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Faies BALABPRES e ded A (ABE SR kFiefed T iph)
R é{: A GEEATE Eed AR IFEETER L BT RRR FEHE L EBRE

Farefan R e A w BER W ERE BRI FORA o - ) hiiF

ER ARV L l%‘frfﬁ-;}(fﬁ-;{@?%*’ PURGRIB U A BenP B (3RE2552025)

B F @b o F Pk (zero-emission) AR A EBrA A LRSS F R P
%%ﬁﬁiﬁ%%e@@@%é%#%«?%%ﬂmﬂ’%’ﬂﬂ?ﬁﬁm*% 5o #
AR EORETRE R F o A R FTIRDIF e R E R o Fa R BERRA SR
RIF & g3 £ 4 o & 517 AT f1E % % (new growing system, NGS) EE SR §: S
AR LAY R e AR TF > BHI ST PR KA AR T
50 BArs A o

AT REMPATEZ IR AR IR RTERRET AL G o B EPT
TRAFREIER S TEEY S BN R ERA AR A RO IERY o % FNE D R
LEE SN B NGE: MEY AN Rt N Ly TN WA - R U
WE FEMAA RO REERE - ARE S BRT kD E Y B R
RO REF LG R R p A RE A AR BB L AR

TSR BEFT 4 AR RA R PEE TR PR B S
AT SRAEL L AL L Ak A L ERT LE xS o

ER R REERET P 3BT HICEEBRANY 22 5 & (biochar) Ei ¢ 0 2 4
AL FWHFE WREARSFLIFWEL TH) THG DR > BF O L 4 D

ARG A TR LA EA FRERADFETR A FRST BEEI R Y H A
BH BT LA RN RMA P DR B F R R
o A AP ROEFTRFRE DL PR FELES NG LR G EYS
EEREIms 0L S Lenf EHAE T L ARSI R R T H Y
HADFZDFF L AEFRBEN  FERE LR BRFZAT FRo~FiEedz
EFRBEEPRAAR G AT R F PR FEA RN
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(—) BER X HES

. AR FERTREDLARER

it EEs PR FROT T P RRSEPES P ERD LA B RS
PR EEATE DA BA S RARBS AT B EFE G éﬁﬁﬁwﬂoﬁ¥%
W RITRERMDRT LR BEES DR ERAIATORE o ] RBCEFDAR
FED e G REFTOTA R E R R h#%vﬁ#%’RE*HTwﬂ*@i
A R HHOENK B REFEE m”%3£%%$mﬁﬁ#%ﬁD,§ﬁ¢%£
;m&uﬂ°%W{%@ﬂ?mA%%ﬁWﬁ4ié4ﬁ?%maJ»%$pwﬁﬁ£°

2. wm¥FIEHRBARE
WE K 2R Beh foRA B FOREFHE L ERE FHERI -~ TFF
P EGIFER AR B RENA . L RH SR ah SR AR 05 F
L#iJépiﬁﬁﬁomﬁﬁ%@%**mmﬁii*ﬁ*&mﬁ PR EELY
P12 b7 RERS 7 Wi~ 2 ARG g BARLFSEF -
v 2 B EBATRAA B R A 4 R k> o 2 PRI L E kg o AR
%iﬁéﬁﬁh
P HFERALE VHEMRERIF AR PSSR FRRER XS R
€03 B4 5T i d AP LR i o ip e G BN R R ARTEET
PA KRR FAFE B E RAH

3. REREGHIABINER

%7 B % (controlled environment agriculture, CEA) #3225 & AL F A &k - &
- B EHSGN L_;zféﬁi’“n«— TR AE T FEEFLIEY X F BB FFL TR
%ﬂﬁmi%MP°¢%?ﬁwi&rﬁ%¥a”%#%%mﬁmw@giﬁiﬁg
ERL AR Z A A B ]%;&%sb#&p——frﬁx i BLBha g FERILAY
Mo F Ul e AEH F BT o

By h F 0B ot Wikig LAl K% 0 R F R S chPUe R 5 2 iy SR
432§ 72 o Glde o 11 4 7 Teshuva Agriculture Projects i 4 mf@* #%.3% i-Droponics > it
iL%ﬂi&iﬁfﬁ*ﬁi ﬁiﬁi%“f?—f’ 500 T 3 = P\mm_il‘g*"i\‘j’p?\:
(Sijmonsma, 2020) - igsffici it T ERE AN { ok TR THEFRALAH
T H-EAL 4 o

"’:i@&\m

¥

4. FHSAREHGRERETR

FW-EME R 3 HFA  BED > kp Venlo o Sunfresh 184 &
Wageningen UR 2 <+ > & Bleiswijk P38 E 7 2 738% F 2 & FwE 3 At
Kt oL HER AR AABRFETH FE  AAKFERIIRTASBY > LS
WridaEL T2 o 2T AL KRBT BA o B 2 EBE ST 4§ RH
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% & AN 2 A (ErzeugergroBmarkt Weyers GmbH, 2020) © iz~ % &) B 71 i & Hikrig &
RIATE I end 54 g0 6] > R Bch Sk de e 33 2 Vet JTs B ¥ ;‘wts,: i fof i) &
ﬁ,lg\%‘mq,/gf\l% B o B AR ;GF 3«’,;{\ Eday ,Etﬁ]mﬁp—g\\a 1 fr«z/\-% D] ?@%h—'fi’%%h‘i\‘i%

A E N iR < 3;—‘3% °

(=) kR EF4E (next generation growing, NGG) & thp@ e

IR Es b PRk g 9 29 i

W2 10X 15 &R R WEF- 25 R RBEFOBRE r%ﬁﬁ’ﬁd
V=l NS RN A € (Dutch Cooperative Grower Association) & % » ;# 7 &2 ¥ - Geelen
ctal. (2019) # 1~ B4 5 19 £ ALPBAID S 20 L Poe P RS J I AF R ETE
WO IR R MR FR 2 BB B M RS R RS RASE R
A o

- P F A #H AN RRG fAE (growing by plant empowerment, GPE) » £ L=t +
RAEfE (NGG)» 3748 - fir &8 3 B (e h T e > FE b a3 3

RIiniE s o a 2bkif BAGRKRTLBEAR R AP B AL T HET RN > Ak
B bb B EET L N RA S f A A o

FEFF T RSP 2 £ TSR R R T4 B 520 GPE Jk S 5 oe Il * B &
Bk kA s Ao FB B A BRI o 4l Kek R0 E p R R 2 ﬁaz%
£ % (% & 7 »zi§ % photosynthetically active radiation » PAR) » i& 5 B #iciB et F 4L 5 R
B ¥R &4 F (patio temperature to radiation, RTR) (38 » 2020) - & p 3+ 5 L% § >
DNETHE D ER > RAFTS AEFIERNEET AR AENE KA KL AR

e x

2. AEXEREHBEGPE gk

#2020 & e0p A F ¥ $PB (autonomous greenhouse challenge) » - # 7 BIFfi8 * #ic
%ﬁiﬁ,ﬁﬁ,z (X 197 E) xifﬁjﬁiﬁfg NS R JLI - g ’Eﬁ’mﬁ‘f%é’br’ R 2
BAL e Ry 45 o gt FpFenF * (2 A & & B United Farms e0id%% ? 7 18- # %%
(plant empowerment, 2020) - ;%2 R 34 * GPE RR|Z BAF E@E > 2EF 55 £
PeGERE  B R DA B SRF 14% B, el R 31%C TAFER IS
(IPM) = & %% 1€ 52% ; D.Av &2 5 42 5 13.8%  E (54 & € 3 4v 13.63% ; 1 % {/E
#215% »

