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Big Data Platforms for Black Soils: Architecture, Applications
and Challenges
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Abstract: Addressing the notable gap in systematic reviews within the field of black soil big data platform research
and practice, comprehensive analysis of the current state of these platforms from the perspectives of data acquisition,
platform architecture, and typical application scenarios were provided. A comparative assessment of the technical
approaches and defining characteristics of similar domestic and international platforms was also conducted. Firstly,
the multi-source heterogeneity, spatiotemporally correlated and multi-scale attributes of black soil data were
expounded, and the structure of the integrated “space-air-ground-network” data acquisition system and the
fundamental challenges inherent in its data fusion processes were analyzed. Subsequently, the evolutionary
pathways, comparative advantages and limitations of mainstream platform architectures, including monolithic,
microservice-based and agent-oriented paradigms, were examined and contrasted. The analysis identified a critical
technical discontinuity within the “decision-control” closed-loop as the primary bottleneck hindering the achievement
of end-to-end platform intelligence. Through an evaluation of key application areas, such as land quality monitoring,
precision fertilization, degradation diagnostics, disaster early warning and policy simulation, both the potential and
the constraints of these platforms in enabling data-driven decision-making were delineated. Furthermore, multiple
persistent challenges, including data silos, insufficient model interpretability and difficulties in practical adoption
and scaling were pinpointed. Several pivotal directions for future development were proposed, such as emphasizing
the deep integration of artificial intelligence with knowledge graphs, the advancement of “human-cyber-physical”

intelligent collaboration, and the establishment of cross-platform standards and mutual recognition frameworks.
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Above results offered both theoretical reference and practical guidance for subsequent investigation, system

development and the scaled deployment of black soil big data platforms.

Keywords: black soil; big data platform; data fusion; smart agriculture ; agricultural informatization
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Fig. 1 Architecture of the integrated ‘space-air-ground-network’ data acquisition and fusion system
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Je BRI TIE VR S B B AL A I A A
W BEAR | ORI AR, N S T A A R
FW ) e S5 E, 2R H GIS T H A}
23 G| F ARG AN AR 1 B 8 — B 20 B A A
2 G0 A [B] FE A i P R 5 36 0 R — S )
P X B R AT R bR AL S T B A KB
Pt e 4 kg e — 1 B AR =X, O 1 AR BURT B 4 4
Fr B VR R AR ] T AR T A ) R A A
S TCER , o J5 SEE W5 S 2 A

TE 58 AU AR BRI , 3E A5 2 A7 i 5
BEWB . YT B R W6 — R 4
VERGE— BRI o JELhA AR BE I T A 8 A7 A
B G T o010 LU R G = XA ) IR
B R ek B S RGP, DL FRHER T, [H
B, 22 VR B U SCIBC T SR B 14 o I (B ot
B4 2 80 G Pe v, AR 3 1] [ SE
Pt AR RIS T EOR 65 3 R
TFo FEUEIEAE b ELAR R 5 5 Cloks it
B R FFUE ), N G I m RS A
PERETL L B ST .

T2 IR R 80N 8 L 48— B IR 55 )2 %
AR . %2 TR AR UE B S5 R AL R B
RESTful APT LA R E 8 7 b 1T B IR 55, A 1 HH )22
RENS sk B HE 40 4 b R BT 75 B0, B 3R
-7 2 (R AT 3A

2 BRI REETERALR
MR KRB S R S - PR

https://www.cnki.net

DI HE AR L A LR BT 5 B e B 4%
RIE TF B R AL BERE ) R RE IR 55K S
RGP R BEE BRI R B Z o0 Y
N LTE NS S SR EY TN v B
A 2 M A A HE B 1) 4 A i S 9 380 O
b b B V- £ SR A AR B R A X
B S A 1l 55 SRR A R DR SRR BE AL 1 7 5K
T

21 ZEHEHBMANEZESCERAK
211 ZEHRHEGIRS HE%ZE R FEELER

FHEARAE 2 S BARSEAADRE i A7 DI RERS
BT BERE R (H YT R 22, O LU
£ AT N P2 S AN QR € T =N € I A |
J2 )l T ST B R T T A e B R R A
1 T 3, 76 TR X ¥ k40 2 R Ak A 55 9 i 15 1)
W, RGN WA IR E, X 251y
S R HAE BT EE .

B R R AR I G 1 5 0 3 sk &2
Je Al , oA 2O S5 A R b AR R L U
Docker , Kubernetes 24 183 (19 2 Jif A £ AR {1 7545 i
FHPRI R —2H/ N L BB U 55 10K T RE , SIS0
1 BT SR AR A 5 R 55 A S R B
X R AEAL RS Tl 55 ThRE, BER T T RGN R
W AT TR S AR RE Sy . fltn AT H A Rl
o3 2 AR S IS Ak R T R L o
KEAEF- 6 (F3), S8 T R S5 1B B (b 48
SR IR S5 ZRA L S L T IR 55 IR B A1 203 55
SEHTRY S 2R



12 JE 5 AT - SR MR - 6 - SRR 1 P 3 5 A SR PR A

189

B3 Eirm#mEXBETE
Fig. 3 Black soil land quality big data platform

212 ARF Sy EEHRARMI el BORRE W R 22 P RRE (K 4) , %5 R 3

AR 55 AR ST, BRI R B s 5 1Y

N FH 2 (B B A 45) Application layer (smart agriculture service)

B M FEHEE AL P RETUE 2 RNVl
Black soil Precision fertilization Disaster early warning Policy simulation

quality monitoring decision-making and prevention and evaluation

A
i%‘ﬁ‘é?}%%ﬁlﬁ%lmelligent decision-making service

FAY 55 IR 55 J2 (R e A 5 54k
Model and service layer (intelligent analysis and servitization)

" TE = AR 5 44 i PRSI N
B ED S (N EGPOR SR mopspapteikes ATRFAI
Model-as-a-service (MaaS) gknovgl ed%e graph MLOps automated pipeline Explainable Al (XAl)

? I E 557 %% H Feature and insight output

s S B G A = (W HLRR & 5 R RE 15T

Data processing and analysis layer (stream-batch fusion and intelligent computing)

Apache Flink Apache Spark y £ b e
St A Bt A b AR il e
Apache Flink real- Apache Spark batch Distributed machine learning e datagminin 9
time stream processing data analysis 9

? FriE AL A IR 45 Standardized data service

Bl 5 8 R (B B — 1 5 2 B )

Data storage and management layer (lakehouse architecture and multi-model storage)

HEWIHDFS/S3 $¥5 £ FEDelta_Lake Af 7 5405 22 InfluxD B IR} 4 H0 4 2 PostG IS
4 kb EdiE SE R R s eien 2% B

