EREREAREHANES R ERELAGEE

Ptk ! EWE' OREM® FEARS
REGRFESRT ' RESTRERE? BEIXEREEABELR®

AL

TP R SR 3 A 2 SR > R e AL e IR =R RIE E R R 5B R
SRFPIAEFERT L0 > A DARE S S Pl SR AT IS pR AV SRR - IR = RIS H R AR 1S
RRAEY)A: Rt - B RO = BRI ) AR AR S8 B — TA VIR RTRE - IRER AR =42
IS B A 5 S JBRITT o BE HAA S PRI - S e 35 Y T L R R b a8 2 48 A8 (B TH #iz
FE B A JEESHO 2 5 » 1 ) SR 5 i s g BRI 2 e 7 P R 1 R - AT SE bR A
SREF STMAS-WRF Fii TR > P B fy 3 A B - #EfTIE 12 /NRFZ
RRTEHR > BERE  RE - RUKRSN SRS rDE A BRI 28 > AR LSTM RTINS
SRR ERHEHARICR = N ELECRSR - STHYRE PR TEIRE I AE£3 CHUAREAE T AEHE & v] 22
94.2%; FHENEEAEL5% [ 2 AEHEE Ky 61%; 58 +100 pmol-m?-s™ N AERFET Ky 82.4%-
PRAH SRS FOMBE T fm (AT R P SR B A1 > HLBRWITHTEUAIRE ) ] Footi = BRA%E 2N AR T

% o EATHE TR A R B S PR A

DU S RN 240 -

BRSET M= - Wb - B/NRFFRER - LSTM R

R =
>~ AlE

Tl R SR R R N IE A Z R K
= NMERMFEYAE LIRS BEGLESEZE Y
el - DL 2016 A Ryfol] - € Blmg = Rl 7E R 350 (2T
HIESEIRL - B A B R R B A = (R e 4a T
g 0 2017) - REATEE R 2EZ Bl By 1 HERE Rk S B
i SEHIRIE T SRR =S T 5 4 2000
NEA ) BBCR - HAITERE RS B SRR i Y 5
Bk BeEAETiRtenEEE D - 55— JH 0 B
FEEERFEANCZEEEREANBTE  RERIE
B ~ B TAVEEUE SEHERIR R K S RS, -

T RFEER T IR AL AR AR G P S S R LAY
ARIBEESN - B DR 5 HA F e SRy
AE) o AR AV S I LA FH B A AR E R R
BRI BB E SRR 24 > A EEE
{b(Artificial Intelligence ; Al)Z&47% - BEEEiREER T
Y RIEAER IR 4 (Internet of Thing) i {CAYEIZK > & H
ERVAIRT - B E NGRS - ERE - TR R Riz
ERFEE AlTERE  r BRI R R e R
TEVIR IR - W45 & BB LR R4 A
ANTREE RS > % "HESOR=,  (Autonomous
Greenhouse) (Hemming et al., 2019) -

NimeEERESEHHDR=ELHAUKE
HIRICHI S Ry BB - e R 2 S i Y 25 (R4~ 1]
WORBRREET ~ JCEET ~ EUEET - TIEREETE 5
ZEER—RIARED R = HECHISSBE 5 Ryl - 40

Bl > Wh R B LR S A 1 8% >

LR BRI s A RE AR DR = HEh b (B2
A 2 R 250 DT 3 s > S8 NEHIZS A AE(E B
Bl S UE AR NGB bR T REE S AR (E
EREYIRE BHER B EUHIESHR = SN TUREUR = /%
EEIEIEE L FI MR - NS RE R ECHIZS B 2
{ERCAFERAR » AR HEEZHTARERL - IR SRS
REERABBDRERE 2T -

LISRA EIRIETF I 2 R HRE B2 R R (R
AT AN FTHIE R - RS EIEA RS (L i
AR AR L2/ NRFZ NRF TR A B RO IR
RREET] ~ JefE FIREIN T > ERERF LTI fn DA
IIITEAR AR = A E NRFECR R B m R
AP 2 550 2 fichs > I BEEHEY) E RAE 215
B AR E IR IR ARSI - [FIRF ek DRI ES
BENZERFEERAZ HAY