T S R FEP By %P /A4 (data-driven growing, DDG) i gt > FTet fE aiy}
g EH AliE A S FEREART PRI EBRP R B A K20 E mﬁié:grs

B p#itam3 rr'?%m.}. ) TR H ,,J"EFJ‘_IL Bl SR AR K0k 2 b e PES ahp B 1 B
/Eiﬁﬁ’fﬂjz—%laiégg ER xL\j—E Hggg’-p Iﬁi’lﬁrsb’ﬁﬂ}‘j’iﬁ %% ‘f"g&’
ﬁﬂbﬁé’fﬂ:}zmlﬂiﬁ
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(E)AIREASL ARREDRFEAXGER

EFA T B E RS Fy B KRR R O FEHRE O R E
TR TRRRETE O R AEY R E Ay PR TR AL R AR Sk
g%%fﬁ%ﬁﬁ~$W1$ﬁiﬁk’ii£ﬁWilii%*ﬁ%%ﬁ%%ﬂﬁﬁ
B K a0 LT L P eniicdy o {8 Ik anER R 28 iy
Tty iR e

FEABCHTOEE  RELEHE e p ABREPPFE By T o LA FE
(Al) J3eil AR FA G FHFAERT  FRF G R T RAEEDE 2 ERELE
e o BB E AR anizdf o 7 i Blue Radix 2 7 22 Microsoft & (FF % - it
-ﬁﬂﬁ’?w*Ammiéﬂaﬁ%4‘4?%ﬁﬁﬁf’éé%%ﬂﬁ#ﬁWEiwﬁﬁwiﬁﬁ
EGERpE ) Al HFA KRG - BB EFFS P A 0
BEEHFD2H B BLF AT DR LIRS

ALE 2 fSLIE S A5 R ifrs (IFTIRIT 0 L iR F B 20 5 AN
L

e

4EiT* (Horne,2021) P # » jFjfe § 140 2 150 BEBIE 54 ™ 2 il ih g IL 4
ARTIBEREKE A Re A FRERR R AR - REFRLTEIATE R
EX 100 BIRFARKE B2 F GHI 0 RGFF IS AE- s B e
FAIF B RS ARMRAE KRR E F GRS FREG A
AT gEA R o

(m) BFAFEANATRRES TR © B ALpR ¥ B 202502 PFAL i T

R

E@%%@ AT TR /AN B FRE X st IS (Th g Ry
se it 4 A& o > A1 kA4 4 1 B (plant factory with artificial lighting, PFAL) # > i<3e
Men* FPp v ¥ BB Y § Ao 472 HI18E 4 o PFAL gz A Hamwe o
Lt 3 BeHE (high-pressure sodium, HPS) ~ F k%% (fluorescent larnp, FL) % % % =
Jré_? (light-emitting diode, LED » ;& ¥ % ¢t % ~ §Fk ~ %k v ok v g b k2 9 v]z:) iF
& kiR e p 2020 #42 0 fEde 1 AR B Fow R HGNTEE -S‘Tfﬁ_'&‘“ iz § e 2

AR T I A 1FE (AD > EE (IoT) Fdd ¢ (ICT) - ”‘gt#?/v\ﬁ N

] fﬁ LS EAGGEZ F AR (B 2022) -

PFAL ehfk 8 4p4] % e {45 (T cnd £33 2 2 2 pldfcnd B3 0 ¥R
B LARER S KA FRIERRIETS A RAS HEE B SR F IR
TAEEFRT DTS2 AH - bf FRE2 Hra Eak R EE BT o SAAIRT
it R G ATREIRAS R R L A SRR SRR R Y [ Kk A g
FrFRLFEE -

B AR EFpH e - HFE ARLEV AP o p LD vl
&%iéﬁ4l?%miﬁtﬂﬁ4élﬁﬁﬁﬁ1’%wiv?;ﬁﬁﬁhg’&m
Er i L "‘:\.ff-g*'}-‘il?—/‘ ﬁm,pﬁ’ﬁ ’ e < g B ;ga,! °
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1. 2RFER¥EER

SFRE AL EED G TR R4 TR e G RP R RN s RMrac Rk
EREFFE 0 TS X2 Mb %) SHR O FEATEABABLETLE £
HEBEFELEHEFE LR L5 - P-4 (20172022 #) #ighe =i (a4 E
A8 TR A <G PEEFECLAFIE > R R E bR T3
ﬂ%%ﬁ%iﬁﬁ%ﬁﬁb,vﬁd#%$*<&%bﬁﬁw =5 ER AL
WRORIET L BT REJERGAF RO RBY P EHEASE 2L RHE ¢
- T A Ap g E (T A=) ‘fﬁ'F‘ B2k~ hglha 4 (v s
RAJRSBERFECRFEAE) PR F REFLBE EHRTAT L
BGE RS RELARAE S ABRYEHABTRY S Aok E S AER
E{ PR ETRERRE -

i
#

SR ELEY - PR A R E PR @*’uiﬁwﬁgﬁﬁ%
péﬁﬁ%ﬁﬁi@éﬁflgimﬁ C 4 fE k02023 & A2 E’# ‘:ﬂﬂr%" R EEAEEE

0 F e (0T) & 4 A8 (AD #abim e g2 - 7 RRIBE AL 5
e%%?w@@,ﬁfﬁﬁﬁ “%’urﬁﬁﬁﬁﬂ‘ﬁﬁﬁm“‘éiﬁﬁ”Jﬁ

P S G g f2 2 ko BpEs ii/ﬁ’—ﬁ’%" FAD FCRPE TE o doid AR
%ﬁ@*’%Mﬁ%#mﬁmﬁ%opﬁaéiﬁﬁ%ﬁi@w’géFﬁ%ﬁﬁgﬁ
ﬁﬁjﬁrﬁﬂuémﬁwj’=ﬁ%ﬁ%mﬁ$%’%%ﬁﬁﬁ%i@¢%ﬁimﬁ
F.ﬁ—:‘;(‘:lf_:* ’;f;‘i'ﬂ.}ifﬁ B L 4 o Em el § %%bﬁiﬁiiléw ;R TR R
B R HFLHTRF ET SETEFBIER > THPFT LERHZFTH ,T,,gfp
HE R GFEE T BIRIRENT ) FEHE O L E R TIRA B

2. RELREABRANES
ARBEL R G PERE ORISR TSR AP E A5  REE
5§‘;}’g‘_fr—:7 9( o

(1) % BAa AT R £ 2 (erif £ 4 fi 2

ERAG AL R £ S TS EHARAFTEAARE T S AREERE- BF S D
# B #5% (Chukkapalli et al., 2020) - ¢+ 8 s 1% Al ~ # 5% (IoT) ~ = #cfpfop 6 1
R FMFRE S MR AR Ao Fp B0t o AL BRI £ (FALIE 7 ficdy SRde ik 3
T IR ERITI BTG RIER R R AR I Bk RN 0 B E L PR
i RSBy B AIEE AT R FRT R B A G o gttt Al s
WEAfCp B REHEE > A HBE 9ok ERLETHR FRAI T R TR
LR AR AR AL A G TR v R BRI R S TR B4 0
EREHAAFOGEARATE A HEFE A RV RS FERLE5- e > T EY
B H o REEEEE

