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Bottleneck in In-situ Monitoring Technology for Facility
Melon Plants and Prospects for Low-cost Solutions
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Abstract

High-quality production of facility-grown melon relies on accurate perception of plant growth and stress signals, yet the large-scale,
in-situ acquisition of plant physiological, morphological, and quality information remains a bottleneck. Based on practical production
experience, this paper analyzes three systemic gaps hindering technology adoption: hardware compatibility, data value, and intelligent
accessibility. The solution requires shifting from a technology-driven to a demand-led paradigm and establishing an agriculture-
engineering integrated “clinical agronomy” platform. It further explores an Al agent approach centered on “lightweight front-end
sensing + cloud-based large model cognition,” offering a forward-looking solution for low-cost, replicable, and accessible intelligent
decision-making. This perspective provides a valuable reference for advancing facility horticulture from “environment sensing” to “life
sensing.”

Keywords
facility melon; in situ monitoring; technological bottleneck; artificial intelligence; smart agriculture

Ja% vl = HE A

1% B EH TN Pk R AL DS o< SE R 3 45

FRKIDF g SRR ke Z2

T DB AR = VB B A E], FRE - T4 TN 511458

=

AN G S A AR AL AR A K G M 6 R M B dm T MR A ARAS B A MU AL IR AR A E , RS T AR
¥, B ZRWE, BipiER, HENMAEERER, MAERZRETHQERLES], HERIBERESWY “GERRFE T4&,
AR W BB R S KA AT AT AR, A ERIRR A . TARF AR, Z B A XEE TN R
IR Le CRgm AR RAELAE

ESan|
FAEHIN; RAZIEM ; BAME,; ATHAE; FrRlk

13= SR PRERTTTI TG, A AT
e e S el ey, SR AR R AT, SR TR R
RO ST T, WAL, 2 MR T AT S M S A TR S
ARSI SRR A | g o g o
KT, FEARIRHER A T D > ﬁigﬁgﬁﬁiﬁg;@%*& [—
ek, SATIRTRSIHGMNEROSEIL, BARAH g ) o 1 Abisa” wmic S,
Zgigggﬁgii ﬁiigﬁ%ﬁﬁig o tE SIBARI A OV SR,
ey 2. FITRUES. RKRFUERIEN, DU HHER.
R, ’ AR apmakemminaie. AT RS, R
TR DI, KT R RBEOAN B bR o
[E&TE) SNEOIR R IERERAT 2024 B AHEEIOMLAKI, MHFERGE, WIEREED. X

e o THEA ks, BEAETEIGEOLIED, B
RS BN EEEARRE I RBREA AT
8 - e bR S S PTG

R EEAE (ABHRS: 2024NSNYRD00T) . A SIS, R . R, T
EEEA] BRASE (1995-) , &7, PESFIBTA, 8 jores, Bsciiuras . s, RIksEL i
T — NECH RS RO B, (Ef5% L ik ek

66



RMPZERAREE - £02% - 5 021 - 2026 £ 02 A

(0" MRMZERE L7 IUERIE" ) o FHE N RTES)
TEMEZWbRR:, AR SRR —NERIARISHRIEA

S NRSEL: EH N, BRSSP
IR CORTFURRIVOME AORZ 0, (HHCASI E A 3 2R,
BB SE g ZE T R A A 2, TEERSiBlAE
PR RYSERS . TR JRAIE
2.2 AKRARFEFEHHENARRME

YHIRORTE EIRFTERERT, HRETEER, HXk
DTN 1 FrR:

LI =R RS (AnEtikl, SHH. AR ) -
KRS, (BNEE . BIET, DOERT SRR,
TESCOURALESEN, SAFmii T,

e A e -
GRS MR, (BOUES T Jemk =" o

G RGE (AREAER LRSS Al e 2
SO = B e, MELIER T IR I 5
HZZ AT RE TR IE A

TR tERas: BT ERRENSZ T, WER—ET

BRER (I OGERE . FUE R e . I Bl
EFRRIFRI Y SE R U 2 AT LR

BT A FE 572 -

RGB/ 251 / RARGARDL: ERERS PSRN TS,
(BLEAImIEAR Ak, (1) (USRI ST
TS AL AR RE R EEMOIR AR Y B R SR A BRI
(2) TP ML R E L R AR sbRicB o, Ha
BHAIRBARAA . MR, SEEIER ZTHRE”
(3) BPNETHE: MRy, SelEREAE " E R i S
BUERERE. (4) BEAURHERRIE: MEIGHEZhE L “2E
ERET . SRR 5, SRERREATINE, st
PRAER SRS —, BN .. RECATREHR=S
5T HOFH I o 1) sl SRSl i M) P& T S H b
oS, (BHAEZAR ARG A RE ) S &I
KA