AGER LU T VN TR Ryoi =S NRIERAE - I
AMFHLSTMIERGRES MR 2 0 ~ RIS ~ Stil s
ERREPURE B - UEE - IRFEERENCR
B - W LALIE RO R =R AR A 2 2B &k
E b BRATHIINEE HA AR R Z AR A -

= HREDTE

Miestis) e NS

aERn =R TTE R R A g kST A -
mERREREATER - HERTEEZEAMRE & 12m -
5L 5m ~ RIHEEL 4.3m > AR 0.18 mm [FEEEE
fE o SR EITEASNERRAE - EIH 2 AR AIR A



4 E%%Ziﬁﬂ AT S A RR B AR -

NN A R T R IR RN - SR
%Wﬂ%mﬁﬂz,ﬁjaﬁ JESEIEEH(HMP60, Vaisala Inc.,
FmIand) ¢ 38 &= 5 (SQ-215, Apogee Instruments,
USA) ~ =4k 3% i i 24 5+ (Model 81000, RM Young,
USA) ; sl = S MR GG RCHIES - JRREET ~ LB E
5t g E 2 5T (WindSonic 1405-PK-100, Gill
Instruments, France) - WNAMRRILEIEHEC ket 10
Sr§EEC$E 1 £2(CR1000, CR800, Campbell Scientist Inc.,
USA) » I8¢ H 4G a4 ek {84 0] B2 25 e B Al A (5] A

58,

STMAS-WRF fxig HATESRIE R,

Hh o SR 5 ey A A e ] B 2 ] 26 RUFEE 70 A 2 4
(Space-Time Multiscale Analysis System ; STMAS) %
ERTABUE R - REEDHE R B AR & KPR

RIGFER R WA ESR R - fRERER
[ERIRREHE(ES » 2015) - STMAS Frig iy 4a(E
o] it &8 (E TEE =0 (Weather Research Forecast ;
WRF) » #EFTE/NRF 1 27 0-12 /NEFRSATHTR

& STMAS-WRF & 8L S{E iE X FHERAEE R
S8 u] KA IDW (Inverse Distance Weighted)ZE [t A
e E AL B AL E - Bt EE—ERAE
(BT HEAS - F1 P AB AT Y ARG S B AR T R A
Firéa R (RIS FEREE T ARG TR (8 1) - AR E Y
LEREFRNTIE o 3 x 3 km > ZEfE AL B Ry R kBT
slBRR = PR B (24°01'43.3"N 120°41'26.5"E) - FH#
NAEFER 12 /N2 ORE ~ JRIE ~ FURES - RIFIE
G~ ZBRERE - BRDREEER -

z, Z,

_ (d;)?
Wl 111((1) -2 » Z Zl— (WIZ)
B 1. 2RI AT E
TR SRl

PN 12 /NS TR EO R I T o - At
SIS R IS R T AN S S B (R Y
BRSBTS - DU ko NISSMIS S St ot
(EILd =y x 6 {8 36 B 0 48 2 3% i 0 76 X, =

X amny o ¢ XDy ¢ XT])  ACTEHIR 2 PO BE T ACES
o NEFIR S (DS i = 1,2, 33571 » UM

SR E ¢+ f BEREBENVEEE - Hb ky, x 6) 0 il
uwﬂh\%mﬁ ZRHLELIE -

By TRV EEE 0 ANTARTERR A o AR
B (F H & 56 3 50 18 4 B B A (Long Short-Term
Memory ; LSTM) » 3lf7 By T 458 2 2 S A [E] s
AL AA 3 x 2 EEH bi@iﬁ&ii’i °

