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Fig. 2 The spatial, temporal, and attribute granular structures of remote sensing data and their relationship
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Pt , Ao ARl —E R 9 FroR iy s kLT
R EO, R A A B AR T 4 A AL
FRAE (i, TR, Qo &) NERI R
WA 2 . A 2SR AR BRI T & 1 A,
PR I T AN [) S 70 b ) 7 S2AR 1 i 2 0 A 400 0
fE2E5 SR, Wil BN, KR X
P R ] CHE L L AL M )R R BE
PEBCIER s HET, FRBROCBE L KL #L B AL WY
BN A 0 R A a2 . 1 . SUHE AR AL R
(Family of Models) , #4350l 5% FH DA BE 2 2] Ry 3=
Hoth J7 72 M4 A9 Bk % (Family of Algorithms) FF
RIS HOR M, B Be . 4320 TR b 4 45
FEIBE, 5B 32 RE A P RAL ) B 1Y,
RSB “SeBasal” B “HbBEZS (E])7 f m g

(Mapping) H¥Fr.
NS b ow - LN S N T BCiI k7 D=2
PR A0 A P TR A2 B 1 30 ) i 9 R O A
], ASCE R A, AT AL T 5
— BRI Ml R A R AT 2 L R R AY
gy, X T2 BRI RN, T2 B S
PERAER ST, 20 E A T T 0 52 e i
RGIATE A PR, RO EA RS . &
PR SCAF 0 35 PR AR O HE R 0380, A RESE B
Xof P Bt 121 SIE 265 5 RE A 286 2R 1) 40 i ORI 7 7fy 4]
Bl AN, R R RUR AR S A R, R
“RHE BB (R R ) X REH
B, IFARIE LB AE 28 S i v 1 — 2 T 1) R U
Mo, BB BOBEH . AREE DCORIRK R M A5 ) B



2784 National Remote Sensing Bulletin

R 2023,27(12)

Yk AL, HAPHED, RCF. D_LinkNet, U_Net,
Inception A54EL K A FLAR BE J% A [va) 5014 VR 85 2 2T 190 4%
Bl OT R EOCHEE . (Rl 4%, 2021) . B,
TE “HE—Ik—t—tE—H" R UGB A S I =S
[pkr At A o, RS i e Ay Stk L A
Mk MBI R A, WA SR R
A2 7% In) FELE R 032 2 o0 1 5, AR R 2 R SN
AR AR JE R . SRR AT L e g e B
TR Ab BEE e B, USRI AR + Bk R
AT TP R BETT R (XuFlSun, 2018),

i
X
vix
=
(%
5 !
j{l ; |
T . . . .
Fi| sk, BE%R  HAN.  SoEHA. SORERE BERR. |
fiE | BEE—BL EEZHE. TEEZHE. SUEALRE |
| peitap) et Y !
woooo T )
CLREEN )
| AR |
:(D%: D_LinkNet, PSPNet; |
: |@: U_Net, RCF; i
I@g: D_LinkNet, CASENeI,I
| i ‘ . ! Mask R-CNN; !
ﬁIf___‘____'—____'"___q:______"__ {@:: HED, RCF, LSTM; kS

w08 XL B ERE W ooy i
b B BE R i g

|@¥: U_Net, RCF. i3

KO T s MPRLAS A AR RE TR
Fig. 9 The intelligent computing for spatial granular structure

of remote sensing data

32 ERFERTEA X REhEREEER

I T 7 1 4 S A e g O e ] 02 {3 ) i3
FH 22 538 8% DA K 5 A0 ORI 50908 328 4 7 A Ak 3k 72
Bro BT AELETET ZIZ04E 3O ek, BT X
0138 B AG B T o3 AT 2 T R b 2 1) 25 A8 A A
(SRR . AR E KRR RAVEY Wi
A DA R A AR b J 0 A IO FH e B A O T B
(AU FI6E, 2009; BKANIC AL EE, 2014),
SR, 1R TR FICEA N () X 3k
Wg, HY5% =il (Gl E R 2 = i
X)), DGR HOE AR AR, e LUK I T )
HELE LI ECHE . PR, ande] FH A BR R B E LR
T AR A ohe B figp b 3R B R i 2 ) 2 Ak i AR R Ak
FEHA R Y SR ) M R A AR T L SR
X A2 Ak ) T A6 5 40 A A B T B AT L4y B A

