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S R (L%, 2018); fEAESHES
I 7T, AT AR B R EAT S B e I 52
GOHARGEI, I PPAL AR S A8 2 3R A K
P& (Masocha %5, 2018),

T SR O T OB iy BB AR AE R
K (volume) . ZHHE (variety) . ZBIBER (velocity)
HEHIPE (veracity) . MMEK (value), [AIATif B
B “MUZ” R ZHEG. 208, ZEH
UK ZER (34, 2021), @ EEE I 5 Bk
SBURI AR 275 2R AN I8 BT AR A IR AT A — AT
JIEARAT B 18 R B s A (a5 45, 2018).

KRB G R FEAE . AR BRRIIE S XL Ab
PR RE LA K ABIIE A L4 I T AR B 2R . LRy
AT T OB B, MU A 1
KW J1; B9 RIGER . KEfE 2950 B
et , 5 AR SS e BUB PO T AL kT, T
AN B BB A S 0 ] P TG VE R TTE S . 1 IR
DB BRI R JEMF- 6 09 1 B BUE T 1% 58 2%
Kot ab FRAN AT AR, OB BORBR A Z A . Ak
FEFN 3B R TR ARAT ROBLIE . P e T 2
AR B A, ToTAEA 2R BT, 6 W DT Y
ar BT gn AR AT 0 H A, A KRG T B
ToUAL BRI [E], AT BE 22 B KG  4R rh FE R 3
o [, IR BIEAHRTE = & BRI
6] Fp 51 22 5, T AT RO D B A s =L
2303 PR AS — B[] O P R i IR
FH P A ] LA (8 28 FF B 2 I B 2 s
55l N =2 T S R v RO O R A R P
H=,

2B R AT, HiRiSEE A3
HER 5| % GEE (Google Earth Engine) KB N
B & NTEZ (Gorelick %, 2017; fF A 4%
8, 2021) 0 HAtRE R A TR WAl T s K
B, 03 [ A K R B9 NEX (NASA Earth
Exchange) . -~ JL3C5 % 1Y Geoprocessing Platform ,
RO ) I 14 3t Bk B 27 B 52 7 R (Geoscience
Data Cube) (Lewis 5%, 2017). B A1T 2118 AL
(Planetary Computer) , DA HERFEGE “ HiBRKEL
HERRE TR (CASEarth) 19 Mok SO 264 45
Br&4: (EarthDataMiner) =JIR55” (Liu%%, 2020) .
A R 2 A R R ey A BR 2 W) BT T & PIE-
Engine % . 53 4b, BORMZ R A/ = Ik 550
IEFRR AR A RE IR = B Aok, 45 i

=, PRz Bz, s maPHEE,

ERAITRE A OE T Mg, k. R
W AFFE R TN, IR A R A
Be R H AT T 2R A M o B A Ceccherini 45
(2020) TEAIN A T IR AV 6 7E 23k X HUAR PR A
R o ATARZARSE (2021) WEE T E NS E
BRI G R R JEBUIR,, JFMER T HAE Bk F
FOTH FEN . AT EREERIBSC, A
W 3m ok SCER T AT AR, A B AL 2 B2 A A T
B, XA THRF B A G SCER AT R Sy
Br. EZEMHEE1ES . R E S .
) 3 AT B SCRRAE B 51 70, LA B 2 S0 3 [ Jost
THEEIHRET-4 H 2011 4R LIk I & R . B
FERE LR DL