& 2 Ry AstEs LSTM FHAVREZSE » TETFEﬁE tHmA
E’Jﬁﬁf“ﬁydxz?ﬁﬁ%ﬁ)@& [x @1 s Xy

]ﬁ%ﬁhﬁ%t—w—D§HML£ﬂgés’
X, [V F e B 7 8 p EREH A BN > EUHRANTR
UGS SRR RME - RmEE - B H B 4
Gat 7 (EEEENE(p = 7) - SRS Y] BRI
t+ f BRI | B TR (RIS s < B
FE SR EmE BN = 1,2,3) - AERIH 2 8
FLSTM cells ; 5 hidden nodes (h(’)(d H € RY,j=
1, 2)Hk » I3 cells (R0, )it — (d - DER
TSR ETRE SR IS o i cells LA 1
B T 52 AT 428 (feature learning) » J745
—J&( = 1)t node 5% & Fu, =50 {EHEENL >
JE( = 2)d4{H node ¥E Byu, = 100 {HER - E&
1B 5 5 @R % —(E node (h)A HE LA P Ak
IR, > WA E — R B T 57 -

SRECRE N M ASEEHRA kfold 28 B (k-
fold cross-validation)5EH& (k=5) » DAZEAL R Ay — 201k -
SUREAR B (#{time points}) B N EEPRHE—(x,, vi}' » It
FORIEIE Y B K BH Y S (EE B a6 kst e
(testing set) » HIETEATELAR ZORI RN 3SR 25 (training
set) o 4H{ESRETET AR i F— (BB » 3f DAL LY
SIS PSR T - BRI I k 20 HOF
ﬁﬁﬂﬁiﬁmﬂﬁ%%ﬁﬂmﬁ%ﬁﬁ’muﬁﬁ

GRS (MAE) 2 S5 M B ST HE S - % MAE TTH
SIS eI B A ()T A S Sy 4 3
BFTS -

Xe-da+1 X_a42 X X,

2. LSTM FE IR A& i R e
:. \\\D% g\j‘%ﬁ
7 12 /NN YERE TR E R

STMAS-WRF fi %5 Hi 78 & £ =X & &% H
ARW(Advanced Research WRF) / WRF » fit& STMAS




37

34 |
9

Fr
31 \
28

Temperature (°C)

]
25

100
9
80 =0

\
70 F N

1} 1
60 | \hes
50

RH (%)

1600
1400 |
1200 |
1000 |
800 | i
600 | |
400 | ;
200 | !

4

Radiation (W/m?)

\s, \
¥ S ’
] ‘I (] \ \ H \ [l \
i ] H W 1
i N ! Y\ 'Y |
W/ oy ! A
’ ' \ \
Vs \ ¥ ! \ Vi
4 S\ \J 1 uh \
- u! ‘. \ \
14 \
v
" L " " L " s " L "
-
i
'! ]
' '
" ] N
i . . i ;
(X H
“ n " H '
] i " n H '
\ » / &
! " 1 nty P H In 1
N s I { niy . N
\ Y U ' nty 1| [ A
\ [ M ! Ly ] ] i
\ ' i ! ! i ] i
\ [ . [/ 0 | ] i |
: \ ! V [ ! 1 [ ] | 0
] ' | ] : \
[\ A | ] ]
[l ' !
: [\ ' \ i H \ [j ] \ ) \ ]
.t I\ - n n L - P kN P’ Ny L

0

7/123 7124 7125 7/26 7127 7/28 7/29

!
lJ
P
7/30 7/31 811 8/2

---- Forecast next hour —— Station Data

3. N L/NRFFHER(fO1) () BUR A MASUE () ~ JRE ~ HA B Z R
(H 5T 26 R — SR S BR AT AL &R

Frie L RIEa(E » TRV INEE 0-12 /NIFRSATHTR > T
1B/ N RS TR DA f01 0w > DABLJSE T 12 /)N
RRAERS TEE SR By 12 - 3R 12 /NS MER L R R TEHR B
2020 4 1 AbAtAER > INMEEREEL b R SE L 1k
ZEHATERESE T o AR BEATHHRHORE - &R
FEBENERN (HHE) » It 3 EEig A 8EYE R
HVBRIRE IR T > B R R SR R A2 il iy S BB A «
2020 4£ 7 A 23 HZ 2020 4= 8 H 5 H Z EHEFLEY
Ol AR THIRE R 1 (E/ \FE R SR T
([ 3) Pl EFUREATE Sy - RGBS BB - R
FEFTAHG(A 7124 ~ 7125 ~ 7/30) 6] 2% 3-5°C » [fjH K
SRR R ARAT o AR S LA B A REhTEH -
SRENTEREE TN TERRE > F o ERECEE R
2 OREMRE S EIRA » R R HEHRE
BRSNS LR SR —2 -