\Et TS
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358 T R U R it ¢ @D

(2) Ar4es Gk G T Bk

Frocl B3RP e e A i ks (Linetal,2020) 35 B HFAIFTHR L & 54 2 fcix
BABE P A R BT e E L R s P (oT) o4 1 E (AD
BAL AT F 2R B A e et 5 BRE S - L P47 T
B AR 2 REW o e HIE B R E fo RFID § PF E 478 B foid s iF 2
FEFRRIRAE P ERE ﬁguﬂrrrr%\‘r—rﬂgwﬂ% BECE D A }“§F@ﬁ§ *
el fel@ L HAEP ARG ER - Al ﬁzﬁm%ﬁ@% By 7 SRR E #‘?;'Lff%ié
VAEAR o TR DAL iE- AL B HN A5 § B B dlh® 2 e P
o SR FRET NS BT 2R R EE R

3. HER¥LBALNBEESRE

Sharma et al. (2022) 45 1A & B £4 i 4 i B (B 3) 1 & F 4 %% (internet-
of-things) ~ 2 FH ¥ % iF & (cloud-edge-fog computing) -~ % % F # % *t (cyber Physical
Systems) ~ ~ #icdy (big data) ~ ¥ % £ frp i % 5L (robotics and autonomous systems) ~ F
B4 (blockchain) ~ % B & % (machine Learning) ~ /% & & % (deep Learning) ~ #4847 £
(swarm intelligence) ¥ # = $F3 i § (generative adversarial networks, GAN) % -- 38 7L &
ML T 7 & e dE P2 4 S AR AL A R B o PR T g 1R R e P
AL EEALY 6 fRep oo F LR B RAE R FHFE U L 0

AL LR E N R I 26 F TR EMA R (£ 1 +4@ﬁﬁwwﬁww
PR R AR 2REREE PR iof B S IE AN L LR £ K3
BEEL <25 EEELTELT 0 RS % S-S A2FEET
GERE LIRS S T FNLE Y ET

P oy R I T
iR |~ Ay

L~ - ] A, Storage App A, - I ) oty am
Ll 1 sver [ | K> |, QD@
a ﬂ -g[Hiil]

um, T g .,
15 N T &
""“"‘ &'- gg._, \ i % &9 Colleetion  Server et ‘ sl
e 1B '/ S— — = —

L lsT-Cloud-fog-Edge ILCPs 111 Blg Dats Analytics V. Roboticy and . Block chain

aulenamous svsbes

DATA ACQUISTION : STORAGE SUFPFPLY
GEMERATIVE: PROCESSING - OPTIMIZATION: DATA AMALYSIS

s ™ -
| : r\-ﬁ ,_,-:":'
1} . Ee " ﬁ ,-—{':,"l“
T : 13 L -
% A B = L
; i Lp, : S = E | Dataset Feature Extraction
i 1< i <
i == TR @ TS
34 -
AL mslels
XI. Generative Adversarial Networks VL Deep lewrming N—’ edlctlon
V1L Swarm Intelligence V1. Machine learning

Bl 3. WE R FAR 2 & k5 (F4p Sharma et al., 2022)
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139 Tranetal. (2024) 87 3 > A 1A E R 5 A X 2 b sEHIF2Z — o 4o
e Bd FARPAH B e BEWEF 1 RAF AL Fgn &~
= (Ismaﬂ 2023) C Al FpER G oo P R EAAF TR FUE LASEF o T
ABBLESFFE o FRAIFELL DR IR BE - BETER FORIFTH
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A R 8 A 4
AR LR T Al FRAEE R B - £ 4B TR R
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e Ry RCIEE T AT S S LS S LU SR T
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FI* B EE Y foR o Al §F P E #2217
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R AR R RS ¢ @)

(=) FRERAHW

1. FEEA R E R A Bdeabf 4 F AR

B BoE S RHCH ik 2 £ - B Bdeieohi42 (Shepherd et al., 2020) © &
BRCPEREIE A GBS 0 B3 RN BT ERAARLEY - THF T4
m’ :gﬁg?ﬁﬁgr*@ﬁ%d”*“&v SARM A T e25% ) - EETE R btk

(%%iﬁimiﬁ)%uW%i R E 7L B R o blde D AR

W*]N%ﬂ%ﬁaz— KR PIBERPIFR AER - 5 20% P v &%
WP 51 B WA e (Autosteer) BRMTET 22 ERER 0 4 AL TT% GEd
MBI E BT W TSR S BAE 40 £ 0 F BN S EHY KB F o hdo
PRFFRS D EL 25 EY S TAFRPFTERE S LA EETH R
FHER XY j\mq_n'f\'fr'& ey o e B E_'fr’% EEL P gt T ARBK o

B B FEHTE LS > R AR G RSN LR FIAE B A ol
Pty RFRE SR ELER  RAFTRIT RSP RfeS TR FIEL
DHFAISIEA L G e g A ERGS A KPR o E O Y RS By
FR e @ R R By o EARY P RIS MPRIRG e 0 4
; fp:é#ﬁg AAEF AP o BT A 304 0@ AR Y o Pl

P B SO FHFT S A S BTN S PRS0 E 2 PR T
F oo BRI HaS AUFE | A B F B o R FOE & FEL{e 7 PR e
ﬁ@ﬁw&ﬁwﬁggiﬁﬁ@dWMﬁﬁﬁﬁ?ﬁ?ﬁﬁ%ﬁﬁﬁ%%?*iﬁ%’
AFEd JHTRRRE REIMHFLEI GRS AFDRARY  URFL AL I
¥ H-ics 22 iR 4 (Shepherd et al., 2020) °

L@ gk T o BELEEVUS IS IE T AEET N PIE A B
Fhagee e RE L o2 LR72 - e TF T IR S %U“hﬁ?fﬁ
@::f}%;m/»’é ’?mﬂif‘wi—ﬁ\rﬂﬁg\’x Jl:}i,{’rh‘i ¥R AL R ‘ﬁﬁfs_ k- lLﬁi% TEE o H W
ERG BRI et L AP A 2 AL FR lﬂﬁ”;[#i%zﬂfs?;\T ) Boa
PEBIBHFE O FREP BRI L > FE L REABEFLL A 2B 3R
PiFdh T B EECEETRS ISR B AEAE RBREP R 0 AR e
FRHREIFR 120 PSR FFHRELAS 10 F (2 dfrip f
Mo @) ot FEEeE S b TE kS iﬁ*i@%ﬂ’féiwﬁa%ﬂaiiﬁﬁg
RSP L E R AR e A RSB RT ASE TR o KA gt
A T F A EHBRELF A 0 DGR FAR O L R
%%iPmﬁgo@wWWﬁﬁﬁ%ﬁ&&ﬂ~&ﬁ§wﬁ&&»uaﬁ%ﬁﬁiw&
S R A PP RER AL fHE T TS ‘J'ﬂ'#’*‘ffj BWMOTR RR TR
{ :‘5—'__*@ g ﬁtli% FOR R A > SEFTAT MRS > 2 WA A 3F AR
B EEFRESCIFEP ERE S B i ¥ —‘F*{ BT A Sk R e &
(Shepherd et al., 2020) °