2 CERKE RS Tk
2.1 KWEKRHEE

K R B E SR I H Web of Science (WoS) H
% 0 BB 4 DL K [ 1 ) CNKI (China National
Knowledge Infrastructure) H %) 22 AR HH F) F1 2 47 18
o fEWoSH, BRI EFEHRER, HEX
HRAEF TS (Topies) WixE, SCHRIEBILESE Article
5 Review, 155 N English, AN xt, FH
WA Rl . ORI RRED . 2. K8
W55, CNKIHP R R T AR AR R, R AR
it EMSU (Subject) FIfE44 . SCHER | % TKA
(Title, Keywords, Abstract) #fixZ, 3R+ L
fik, 5 AR RefWorks, 5 M I8 25 AL 36 b5 A
S OCHEI] . R R SRS BEE LU
ROk 2 BRI AR B S, B
FURT R o )32 B9°F- 5 GEE 16 2011 AR g R4 A
8, P LIRS E] 5 B DA 201 AR TR 46, 3l el A R A5 3]
2021 47 K& SCHE LI 8 2015 4R — AR, B[] 5 e
3N 2011 4F 2 2021-04-12.

H TA R SR H S OCE BRI A A
J, AR R AR R IR ST, PRI L
VEFAT FAT I8 A T B 32 SCHk ) 5 ORI ST N 2
AW BB AT B W SCRREEAT T 2Bk . i,
FE WoS K s A5 2 A BUIE T, Deng 25 (2013) &
# M “Web—service—based Monitoring and Analysis
of Global Agricultural Drought” — L FE A4 | —
o g S A IR AR M T 5 M0 T AR A 2R G 1 9 2% i 55
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Tk, JFRAW RER SRS, T RO
B o T 7E CNKIAS 2 A5 2 K0 4 b oA 28 L 17
UL, 2R (2019) KRA “HEIJCAHLRE L
ARG R RER” —3C, FEEBELT
AL A & R R, SR SO R &

BURSY, FRFET AR . gt N TRy, &
2% A WoS Fll CNKI & i ¢ 43 51l 0 1t 512 4
286 i 5 AR SCAIF ST 32 A8 A G A STk, 3 SR
AP FARSCHETE . e AR R &
KRR WME 1R

%1 ET WoS5CNKI 2011 FE—2021 FHIBEHRRER
Table 1 Data retrieval results of WoS and CNKI from 2011 to 2021

Bl e TS0 KRR TSRS
—_ ((TS=“remote sensing” OR TS=*rs”) AND (TS=“big data” OR TS=“big earth data” OR TS=*“cloud com- - 1o
puting” OR TS=“cloud platform” OR TS=“earth engine”))
(SU=(“#Z/F% + ‘remote sensing’ ) AND SU=("KE#li'+'big data’+ 'big earth data’+* =715+ “ = F
CNKI %+ 'cloud computing’ + 'cloud platform’ + 'earth engine’) ) OR (TKA=( ‘3’ + ‘remote sensing’) 64 186

AND TKA= (" KR¥ " + 'big data’ + 'big earth data’ + * == B + “=FE + coud computing’ +

"cloud platform’ + ’earth engine’))

H:TS: WoS F2/; SU : CNKI F2A5 ; TKA « 75 44 I ia] fl 2

22 SHAEEIR

A F e AF ] CiteSpace T. B, >R SCHk i &
O3 MR LA R A 23 I 46 4 A 1 WA 2R 31 1 SCRR 4 7
Blegit ot FEME RS B 1 K R
e, BEMY . PR R RRITE
221 XETESIE

SCHR TR — MR B L Geit e ISR
—K, EETHORG R E T (PR 4
2014) . ZITHE FEXSCHRG 1 3C . M FOCHE 1R 55
TR 23 T, DT 2 SO 1l F-AVE P 9 400 8 %) & J I
FE o WF S8 AT T R Ok & g A (Donth 4%,
2020; Liu 1 Gui, 2016; Van Raan, 2014); i&A]
DAL BRI B 1) SCHRECE ™, (RIS e i 4 ik
POV TE S AL 5 30 DR s T A o A, SRR
N B B AR U Y BT 58 N 2 O s 5
A9 0 W (Hu %%, 2017; Zupic Fl Cater, 2015;
Zyoud # Zyoud, 2021),