FHATHER H 41 & B St =B iR
[&] > [h A B A R Ak B T O M B e
M & 400-700nm & E R o] R G908 By - BE AL By
pmol-m2st > FHEERIAN H & &M= 26 - ALK
W-m?) > (o F AR AT A R 3 — AR e et B ol
i A Gk R 2= 4 400m) - {EfE 3 1541 iR
(Y H 5 & AT AEMETEOI(7/23 ~ 7/24 ~ 8/1) » E Rzl AT AR
HETEOH] > (2 R st & R KAV IR 22(7/25 ~ 7/30 ~
8/3 ~ 8/4) - FUHMEIAE RS - I EATEH U R EFTE
L& H T &K -

AR e TR R R A E S A 1°C 2 ]
RIS ERAES A £5%  HETE /A +£100 W-m2 > i ¢
BEEAERERORE - £ 1RE - RE - HH
B2 ABAREN o ASFTAEIE 2L - JRERAEE
FE+1°C 2 R 5 4A8dE 20.861£2.75% » +2°C 7 fif]
HIVEEE (L AEETE 45.8624.89% > +3°C 7 BB (4%
0I5 66.0024.91% ; JRFE 3R A2 HAE 5% 7 IRy EHE (5 4%

95 31.63x2.74% - +10% 7 [ HY B2 15 48 B iz
55.89+1.07% - +15% 2 [ HY & ¥ (5 48 & &
74.04+2.66% ; H &} &R 22 {EE£100 W-m? 2 [EVEE
H4EHEE 32.24+3.54% > 200 W-m2 7 B (H4E
g 48.51+3.26% > +300 W-m2 7 FAVEIE (L 448
72.67x1.57% - R THERE R E AR = AR AR
FRARHTER) > PRI AR 2 (E Pl NeRAT - (EE H ATaR
ZENRS - AU RIS R AR = -
AR ER FEFEEE -

* LT 1/NETHER(OL)EEEOR ZINRE ~ B -
H 58 2 B2 au B N S SRR S] (BRAL - %)
(ERHE 2020 4E 7 H 1 H % 2020 28 A 5 H)

T t1°C +2°C +3°C
20.86+2.75 45.86+4.89  66.00£4.91

BE +5% +10% +15%
31.63+2.74 55.89+1.07 74.04+2.66
Hif&E Y +100W:m?2  +200 W-m?2  +300 W-m
32.24+354 48.51+3.26 72.67+1.57

Y E B o R S — SRk 2 P A
* B B L E R EdE(H 5 2+0)

LSTM RIS ae R =N TR RS
SRENMRSE A A BENIEG LS HEEES
A5 7 = AT AE S5 R s (Taki et al., 2018) » [Al[E
HAAF AR =N RS - FBERE T
FE o A ER{E > LSTM 57 88 A R EF e aC 4
(Recurrent Neural Networks ; RNN)A#Y—({E 45y~ » F38
AR NER &k (Hochreiter and Schmidhuber, 1997) »
RNN S BL LSTM FR AR FREREHRG K2 i Fy 28t
A A DUR EIRIR R E R R EEHI 2



% HEREE A DUE B R M - B A Be b 38
IR R DEY A R IR IR R PR -
A A A Z SRR TR - DURE IR BB - kD
AFEHZE SCCHYMTEERIE R - FIREflEfR R B4R
BAETHA R AT - A R BRI EER
SREFREIA G AN E o R IRRS ey SRS A
FAEAES M AE3°C ~ JRIEERAE N £5% ~ B R
ZE A HA+100 pmol-m2-s?