2. FEARAENHRFEDERFREESL - GHHEH



AP Bl PR R AR S R A A PR TRERTORAS Ko A o F

FR M Redp oy B BBRAET LR blde o HORETE G %

B R F AL F ARG L AT R R SRR T K

% o E o hei AHEE BT B R A F Mo EahaH 8 MR T AT AR

ELE
%@Mﬂﬁd(%%)ﬁ*’ﬁi%imﬁ%ﬁ%ﬁmﬁg%ﬂﬁﬁ’%&%%ﬁ

BB EP RS ER R AL MM RE Ao W Ap M IS B R4 %

ﬁﬁw~%$££@#mﬁm£?’u?m&ag#wﬁﬂﬁiogz@ﬁﬁsﬂ%@
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A E T o L P R AR B R R e Flt 0 F R HEET
FAERF T LR LT ¢ R H - e EHNE BenEt o 2 22
PRAEYHE-FiPRer > PR EFEEEHIT FHRANAFE S e

(2) B35 TTHMerd ) R D BT AR B EfoAH1EY Bl T 7 i ivad
ZRAERY Kb TILRF E D I’? TBH =% o bldo o BRARR PR ST
NRZfEFREREPIREIEELAN O RF L EEANLTE AR TR SR
FRAE (AiBEE ~ i v&"ﬁ EREAN | Frb RSP B 5 ?‘ Fh TN g ® E HF
B e

(B) BELEBE  HEAHTL TR HETPHEE > Mo B EFRZrE L4k
%ﬁ@ﬂ%%ﬁﬂé%o%a’*%iﬁmﬁﬁiﬁﬁ’%ﬁmﬁﬁgﬁﬁ’fé
FEFEP RS RAZFRT OARBENH W FRER -

4) #RES (&F) &ﬁﬁ%%iﬁ%iﬁﬁzﬁ% pagd #%FpF R R
BlAR 2 PR L BEFnT e FAR A MR R RIGEL AP EET KA
ALFELFSLRT uﬁgm;a ¥4 ar—*ﬁ I s kA BaE A SOl R 0 Bl A N
PRARSTP FEY GBS AT B GG e ARE R G A B aES o

(5) BRBEBHPESBIF R B PR B B4 T B BREAE
WARE e blde BER M L5kt PFRIMHEDLEL A - Ra o B
B EAADERNG Y FREF KR ENEHR f-t’—g;_f@ f2A-2 % Bt idy s
BieR W g ol QRN FAEEF L 2 PRGEERBEE AL T
oo LA B 2 Rl E M F E ST /v\l% fo & o oo L 3 iy
’fr’;%,im—"—'—}j\- ’ _»T_'»j;””f‘p ’Q"’t"ﬁﬁ, B4 l% B o

(6) BBIMEFA 4ok 1957 o

I~ R

() RipmiRmpABErRLE
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The Technology and Development of Intelligent Pest and Disease
Monitoring

Ta-Te Lin

Department of Biomechatroincs Engineering, National Taiwan University

ABSTRACT

With the growing global population and increasing food demands, agriculture faces
unprecedented challenges. Pest and disease threats have become major factors endangering
food security. Traditional pest management methods rely heavily on chemical pesticides,
leading to environmental pollution, ecological imbalance, and increased pest resistance. The
advancement of smart agricultural technologies, including the Internet of Things (IoT),
Artificial Intelligence (Al), and big data analytics, has introduced innovative approaches to pest
monitoring. Smart pest monitoring systems use image processing and deep learning to achieve
precise identification and real-time alerts for pest incidents. When applied to greenhouse
environments, these systems monitor microclimate conditions (e.g., temperature, humidity),
reducing pest risks and enhancing crop growth stability. Smart warning systems, leveraging
historical data and model analysis, enable the determination of effective, eco-friendly control
measures, reducing pesticide overuse and enhancing environmental safety. Edge computing
enables local data processing without reliance on stable internet connections, suitable for
remote or large-scale farms, enhancing system immediacy and continuity. Future intelligent
pest management systems incorporate real-time, precision, wide-range, predictive, mobile, and
collective intelligence features, making farm management more data-driven. These
technologies, combined with autonomous learning and system optimization, will advance
towards highly automated and sustainable pest management, promoting precise, eco-friendly
agricultural management and driving global agriculture towards smart and sustainable
development.

Keywords: Pest and disease monitoring, smart agriculture, deep learning, image processing
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Progress and Application of Engineering Technology in
Smart Poultry Houses

Yao-Chuan Tsai and Yu-Chieh Chen

Department of Bio-Industrial Mechatronics Engineering, National Chung Hsing University,
Taichung, Taiwan.

ABSTRACT

Taiwanese poultry industry has gradually changed from outdoor to indoor farming,
incorporating environmental control, automated feeding, and watering systems to improve
efficiency and industry safety. However, issues such as disease transmission from wild birds,
pathogen spread from farmers frequently entering poultry houses, and health management
relying on experience still need improvement. By applying deep learning, laser bird repellence,
and weight monitoring technologies, the risk of avian influenza can be effectively reduced, and
automated health monitoring for poultry can improve management efficiency and reduce labor
burdens. In the future, the poultry industry will aim to develop toward foresight, safety, well-
being, and sustainability, utilizing Al smart technologies to achieve industry upgrades and
sustainable growth.

Keywords: Smart poultry house, Deep learning, Image processing, Mechatronic integration.
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Development and Implementation of Smart Agricultural Technologies
for Rice Cultivation: Building a Business Ecosystem

Ming-Hsin Lai!, Dong-Hong Wu!, Yi-Nian Chen?, Shou-Horng Huang®

! Crop Science Division, Taiwan Agricultural Research Institute, Ministry of Agriculture.
2 Plant Pathology Division, Taiwan Agricultural Research Institute, Ministry of Agriculture.
3 Department of Plant Protection, Chiayi Agricultural Experiment Branch, Taiwan
Agricultural Research Institute, Ministry of Agriculture.

ABSTRACT

The first phase of the Smart Agriculture Program for rice cultivation, initiated in 2017 (2017-
2020), was designed to address the needs of industrial development by focusing on the research,
development, and promotion of smart agricultural technologies. This phase successfully
advanced industrial transformation and increased awareness of the concept of smart agriculture.
With the launch of the second phase in 2023 (2023-2026), the program shifted its focus to
enhancing efficiency, improving safety, and reducing risks. It emphasized the implementation
and industrialization of technologies to ensure farmers reaped direct benefits from the
advancements while creating new business opportunities. Successfully implemented
technologies include warning technology for rice blast and brown planthoppers, nutrient and
irrigation water management techniques, and yield and grain moisture prediction technologies.
Through ecosystem development, the program established a commercial service model and
facilitated the formation of new agricultural service companies, paving the way for the future
development of smart agriculture by delivering measurable advantages and business
opportunities for farmers.

Keywords: Rice, Smart agriculture, Business ecosystem, Multispectral image, Artificial
intelligence
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The Application of Real-Time Kinematic Positioning Technology to
Enhance Crop Management and Agricultural Machinery Efficiency

Yi-Ting Zhang*!, Chun-Jung Lai?, Hsin-Ju Yang®, Horng-Yuh Guo*, Tsang-Sen Liu®

! Associate Researcher, Taiwan Agricultural Research Institute, MOA.
23 Research Assistant, Taiwan Agricultural Research Institute, MOA.
4 Researcher, Taiwan Agricultural Research Institute, MOA.
3 Researcher and Director, Taiwan Agricultural Research Institute, MOA.