SOk TR TR (Kessler, 19635 Small,
1973), (HJEREE WA 51 SCBIEIT 5 T 5 R B 7E 2R
BAEE (A WoS) Y M AN SCHk i 5 43 B 4K
(40 CiteSpace, HiteCite, BibExcel) AJFF % ,
A B LIRS FH )T Z 0, HE g HEE R
RS I s N Y o U € P B o SR e o 2
ZP45i (Bornmann 1 Mutz, 2015; ChenZf, 2011;
Daim %%, 2006; Gingras, 20103 Yan4%, 2021),

222 HEMEFWITE
W58 777 (Social network Analysis) X

FREER 43 AT (Structural Analysis) , J&—Fi % /&
AN Z [) ERR AP 00 0 B A AT 1. AL 2
HY T A RV ZH I, T LA UL Jr 7 19 2% (1 o 1K
Y NN T R E DA R DS ESE N RN BS
Z (Wolfe, 1995). tL& ML Hrikte &ML 7
BT 5 5 it 1) 2L 3 0 255 70 A o E A5 21 1 AR S 3tb 1
(ZEZERAR AR, 2008; BHEGK, 2009).
AL BCD  (Betweenness Centrality Degree )
A DA B AR 2 P R B A 2T ]
RERA B R p b A e (1) 5 HARTY s
FHIERIRCALY s (2) 2T AR R Z 6] A9 719
(Chen%§, 2012a). BCD ¥ pRARIAX T
P (i)

BCD(node, ) =

52 Pa
Krp, p, ARG, k2N EEREE, p, (i)
RFE L 25 5 AR S (Cui %, 20195 Yan 5%,
2021),

[EA Mg, AT DR E RS,
BN T E R 5 B KL -5 LA Z 1] 5
Z; [AVHL, AR CHR LB M g b, A AR
OB, T S AR AR T X B O i)
) Bt e — s Sk b o B R A o g
SUFE AT A AR 2 43 BT e 23 DL 5R 0 [ P I R O
(Fanggﬁf, 2018),

2.2.3 CiteSpace NiREE AL TH

CiteSpace J2 F B 38 ZU4% 77 & i — 3k g i ik
A7 Al AAL B ) AR 3% T B (Chen %%, 2012a;
Chen, 2006), W LIRS B FH PR 1 5 (8 4
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P i — B A U B RO ) ARSI, R
AIF 58 B RN PR ER A RN OB SOk, Ui s Y
FEIEA A EENTEAN (RSN,
2013). CiteSpace FEHAT HHAE T 5, & H T2/
Bl ek A EE T DL Z ARG, ATl Ak
ROREF, RUMEREK, AR, BG5S i
SEOR R INREAL A S T &Ll 2 B AT FE N 5
(BBt 25, 2015).

A F e AF ] CiteSpace BAF#EFT T [ Z ML
LR A S TN 5 T R B R B T s |
T E GG 5 35 2% 1 | OB IR] IN IXPE LA
R | SO R, DA e BRAIE 9 40 a1 P4 et B o
s

3 RS0
31 EXBA

311 EWMEREIEST

SR 2 B R — 40 O 1 R B A R
FAE, PIAE—EF2 B b o] Ak i S 3k 1) 3 2 &
(Li%F, 2017). HETRREGRLEH T 2011 44—
2021 4F [ A R ScE (1), PR B & SCH
5120, ENE A SCE 2865 . BAR 2021 KR
AR 1E 04-12, HICE A SO 2 S SOk Y 25
= T 2015 4F— AR () & SCE . 2011 4F—2013 4F 3%
SCSCHR BRGSO R, X SRR SRR
B WPl T AR OR BRI — 2 KR
2017 47 FF- U g SCSCR B R o S T b SCOCHR A
2018 41 H S SCHR AN E S SCHR Kz SC o St IR B R
A, 2020488 E g, Hid, ok o8 ke, B
SCOCHK 1925 0 X o A @ R = T B 35T
W5 22 B OB 2 W58 3 I T FEE . Bk
Ui, 2011 4E—2017 4F Ry & = v H 31 5 4 G F 5T
B R B, 20184 EA N E ARG
FA) P % JR B B
312 EXRMPHMELESH