Data lake HDFS/S3
unstructured data

Spatio-temporal database
PostGIS ppatial data

Time-series database
InfluxDB sensor data
A TS
! Multisource heterogeneous data ingestion
Hi KA SN R (18-S [F])
Data collection and ingestion layer (cloud-edge-device collaboration)

T HETE AN b SE IR A R
Airborne -based UAV data Ground-based IoT sensors

Data warehouse Delta_Lake
structured data

P 5l 25 2R G U 4fe
Network-based business
system data

R A TR A

Space-based satellite data

B4 BiIABEFAEEAKRIERY

Fig. 4 Layered architectures of the black soil big data platform technology stack

Hh | %N

https://www.cnki.net

AR IO Xof o RE b T AT 3 e

HARES

Technology trend

AlRSAL
Al servitization

WA — 1A
Stream-batch
unification

WAk
Lakehouse
architecture

WGE
Edge computing



F ] 1

190

ol ek B B S R (3 30)

27 &

% R 53 A Z IR 2 P[RR
22 TN Bl BRI R AR AR N s -3 i
PRl T Bl ZR o R A A X S
(R8T 2R S Gt B R 2 W E T R
PR, PATBAE BRI T BE U8 S TR AR RS
it 7 245 i T 7 5 s i g Y, FEAR
PR 5%, 30 T3 RE AR R B I 199 28 R Fai
FEEE WS S SR

QB A7 5 8 HLZ  IRES 36— 14
BT B A s RS (R BSR4 1% 25 ()
O )RR B — B R T SR e A . i
I A S8 B SR ) — IR Y IR B A i AR
R e 5 AR S5 R AL BCE (A0 s iR 8 I 1R
T e ABE W T APt 3 A X SCE &R
48) OB RIRRLEE s b ia BRI TS |, 45 F 1k
8 s AN (LKA DO B R B ), SO R e RE
B2 360 5 [R] I, i P 5080 2 T 8040 D) i) o oo
Bt PR AN 23 B PEEA TR B X R AR e
BT RIE SRR

QEHEAL I 43 BT 2« AL AL 31 3] i 41t il
58RI R . iHEEE LA Apache Spark At
AU H £ S MR AL — KT . Apache Flink
G5 B RE 08 Gr— A S B I S Dy s K
B, 6 DA S I I 15 U B B H i 2 R
JEd Ko R, A R S s Rt 1
SRS ), SRR A AR P d o S BRI 25,
(5 VA INETHEPINGIPI s GBS i L 6] A s

@EAL 5 R 55 2 - MRS A B8 Be Ak IR 55
S AVECRY A (B A 5 v R P L AR B
4% (model as a service, MaaS) B % 0 #% 0 35 2B
Z )2 MK FE WL 2% 2% 2 18 4E (machine learning
operations, MLOps ) T B , 52 BRATAY (1) RRASHE i |
F S AL 2 R RE e das 5 4 A o o) S04 B, (A 7Y
REAEAE A br Ak 7T 2 HE AR BB IR 55 4 )8
Xof T2 2 A I PR 2% L i P ) A B s ) ARl 55
FEHE o], R A K 35 F LR (large language
model , LLM ) B fif A AV 137, #4 EE 4 e () 2%
SR RS, I T AR H 55 MR
Wt
213 @F AR M R A Y NRIR L
b A P R B A A LT 2 A T R e
REIARAL & R AR . HAZ DA TRAE SE R D g

https://www.cnki.net

PRI 55 HE A B B R B Bk S
PIMERE B REMR . X LU0 REMR AT ARAJE AT 55 A T
A E IR A AL S PRI R SE,
1713 S 4 i A BT ORS8O0 45 22 ARG
LA L1E ST T (| WP 6 ot S/ i S ST R E -
TTRBE N g 2 W RIS PSR ) 2 fiE
PR DM PR, 258 BRI ) 18 iUV Ay i
AR R AR XhrEE V55 IE N TrfE
M7 i) “ DA A ) ™ ) S s o B i

22 ERIMEEFENRRBEI LSBT
- 15 AR Y TS A N TE R AR 2 B RS,
WIRZ AR B AR5 B HIAE S BIR0 . HOULE
AN, R b3 CROlE) KB F & n AR 4
B RS AR R KRB LTI, R
PRGOS A I EE . 1 N el B B RT3
HESOE G, RO AR T IR 20 I 5
R S T8 T 22 U D H 28 B BRI R A
S Al AR T AR Z Y, AR T U 55 1Y
BEYARZA FIERL TR SR, I 28 5 1R 5
PSR REAHLE PRI —IAT " P BR LA SRR AT fy
L LTy L AR T Pk, AR L B
John Deere Operations Center 18R IR SE Al
T RFCH ol — A7 1y Pl A 3 TEAR B g
PIRR] A7 GRS YA IR 5555 i dh T IChR v A 17
FH B B0 (E S R R R AR it Tl fiE S EUH
FURCER— R R BUE 7, HHAZ OB R A R AR
WA ZS KB AR AT e & — KRB K. Beoh, A4
BRIF BRI 5 E B BT R & AR
PRAIE S L 590K T 48 S 0T IR B AR 5 s 3k
T, BRI M SR AL T LR B, (0N 2
RERE MKz B RE DE W AR BimE, L
B LIROF GRS R [ SR A A 20 RS
Per L[] A (HAE R AT PR A SE B 1 BRI 2R
P18 I T30 3 LA R o ol A5 18 355 AT 2 AP 7 I 2 22
Sto IR 2E SR IE AP BRI T S AT AR A R
PR 3 -5 A9 2 00 s 000 281 7 373 90K 3l #) G o4
55 B BRI PME R 2 2 I 2otk Kk A
Ja , A AR A B ATk A= 25 LI LT Y
TACE AR TEEE R,
CRR-F= AR AR R 5 R
JRAE TR b M B SF 3 7 R - R -
I E AR D (H R ZAN (O T RE

2.3



F ] 1

12 JE 5 AT - SR MR - 6 - SRR 1 P 3 5 A SR PR A 191

K B R S G AL hRS v 0 R SR, 3R
A BTEMN PRI B SR IR IS AR
JZ U R 2BV G A5 B AR AR Ak 7 I I A
TIATRIBY B, RENS 5 B REAR DL A5 PR AT 28 i 5 B
ARSI RO AZ I, ST Bk
A7 AR, R A 22 BORER IS S8