ABSTRACT

This study explores the application of real-time kinematic, RTK (RTK) positioning technology
in agriculture, aiming to enhance the precision of crop management and the operational
efficiency of agricultural machinery. RTK technology, a high-precision positioning method
based on satellite navigation systems, provides centimeter-level accuracy, significantly
improving the accuracy and automation of agricultural operations. With this technology,
agricultural operators can achieve various functions, including precision fertilization, weeding,
irrigation, and autonomous machinery navigation, thereby reducing labor input and operational
errors while enhancing overall agricultural productivity. To verify the practical applications of
RTK technology, this study focuses on its potential to improve crop management and
agricultural machinery efficiency in precision agriculture. The research encompasses two main
themes: (1) using the density-based spatial clustering of applications with noise (DBSCAN)
algorithm to process agricultural machinery trajectory data, accurately delineate farmland
boundaries, and effectively eliminate noise; and (2) integrating LIDAR technology to measure
fruit tree parameters and estimate yields. The results demonstrate that the RTK positioning
system provides high-precision centimeter-level accuracy, and when combined with the
DBSCAN algorithm, it significantly enhances the accuracy of farmland boundary delineation.
Furthermore, the integration of LiDAR data and deep learning models successfully estimates
the yields of bananas and sugar apples while precisely categorizing their harvesting and growth
periods. This study offers a practical example of the integration of RTK and LiDAR
technologies in precision agriculture, providing a robust technical foundation for improving
agricultural productivity and resource management.

Keywords: Real-Time Kinematic positioning, DBSCAN, precision agriculture

55



56 Ak R AMRH IR S Q@



B kAT T

B EFEAD B @A Ay e B
EH ¥

BExshrd ¥4 BB P RH

HE
MEFABEOERH L ET RO PEXRSEZ I P e AT S g3y R

FWiTRa 2 AN EERR HAREFFE R aET I EF 5170 45
FIERAvP R PR A BT c 1Y AfiRieR A ER ¥ S5
oo A H o AIFEIHNTORL F A A e o B o BRA o B T R
8 e R T RCEL BT PR Rl R PR R AR L T A
NOBHREEL R AR NE A REE G A BH RIS e 4
BATEREFRBOIREFHE 247 310 Rk EaY Hx FPRERHK
o ZRANAKTRDFE S o

MAER DB ZAEN e 4 1R

—_~ ﬁfﬁ:%f
L2 S E TR D S Gl BR RS B 1
o il < PR o ARELAER? TFHEL-FAELEZEREARL XL ERE

FRRA R 4T o ’ﬂt“ ) ﬁﬁ—fﬁ,%”‘?‘%ﬂ,ﬂm’ (drde B ~ A 1 AP E «ﬁ,;;y;,\gg) }f%w W
2A? R LRAAARFCFHOFT R FOCREPFDLEL LR c FERL E (smart
agriculture) T3 Fci= B Eeh— ML > P A F xR FIRE E G AH GV H P WP R
IR E AU E M S £ A A& (Luet al., 2019; Mekes, 2020) -

WAL L 2B ERFOEAF BB e hitR A E 2 R 1 L
FoRWFE LR RLAENTRIHEM o p BT ERA S H]  LED 4
EERF R TP A R S BN g ARE TS B A DR
= Q)i - &g R R fea R TR0 ;‘er?,; H#eniz g (Dijk, 2021) o b > 7 7 R
) =3 +alkjﬁzé‘irt?ﬂfri T - HRF L APRFEROT RS-

LTRES LS RHER R ERTO TE Rs BT ERFHEE - L850
ER¥L & gy mee ﬂﬁ(%’n ALFEERAT SN FRE EA A ERS lk
Fifeifimic 1L U R AR FUOFEE S 60 RS RS LR R A B
%‘u%éffh% (F4n chid £ 2a frmfgf (Luet. al,2019; ¥ 15 # 2020) « 227 » & it
FRCFERENFE Do TRd SHR S RAHKGF T AR 2 HER

> om E‘WJJE_-FF{ 0

‘i\:

T

7|

z\*\

51
B
E

57



58

2. ERBRETHEETRFE 1w

3. EEFo LY TR e n AR E0or ) 2 TRERBRSG ) FEE TR LR

R AR R RS e ©Q)

NEZE
SN T =L L SRR

‘E‘%

e

R

AR AL ZEERE
gze ;\:;v;}igy}_—r}g.f@%‘i
I WBBHA S FmBEETH  BERA SRR 5 2§ B BERERE
BiIrE R ORPBCREZMNECBRCPHE S 2 F R ERIEE ML RITHR
BHEFTHIEEBL R BEFPIRE > EXNE2BERT o
DR AN fiEA L BRI L1
(artificial intelligence, Al) -3 FE R B & {7 ﬁ—;‘ﬁﬁ—""’ RiF o TERERY 1o &
ERFEEARY > PR EEREDLE o

-n}\*\_w:

FRIFRRPH PN G S EF PR BIRR WA R G R F
AF O RS A RIR S T

-
- ~
— \ 73

-me\.

¥

ds

HEENRES

Bz E (digital twin) Feik p >0 1 £ RE AR P oo 22 B INES R E 4 F

B > 27 1% X 545302 BRBIEE R ;,_i%\ %R ‘]~ T Bipgl2 = b g
@‘/EJ“\F;‘ Ao RGBT S B s T8 2 R Tl A PR o A AT E R
BE @A) FEFIEST O REARERBE AT PR EEHE R SETE
AR AR IR R E TR A o H IR PR RL R A sk $PTITE A
NREDPET RS R f LT L A g S R R
R f2 R RS A LR I L AR R e
BosSFERLE 5 o ot RBfE BO5Y e R A R 2 LightGBM (light gradient boosting machine)
£ 5 80%MF nE R EAEA o FIt 0 SR FIRITR A FRERTL R LG
7hnipdlE g ia By %ﬁl(f@iﬁmm°ﬁiﬁﬁﬂﬂfﬁﬁﬁﬁ$%f
F o B ERRBEPIRAPEFEY > L BITE BiERITE @ﬁf’]?l‘“—*‘ f’rftvg\- B,
EEB a2 o

2. BAEFLFE

FWOE R EAHNEL S G L AARE FRFORT FREF I FERE R
X PR E F IR BIETE A BB T O B VLED B 4% (Mekes, 2020) -
FERE R I RORERE > BRLXAFEEF RS FIfohit > d 3R
Weh7 s 0 WRA PR T ol R R L 0 e BT A .