RENTNESEGHr: BEERGE, B0,
AR, TokdEss, MELIBALEK, IEREERL RSN
HUERTI,

& 1 i EH AR AR £ E AR R B2 XS bL K EL H 8 R A R

FoRER R L FH A R A O R BRA SRl
SR AR RS BT, fBre AL, AEE . Bl ERE Wz, Tk TR
7 e PR ES JRArES: . BREEE s . ZRTI. BREIAEZE %, KIS AREST

PR / HERLIRIRT , IREEEIR . AR

o, AR SREE

ST i (5B A \ , .
ETHE | A, FEES. AR B pa,
N TGk g A T AR RETRAE. MEDLR AN E, §RIENE

MAEBREERE . BEFE EXaE, B/
AR IRACA . &, BIEEAIEH . $dES T
FH AR P T IX AL TR R A D DK o IR RRAN Y
S, UHERRAET BIRIRE)T BRI B [EFERE,
THFHE MR AR HET R  RBOR TEAE B, Bian RTIAR =0 22
gt BekREr g R ERIMA T E, RIT
SCHURARAS . SIS ). R, “EYERER T
AR EA— IR O, IESC TSI R R

HOPIFR o AT, AR A S TSR A B, HHH
EERE . RHREE R A, RS RHEA LR PR
A BERS
3 ZRAF M

Lt SEUATGY, AR TR IR UL

MR, FER T BdR SRR N =R A
R, X E RS, JERHIZY THOREHRCR, k2.

& 2 G HEEH TR R LSNPk 5 — 2 £ 7= R 3T 5L

REMEHER BRI S —2IR 5 SRS R B RS
RS 2 E*ﬁﬁif?ﬁ%%’%%ﬂk%y?&ﬁﬁij %’r‘a’é‘ﬁti S ERIERD; BRZ BRI | BEPFEEACK DY, ZAKNE, TEEMERE
Al “RACHGE” RS RHAIA T,
RGN i&?@%’%)ﬁﬁii&ﬁJEZ?QZ?#%?&M?@EE’; ﬁ?Eﬁ%’r‘JT’%EFU&%EH%%, %@Zkﬁﬁﬁfﬁﬁﬁ, ?Ei%%{f@@ﬁﬁﬂjﬁ%%
EIREORERA TR0 AR Y, FREEEHRAAR,
T I MRE R, %?ﬂ%—f}iﬁ;i%&ﬂfmﬁ%\ Bt E fIEEA I R T

3.1 BHEEHTE : MRIEESIMER” R BRK

LW R IR T TR S R A =W SR A M 2
5o REFRRAIRME . SRR RRGAET T SIH TR0,
(BRI ARFZ AR LA LT BRI
B Tl iR A R AT AR . DA AE RO T
THMZE T X W=, mFHREER T MRk

B, NEZEBAVIMZTROEAR TR, TET5%
FREARI” AL @&Re S, maREEeIIE.
3.2 HIRMEME: NBIRREIREREKR” BIF”
K
el R R AR g SRR Z HIARIRRE . 112
FEEI E AR LR, (H AR PR TE AR
67



RMFZERAREE - £02% - 021 - 2026 £ 02 A

REFA, FHRZMSIR TSR “HA” FEER
CRIGT, HAHEE . B8 ZIEN HUERT BREITTM T,
MELMEEFHZEIE S I E. Wi, Bb)fmERsEsRm
A — AR A A 2 o s AL ORI BT, At TRE
FTH CRIET , CREERE SCHREI R R A A B
T, FEE I “AR=RIRR 8 HTREE” BRI T
184, LHEEREIENEIE AR, BT e TSN
SEMHAS U R, ERILTRARSE. SR kEE
PEREG.
3.3 HEEEEWER: NERZHFI AT REZMEF.
HEIHERR

T B A AR AN, I e e — B BE 22 . R
HI N 2 AE R RSB (I I R R RE AT 2L
TEOHTIMROEERRE ) | HARR R R iR & %5
ML S KDL R E NI SRS . v
MFER AR AT AR IR IR, R T it .
XESREAR B2 AACZFH R F SR Bt S5 L,