RS UL St 3 RS R EEaT )
SEPEINEL, S AT EE Y H REL , 754
7 Vi A 2 2 DR SRS R TR A g e B (R R 50 % T
KA G5 28 b , X FORMT ST TR A2 ik
SENGAEAR . SR, B T i A A 5 2% FH (1]
PEET B9z A8 ) AR BEAT T I PR A BE G HE
B2, ARRT B R B 2 i 4 I R i DR
ORTE R 2 ANERE B 2 R T % P (R R L 1
VSREAERFHEACHY A TRV RE ) XS TR SE Y
ME, ARRAIRZR 7 1R rh T B 2R A
ARG G, 388 3 7 i 400 2 T e 39 4 o s
DI T 28 RE AT E Dy B AT B AT Sk

HWK 3075 16 5 A AL ELER 5 5 i Ar Ak
IR ETIE TAE . HIEAE LR Kok A A [m]
T BRI AL R AL it E AL S A e A, Hl
(ERZINESE € T ARE 20 71 A IR N RIS &
By o PR, WF A SR 2 BSGE C | BV B 9 3
AL i 1 45 R S B X 2 R
P A8 G — ) B2 S Pt A T3 VA I e e
1k 20 21 (International Organization for Standardization,
1SO) il % (19 1SO 117831 Blp i AE — € F2 b 2 fift
T IX— (R (B 7 R AR D BE Y ELARAE AT
TERIBR . HEB BT = -3 - ™ S8 44 i I ik =l
TEHEZR AW R AR R R S Z—

A, B FAE L R G A ) A
F B R GE b N ™8 1 22 48 4 X I
TRGEARA LA . HEORE A 215 s il & ik
AT AR 22 1) 52 IR 5 B 2 2 , T 227 AR
55 59 S W RIS AR ALH™, H AT, sk =
BEXF RO 52 2 7 5 4 e R EL S 22 A 0 Tk
O, A SR T SR S B I T A
BRI . R, Ay AR ) 52 BR 30 G ity
S SR A i O E G R Y
R F 2 A2 T0A , NTTAS A RE A% 1 %) FH 1) 2%
TR R FR G, 2 TR TE A 20T ik ok
A XA

https://www.cnki.net

2, AR £ 1 T R T R 1 G RE R ]
SEVE SRR B BR A L e B G 2 A ) B R A
BB JZ T 52 PR A, J5 R - 7 /Y
S8R PR P R T AE SR b R 37 i AR AR5 3
(L8

3 FEMERIMEAFNARNAGS
fEH

L R 5 BN (R AR B 1
HARR Y 5 b il S BR IR  RE ST o AR TR 2
GEi R 2 SR N s, 1T 6 75 IO FH 75 SR B4
HEIERR - 5 54 S H AR K R ARA SN 7

3.1 #HtRENEENS TN

FB o A 5 ) RGO LBl A
W JeF 5 s ALl B W H 2 — , AR 51 T 58
WAL GE S SR AE T VR A A . 2
HIT , 1T Y B LA 22 105 e TR s T a5
FERREARNE A, TR R BRI E S RE
B XS R - HEA ML pH 25 G B B S Y
T B I AL G R A b 1
B ROBE TR A 40 ] 11 9 25 7 25T, i 20k
JEE 114 S B T S B Y ) S A S AR E
SH R R AR 8L T 5% 5% 14 3 T S0 FLAH 80
NI, FNTE SRR 2 ) S LI B AR5
BEAR , AT CNN 2 BGE B AE I 5 - SRR 2R
BRI ES 5, LLAR THA HILJST 3l 25 400 4 ) SE el
VB RN Rl R ], ol e B k2 g
JZ AR bR 0 S (g R R 37 B
ST SEDOE 2T ST €y GOSN T Y
TR 55 A LA e 22 B R ] AR S L T2 BE T B A0
M

32 RERESEEMFLER

R TR it A S~ 5 52 B R — R SR — 4 1 ]
P SRR S . HAEOAR e AR 2 4
FEL[F1) SR Ao ) 53 0o PRI, ik B 25 B K
P S R R s S E RS ™. AR,
N T RE S VR A TR L Bl OB . Al
K 3532 42 ™ 2% (long short-term memory,
LSTM ) 55 i e 455 B F5 00 57 73 W i sl 2 , T A AR
XA 8 - S I AR ) ) A D i A g i EE R
FETRRJZ I, MaaS AGHY 5L HFE MLIow 55 T



192

ol ek B B S R (3 30)

27 &

F ] 1

HALHSR > BN R (4 A Sh A8 5510, 2
T T B EEENE . SRR BT ATRY KL —
PR AL B AR AT 52 B R 3 Y 4 7 (24.0%) 5 5 K
(36.7%) 345" X ERF- G T B4 -1
[ 3+ 5 2R s I AR A R I 55 BE ) LAl 5
REACHILIA]FEE AT 52 (945 4 58 HOm I8

IR E 547 5 SR A

JEELI PR R AL A SRS L I AL PR PP e
9 A A A T B SRR WUAE B B S .
BT v LM I Py K0 -5 DR R AW 0595 1 45
Ll S 2 AR IR S U T BORL, B
&R T RS T H, al AL AR5 AR
Xf 1 HER AL A AR T BTRR™ . % U e ML G SE T
oA I ATLEE S R S R . ATV ER R AL T
51 A PINNs , 38 i oKf - 4= itk J7 e 5 ) AL A A
PR 22 I 4 | LA SRS R AL M 5 A
RE SR T o IR AR IF R oA 2R B RE S
B MR I P 22 48 R , 4R RS LB R il
i & AR IR .

R RESETMES 3R

IH BRI 5 BB 6 e XU A
PR (AR IR, 33 75 2 5 BOR HL A5 52 ik
M5 RRE T . WK AL R 2 4
Apache Flink % i Ab 15 |5, B8 h 7 5t R 35 S5 42
LB AETE . A i FE T, TANE RO
DU f LR R IS TR U ik i (7] FON )il S R =) ST R 8
PRI AR ARSI, SR, KEREACTY
N7 S e S i N T R SPRAS WA Y = o/ NI A D it
Y 2k, 4 B XF BT W 2% (generative adversarial
network , GAN) A5 K8 1 58 £ A B T 5 K
TREAR, LU TR AL I B AR PEDY X0 15 1 51
R O EACHRE b B /N AR 2 S RE B0 SRR DL S U
SVPRH R A B B A R T PR

RIP BRI S R R BRI

R M DR EOR A E S PG R I AR S
e ERRENLGEE R, A 5th
AP BOR SR Y, BT R
R-AT - RS RSB flin, R
M ER AR PR AE S AT M T &
AR B S AT LURSEADUROULAR - 75 AN ) BUSR A B (A
NI PRI ) T AT S TR 3R R X PR o A £ S

3.3

34

3.5

https://www.cnki.net

M o S TR IR 5T R
545 o an, R LLM [ 3 fif b i 5 BOR SOAS
P O 2% FOR LA A, D Jm 2 1) AR AU
iR Bt R BL T SR TH R M ACR S IR
AT ™ (LR b BORBL) 32 N Tt 2 22
TR AT s 1 P B AT A S A R A A A
DB AR AT [ A M . X S B S 7R R AR
it 2 TR RdE MR E R IR RS0 A
U7 ATy e BE A PR S