AT G PR SEF o N E R L HRE B ARG R B
Ypdk L M- PIET L0 F S SRR PR RE R SR @ A AP R i
Fh B FRAR AL gt vt d 0P R AT R R A £ AR 2 SR
EHPIE LB T - A



B kAT T

AFERAFTED BRESHERZHEN L KD ;'% CEHEER200 5 7 LR
%fiﬁiﬁi??'“*i‘iﬁﬁ*@f;“ﬂ’”'“r? TR Ry L B RBEARKE ~ RBEE R~
poderd] B kT g A AR 4 s Jgaﬁﬂ;/ﬂ\ LL’J‘—/\ BERZNEAF YT L G
3H13-15 2 ~10-12 2 % 9 10T 5 EThdr k32 KGR 2 UL 13-15 4 5 % - ¥
10-12 4 2 5 -3 M85 - 2915 5 L4 ‘:a 43 2 R A o Bl F R S
AR SR RBERFEC LR F R M LR BH A F R R HE D

a7

,_;;:_%—!:' o

3. BB R RELAERER

By AR 1 Pk’?.«—a FAE el @A P e B2 - o PR E A E A
Bt 2o SR AT - TE% Lo RFEIRTE B oY g
B 3E (Dijk, 2021) o 7 3R & 2 = enBiedp e s8 7 So- > P G 2 A 47T 52 B ahjp
FHRA SR E A EpEORE IR A o R AT e IR R P BERE
R EAS R LY R BRI R A A A LR & i e
BEEFNAA - S RER iﬁ,t;f};mx% B LA B Y FRMERERFELL 6 T
P Fi (Ffﬁﬁ 2020) -

AR BETA SR o B

WRAR BERD e

H aTwe

& WiaE s

o o 2 © ©o €& o | O

ERE NS

BEFECE g RAEEL 4‘?%ﬂ*ﬁ$£&ﬁ?%$ﬁ£$§
ERE -FWELZ2HFERFENLEF B2 pﬁﬁﬁ*%?%§¢*ﬁ%ﬁ"¥“
rkﬁ%’ G TRE Bohp iR s BONE S ‘i#@% o kBRI E R L eE B
HIFE - L5 R PpIATHS >« e d R s EgAERY > RF s;a— wc 5
FCRAIF PR it B A A 2% > VR RCT £ 7 LR 3 o

/\

.A

’kh-

59



60

R AR R RS e ©Q)

Ak i RIS £ E T L T MUEH AT £ 2 AR B 2L B A
FF R KA P AR S g MR WA e R ehR Y B R AAE L 2k
Al s L 2R R R E E R AR -

S

o4 ﬁs ¥ 02020 c AR F LBl s PARTRET o Rrcd R - 3410 107-111

2. LuC. T, Liu, T. S., Yang, C. K., & Tsay, J. R., (2019). The traceability system of agro-
product is considered an approach that may lead to create product differ. J. Taiwan Agric.
Res., 68(4), 261-273.

3. Mekes, J. J., (2020). Artificial intelligence in the greenhouse : When will human growers
become obsolete?, HortiDaily.com, https://www.hortidaily.com/article /9231143/when-
will-human-growers-become-obsolete/

4. Dijk, T. van, (2021). Data-driven growing : But that’s what I’ve been doing, right? ,
https://www.hortidaily.com/article/9305655/data-driven-growing-but-that-s-what-i-ve-
been-doing-right/

—



B H T

The Challenges Faced in the Smart Greenhouse to Digital

Transformation

Chun-Tang Lu

Researcher and Director, Agricultural Development and Service Center, Taiwan Agricultural
Research Institute, Taichung City, Taiwan, ROC

ABSTRACT

With the advancement of technology and the changing needs of agriculture, greenhouse farming
is transitioning towards smart and digital transformation. The Netherlands, as a global leader in
greenhouse agriculture, has made significant progress in greenhouse smart technologies and

continues to explore how these technologies can be applied in the digital transformation process.

Taiwan is also actively promoting smart agriculture, utilizing technologies such as IoT, big data,
and artificial intelligence to digitalize and optimize agricultural production. However, both the
Netherlands and Taiwan face various challenges in advancing greenhouse digital
transformation. These challenges mainly include technology integration, funding, data
standardization, policy support, and talent development. This paper compares the status of
smart greenhouse technology in the Netherlands and smart agriculture development in Taiwan,
analyzing the common challenges both countries face in digital transformation and exploring
possible strategies for future development.

Keyword: Greenhouse intelligence, Digital transformation, Artificial Intelligence
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Cultivation Practices and Applications of Smart Greenhouse

Technology

Fu-Liang Hong

Huang Lin Machinery Co., Ltd., Taichung, Taiwan.

ABSTRACT

The agricultural sector has now incorporated the Modular Control System (MCS), Internet of
Things (IoT), and Smart Management Information Systems (SMIS) into greenhouses and
screen-houses, streamlining upgrades and reducing labor needs. These advancements allow for
precise control of optimal crop cultivation conditions, enabling the creation of microclimates
that boost high-yield crop growth and facilitate the monitoring of crop physiological signals.
Such innovations not only support substantial profit returns and minimize cultivation risks but
also establish advanced microclimate control technologies for intelligent greenhouse and
screen-house systems. Aligning with global market trends, the integration of environmental
control technologies under Agriculture 4.0 enables farmers to produce "high-quality" and "safe"
agricultural products suitable for both domestic and international markets. This progress fosters
the development of a standardized, highly efficient smart agriculture facilities industry.

Keywords: big data, smart agriculture, planting management, agriculture meteorology.
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R iR EFEHPH L 107 25p 2 11 7 21 p -

85



86

R AR R RS e ©Q)

FHEEBRATHEG 11 9P AR TRERTTRMEE THRTIBE (4 5) B o
IMERE S ITEFER L6 AL BB EA S 0649.6-9.8cm B gL 133-13.1~
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TAA: FE KR 8.3 13.9 8.5 3.8 7.5 0.050 0.125
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225 mL AIREEE T A F L 75% b 0 H i Aa2ia % 92-100% o 4 o1 & 2 200 mL & 2%
LR H* 9 1 Phal Sogo Yukidian‘V3® 24 £ i £ > (e % Phal. Charming Oriental Beauty
‘Leel150 ~ Phal. Fuller's Pink Swallow ‘Leel159” 2 Phal. Fuller's Sunset ‘JB2035° % 5-f&
HAIVELE F 7 AR o 2t 5 % H gk fF Phal Sogo Yukidian V3’ & 2/ BT 7 R F A
fau 2 18-20% = M IERES 0 BN kA R P IR T G G ] (0 2009) 0 AT
Phal. Sogo Yukidian ‘V3* /4 F 7 K F s o Bl 1357 > #3135 B P 3 g%
K BARSLRE AT kB > F 2K RE L 175mL s kI A F 7k E & 30-60%
2 & 2K E L 200mL 2 225 mL o R E AR 7ok E £ 30-70% 2 B R een
REAFZKE 230-80% 2 o & 7Th7 > & 28FKE L 175200 ~225mL % ¥ f&
PHREESN S RARBDFLAGEZEIZSI2 11 % 11 = > 8K E & 5 5 18,200 ~
19,200 ~ 19,800 % 33,000 mL » &7 77 " JEF K B ¥R B AITARIT 0 ¥ & 4 55% b
IR o BRI AT R A d 8 A EE A Fl s M E e o BPREK
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FelBEFEFLR o

Phal. Sogo
Yukidian' V3’
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200 ml' & 225mli g 250 mli & 1t
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mL cm no. %
175 46.9 5.0 100
Phal. Charming 200 454 5.2 100
Oriental Beauty
Leel150° 225 45.7 5.1 91.7
ISR 49.6 5.8 100
175 39.6 7.3 100
Phal. Fuller's Pink 200 40.3 7.6 100
Swallow ‘Leel159’ 225 41.0 7.1 100
IS 40.1 8.1 100
175 37.4 6.6 100
Phal. Fuller's Sunset 200 383 6.8 100
‘JB2035° 225 39.6 8.2 100
X1k 41.9 8.3 100
175 38.9 6.8 100
Phal. Sogo 200 33.8 6.5 100
Yukidian‘V3’ 225 37.8 5.5 75
A1k 40.8 6.5 100
TAK KL S PEN
90
80 A
“ N (\ —+E&K-
70 1(%)
— A -
o A AL [TAIVATATAY Lk
|\ \| AW \ o
S AR \ — Ak
NUAN RGN 309
i \ A
40 \ \WN —taEK
30 | QU 4(%)
20 T T T T T
2023/5/2 2023/6/2 2023/7/2 2023/8/2 2023/9/2 2023/10/2
Bl 13, b i 3.5 1 2 T r ERIVEEL RSB AT kEng

