AR AR 55 5 38 AR AR AL B L R DGR A XSS
[ 2015 4E 12 A 11 H 00:00 £ 2016 4E 2 A 10 H 23.55,ic % EFE N 5 min, 3t 17 856 58038 .

1.1.2 HEFAESHETEIRE & TEIEENAFE, N 228 58 05750 o i B — 28« SR =X
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x'= (1)
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WIS AR R B (R) i i B A 1 5 = IR Z AR OCHE . 2 0.8<IRI <1 B, I E N B A
PSR A AE M ;24 0.6< I R1 <0.8 I, 3 8l A g BAT BB A G 24 0.4< | R1 <0.6 B, I ik b HoAg
SEAHIENE 28 0.2<IR1 < 0.4 B, B BA R BAT B A OCHE ; 2 0< I RI < 0.2 B, 5 Bl S BAT A 55 4H G
P, RHITRIKT 0.5 AR AR N RA M FEM AL & HSCRE(R) MITE M= (2) iR,
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Fig.1 Overall structure diagram of TimesTransformer model
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B is the batch size; P is number of cycles; L is cycle length;d, . is embedding dimension; N . » GT; are the

predict » * predict

lengths of initial , transformed , and result prediction sequences; Ny, .1, GT\, 01 > Tlapel @re lengths of initial , transformed , and result label
sequences ; Dyjop,1 s Diocat » Dgtobal are globallocal ,and expanded global decoder outputs ; E 1 » Eo.1 are global,local encoder outputs,

respectively ;1 is input to the global encoder;/yy, 1y, are 2D and 1D temporal input.
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A 5T R H LR DE A 5 A5 A 15 °F- 39 45 X % 2% ( mean absolute error, MAE) | #4 75 AR 1% 2% (root mean
square error, RMSE) FIgE R R*, HFEAA M (11)—=L(13) Fix .

1 ¢ )
MAE=—Y ly,-7,I (11)
n ;-
1< .
RMSE = an.(yi -y)° (12)
i=1
R=1-3 (v, -7/ Y 5. - 3)? (13)
i=1 i=1

Aron REA BBy, FREs i DN EIEy, RoRH | ANTRINE
22 HEEE

FIH pytorch2.2.2 TEEEIHESE  7E NVIDIA Quadro P5000 S5 5 AR IR SR & AT
FIKFE A 144 3 B 12 by BN S BE A 144 45 72 2 B 12 h 6 h;2E 20 R4 0.000 1 ;55 ik 2 5 0 80
(k) 35 INZREARRECH 4054ttt R/ (batch size) 29 32, R T BERURS HE A 22 1P, AN () B 700 2 A [) 7Y
2R
23 REWMNER
23.1 FMERE N T 7 5E TimesTransformer FEUAH G Transformer £ 54 DL K B4 A 57 A b 488
)z W LA i R R A o] RS R A I B T D7 T A £ THOR , #F TimesTransformer 5% Y 55 9500 42 il #54
RUAHZE A 0T DASE B R RS B R 45, 76 AN R BB RO TimesTransformer #5715 5 Ffn; F 72 TR &
2 R ( Transformer | Crossformer . Autoformer . TimesNet . PatchTST ) X 4% b 14 fii 4 15 15, 25 7000 7)< B gk 47
XF 50,

& 6 4351 & TimesTransformer . Transformer . Crossformer . Autoformer ., TimesNet . PatchTST 45 %1 ¥ F i) Bt
K510 6 F1 12 h Bt U ER ECSE A X FL 2R, GT R i B B, 3B 5 43 B 2 B 2023 4F 6 H
15 H 06.00—12.00 #12023 4£ 6 A 15 H 06.00—18.00, W ELK] 6 ' TimesTransformer 15 % 5 HAth
5 Fofre 28 Xof K S < i 0 T it 2 AT DA AEAS[R) B BE T, Times Transformer 5475 ffy 0 Fr) i 132 28
a5 L E RS R B i

35.0 35.0
% 32.5 32.5
= 30.0 30.0
é 275 275
& 250 25.0
o 225 225
& 200 20.0
= 175 175
15.0 = 15.0 . . . . :
Sc o oo oo o090 oo oo
S O O O O O O o O O o o O
S B ARNS = A AT BB
(= R e e e e e e e T e I B
At ] Time A ] Time
— GT; = Transformer; —— Autoformer; —— Crossformer; —— TimesNet; —— PatchTST; TimesTransformer