4 FTEAEIRHRESRRRE

FB M B 5 7R AR BT I SR
T £ L HOP 2 0 R (ELTE 3 (] 4 T i A5 A
AR R 3 B b AT T I — R SRRl 5 R Gtk
Pk o Uk SRR AT, I 4 A B FTRE MY
WF5E 75 80 6 e Bl 40 K Jie 28 e
FEEEHEEHE
T, A A M BT A I A R
B 5 07 FHAE )y T ) — SE Bk R, X 7 — o P
EHRIAT AN KE.,
4.1.1 HEHELXL5REFMH BB MR
PV BT RS AL AL SR 1 1
JE 0 AR RE o SR, B BE 22 5 9IS 500 ik
WAETE . Ak F 4 R MRS E T LA &
BHFHLAL 5 Al , FEEOHE 7R SR AR A% = AE B
B S o R O EO W R R
IRLE ST SERE PR, 3O IR PR RIE , 75 8
1o 563 B IE AL SR AL - 5 PR D) RE R A A
X — PR R LR T A v A S
B R R 24 T 1 R S R AR R AL ARG
S ARe )y, HRMER 2R L A J1HA
SRy I X AR A e [ A8, 2 AT R R A FH A
KN TR BB T 2 58 B G 5 5 A U A
B AR O S 5 R R 2 A T TR )
FESEH o TEMEShBE TP L = A Rl s, an o] 2235
A EAE DL 5 A AN BRI — ORI
MV REIE BB AL A R AR 1 T 38
IR R SR, 5 F 2 40 8 A7 1 I 388 175 5 K 1
WA S 2 ERRAR Y, EER L B R
“BHRA SRS AR AR, IE R W A IS
o 20 AT SR LA B0 R RT3 N R 8 5
2L 07 kA AR

4.1



F ] 1

12 JE 5 AT - SR MR - 6 - SRR 1 P 3 5 A SR PR A 193

4.1.2 BEATHERSERES AL TEREE
B AU 2 T8, ~F- 15 T I ) ) A0 32 S BT DA N 5 ok
RIS b TR 2] S5 5 e AL R IR
o (B RAR R T BN B AT i RN 2,
HHIZ T RSEATFE R . ToE R B AR ML AR E L
PR AL R P32 . R THEERLE W, m]
fift BE N T2 HE (explainable AL, XAD $2 A, 4nyh
A4 fi% BE (Shapley additive explanations, SHAP)
1 Jey AT i e A U G G i B (local interpretable
model-agnostic explanations, LIME )" 1] 5| A 2| &
My AUVBERS RS o SRR, BEA J5 1 245 B AE 3 il
FEJZTHD , ARARTAE R PN A AT AR ) Al ATARHLATY
SERRE AL, 5 A, DL S R Rl A TR N
2o BRI ARGREEMEMEIRRS, 28
9K Sl A B AR I 2B o3 A 2 SMETEZ AL RE ) 22 .
Raissi 2554 1} (1) PINNs S HLEE 5 8008 (0 @l & 42
T RIBTHESE . IT4ER , Polo-mendoza 5524 0Ky
SRR Bl PINNs Sk il + K ket . 4K
M ZRITETEA B 4 2 Bl B i B 1 R 5¢
i L] iy Y TR | B2 N S e 4 A |
s RUBE S SR AP e WS )2 . H, 24Uk
Py AL 5 e AR AL A FH R RS e A &L, 1B
P DX, PR TR S B A S R T RN
S EOKS BEEARR AT Al A RS 3 R R
AR TR R R0 ST 15 S B Ml B 3] X3 — 144k
PRI B

413 ERAHARLEHLTHERED TH1E
MoRTE e 1)) 2 ) By R b, ok A
FRS  NA SCHE S wp ASE AE 22 T T Y B Sk
o \h.FaSHESHPrEZENAL, F&
IR PR R ) R AR R B VEH S )2
RN, HBCF 2R 37 5 G 3Ry Lol A A
ZIAAFAE ] B iE . A, A SO JE 2
YA TRAN I EE R R . AT ERE RO %l
AR, SRR KBRS N TR BRI E SR
A TEEE = BRI IRE S S T fE
T3 RET s LUK, B P A N T i 5 08 7 AT
FREMEPRA™ IR . 5T 22 K0T 15 v AR AT
H 22 2 s RHIT I SCHF ol = ¥ T A peg o A 52
PURTHFLE A, 1 B IS AT AR 5 2 A5 A T
B 4 4 o 2 o 1K I 0 A 25w X A B S

[IF e

https://www.cnki.net

4.2 KEHRFAME

St B B A MRS 5 S8 S B, S
FoAR B, RAMFIE T RELL T ILAI5 1 (E5) o
421 AIBRRER®SLEAELFT KKE
M REE T 5 R N R AT AT R Y
REERLA o — 7 T, N M DR B ) T, 75 0
AL JEXAL, ¥ SHAP LIME 2 5 J5 it By 40,
IO T R R PN AR T i R R R A AN 4 44y
Ferpiix ATER AL, SR PSSR T AE 42 4 R
AR RS R . oy — T, AR R AT
(U B ) R4 T 22 3 SR A 3 5 55 A BB
A, DA SRR DR 1 bR s Gl ) R 4 T R A A
Ui S E R BIIZ AL RE S, RIS, I SR AT s 3 i Y
KB T B Db 7 B AT RE IR R G S R
BT, SEBH F SRIE T 58 AR TR R 45,
422 ZiimirRiEMEL HRER EHE
AR - AT R AR L R
P S 1 A KO I S B ML B B VR i
ARG o 4R, R IR E 5 N TR BB A Rl A 1E A
PSR 1) Bh A A B g adE o o R P
X K AT R AT 2 R s S RS R B R A
% (retrieval—augmented generation, RAG) &4 &,
W TR TR Ry AT AR A LLM, AT AR il it
JIE 7 8 % T i R A Al T A G e SR e 1T [
I LLM I 58 S8 & 3 14 B sh ik #8580 5, vl
AT B R SCHR AR E BB RS R
EPRT RIS HAOR . AROk X — BRI S R
B G0 BRSSP ST A ) 3|
] SR 255 TR A 6 I
423 “A-M-MEFHRWE L AR AR K
IR SR —TA N — PSR s o 1) A A 2 13
2 bR . AR A B 48 e Cls it i
b AT IR0 B T AR WL oy, AR SR B BT A o
RS H AR PR i E L (L & 5 A
REAC ML A g RL A8 B 10T) 5 {1 A s 3 £ 4 6 M
Ao BORHHESNF- £5 IAE kb 7 R0 3 B E2 9K 3
PMLBATAE B AL K ERE R SR P H E 10
R R G I, H BRI R G0 % 4 ) #5
75 TR, R A 2 A5 R il A 2R A T SRR A
Hahaalfm,
424 BIF4aBEEEZEHE hESEIR
VEPE AT B BRI S A T4 o A Sl I ARV Hf: o