1

i
24

k-1:175mL gk &/2 5 2
k-3:225mL EEK R/ 0 2

N TN
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=t ml/ 2 =x mL i
3.5 175 13 18,200 4-9
3.5 200 12 19,200 4-9
3.5 225 11 19,800 4-9

300
3.5 o 11 33,000 4-9
(§tRe 2)

08 TEBFEKBSIPEFIS T2 L EH B2 ELE S B B A4 49 7))

% 7] pd R T e ¥ Fid Pr>F
B4 gy Al 3 654.598 218.199  41.94 <.0001
KR 3 32.283 10.761 2.07 0.1240
o C A AL M S 9 71.888 7.988 1.54 0.1780
SRR S e 3 20.844 6.948  17.67 <.0001
KR 3 4.750 1.583 4.03 0.0154
RS CAST LM S 4 9 4.177 0.464 1.18 0.3404
HuaEeft & 3 56547.125  18849.042 7.67 0.0005
Bk R 3 29209.143  13069.714 5.32 0.0043
o C A A M S 9 42834966  4758.330 1.94 0.0819
ERAE S o fh 3 3475281 1158427  48.88 <.0001
KR 3 327.885 109.295 4.61 0.0086
S A S S 9 245.854 23.317 1.15 0.3570
IRREE S &b 3 77.464 25.821 6.98 0.0010
kR 3 54.026 18.009 4.86 0.0067
MR E 9 15.755 1.751 0.47 0.8819
PRI S 1 3 16108.344  5369.448 5653 <.0001
KR 3 2022.853 674.284 7.10 0.0009
B A AL S 9 2816.219 312.913 3.29 0.0060
pEREE S 3 4011.599 1337.200 17.67 <.0001
kR 3 1322.280 440.760 5.82 0.0027
RS CAS LM 3 9 941.483 104.609 1.38 0.2370
LR LTS G 1 3 32.567 17522 45.85 <.0001
KR 3 2314 0.771 2.02 0.1311
SRR 9 8.508 0.945 2.47 0.0287
BTG E & 3 34.721 11.574  19.09 <.0001
KR 3 8.507 2.836 4.68 0.0081
B CAST LM S 4 9 3.805 0.423 0.70 0.7063
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Application and development of smart irrigation technology for
greenhouse crop cultivation

Shin-Jong Lai', Ya-Jing Yang', Shu-Jen Lee'
! Associate Researcher of Taoyuan DARES, MOA

ABSTRACT

Global agriculture is generally facing difficulties such as labor shortages, water shortages and
climate change. Smart technology provides a safe and stable agricultural production model.
Water management is the most basic and critical cultivation management for crop production.
Smart irrigation uses environmental sensing and programmed remote, which has the advantages
of precision, labor saving, water saving and stability. This article applies the self-developed
Internet of Things monitoring information system and monitoring equipment, combined with
irrigation pipelines and sub-irrigation trays to develop smart irrigation technology for
vegetables, kalanchoe and phalaenopsis. The human-machine collaborative irrigation
technology was verified at the Taocheng Vegetable Production Cooperative. The webduino
blockly were used to edit the daily light integral for triggering irrigation during the growth
period. Through LineBOT human-machine interaction, the daily light integral thresholds for
triggering irrigation was gradually established and verified in pak choy, amaranth and water
spinach. Irrigated 32 times in total during5 croppings of vegetables and other crops, with a
cumulative irrigation volume of 98,659 L. Compared with the irrigation scheduling, it can save
94.1% of the irrigation volume and more than 90% of the irrigation manpower. A comparison
of the total water consumption of Kalanchoe smart sub-irrigation, smart drip irrigation and
manual drip irrigation at Datong Flower Farm in Taoyuan City was 988, 1,608, and 10,123 L
respectively. It shows that both the smart sub-irrigation or smart drip irrigation mode have water
saving benefit compared to manual drip irrigation, and 84.1-90.2% of water can be saved.
Between the two smart irrigation modes, the smart sub-irrigation mode is the most water-saving,
38.5% of water. A soil moisture meter was used to monitor the moisture content of the
Phalaenopsis cultivation medium, and the impact of smart irrigation water at the bottom of the
3.5-inch pot Phalaenopsis on plant growth was explored. The test materials are commercially
available Phalaenopsis 3.5-inch potted plants. The four varieties are Phal. Sogo Yukidian'V3',
Phal. Charming Oriental Beauty 'Leel150', Phal. Fuller's Pink Swallow 'Leel159' and Phal.
Fuller's Sunset 'JB2035'. Three types of bottom irrigation water volume treatments were 175,
200 and 225 ml per pot respectively. The plants were grown and cultivated for 5 months in
spring. The results showed that there were significant or extremely significant differences in
the varieties and irrigation water volumes of Phalaenopsis in 3.5-inch pots, but the differences
between varieties and irrigation water volumes were significant. There is no sympathetic effect.
The irrigation water volume of 225 ml per pot in 3.5-inch pots will reduce the breeding rate of
Phal. Sogo Yukidian. The bottom irrigation water volume treatment has the best breeding rate
with the least irrigation water volume. The traditional manual watering has fewer irrigation
times, but the total irrigation volume is higher. This automatic bottom irrigation can save 55%
of irrigation water compared with traditional top watering irrigation.

Keywords: Facility vegetables, Kalanchoe, Phalaenopsis, smart irrigation, Internet of Things
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New opportunities for crop model application

Le Kang' Chu-Chung Chen?

! Assistant Researcher, Crop Science Division, TARI
2 Associate Researcher, Agricultural Chemistry Division, TARI

ABSTRACT

The automatic integration of greenhouse temperature and light intensity data, along with the
modified Tomato Growth and Yield Dynamic Model (TOMGRO), allows for the simulation of
leaf area index, main stem node count, above-ground dry weight, and cumulative yield changes
for the beef tomato variety "993" under conventional cultivation practices. By applying
atmospheric temperature forecast data, it can also be used to estimate and convert into the
environmental data required by crop models, expanding the simulation of future scenarios. The
development of image analysis technology helps to quickly assess the real-time status of crops,
establish parameters for different varieties in crop models, or provide decision-making
information for cultivation management. With the advancement of information and
communication technology (ICT) and atmospheric science forecasting, crop models can be
more easily calculated in real-time, and their application scope can be expanded, contributing
to the development of smart agriculture.

Keywords: Crop Model, Tomato, Smart Agriculture
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Automated Feeding System for Distributing Concentrated Goat Feed

Yi-Chich Chiu' Wei-Chih Tsai?

! Professor, Department of Biomechatronic Engineering, National Ilan University. &
Director, Taiwan Agricultural Mechanization Research and Development Center.
2 Master, Department of Biomechatronic Engineering, National Ilan University.