£ CiteSpace FAF T X WoS Wk &R 293 11 4F
Kt oy B AT I S AL 15 A R 28 0 B, AR
I3 M R T e SCHEHEAL BT 10 BY [ R
ol geit T HASCE A (K2, E3). AR
fr S LB SO P, AR R SO Y 33.58%,
I Y R SO HEAL 2R 2 B9 L Y 27.34%, Bk

SR RS 3, K 6.06% . TR HE A H]
(& SCREAMSE, R 5.69%. K SCRHEA T 10
PP 74k AT E (K3), X5HEE
i HE 2SS — A R . e [ R 2 B LA
40.11% 1) & SCE: b7 LU R 55—, o Foo2 & SO HE
210 AL B 1245 TP ERFEBE R AR
SO HILL 18.13% F111.54% By & SCHe: 7 e HEAS 5 2
M3, FEBIRESCEAMES 2, (HRERENEE
SRS, RTRAE Y, e R R R
IESE BT B T R T i

200 192

106

72

[ WoS

BT 2011 4F—2021 4FR4F PR R SCEUR- 1L
Fig. 1  Yearly publications from 2011 to 2021
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Fig. 2 The top 10 countries with most papers on remote

sensing cloud—computing platform from 2011 to 2021

313 HFEXESH

AR PR KRR FERR, &
VB IR T 6 05818 SC RSk IR T4 B T F
8 N GYHEAT AH 56 SCHR i 2 e AR . AR Scaeit T
2011 4FE—202 1 4EH & SCREHEAA T 10 A IBT 1), angk 2



314 National Remote Sensing Bulletin

#ERERFR 2022,26(2)

Fros o H b P R Eo 22 19 9 TR S e I T
4.848 ) {Remote Sensing>> , R NI156E ., H
W& 52 I K 5 15 10.164 ) {Remote Sensing of
Environment), H#SCHE )y 585, L4k, A E
IR THIRLY- 65 14 32 5 SR 0 4508l 1) A W 4 e
S UL 270 | NP O R 8- {15 <SG 1
{Remote Sensing of Environment) . {IEEE Journal of
Selected Topics in Applied Earth Observations and
Remote Sensing) . {Remote Sensing) 2 [F Fx 1] 1134
TP T 52 MR L PSR, LRGMIRIZ
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11.54% & B
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Fig. 3 The top 10 institutions with most papers on remote

sensing cloud—computing platform from 2011 to 2021

3.2 H1ESWH

EGIERZS, Aot/ EE
(HLH) TE[R —jm CE P i oA ¢, ER
(MUK frh o PRdiss,, WizE%R () 5
HAER (P WEEMKRERY, £6%
AEREE T, RRZER (W) 1565 R
JEK . 7E CiteSpace 1, 38 12 1% E B {H M top n=50
HBEE4, BSEHER3, #4, HPh2NECEEK
ILAEAE 193 X BAE R R, 1164 & SO AL A7
TE222 X0 EAEC R . TERTA E S, W m & SO
Whes, FEEPA o, WA B E
FEXERSTTREE G R 2 THAMER, %
] 2 2RI 90 400l e T R 1) 1 5. 9 I 1Y) 2 SR
BOROESEES 3, (HH A PO PERIR, BEBTHRSY
SR GRS A, REZMA L FH T

EEEIM R (ES5, £4), PEBABER A

SO LA KA v B D fe s, 7RI 50 S
BOTEER s AR R SO R R A B R R T A R
Ok, SHARHERBOVE Y. P ER SR
FHARDORE, BRI SOR R m, B
DR TIH R LA B i w0 & S HE44 i
10 (UHLAG FPad AT R M BT . PR L &
R TE 2 L5 R A FER BRI 7R