194 R el BE S AR OB ) 27 %
- £ 1 I (¥14% 0> Bk ik Core challenges facing the platform
Kl BE 22 5 5 R RS AT AR S LB S JS2FH 5 FA P45 R Il T
Data silos and quality Model interpretability and Application usability and
bottleneck mechanism integration commercial sustainability
STSIIom-——ol - ___________—:_—__:7’—_"‘“‘----_~__ e -2
N T e P AT T »
AT AR VR AR E R AN-HL-P AR BT S HIR IR e po s
e EENEs SRS SeREAE EERRGREO paradigm shift in
Deep integration of Black soil AT L - _C;oss-plat;glr_m research
ing-edge Al knowledge graph object intelligent interoperability methodology
ElEEel ) collaboration and standards
technologies and constructionand ¢ chain closed  framework and
adaptive learning causal inference loop green computing
GHRRRAMN  LEEEEE e e ) mer
ﬂﬁﬁ%Al 2= . Ec.ige Data interface RIZEWT T
Explainable Al relationship intelligence ek Al for science
extraction deployment
. PR T OTTREN
A RERAL Fo 2 H A i f*"]ﬁ*ﬂﬁﬁﬁ ﬁu*é;;taﬁcj%ﬁ REAIRTS
AR Retrieval- eterogeneous preservin Virtual
Generative Al data augmented agricultural o uting experimental
augmentation generation machinery puting field
integration technology
FUFCNTE ST RERE
Domain-specific BRHERSIS  GARBIL Grenenergy. | LLMECERRH
large language Causal inference Safety control ST LLM policy
model engine protocols algorithms analysis
1 1
] A FE 77 1] 5 TR i
i Future research direction and breakthrough challenge i
v v v v v

B KRBT 5 1 e S RS AL R
Maturity and large-scale application of the black soil big data platform
E5 Bt KEIETEHREKSRRHARSEXEKE

Fig. 5 Relationship between challenges and future research directions of the black soil big data platform

S 52 2 T Y B R EHE R 2 b v T
RAR BT ORI A SR AR I HE I DX
JEHAT 6 W R E SRR [FE SRR
A B (5 RERE 5 = T H I AE A DA B
VA ABE AT G 23l o a0, PRI BT A it
LSBT B IE NS BT, DAL BRI
JE DL 5 0k 2 300, SEBURHEE A 5 R B A
IR
425 HREXFHS ALAS M AKREL
R B 5 0 A A B T ELAY /2 67, [ R sl )
A3 2R 0 K BB G e SR Y R g il e 4 7
i . “Al for Science” M5 LT A=A T 2
AT, AT SR B il i 2 4 U, S 1m)
UK Z) ey S AR LR AR AL M R B Gl
Tk ATHZH EACHIE T B ) A R PR 7 OB 1 (B BT
B IR , AT B HR BT AR ARG, $8 7sAE Se 7
MELL I Z AL, 55 A1, JR A ORI
Hp [ &0 Y

https://www.cnki.net

B W A H A 2R A RS T AR TE AU
(14 R UL [H 7 o 30 2o 7 R A0 2 ] PR ABLAS [+ A
AN R EOR R ER A S R AES S 2Tk
BONE, RS HEAT BURBOR 19 T UL " 5 HAR
FEAR B EEOLO L . Blhn, AU LLM A Sl b f
LR AT R BRSO, i S DR B A, A
MFEBE AL BRI T RTOL AL o3, o 5 3 T A
PRI BYRL A S 2 A, SN S N ]
I T

S DV B AL 0 Y 2 Bk
i, 8 i RSP 5 B R R AE THESD ATS IR
G TR BE Rl SE B N =HL-W) " RE T3 ) AT 36
FEAETT R AR 5 A IR R, D7 RER OB , 5
B AT ™ 2 h F A 58

5 45iE

(TR0 ol A ST AN P N o <O 2 X o 18



F ] 1

12 JE 5 AT - SR MR - 6 - SRR 1 P 3 5 A SR PR A 195

P Bl RAE 5 N TR BB R L R 5
B 52 BB A R 7 55 8 00R B SO S 4%
TR AT K25~ — A BRMA
Z PR A R £ A R R A 5 LR
O BT A 5 i I e i T 1 A REBR SR T 1)
PRI R SR, P 3 K FEATh T I 5 A% O R
B TERE)Z T, 22 PR v F R HlE P BE 42 % TR EE
3 RIE A Aok 20 AT S0 DR ARSI R 0T, AT i
0 AT g B 5 HLBH R 5 A A2, B 20°F 5 PSR Bl
{5 BE 5 AR HJZ T, B B0 PR SR —Fa o™ P R A7 A
Wiz, F 5 58 BEAALAY bR PRAT BE 7355 , il
IV ) 2R . RERK SF BRI RIS
AT REET Z RIS B F . S, AEOAR A
JE b T HE S AL RS TR BE RS, KR
P R UK B A T X, B P B SR
AR s LU, TE R GEIRE L, 7 SN -HL-
Yy RE R, % I R WGA G RE A R S B
[ P i B A, B8 DA RE DR SR BIDRG i PIAT B FR
PRER s [R)I, 70 R R AR 25 b, iRl 157 85 5 Y 52
— bR fER 2R 5 R RS R RIS, PR BT £ 9T
W EAE S R ABGa1T . AT T E MR A R
BV 6 05 ST 5 USRI 32 3t 2
WEH HLEA T

& % X #

(1] 58, T, 24k, 5 AR d i B A s A B st b i R g
A7 AR R E AL RL)]. B 2022, 74(2): 45-48. 4.
WANG Y, WANG L, LI S C, et al.. Protect black soil: Lishu
model with conservation tillage [J]. Science, 2022, 74(2): 45-
48, 4.

(2] A AR SR el A AT T . AR AL R - b L 4 B R 4 22
(2017—2030 4F) [EB/OL]. (2017-06-23) [2025-09-26]. https:/
www.moa.gov.cn/govpublic/ZZY GLS/201706/t20170623_5725947.
htm.

(3] XUBTHE, fRoeqi, 36 A, 45 . LA 3000 A piUR B4 2

Bl 5 A 2 HEE AR, 2024, 55(4): 1185-1190.
LIU S G, XU Y D, PEI J B, et al. Promoting the scientific
protection and utilization of black soil through the third
national soil survey results [J]. Chin. J. Soil Sci., 2024, 55(4):
1185-1190.