6 TMATHC 6 0 12 h FIE S ESE /&L
Fig. 6 Comparison of predicted and actual value curves for a duration of 6 and 12 h
GT: ¥R HSH True temperature.
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2.3.2 FMRZESWH  EAHR AR IREE | {# ] TimesTransformer , Transformer . Crossformer , Autoformer .
TimesNet , Patch TST #8817 22748 5 2220 i, e SR A L ) FEIN 45 2R, (o FH A A B K 144 28 (12 h) ok
ST 144 25 (12 h) R 72 25 (6 h) . HEAIKERZE RN 2 Fin, BES K 72 2500 6 h B,
TimesTransformer F 8 FU (4 - 34 246 X0 15225 24 0.456 °C, B ARIRZE N 0.516 °C, HoAh 5 FivRL fr) - 35 45 %}
RER/NN0.775 C BT RIRZER/NN 0.901 C KT TimesTransformer BRI R FM 525 . TS KA
144 221112 h I, TimesTransformer R85 £ 246 %5 52 22 54 0.501 °C, #5228 0.621 C, Hofth 5
ML g 3 TR 22 /N 0.911 °C B T7 R 22 8/ 1,184 °C 32K T TimesTransformer A58 f) Tt
w2, JEE7E 2 FENK EAE T, TimesTransformer A8 P E REL( R ) IR FHAXS HOAE AL 25 |-
TEAS [) T 00 B Y 25 18 T, 38 3 e 0 2R B0, 1 2 4 xR 25 L 1 7 AR R 22 T M A8 AR I X L A5
TimesTransformer F575Y ELAG B 25 () 00K B , HENE B Ay VE A b P50 A Ml a5 i P 5 1L BE
*2 FEERRIGERITLE

Table 2 Comparison experimental results of different models

THMAEHEY Prediction model M A K Prediction step length MAE/C RMSE/C R?
et 72 0.456 0.516 0.934
tmestransiormer 144 0.501 0.621 0.918
Transh 7 1.003 1.131 0.847
ransiormer 144 1.313 1.740 0.839
Cross 72 1.056 1.125 0.917
rossiormer 144 1.128 1.330 0.865
Aol 7 1.383 1.461 0.851
utotormer 144 1.612 1.693 0.822
TimesNet 72 0.775 0.939 0.904
rmesie 144 0.911 1.184 0.891
. 72 0.822 0.901 0.893
PatchTST 144 1.354 1.755 0.864

2.3.3 HRBUZALEEIIRE  AEAH R AY R 56 FR B {# JH| TimesTransformer . Transformer . Crossformer .
Autoformer  TimesNet , PatchTST #51 73551| 76 Bl A7 1, bb B4l 4 b b AT 278 £ 2220 W0, 36 UEAR 1Y 1 2 1K e
J1. MR AR 144 25 0012 b UK 144 25 (12 h) B 72 25 (6 h) BIRPEDL, 3% 3 ik
ZEIXT L AT FE B A FL LB R R b, B SR 72 2P (6 h) B, Times Transformer A5 751 F5000 A9 - 34 468 X 13
259 0.409 °C ,FITTARIRZEN 0.525 C, Hifl 5 PR P2 45 0 iR 22 e /NA 0.412 °C T ARIRZEf /N
0.530 °C ,¥JKT TimesTransformer R RT3 22 . T B A 144 A (12 h) B}, TimesTransformer A5 7
TR 8 S 2 48 5FR 2% R 0.435 °C 47 ARIR 258 0.632 °C, H: 5 Flik B () S 14 4 %15 22 e /M 0.431 °C,
/T TimesTransformer #5741 5 R IR 2 /N A 0.642 °C, ¥ KT TimesTransformer #A [1) FI 12 2 If:
H , ZEW AP TN B 44 T, TimesTransformer A5 5 4 558 2255 ( R’ YR TF HA T HAE A 28 | A AT T
MRS il i PeE R B P a0t 22 207 R 22 PPN F8 b5 i X He A5t | TimesTransformer 544
TERT AT AL BG4 b BAT B 0 TR0 B
F3 ML LEBIEETN LR3I
Table 3 Comparison of prediction results for Abu Dhabi dataset

MY Prediction model M A K Prediction step length MAE/C RMSE/C R?
e Transt 72 0.409 0.525 0.917
tmestransiormer 144 0.435 0.632 0.908
Transh 7 0.412 0.530 0.824
ransiormer 144 0.447 0.693 0.816
Cross 72 0.428 0.546 0.849
rossiormer 144 0.452 0.687 0.832
Aol 7 0.646 0.782 0.874
utotormer 144 0.684 0.902 0.859
TimesNet 72 0.418 0.587 0.903
rmesie 144 0.431 0.719 0.892
PatehTST 72 0.436 0.592 0.871