A E I AR ETHEHE S EN
RN ORI A R EIREE R 2R » R AR G s
BIA] oy Ry & NSO B E BN 2 /N i Sl A B
(fp = 7 5 6)AYIEAY > A BEEAETHE (F HE R & 2 1
Ao R R TR - BB = RS ST
HITERERS By 94.2120.92% 5 J& 5 ~F I THOHIIE#ER fy
61.02+8.34%* ; YR E L TEHIIEME2R B 82.41+3.74
% (FEOHIFE R A\ B R B SNt E # DIMERD) -
JH P TEUHIASE U 5 o N (5L 2R R 3R A B AR (R By
SD #fK) » MEREMEEL S 5 SEmE AR IR
A ez /KA » (B RR A THEPEHER R -

TR PR B AE SRR SRR T > W] — D RS
SR 2 BEAIFE T d > s s up) 0 EZHIERT
FEE T I RGNS - S5—J7H > FatE
EELE B E S SR TEHRE JI O A > g A8
BT S R BEAINTRE ST o AR EME O DUSE A
{55 = (B 2 /D [6] 3H1 2O =) /Y — & 15 24 (general
model) - FEELHIIEL &5 A A BB EHEA p)
WHEHHHRE - EIHGRE - KiGHRE - B R ilaE a2
NGRS S8 ARG E
HUERERE - A5 RERk T 1L i A e R > (ol AR =
FRERG 2 -

1
BNRTRBRE « RE - XaE

2

M ARREENSARR
HEZNFRZEARIRSH ‘
SMER
2 REBR

3

HEZRNRERIRIRSH
RAXSIERERER
HARENSERIRIR

BEARARL DL B IR S A TS 1R 40
AR ARSI ER - SRR g
RERFE tHEEERY T 1/ NIFERE 2 B {E > AT
FPURERRAGZ T -

BT 317
A BB 4% H VAR B B RGN O 2= e B

R BEASZEAE 4

1. YEtETHEE R BE NS R PR RS B R AR T
L/NFFTHECORE ~ RS - H & - NS THHRE
B> HIEEBEEEUHNEW )RR EE
SPREBEMEAABMAEEEZ DL E R
(umol-m2-s)EFTFUH] - HIEY) e aEFHTTRCZE
LIt 18 & (400-700nm) &y - » AR T B A B4 - 4k
(2011 ) 1) P o A A [ 08 = o 8] A9 O JoE JRROR B AR 1T
HIE R R 2 1 Wm? =~ 445
pumol-m2-s? o

2. SMEPDR ZE MR SEAL: th IR R RIS THER A
RHEABA G > [FE]T 1 /NRERZENEDRE ~ &

3. TEWIEAL  BRR 2 B0 2 1 24 By L RE AR
RPEDE e > (B iR = RGE N T RS EZ 2 D
RIBZMEY) - B E AR St AR AR B 2
HYEEH] - RS EEIZ T 1/NER = N SR - R
&~ St ER AOCEEREZT - 5[5 T L/
EERERE - A E AR E G EEE = FRE
PN R RIUBAT S 230 ATt R A AT 4R 2= BRI
IRREIS BT R e R E 2 BRI

4. PEFIZER - PRI RSMASEOREN - PR E R TR
MHEBEZ Bk} - AR SPERDR =55 -

@B LEER AT A2 O
AREBRVRABERS

5
5 FARE = 115 S TRAR

SR EEAIEER A
BT REERR

o

RERRFREEERZZEFRM

4. Hr R E



5. wxfABAR - RAEREERIE A ATES - RE -~ B
F= ~ UEEE - PSNERR A > R ASEREAM
REZBE

6. JhEIREIRIE(L R ERIREER I EYI A R
i EFYA REEYIE BIERACR -

EN NSRRI R AIENSRION (S /P Ll WY -
TTERBEREE > MR LUK BRI Ss B AT B 4l i [
EERDR =R - [FR SRRt TS AE Al T T
RE > [EAEEE T SEATAET THIEN - 2R T B
BHEP)E R 2 PRI -