(4] Zsishk, ELE, s, . FFE D R AE AT I BOxE R L8
J2 A2 B T A S W ). VLR AR R, 2025, 53(7):
241-247.

(5] ok, ShEE il OB AR Aol i 1R PR AT 5 b [ 52
BRI LAl R AR (2 B, 2024, 23(2): 34-45.
ZHANG H, MA W B. Agricultural development in the era of

big data: international frontiers and Chinese practices [J]. J.

https://www.cnki.net

Beijing Jiaotong Univ. (Soc. Sci.), 2024, 23(2): 34-45.

[6] LOBELL D B, THAU D, SEIFERT C, et al. A scalable
satellite-based crop yield mapper [J]. Remote. Sens. Environ.,
2015, 164: 324-333.

[7] LEE J, BAGHERI B, KAO H A. A cyber-physical systems
architecture for industry 4.0-based manufacturing systems [J].
Manuf. Lett., 2015, 3: 18-23.

(8] R, JBNAY . BV HORMKAEA A 25 e 55 O T AR 12 5

L5 S R IR S —— i T AR R B 2 AT D). Y bk
BHE R (2R 1), 2024, 24(6): 83-95.
ZHU M, GONG W G. Technical logic and practical challenges
of digital technology empowering agricultural socialization
services: an analysis based on big data of agricultural
extension platform [J]. J. Northwest A&F Univ. (Soc. Sci.),
2024, 24(6): 83-95.

(9] hmk, 228, B, 5 . ol 2K Al o 5T i A A

FHPLE——FE T 4 4> M A SR 1 AR Z A BT (D). P Al
K24, 2025, 30(9): 319-335.
FENG X, LI J, CUI K, et al.. Mechanism of data elements-
driven high-quality development of agricultural production:
Based on exploratory analysis on four typical cases [J]. J.
China Agric. Univ., 2025, 30(9): 319-335.

[10] 2K, SHAET . Al B I H 4 Ji SR B X S SE L.
YL R, 2021, 49(16): 48-52.

[11] Bfhe, FUBT. T R B 8 A R R SR 1. JE Wk
KA, 2021, 40(7): 156.

[12] DIEK S, SCHAEPMAN M E, DE JONG R. Creating multi-
temporal composites of airborne imaging spectroscopy data in
support of digital soil mapping [J/OL]. Remote. Sens., 2016,
8(11): 906 [2025-06-26]. https: //doi.org/10.3390/rs8110906.

[13] VISCARRA ROSSEL R A, BEHRENS T, BEN-DOR E, et al..
A global spectral library to characterize the world’ s soil [J].
Earth Sci. Rev., 2016, 155: 198-230.

[14] LUO Z, DENG M, TANG M, et al. Estimating soil profile
salinity under vegetation cover based on UAV multi-source
remote sensing [J/OL]. Sci. Rep., 2025, 15(1): 82868 [2025-09-
26]. https: //doi.org/10.1038/s41598-024-82868-9.

[15] RAISSI M, PERDIKARIS P, KARNIADAKIS G E. Physics-
informed neural networks: a deep learning framework for
solving forward and inverse problems involving nonlinear
partial differential equations [J]. J. Comput. Phys., 2019, 378:
686-707.

[16] LI H, JU W, SONG Y, et al.. Soil organic matter content
prediction based on two-branch convolutional neural network
combining image and spectral features [J/OL]. Comput.
Electron. Agric., 2024, 217: 108561 [2025-09-26]. https: //doi.
org/10.1016/j.compag.2023.108561.

[17]) 2208, BGe s, bR AL, 45 T KB+ A 13 e RLF
A R e (4 5 R A RE DR SR, B 5 Ak
W, 2023(3): 39-48.
LI Z C, LIAO X Y, YAO Q X, et al. “Big data-artificial
intelligence” scientific research paradigm for intelligent
decision-making in black soil conservation and utilization [J].
Front. Data Comput., 2023(3): 39-48.

[18] CASTALDI F, HUENI A, CHABRILLAT S, et al.. Evaluating



196

ol ek B B S R (3 30)

27 &

F ] 1

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

the capability of the Sentinel 2 data for soil organic carbon
prediction in croplands [J]. ISPRS J. Photogramm. Remote.
Sens., 2019, 147: 267-282.

HEIT, B OSCLE, BER, . BT AMLYS Sentinel-2A 18 8%
At P[] fg R e ) e R R R ). AR BL B A R
2025, 56(6): 434-445.

DONG Y X, HAN W T, CUI X, et al.. Soil salinity inversion
during bare soil period based on collaboration of UAV and
Sentinel 2A remote sensing data [J]. Trans. Chin. Soc. Agric.
Mach., 2025, 56(6): 434-445.

WEISS M, JACOB F, DUVEILLER G. Remote sensing for
agricultural applications: a Meta-review [J/OL]. Remote. Sens.
Environ., 2020, 236: 111402 [2025-09-26]. https: //doi. org/
10.1016/j.rse.2019.111402.

G, BINIE, 75, A% AU R SR AR AR
RGBT AR, 2022, 53(6): 274-285.
LIANG D, HU L N, WANG X, et al.. Design and experiment of
vehicle-mounted field soil electrical conductivity online
detection system [J]. Trans. Chin. Soc. Agric. Mach., 2022,
53(6): 274-285.

AEEA . b b 02 X o PR e ™ bl B (R B AT S Y 52
WAHFE[D]. KA AR, 2025.

REN X J. A study on the impact of land transfer on black land
quality protection behavior of farmers in Jilin province [D].
Changchun: Jilin University, 2025.

INJUBR, ZIT 4, VR T, A5 ol KB 5 15 B AL R Al ik
Jiti 2 JE S BIFFE LD, o TARRRE, 2021, 23(4): 10-18.

SUN J L, LI D H, XU S W, et al.. Development strategy of
agricultural big data and
Strateg. Study CAE, 2021, 23(4): 10-18.

AR, RS, AR, 55 L AR MU R B i e O vk
SiEE AUl 4Ol B, 2021, 52(6): 35-42.

YUAN Y W, XU L, JI F H, et al.. Experimental optimization of
big data cleaning method for agricultural machinery [J]. Trans.
Chin. Soc. Agric. Mach., 2021, 52(6): 35-42.

CLAVERIE M, JU J, MASEK J G, et al.. The Harmonized
Landsat and Sentinel-2 surface reflectance data set [J].
Remote. Sens. Environ., 2018, 219: 145-161.