fiff Y BB P A BTl i, HE B 5 R4t
T -2 JR ) A ) i R A A L e

B, &5 IR s 14 235 [R) RS ) XUEE R
% IR AR IR B i — 2L P [l is T 2 087 50 4k i
ORI, DL R E R h EE BT
Ji 3 J i TRy 235 44 I R RETH L, D S B IR B 2 AR
e TR . TR RO AT HAn (SRR 4%,
2020; WA A5, 2021), ARG T EEZS PR
RS, HitR AR (& 10): &%,
18 Bh 23 X 43 2 IR AT 2 DA 35 43 5% 18 b $2 OB 250K
i EBEERoT (CK7) s Hk, R R
B SAR B R, bR SOV SRR VR, T AL S
e J B AIE AR A 0 ) A Ak B £, B B ) R AR
(“987);5 B, TR C“Bf—a3" Rt =
PGSR b, 5 B LSTM S5 773 24 25 0 ) 1] Bt 7
T PSS Hh DU AL LA S S
B A, S BEAE AR S U A A

I %A 0 I R st [ 25 b 3 e, TR
SURRPE LR 34N T 0 S )

(1) Mo AR AL il 2k i e S M 3 . 2 L
JEVI A B A 45 A R R R S i), A 1 i L B e A
) b 9 Bt B} [ AR fR 00 S RN P 4R . xF b, —
T, R 22 ) TR T e R AR B I 20 8 e 0
Wi — S TEMA, B2 DE); %—J
T, 22 U5 3% BB 2 8] 1 fl A TR Bl FH 1 42
S g Bsf ] 43 3 % (4[] Landsat 5 MODIS %%
P, AR 30 m AR HERAY H A B IR R T A, A
FRRE B T B A8 a2 P i 26 ) o i S
PEFHFF R AT B R A T B

(2) by I [RDRLZE5 44 (R R AE 2638 o I P R AE
(78 SRR A P A e TR i o e, 1%
G P RIEFRB 2R T AN T, HansEF NDVI
BF P 4R 1 A TR LR BT I) . S5 RO TA] 45 5 X 28
TEARXT RT3, HLABCNA AL, #1218 B 8o
KRG RAEW YT B o Bl TR ) 1R
E TR, HETEIR A T Kt
Z 2RI FPARTSURRAE , B T ML G AR IE Y
N . HOR AT AN S, X 63 4R [ 24
21 5 2k S PR AL, B = ) R R
TR I 38 7 0F — 5 R A AL B 2 1 s e R R 3 3 5
S

(3) WA ik 5w B IR S S 3. Y
A AR R B (IR B, fnfia i Ak



S TS 28 o R b P O A SOk 15 S oA v 1o 2785

AU EARAL . PR AR RS, A R Y
2 B SR 0 A A s S PR Y B D SR T
ZEAHE N R T, B R 2
BT WM R —E A R, e R AR
PSR N BRI AT o RFE AT BAE

TERTAEZE 55 o FEATHETE b, HORE I il 400
HW L R FRIEZ N, AR AL R
ANE SR (BUEZRATZRAE) , (HARrXs Rl
P A28 R 2R GE M DA 3 A 5 A RS A A AT o TR
AREK

72 A (x)
P B F) = 4 Fe AR AE

S~
A
)
1
1
1
1
1
7
”

>

s [
S
//
o EBPE
- wEARE
FIBE A
it o
AN
, B 2
! PEIBEASAEAL i1
: L
\ 2 EI B h t, t , s AL
\ desy o/ PRI 0 — 4/ — e PR
p
BZES
‘.\1 /\\ —
w N // - -
4 m i
) g s (AN
v j’@ SavavS I BRI
| T e MAAAAN]
| — BE
ey -
N ENHERSE  WER s/

B0 5T R TRDRE 45 44 9 RE T T

Fig. 10 The intelligent computing for temporal granular structure of remote sensing data