R2 2011 FE 2021 FEBRATEFAEXEHZ 108

AT
Table 2 The top 10 journals with most papers on remote

sensing cloud—computing platform from 2011 to 2021

. PA SRS
1 gt s
LURRl T B (2021)
{Remote Sensing>> 156 4.848
{Remote Sensing of Environment ) 58 10.164

(TEEE Journal of Selected Topics in
Applied Earth Observations and 27 3.784
Remote Sensing)

{Sensors) 18 3.576
ISPRS 1 of Photogra stry and
{ISPRS Journal o oto.;,rdmmetry an 18 8.979
Remote Sensmg>>
<<Internation.al Journal of- Applie(% Earth 12 5.033
Observation and Geoinformation )
ISPRS 1 ional al of
{ISPRS nternallona']ouma o 1 2899
Geo-Information )
(IEEE Access) 9 3.367
{Journal of Applied Remote Sensing) 7 1.530
{International Journal of Digital Earth) 5 3.538
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Fig. 4 The knowledge map of collaboration countries
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VB A B0 00 22 R ORI AR R AT R RO RR
fa P A B, (R A S A PR A BT S AR A
%, VWAAE % U A 8 IR =31 57 B 2T B
2 5 AL SR R AR D). R H A
P RSO AN A b SR, THEALRE A
FI AR Ml B 7 B AR R SO BAIE, B o4
B, USRS S AR IR LR A
SR B 5 A e R U RABCE YD . HEA T 10
Y SPUNER:IE N R o 2 o NN D | LR R
T, TRYES 2R, flinied, g
SRR W TR R TRES AR
A, RSO T AT R A T I = T B T R A
FEW AR Z B R B Y), Pl T B fe
BT R 0.75 2 A FRAY

US Geol Survey
Oregon State Univ
CALTECH  michigan State Univ
Canada Ctr Mapping & Earth Observat
Mem.Univ Newfoundland Sun Yat Sen Univ _ .
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Fig.5 The knowledge map of collaboration institutions
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Table 3 The frequency and betweenness centrality degree

of collaboration countries

[ 5% IR RPN S
GaE| 183 0.35
% 149 0.50
EE| 33 0.10
BRFE 31 0.09
BRH 31 0.20
T 28 0.24
IEWN 26 0.03
i 2% 22 0.05
PIPE T 21 0.03
EE 21 0.07

34 XBRDH

341 ERLMOHT

AR TAINE R SC B ARG, B B A S
RN ST AR T 5 7 S AU ATE 5T 0 RS D R
. TE CiteSpace Pt Z WL 5, K BI{E 5 71

B M top n=50 LA & g—index k=5 % il WoS 5 CNKI
Bt e G EE A I I (BT (a) o BT (b))
R DX P P A A 07 1 DG B TR 125 DA 12 S ] A
ARGy, PUSEAF ORI BULIK, (USRI
KA AT SR KO B EME, ARiZ
SRR 1 P A RO PR R o AT RORE X R R T
5 BT TR o B B, AT E— 2B TR A AT A
G BRI
x4 AEVITURE BNl

Table 4 The frequency and betweenness centrality degree

of collaboration institutions

Gk AR LA RN c2
i RR 2 e 73 0.61
o B2 B R 33 0.14
RDR 2 21 0.03
ERPNES 11 0.35
EHEER NS 10 0.02
Wi R 8 0.06
il 7 0.04
B H] 7 0.32
ﬁnﬁkigé,ﬂﬁ 6 o012
BRI 37 K2 6 0.09

ENVIRONMENTAL SCIENCES & ECOLOGY
PHYSICAL GEOGRAPHY
TELECOMMUNICATIONS
WATER RESOURCES
< Environmental Sciences
'"REMOTE SENSING
IMAGING SCIENCE & PHOTOGRAPHIC TECHNOLOGY
% ;

( Information Sy
‘Geosciences, Multidisciplinary
‘Engineering, Electrical & Electronic
ENGINEERING cOMPUTER SCIENCE