BENEDIKTSSON J A, KANELLOPOULOS 1. Classification of
multisource and hyperspectral data based on decision fusion [J].
IEEE Trans. Geosci. Remote. Sens., 1999, 37(3): 1367-1377.
THATIKONDA V K, MUDUNURI H R V. Microservices vs.

information infrastructure [J].

monoliths: choosing the right architecture for your project [J].
Int. J. Softw. Comput. Test., 2024(2): 31-38.
GARLAN D, SHAW M. An

architecture [C]// Advances in Software Engineering and

introduction to  software
Knowledge Engineering. Pittsburgh: Carnegie Mellon University,
1994: 1-39.

LUBKE D, ZIMMERMANN O, PAUTASSO C, et al.. Interface
evolution patterns: balancing compatibility and extensibility
across service life cycles [C]/ Proceedings of the 24" European
Conference on Pattern Languages of Programs. New York:
ACM, 2019: 1-24.

PrRiG 5, skINTE, A, &5 JE T ARy o pkas 28 i (oBF
o) S R KA o 7 BT S B Al S R, 2021,

https://www.cnki.net

[32

[32

[33

[34

[35

[36

[37

[38

[39

[40

[41

[42

]

]

]

]

]

]

]

]

]

]

]

[a

41(19): 35-39.

BAARTL, 25 R, SRAEH, 25 TR S R LAY Ky
AR T 5 B AR A R B ST (). A ARl (3 S,
2024, 6(6): 63-71.

ZHAO C J, LI J C, WU H R, et al.. Vegetable crop growth
modeling in digital twin platform based on large language
model inference [J]. Smart Agric., 2024, 6(6): 63-71.

B4, FEARAR, B, AF BT Solr AU A B K 51 5 1%
5 KRB AR A HL AR 2 R 2019, 50(11):
186-192.

YUAN Y W, JI F H, ZHAO B, et al.. Index method of farmland
data based on solr and construction of big data platform [J].
Trans. Chin. Soc. Agric. Mach., 2019, 50(11): 186-192.

skt ar, sk, KR, & BOEE AR R AIT RS
W] Ll 2R Al R 2 2 e (B AR B 27 i), 2024, 55(3):
295-303.

ZHANG H Q, ZHANG Y, ZHANG C, et al.. Development and
application of big data platform for facility intelligent farm [J].
J. Shandong Agric. Univ. (Nat. Sci.), 2024, 55(3): 295-303.
ARMBRUST M, DAS T, SUN L, et al. Delta lake: high-
performance ACID table storage over cloud object stores [J].
Proc. VLDB Endow., 2020, 13(12): 3411-3424.

BRBLE, ZRITE, MYEA . T RBAERF- 1 B4l 3 e 5 5
S H R GEBETHI] AHUILRTSE, 2023, 45(2): 207-210.

CAI LY, LI SP, TIAN Y J. Design of agricultural intelligent
information processing system based on big data platform [J].
J. Agric. Mech. Res., 2023, 45(2): 207-210.

DA L ST UR ST R AR R T R e A
N Al 2835¢, 2025(6): 7-9.

WOZNIAK A P, MILCZAREK M, WOZNIAK J. MLOps
components, tools, process, and metrics: a systematic literature
review [J]. IEEE Access, 2025, 13: 22166-22175.

LAPPALA A. The next revolution in computational simulations:
harnessing Al and quantum computing in molecular dynamics
[J/OL]. Curr. Opin. Struct. Biol., 2024, 89: 102919 [2025-09-26].
https: //doi.org/10.1016/j.sb1.2024.102919.

VPR, 152, k8526, 55 — Al A R e IR 55 4 i AE
A0 R R SR, B RS2 R (18 SRR ), 2024, 60(4):
613-624.

XU R Q, XU D, ZHANG J M, et al. A framework for
constructing agricultural cognitive intelligence services and its
application practice [J]. J. Nanjing Univ. (Nat. Sci.), 2024,
60(4): 613-624.

WANG T, XU X, WANG C, et al.. From smart farming towards
unmanned farms: a new mode of agricultural production [J/OL].
Agriculture, 2021, 11(2): 145 [2025-06-26]. https: //doi. org/
10.3390/agriculture11020145.

ZHOU Y, MA Y, ATA-UL-KARIM S T, et al.. Integrating
multi-angle and multi-scale remote sensing for precision
nitrogen management in agriculture: a review [J/OL]. Comput.
Electron. Agric., 2025, 230: 109829 [2025-09-26]. https: //doi.
org/10.1016/j.compag.2024.109829.

MOHAPATRA A G, MOHANTY A, MOHANTY S K, et al.
Harmonizing nature and technology: the synergy of digital twin-

enabled smart farming [C]// Digital Twins for Smart Cities and



12

JE 25 1A - BRI R T £ - AR T BE (1 5 5 R R PR R

197

F ] 1

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Villages. Elsevier, 2025: 407-442.

CAO R, GUO Y, ZHANG Z, et al. Global path conflict
detection algorithm of multiple agricultural machinery
cooperation based on topographic map and time window [J/OL].
Comput. Electron. Agric., 2023, 208: 107773 [2025-09-26].
https: //doi.org/10.1016/j.compag.2023.107773.

International Organization for Standardization. Tractors and
machinery for agriculture and forestry—serial control and
communications data network: 1SO 11783 [S]. Geneva: 1SO,
2021.

BHAT V S, WANG Y. Revisiting the control systems of
autonomous vehicles in the agricultural sector: a systematic
literature review [J]. IEEE Access, 2025, 13: 54686-54721.
BASTARRIKA A, RODRIGUEZ-MONTELLANO A, ROTETA E,
et al. An automatic procedure for mapping burned areas
globally using Sentinel-2 and VIIRS/MODIS active fires in
google earth engine [J]. ISPRS J. Photogramm. Remote. Sens.,
2024, 218: 232-245.

ZHANG H, SHI P, CRUCIL G, et al.. Evaluating the capability
of a UAV-borne spectrometer for soil organic carbon mapping
in bare croplands [J]. Land Degrad. Dev., 2021, 32(15): 4375-
4389.

BTRTRR . T R + AL 1) 2 - b P 5 ) A e e ok
THEBORDIFEN]. P EGEIRZESFI . 2024, 42(3): 43-45.
JIN Z Y. Research on key technologies of intelligent decision
making for black soil protection and utilization based on “hig
data+ATI” [J]. China Resour. Compr. Util., 2024, 42(3): 43-45.
R e, KA, AL, 5. BT GIS (1 3137 4325 (R 28 5
VLA S R ) 55 2 2 0], L7 D0 9 25 2 R (1 SRR} 2 i),
2013, 27(2): 60-64.

MA D L, ZHANG Y Q, DU J J, et al. Soil nutrient spatial
variation maps based on GIS and network sharing [J]. J.
Shanxi Norm. Univ. (Nat. Sci.), 2013, 27(2): 60-64.