ABSTRACT

Nutrition is crucial for goat husbandry; therefore, concentrated feeds are necessary to ensure
the health of goats. To feed small meals but more often, which can assist feed conversion rate
or lactation yield. Because of the relatively small scale of Taiwanese goat farms, goats at
various growth stages are kept in the same barn but separated into zones. Different concentrated
feed formulas are needed for goats at different growth stages. Therefore, the objective of this
study was to develop an automated feeding system for distributing concentrated feed for goats
that can be suspended from the roof and is capable of detecting different zones and adjusting
the distribution proportion accordingly. This system comprises a feed bucket and distribution
mechanism, suspended feed bucket moving mechanism, and the sensor control unit. By using
variable frequency drive to set motor speeds. The feed bucket developed in this study
incorporates two sub buckets for different types of feed and distributes different proportions
and quantities of feed at different times according to the feeding zone. The trial carried out by
farmers indicated that under a feeding program in which goats were fed 8 times per day with
100 g of concentrated feed distributed per goat per meal, the lactation quantity was effectively
increased by 10%. This system was demonstrated to have practical value and commercial
potential. An extensive application of this system in the future may resolve the labor shortage
that besets goat farming and effectively improve farming quality.

Keywords: Goats, feeding, automation, concentrated feed, precision management.
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Development Planning and Prospects of Electric Agricultural

Machinery

Weiyang Hwang and Wang-Sheng Li

Crop Environment Division, Taoyuan District Agricultural Research and Extension
Station, Ministry of Agriculture.

ABSTRACT

As global attention on carbon emissions increases and environmental regulations become
stricter, the electrification of agricultural machinery has become an irreversible trend. The rapid
development of battery technology, electric motors, and intelligent control systems has made
the widespread adoption of electric agricultural machinery feasible. This article reviews the
current development status of electric agricultural machinery both domestically and
internationally, and explores the future directions for its development and applications in smart
agriculture. It also analyzes the current technical challenges of electric agricultural machinery
and proposes strategies for advancing agricultural modernization through its adoption.

Keywords: Electric agricultural machinery, Smart agricultural machinery, Battery management
system, High-torque motor, Smart agriculture.
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Development and Application of Labor-Saving Agricultural
Machinery for Horticultural Crops in Central Taiwan

Yun-Sheng Tien' Chin-Yuan Chang? Chia-Wei Chang?® Nai-Ching Hsu*

! Researcher and Section Chief of Taichung DARES, MOA.
2 Associate Researcher of Taichung DARES, MOA.
3 Assistant Researcher of Taichung DARES, MOA.
* Associate Technician of Taichung DARES, MOA.

ABSTRACT

Taichung District Agricultural Research and Extension Station has developed various labor-
saving and automated agricultural machinery tailored to the needs of horticultural crop
management in central region. This effort addresses labor shortages, an aging population, and
aims to achieve agricultural carbon neutrality by 2040. This article introduces four research
innovations: an electric fertilization device, an electric blast spray truck, a media-stone
separation processor, and the transplanting machine of plug seedlings. The electric fertilization
device combines self-propelled and blower-assisted fertilizer spreading functions, enhancing
efficiency by up to 4 times, reducing carbon emissions by 71%, and saving 76% on energy
costs. The electric blast spray truck replaces engine power with fully electric, independently
motorized components, reducing carbon emissions by 96.9%, lowering noise, temperature, and
vibration, and improving the working environment. The media-stone separation processor is
used for potted plant, such as with Oncidium. It uses a rotary drum to separate stones from
plants, improving efficiency by 3 times, and also suitable for other potted plants and compost
screening. The transplanting machine of plug seedlings automates the lifting, clamping, moving,
and placing seedlings, achieving a success rate of over 90%, advancing automation in
production and cultivation fields. These agricultural machines significantly improve
operational efficiency, reduce labor demands, and lower carbon emissions. Future efforts
should continue to optimize technology and promote applications while fostering cross-domain
cooperation among industry, academia and research institutions, and encourages farmers to
adopt electric and low-carbon agricultural machinery, facilitating the modernization and
sustainable development of agriculture.

Keywords: Labor-saving, carbon reduction, electrification, mechanization, fertilization, blower
spraying, transplanting.
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Application and prospects of agricultural machinery in

Yunlin, Chiayi and Tainan

Chung Jui-Yung and Wang Jhi-wei

Tainan District Agricultural Research and Extension Station

ABSTRACT

The miscellaneous grains and horticulture industries are booming in Yunlin, Chiayi, and Tainan
regions. In response to problems such as the shortage of agricultural workers and the aging of
the agricultural population, relevant provincial industrial and farm machinery and automation
technology should develop with modernization. Various crops require consistent operating
machinery to assist. Similarly, greenhouse vegetables also have facilities. Application demand.
Due to the promotion of R&D and application, the pace of machinery development in Yunjia
South has recently intensified. With the optimization, research, and development of
mechanization, flax, garlic, fruit trees, and other machinery have been successfully developed.
However, farmers' expectations for machinery have also increased correspondingly, and they
will need to invest more in the future. With more energy and in line with policy directions, we
can achieve the goal of sustainable agriculture and land production.

Keywords: Yunlin-Chiayi-Tainan regions, Agricultural labor shortage, Agricultural Machinery
and Automation
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ABSTRACT

Rice, a critical global food crop, is susceptible to lodging, especially during the late growth
stages due to panicle initiation. This lodging leads to decreased plant height and reduced crop
yield. Over a four-year period, we examined the impact of two water irrigation methods and
four fertilizer application frequencies on lodging under varying cultivation conditions. We
collected plant height data and supplemented these with aerial images to analyze the effects of
nitrogen fertilizer on lodging. The images and variance analysis indicated that fields with high
nitrogen levels were more prone to lodging. Specifically, plant height at the booting stage
showed a strong positive correlation with lodging occurrence (r = 0.67) and a negative
correlation with yield (r =-0.46). Notably, when plant height exceeded 70.7 cm with continued
nitrogen application, the growth curve predicted increased lodging risk. Additionally, our
results indicated that increased rainfall and strong gusts in the later stages of growth further
elevated this risk. These findings provide predictive insights useful for intelligent production
systems and lodging risk management. They also serve as a foundation for developing
cultivation management strategies and response policies tailored to each growth phase.

Keywords: Rice, nitrogen fertilizer, plant height, lodging, taste quality, UAV
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ABSTRACT

To enable adaptive responses to abrupt shifts in operational conditions, smart farming
necessitates real-time management systems, often called cyber-physical systems. These
systems achieve dynamic adjustments by incorporating sensing and monitoring capabilities,
intelligent analytics and planning, and the efficient management of various farm operations
across different processes. To minimize farmer intervention and enhance autonomy, digital twin
systems emerge as pivotal components, creating digital replicas of intricate physical systems.
In the context of Agriculture 4.0, this paper focuses on the development of a smart agriculture
platform with a specific case study for paddy cultivation. This comprehensive platform
integrates an AloT-driven data collection and monitoring system, a smart irrigation system, and
an Al model service system for image and data analysis. The web-based user interface includes
Line notification services. By merging digital twins with Artificial Intelligence of Things
(AloT), big data analytics, computer vision, human expertise, and machine learning, the aim is
to enhance the monitoring, diagnosis, prediction, and optimization of various parameters within
a sophisticated paddy cultivation system. Utilizing diverse computer vision and Al techniques,
this study implemented and examined several models for key growth and environmental
indexes in paddy cultivation. These models encompass image recognition for individual paddy
crops with 92% confidence, and crop height calculation with a 10% error rate, green coverage
calculation (tillering status), leaf color classification for determining nitrogen levels, paddy
disease classification and detection, soil crack width calculation, and weather monitoring.

Keywords: Digital Twin, Agriculture 4.0, Cyber-Physical System, AloT, Paddy, Machine
Learning, Precision Agriculture, Computer Vision
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