4 ZRBRESHARE
4.1 TEERH: MR AT AEII0 “WiRRE”
2

WM “BORBEMUTA” #em) “H=fEtt A7 o 2iX
SRR CERREE” WEARPE, Rikersd. TARD.
PR KB TR —EAs. Eibe b, EREX
FRER BORFRRIESS B, PR A S iR
MEVEABHRBOREEH S E AR, M FsRie =18 K abrR.
42 FARKEMEG: Bl “BH - AWM - RK” —
e Al Zae

A EGEH R ER =M, TR EdRG (BT
5 “EREEEMR” , ARRIBARZE LA A S H AN
SHRRENN AL B RE M M HELO R — AN E D
I RERSE -

DERRE (R “HEfRER” 5 “F7 iR .
FE R (RODRE. S eI T AR (AritE
fEYOLO) M3, ABT A TR S5 (i) 5 S SRS SR 5
£55 o HUREAREORAR, FITREIRRA S ZhEE.

ZOMAKIS R (R "SR E" 5 “oHrsR”

(ORI )« MR TERT, Hatmimsenk Tk
EYFANR RS SR BRGNS R, 1%

R " BRERAL” , RRIAGRE R TLRE 1MW
PURHMER S 72 A8, ((lan: L5 TRIGURFIE . PO SR
e SRR AT REVEE TR S, BILSERE T E SRS ),
UL BESRIES IR

BRI TERIME: X—2RRMATT, RGN
LHANGRSPE AT H VR . B R MR R
DGR, FXmimBEP e L5N” Rss, MfiAmErsE
RSB Wi, SCIE R sk B L. AR,
ERIAE X TSR . AT ] SE e il e AT

68

55, BT, MIfIFFEIR T RE S RO o

4.3 HEESEIR: HEIHFERESHEXEE
ST RTIRRE AT TR SRR AT IR PRI 2L

BRI AR, BdHER R E R AR

L EbrbrdE, FEIREEET I, G ZEGEITRESS,

MIFHEE A DTS ST FIRR R T 7 22 HTRER

5 Mz

s =A
PR TURE R I (67 Y 0 9 TR 355 1 I R el A e P

B o IR IUCTCET IR, TAE RS A

R L E, ARRMERTTEFTRERI LS RALIR + =

A KT ) ALRREATER, SEORREAERT . BdERY

TSR R, KRR, TRITNEUERIEH TR ENA,

HEEAERGESER, M “BA4a” LA S RIE

", HSIORE R

S ik

[1] BRI FERI R RIR S AR R[], e R R
112, 2021, 42(6): 1-11.

[2] TR, WhEERE, XU, 4. BT et HiR = A IR RIH-Gr
EF S /KM Tl R, 2018, 46(4): 105-109.

[3] XUYL,CHEN QY, KONG S L, et al. Real-time object detection
method of melon leaf diseases under complex background in
greenhouse[J]. Journal of Real-Time Image Processing, 2022,
19(4): 985-995.

[4] CHEN G, HOU Y, CUI T, et al. YOLOV8-CML: a lightweight
target detection method for color-changing melon ripening in
intelligent agriculture[J]. Scientific Reports, 2024, 14: 14400.

[5] JING X, WANG Y, LI D, et al. Melon ripeness detection by an
improved object detection algorithm for resource constrained
environments[J]. Plant Methods, 2024, 20(1): 96.

[6] ZHANGKY,LIWL, LI HC, et al. A Leaf-Patchable Reflectance
Meter for In Situ Continuous Monitoring of Chlorophyll
Content[J]. Advanced Science, 2023, 10(32): 2305552.

[7] CHEN X, MA L, ZHANG J, et al. Self-powered Wearable Plant
Chlorophyll Sensing Patch[J]. Biosensors and Bioelectronics,
2025,261: 118225.

[8] JKETF, Tk, XIE, 55 EWEREHE T2 M A K IR )
REHT]. HERR: 10, 2025, 55(6): .

91 LunFh, E5k, Bign, & KEEY T S S5k
[T]. ZHUIETFFST, 2026, 48(2): 124-131.

[10] Bl HE T & e R R S 2G5 [D]. FUN: Wi TR
,2023.

[11] ZEitEss, B, ARt b U SR & BR 7510 5 R
FUHERET]. AV UEAAR, 2025, 56(1): 1-15.

[12] AREE. B L) SRR S AR O BB 5 (D). AUN:
WK, 2024

[13] JAH. BAAREEENGE NAE TR 5 S B9 AR S A I
FED]. BErE: LZRNTE A, 2024,