g ~ e

i T SRR R AR A e (R R R A A —
TEREE T - AEAA A RS AR R 2 I TR
SIRBUER RS — AP > L H R S H Ak
HE > SR ERITRE AR - AR E ST —
TR = BRI - BR T R ARG ETHECR
FER > WEA Al ST A HEE TR = R SRR
55> DURASEVIMRBAAE R o AT R HATARTT
$TEATHRINEE > (= NIRRT fEsE - &
RS A AU E - FELUSE R B PR SR D B ES
HREEZ DR BRI AR Rl » A ARAOR
EPEHITRALHTHYEEE -

h o~ B

BHRHEED TR Al B E AR TR =
T HE #5245 (MOST 109-2321-B-055-004 ) |
S -

ARE =54

TORAM, RER, WEX, HEE, 2015
“ STMAS/WRF i HATHH R UAE TIR TS, 104 4
KRS ETH A & 5w L.

TTBbe Eat4eg, 2017: 106 FFEEEEGGETFER, TTE:
B¥ZEY, 5k

#ketiE, 2011 e AR P, e
BTtk % 85, 26-29.

Hemming, S., Zwart, F., Elings, A., Righini, I., and
Petropoulou, A., 2019: “Remote control of greenhouse
vegetable production with artificial intelligence—
greenhouse climate, irrigation, and crop production”,
Sensors 19(8), 1807.

Hochreiter, S., and Schmidhuber, J. 1997: “Long short-
term memory”, Neural compu. 9(8), 1735-1780.

Taki, M, S.A. Mehdizadeh, A. Rohani, M. Rahnama, and
M. Rahmati-Joneidabad, 2018: “Applied machine
learning in greenhouse simulation; new application and
analysis”, Inf. Process. Agric. 5, 253-268.



Using grid weather forecast for development of smart greenhouse
environmental control system

M.H.Yao! H.C.Wang! T.H.Chang? Y.J.Lee?3

Taiwan Agriculture Research Institute, Council of Agriculture, Taiwan'?
Central Weather Bureau, Taiwan 2
Department of Applied Mathematics, National Chiao Tung University, Hsinchu, Taiwan 3

Abstract

Extreme weather events occur more frequently in this day and age. To stabilize the supply
of agricultural products, greenhouse cultivation has become the mainstream of Taiwan's vegetable
and fruit crop production to avoid agricultural losses caused by heavy rains or strong winds.
Greenhouse cultivation often causes crop growth stresses due to high temperatures in summer.
The research and development of the smart greenhouse environment control system is an urgent
problem because the existing greenhouse control is subject to the difficulty of high costs and the
difficult replacement of sensors. If the grid forecast products developed by the Central Weather
Bureau can make good use to introduce into the agricultural greenhouse industry, we can use the
weather forecast to estimate micro-weather changes in the greenhouse, and start equipment
control in the greenhouse early to maintain the best growth environment in the greenhouse while
reducing the density of sensors setting and subsequent maintenance cost. This study used the
STMAS-WRF extreme short-term gridded meteorological forecasting model from the Central
Weather Bureau. The scale of the forecast product is 3 kilometers which produces hourly weather
forecasts for the upcoming 0-12 hours including air temperature, relative humidity, short wave
radiation, etc. The outdoor environmental parameters were used the long short-term memory
(LSTM) model to convert into micro-weather inside the greenhouse. For the prediction ability in
the greenhouse, the accuracy of temperature can reach 94.2% in the standard of +3°C; the
accuracy of relative humidity can reach 61.0% in the standard of +5%; the accuracy of PPFD can
reach 82.4% in the standard of £100 umol-m?-s™%. The temperature and PPFD two prediction
ability can be accepted by the greenhouse environmental control system except that the relative
humidity prediction ability is too low and the model needs to be adjusted. Currently, we are using
cloud computing for optimal greenhouse control strategies, and developing a control box to
interface with environmental control facilities to fulfill the smart environmental control system.

Key Words: greenhouse, grid, weather forecast per hour, LSTM model