3.3 EREMHITER X SHERREE
VR TSR AR R ) S B ) R A e 7R %
A SRR T J S I A 5 iy B S 0 . %
I, AWFFRBT T SRR, BAEHE 2
B, W etk Re” A EEHFE, TEZ
& kB SR A 5 D S o AT RS AR A
T (B AEA i R S8 B BOE A $ S
SRR A L, I P R A R T U T
PRBEWEI . s S AT B R R
R A SR, R A v R R R 16 R R AR A &5
ffelE e, LB TR B RoCH) Z B AL ;
PR ALER g, (B IRsh) st 55|
S (PLBE/A PEAC IR S ) 2507 382 4 T BEAS [
Pz Ia] . FHAR S ] Z o] ) SR &R, kG5 T B

REWERS T (PP RS0 . By 3h
Ao pr CnEi Rl . o) A s AL AL S T R
(Dong%, 2019; Wu#¥, 2021; Xu%, 2020):
— i, s N 1R ECR A3 0 3K S RS S L
il L FH TS A b 0 A TE b 3R IR S BT R AR
IR K A 5T, MOk
HED, 5 SARAR I BERE I IEH AT 4547, Ayl
455 3 22 [ADRAL I U7 el 2 Ak

FIHIZ A AT e Jg MR g i H Sy, @2
SERTE LR WA 5T Y S B )

(1) ZWEBHRREG . X TR Z 8T,
HARER FARTEIR . A S ST AR 2 BRI TR
B BRI BRI, 92 14127 /i
EAE . RS, 5ok FARTE IR R, A=



2786

National Remote Sensing Bulletin

R 2023,27(12)

P RAE N DR ML, LR ELI R f
bR | A SR A A 2 B R R S B AT
BN, JFEETAE . BNE L SRR L NESF
KFNY VR 5 R BEZ 8] B TR, 255 B

Decision
Tree

AR

@

R A RAE R BORAL T S, S E AR B ST
FREERG SHEARI, LI 2 AEREE A
(75 Y A AL Jm e . xhit, A SO
AT L

r 3HLES A TT kN 1

Machine learning:

¢ Random Forests
¢ Gradient Boosting

Il es

.....

SRR 22K 5 [E] A

e XGB
SRR K oost Trik, g
oo, RS, KR, BB, A0 JEME S YR JE M 7]
G IR, LR, HEFMSE) HIXEEER, BT
I B HE T AEE R
BEBE ek f5 B
: > stism jm,WMWEﬁE&&W
- | gy [ 2ERRES AR ﬁ Ay v s
> 2 @D
R 1K .ﬁy‘.
E o
it 2T e % N Wy, p BB B R
) ‘ }g{ MOLE. B, KR, B RESAEHNE Do

Bk, RETTN, HRERERA LS gRIER

B SCT i BUE MR A R RE TR

Fig. 11 The intelligent computing for attribute granular structure of remote sensing data

F—, ETRAER R, Al 2 IR
3E: 1) A5 ()2 NI [h) 2 24 AR X T A A R
R BT MR . S B R T
POL i /NIXBTIER N DR 2) 25 A4S
R W) 24 5 285 0 Bof o A TR RO, a0 v [T S
ARG I . SRR 3) A 4EA
I ) 24k 249 A0 X g 21 3l 25 72 A i e s 3 X dl
N—— R sh Bl . B Ar BB . XL
A Ta] GUER  BOHE A & IS B, (E S TR BT Y 2
[ IR, BEY R 1 R BEAY & Ph R Ik 2 2
SCRERE 22 U5 S AL B P ) Bl g S e e i, 3 00
IRIER: 508

B, M TRIERG, W 2 R
et s, 418050, REE (03 i)
Ko A5 EER BT mRE, it zEsAem
BHRREG T, BB LIRS R o, R
AR RUEFA o GEit e i 2S48
T SORHRAFHOR X fU/ZR MR 1 F0E . % &

BUH . S WIR AR AT — & BAF B A IS FRE
I (RLIGI THTRE), LA
BERIT B B EL.