144 0.445 0.642 0.868
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2.3.4 HEDH  TimesTransformer BIAY 1) THE L 4 B 32 ORI T8 B3 A1R) &8 - 42 %) Transformer,
PR R TR R EE N 0 (L log, L), J& 5K — 4= & Transformer BT E 22 & H O ( LD? ), BT LA
TimesTransformer FAVEIR TG 228 R O(L log, L+LD?) . Hrfr. L RREFRJFHIEE ; D ACREIRE 4L

N e TN NN TN L
TimesTransformer {31558 2% B Z KT Transformer FAYK) O (L?) ,{H = T PatchTST #HL(K) O [L] L,
seg

ORI BRE
DA A BT TY R8C3R ARAIT 5 L A8E T AN [R] R 00 A6 7 400
RIS ATITR], A4S RN 7 , Kt SR TR S & Bl 45 4

¢ Transformer;
e Autoformer;

VN 3 . g 300 b % Crossformer;
RUE UK 50,184/ batch (9P HIZATIEL, fEAMI £ |« Timeses
— N — © B Patc ;
5 2R 35 T, TimesTransformer 5 %I 1 iz 17 B} [0] B & 8 T g 200 L e formmer
Transformer B Fl Crossformer #5 | 5 Autoformer, TimesNet £ & 100

RUREAR b HE BT, 250 AT F K B 1 K )| TimesTransformer
AL KA AT I (]I 55 T PatchTST 547,

2.3.5 EERRIE  TimesTransformer 55 A {5 F e 3 {e B 78
PR e B PE R 3 A JR) R — 42 Js) Transformer #5546 38 5] 18
DA 55 S S T AR RS O 2R o PR R A e BB S ) 1 2
— LN [ 7 91 RS e 45l — AR TR P BN, 3 HRAE X T I TR R 81 S50 A 4 P T LA 2.3.2 75 1
PRI, A9 UE )Ry &8 —42 JR) Transformer #5886 AR A 50 G g i £ 7, 368 50 7 Fal e xof AR AT PPAL . T
R0 FH LA 25 R 4% ResNet A1 CNN R CJRI#0 — 42 /) Transformer B 435130 566 3 FlAS [6] ) #
25 W 8 ASEERAE AR [0 25 1 T AT BN ) MAE {570 RMSE {8, % &5 A KR 144 25 UK 5 510
72 144 2 BERINGR 4 FR

R4 TE YR B R X 45 Y T 45 B 9 25 M

Table 4 Influence of different two-dimensional feature extraction modules on model prediction accuracy

1 1

0 L )
72 144 216 288 360
i AK Input length

7 HEEEITHIEXTEE

Fig.7 Comparison of model running time

RS JRi— 42 J&) Transformer

]’fff ft Prediction Local-Global Transformer ResNet CNN
step length MAE/C RMSE/C MAE/°C RMSE/C MAE/C RMSE/C.
BKNG 5 72 0.456 0.516 0.629 0.732 0.653 0.781
Lishui duckhouse 144 0.501 0.621 0.704 0.819 0.854 0.972
Be A 4L H 72 0.409 0.525 0.587 0.692 0.627 0.743
Abu Dhabi 144 0.435 0.632 0.613 0.841 0.782 0.965

% 4 AJ 5, 7F TimesTransformer H-% A3 -4 /&) Transformer FHAE S — 4ERR0E 472 BB B i | A
(R TR 5 25 F /N, TSR Y P8 K ResNet £l CNN 4 —4ERRAE SR BB DA S 4 5 42 5L i)
KR 72 2 R 8RR -4 R Transformer REHATE g — 4R 45 1F $2 BUBE B Bf MAE A 0.456 °C, RMSE H
0.516 °C ,fdi Jf] ResNet VN Z4E45#AF $2 BUR e iF MAE M 0.629 °C,RMSE 4 0.732 °C ,{#i ] CNN {2~ —
YEFFAE SR BURE LY MAE 4 0.653 °C ,RMSE 3 0.781 °C , #4781 Ffl J&h i — 22 J&) Transfomer FEHL/E A HAE
FRPUBSE B g PG B2 T RIS 45 SR R B, SRR — 42 JR) Transformer BIHTE TimesTransformer A58 H 3% B
R ) TSI RE 7, AT LA S B IR o ) A M R PR B
24 REPELER

K TG 5 A TR B N BRI REVRTH FE TR 0L AN 8 S T . AR IR ) SEBR 75 5K, 180 B 7
B SE IR 0~ 1, FIER 0 EEK RS & B i S 046 3 Fh T A5 & R AR R0 20, 0 1 B0 B 1%
R xe (0,1)" FRRSE R T3 B N BEE B M T, S S EGE, ERIER 7 V= 0.5,
¢P=0.5, B EHE T w=0.8, FEFECR b 40, KB ECH 50,