VIJENDER REDDY G, VENKATA KRISHNA REDDY M,
SPANDANA K, et al.. Precision farming practices with data-
driven analysis and machine learning-based crop and fertiliser
recommendation system [J/OL]. E3S Web Conf., 2024, 507:
01078 [2025-09-26]. https: //doi.org/10.1051/e3sconf/2024507
01078.

TEPHILA M B, ASHITHA G, TITUS T J. Deep learning-based
predictive system for smart agriculture [C]// Data Science and
Applications. Singapore: Springer Nature Singapore, 2025:
363-375.

KT TR, B, 45 ISR TR AR B R R
I A S BAR SRS ). P ERRE BB T, 2025, 40(2):
301-309.

ZHANG Y C, ZHANG X B, GAO S Q, et al.. The Fuxi farm:
practice and reflection on integrated innovation of smart
agriculture technology [J]. Bull. Chin. Acad. Sci., 2025, 40(2):
301-309.

ZHAL Y, WANG Y, HAO L, et al.. Medium-and long-term
independent contributions of climate change, management
measures and land conversion to vegetation dynamics and
inspiration for ecological restoration in Inner Mongolia,

China [J/OL]. Ecol. Eng., 2025, 212: 107504 [2025-09-26].

https://www.cnki.net

[54]

[55]

[56]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

https: //doi.org/10.1016/j.ecoleng.2024.107504.

DE ROSA M, POMPAMEO L, LITVINENKO A, et al.
HOMO-PINN: hyperparameter optimization of a multi-output
physics-informed neural network [J/OL]. Oper. Res. Forum,
2025, 6(4): 153 [2025-09-26]. https: //doi.org/10.1007/s43069-
025-00561-7.

Zpife, AT, BB, ST S R IR R LR
R A7 IR (T). ARl T AR, 2025, 41(17): 194-202.
LI L H, WANG Y Z, WU Y Z, et al.. Method for lightweight
corn leaf diseases based on pruning and distillation [J]. Trans.
Chin. Soc. Agric. Eng., 2025, 41(17): 194-202.

XU, AT . KRB I A L AR Al g He 5 s 0 99 1k R
B LT R 22, 2021(3): 166-170.

LIU J, WANG X W. Construction of monitoring and early-
warning system of agricultural pests and diseases in Shandong
province in big data era [J]. North. Hortic., 2021(3): 166-170.
BEE R A, R, 5 R REER N5 S g )
55 PRSI 5¢—— 1 1] 3 DRAOML BT[], Aolk BACAL WF
¢, 2024, 45(1): 150-164.

LUO Z Z, TANG Y H, WU Q, et al.. Research on technology

foresight of meteorological big data application scenarios and

meteorological service technologies: a focus on agriculture in
Chongging [J]. Res. Agric. Mod., 2024, 45(1): 150-164.
KRISHNAKUMAR D P, BALASUBRAHMANYAN K. An
improved EigenGAN-based method for data augmentation for
plant disease classification [J]. Rev. D’ intelligence Artif.,
2024, 38(1): 237-242.

TORI F, TORI S, KESERU 1, et al.. Performing sentiment
analysis using natural language models for urban policymaking:
an analysis of twitter data in Brussels [J/OL]. Data Sci. Transp.,
2024, 6(2): 5 [2025-09-26]. https: //doi. org/10.1007/s42421-
024-00090-5.

Lhid b, BTN, HOBAE ROl B 4 3 s i e A A A
i - T B DT BC U A B 20 BT (0. A olk 22 5 ] A, 2024,
45(8): 13-24.

MA S Z, PU F Q, XIAO Z H. The flow and value creation of
agricultural big data: a perspective based on supply-demand
matching [J]. Issues Agric. Econ., 2024, 45(8): 13-24.

HUANG Z L, ZHANG X D, TANG Z Q, et al.. Generative
artificial intelligence meets synthetic aperture radar: a survey [J].
IEEE Geosci. Remote. Sens. Mag., 2024, 12(3): 24-45.

S, SCIH . Al KRB 5 B AT R BRI R ZRAL]. &
WU 47, 2025, 56(10): 184-199, 276.

WU Z X, WEN J. Review on agricultural big data and privacy
computing technology [J]. Trans. Chin. Soc. Agric. Mach.,
2025, 56(10): 184-199, 276.

WEIMANN K, CONRAD T O F. Federated learning with deep
neural networks: a privacy-preserving approach to enhanced
ECG classification [J]. IEEE J. Biomed. Health Inform., 2024,
28(11): 6931-6943.

JYOTHI KOMPALLI N S, RAO M S, UTTEJ P, et al.
Enhancing model interpretability using local interpretable
model-agnostic explanations (LIME): insights from predictive
analysis on housing market dynamics [J]. Grenze Int. J. Eng.

Technol., 2024, 10(2): 123-134.



F ] 1

198 o & B B Rl (3R S0 27%
[65] POLO-MENDOZA R, MASIN D, DUQUE J. Integrating the [68] MR, 4esi, it v, &5 . REH AL N Ak HRIR 55 B
grading entropy theory (GET) into a physics-informed neural R R S IR b O B S iz, 2021, 23(11):
network (PINN) to predict soil hydraulic properties [J/OL]. 81-87.
Results Eng., 2025, 27: 106063 [2025-09-26]. https: //doi.org/ YE S, ZHU L, KOU Y T, et al.. Exploration and practice of
10.1016/j.rineng.2025.106063. agricultural knowledge service cooperation system in the big
[66] 244, X, #Eh, & . RE 2% > IR sl 19 - e (5 BURRAI: data environment [J]. J. Agric. Sci. Technol., 2021, 23(11):
AR kR PRI R P E Ol R AR R, 2025, 30(10): 81-87.
73-90. [69] SHA Q, LI X, ZHANG R. Fintech platform energy efficiency
LI J Y, LIU N, YANG W, et al.. Deep learning-driven soil optimization based on green computing model [J]. Procedia
information sensing: advances, challenges, and prospects [J]. Comput. Sci., 2025, 262: 35-43.
J. China Agric. Univ., 2025, 30(10): 73-90. [70] ZHANG X, KANG G, XIAO B, et al. Tensor databases
[67] CHANG C C, LI C F, LEE C H, et al.. Enhancing low-resource empower Al for science: a case study on retrosynthetic analysis

minority language translation with LLMs and retrieval-
augmented generation for cultural nuances [C]/ Intelligent

Systems and Applications. Cham: Springer, 2025: 190-204.

https://www.cnki.net

[J/OL]. Bench Council Trans. Benchmarks Stand. Eval., 2025,
5(1): 100216 [2025-09-26]. https: //doi.org/10.1016/j.tbench.
2025.100216.