M, BARREE T E TR, WRNA T,
WE2L 2% AU 2 Ak . B2 RE S8R R — 3
b, T ERECHE IR RS | AR R e O A AL 2L )
(Zheng, 2015), ML d W IN AR . R
Bt Dh AR ) 5 5 6 4 T Bl 2 IR RO e Ak
AR E B R M R BURHE, DASCEE B, 7
SRR, G T R T ) A G b B 5 vk ek
HE R TARNDE S ESERTT, 96 R IRER

(2) RERCRIZM . B G Z )5 T 2
— IR OCH BT SR AE R 1) TEIE R I
FHGETT RN A5 2 2] 5300 sl L 38 8 £ G2 SR s 7Y
B R TE S B AR Jm P Z A GG R
T o) U oK, AR s R R L
SORANR 2) fEas g b, T EAEM. %8
PEL HEFIA G AOCR, FIHIE SR SR AT Kpk



S TS 28 o R b P O A SOk 15 S oA v 1o 2787

PO 245 245 7 12 SR A5 R 408 P DR SRR G A [ ) 2 [ 45 4
(XF 7 A s B 37 5 w2 (R SR Y 5 (RS54 )

HITEAGAAL . AL S A S SRS
TR E 5 B 5 o

®1 ETHEERNZRBERSHEEM
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Fig. 12 The geographical location and GF-2 high spatial

resolution remote sensing image in 2019 (0.8 m resolution

multispectral/panchromatic band fusion data) of Jiangzhou District
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Fig. 13 The GF-1 time series remote sensing images of Jiangzhou District (16 m resolution data from wide field view multispectral camera )
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Fig. 14  The farmland—based geo—parcels extraction results in Jiangzhou District
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Fig. 16  The extraction results of crop planting distribution in Jiangzhou District
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Fig. 17  The schematic diagram of temporal granulation for the

whole life cycle of sugarcane growth process
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Fig. 18 The schematic diagram of attribute granulation for the evaluation of sugarcane planting suitability
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Fig. 19  The evaluation results of sugarcane planting suitability in Jiangzhou District
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Abstract: Granular computing with data granulation as the basic is a frontier direction in the field of big data processing, which simulates

human thinking and solves large-scale complex problems. It helps improve the accuracy and efficiency of pattern mining and knowledge
discovery by means of structure and association. Therefore, incorporating this data analysis method into the process of mining information

and discovering knowledge from remote sensing big data needs to be considered.

In order to better implement intelligent processing and interpretation analysis of multi-source and multimodal remote sensing big data,
and obtain spatiotemporal information that can serve precise applications, this study draws on the data processing thinking of granular
computing, and builts a research path that follows the evolution route from visual understanding of external scene to relationship perspective
of internal generation mechanism (spectrum analysis). The paper analyzes the granular structure of remote sensing big data and its multi-
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level and multi-granularity characteristics from three dimensions of space, time, and attribute. We further determine the corresponding
granulation strategy based on the characteristics of remote sensing data. In addition, we build a methodology of remote sensing granular
computing based on geo-parcels, which integrates the basic models of zonal-stratified perception, spatiotemporal collaborative inversion,
and multi-granularity decision making. These models integrate geographical analysis methods, remote sensing mechanism models, and
artificial intelligence algorithms. They also mine geographic information or knowledge including morphology, type, index, state,
development trend, and mechanism of land geo-parcels.

This study focuses on practical research guided by the application needs of precision agriculture. The case study shows that granular
computing meets the requirements of intelligent computing of remote sensing big data from multiple perspectives. It is verified that the
theory and method proposed in this study can systematically deconstruct and methodically address the multi-level complex problems of
agricultural remote sensing. The case study also demonstrates its potential ability to support precise domain applications.

This study develops a methodology of remote sensing intelligent computing under the guidance of granular computing. The corresponding
problems and solutions in the aspects of space, time, and attribute are also analyzed. Based on the abovementioned work, we are confident
that the proposed methodology of intelligent interpretation of remote sensing based on granular computing can effectively address and
resolve complex surface cognitive problems in Earth observation through remote sensing.

Key words: remote sensing big data, granular structure/granular computing, geo-parcel, zonal-stratified perception, spatiotemporal collaborative
inversion, multi-granularity decision making, precision agriculture application
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