£S5 OEKBEFERIEHITE

Table 5 Lishui duckhouse environmental control actuator

Qb3 Treatment AT Actuator $EEZHA Operation type REVRTNAE/ (kW h™") Energy consumption £it Number
i X\ Ventilation ¢ Side window HLHL Motor 0.45 30
33 Cooling F2AF Wet curtain H1 AL Motor 1.25 8

< Change air HAAHL Fan HL L Motor 1.50 12
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K A [ 1 000 5y 10 ] A R S0 2 ) A 5 X B, K 0 (42 Ak Rz P A ] 00 B2 25 g A 25 o 42
Hil 5 EAE 2023 4E 5 H 25 HZE 5 31 H 1 AN RERIHAEIC % WK 6, & H I8 ¥ E By 10:00—
16:00, ¥4 2 H b5 o BG4 b IR BE S 28 ~ 32 C, N3 6 (45 R X Al DL Y, B i e o0 ) 485 Y
TimesTransformer I FH T4 5 0000425 il AT 8 455 J5 00 BE JRTH #E = i (IR , el |§ﬂﬁﬁ%u BRI RERRA T
2132.3% ,%IET’{%%?DH#J?@@@M%@ TimesTransformer [ FH T4 15 fih #0155 J5 Fi6) T 3000 9 Al 2 s v , I T
DMK SR B PR 58 4, B ARG i A vh B AR O REFE

Fo6 ARIEEER—FReiREFENT

Table 6 Comparison of weekly energy consumption among different regulation models kW-h!
e S (i 9
i TimesTransformer FfiLi: Transformer Crossformer Autoformer TimesNet PatchTST
Index Threshold
L5 N
HETRIF FE 341.4 504.6 389.5 392.8 423.2 372.4 419.5

Energy consumption

3 4ig

BT X} Transformer 551 GeiERIAE A1 I [B] 77 51) 22 JE S P4 R A1 7 T A7 A6 B AS 2 DA S S0 A AN v 1) i)
AR GEAE Transformer ZRAG A FERE [ G1H 12 H TimesTransformer FEAY 12 7 ¥ 1 56 5% F ke 8 e B -7
S IO e B v ) AS ] o 00 Re A, 5 — 2 I 1) e 90 B0 80 e 4 o e s | 3Ron . AR A -4 R
Transformer 435I I 77 50308 76 A ) JoT 39 [1a) K% Joi 39 A A0 (R | AT it DRAZ . Transformer B84 22 W 5 7
Z A IR IRLE AT, A BIF TR A Y FOUI AR R 55 A5 A8 T 42 o) SR AR 25, I T T AR i P 3 2
AP . 18 1S I Times Transformer R 7R RTINS B2 FJ8 45 REETH AE 77 ThI YR L, I 0HASe 45 R it 17
XF L b A AR 2508

1) TimesTransformer 15271 i B N A 55 L SCAEL AR A R 32 im B — 25, FEER/K RS & s AR E 1 T 50, i
M 6 h i, FHLPE (R P40 R 22 (MAE ) Rl J5 5% 2% (RMSE) 53514 0.934.,0.456 °C
0.516 C;7E WM IS K 12 h WF, R* . MAE F1 RMSE 73514 0.918.0.501 °C,0.621 C, i K 45 5 K W]
TimesTransformer 7£ W PERE LA T Transformer M HA 5 AR 04N, 76 Abu Dhabi ZHE 45 1R % 54 52
AT XS PR, 0k TR B A BRIz AEE T . ORI AT SR R W] TimesTransformer #5241 5517245 2%
KT PatchTST BEAY | & F H A X LI R 35 Bl 58 50 HIE T TimesTransformer 158U (14 4% .00 J5) &6 — 42 &)
Transformer FER X FHUMAS B A £ TR L T ResNet #1 CNN

2) M9 £ 75 it £ AL ) T A ) —— TimesTransformer 354 S M FREE 45 05 5, IR 45 SR K0
55 BB T 12 S A T 0 5325 (R RS B 0 42 ) 7525 AH HE , I TimesTransformer 724 MV 35 it #1458 4 42
HAARBE PRI REFRAR T 24 32.3% . X %M TimesTransformer EL A 455 B FIRS BE | BEfs A S e 4l
VIR T 1 S 2 I TR IE , JE R BN PR EE S B AR B a3 . JE T B 45251 R GEnT DLBE AR IR
& BRI R T, LA SE DR 5 20 B 5 B o i SR N 0 B RE IR E , 42 v A4S RS 40 B AR BB ALK F- o
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