SCIENCE & TECHNOLOGY - OTHER TOPICS
INSTRUMENTS & INSTRUMENTATION

GEOLOGY

Ko EIRATEFA FEVFRO N HIC R
Fig. 6 Major research areas and connections of remote sensing

cloud— computing platform

BT WoS iy i i X 18 (&7 (a)), WTLA
W H 1530 2013 4E—2015 4E 5 2016 45—2021 4E 1
DB, D3 T WoS i 2 B 1Y £ 4 W A 1 5
2011520124 (1), BT ATEX PIAE BOA G I
I a) B

2013 4F—2015 4F 2 i J& = 15 & 1y i b
KR B o 2013 4F 1Y o M OC i i) £ B E =R
(cloud computing), 2014 4T H FH 1) v A1 S Bt 1) A e Je%
(remote sensing) . R4E (system) . Pki% (challenge),
A SEIR A AN, DO A OC B



316 National Remote Sensing Bulletin i & 53R 2022, 26(2)

W) LI R R . R ER 5] % (Google Earth
Engine) 2015 AR B AT OCHRTA], IZAEIR LT
7128 (classification) . Pl W& (Landsat) . K%L
$& (big data) . HE (map). FEEC (index) . T
(performance) EECHER] . AE 2013 AF—2015 44>
BrBe, iR s 6 R 1 B TR i J
Bodi A ft 5 A B J7 2, Ry 1R RO T i Y 3k
WO T i IpiE BRERITRE6 LA ZFE
AR AL 9 8 B ], 40 Landsat Z04E 48
MODIS ##i 4 . BB 55, Hrh Landsat fEH
A EAVGH IR TR 2 —, Hig @G 55
EnVH By BRI RS
ST D B2/ 5 S o N = 1 1 S O
Hansen 55 (2013) 5 W58 M T 423K 19 AR AR S
il 14
F5 SURHEZBT 10 IR R B/ Bl
Table 5 The top 10 disciplines and betweenness

centrality degree

SR R HA LG
T ) 264 0.03
IRl S A 232 0.25
WGP S EAR 225 0.03
IR 217 0.15
kB Z2E R 174 0.05
b A 174 0.05
TR 90 0.75
CERR i i 73 0.10
THRHLR 70 0.16
H SR b3 66 0.12

2016 4F—2021 4F Ay i I 5 - 5 i PR
JEBTEL, WP GWAEZR A 2, I R A OC B
AT AP (time series) . FLBEFEEL (vegetation
index) . 7% (algorithm) . J*fh (product) . ElZ
(image) . HERASE (accuracy). hZ (dynamics). X,
784k (climate change) . T HiI# & (land cover) |
AR HERMBOGIE (MODIS) . H13R7K (surface
water) . PL#3%%>) (machine learning) . Fifi #IL £f Ak
(random forest) . 73 ##% (resolution) . M§i% 15 T
£ (Sentinel-1). "= 25 T E (Sentinel-2) &
WAL IL (SAR) . AILAE iz B B i i iR =
TR 6 /N SUSRAE AW, Wi 7 1 A
/A AR R R . AR

TR KSCREA DG, RS AL B BT A
M U A B R A A R A
FEECE A O ER R TR R P, Pl
S JNER —Fh B O Tz ] T R R Ak 3
(Schulz %%, 2018), EHCA =G PHFTEH K]
i IR RIVEHREME & LR AR, A
AU T i b AT R M, 3T TR 2R IR 55
JCIBIE TS HEAT T ST A8 UL B 1 R £

BET CNKIAY SRR X (1817 (b)), WTEA
e H R 5> 4 2011 4F—2017 4F- 5 2018 4F—2021 4F 1§
BB

2011 4E—2017 4F B IR =TT A RS &
JE BB o R G B R A A ROk 5 1
MapReduce. = it5 . B2 . @&k, KEHE .
AT . =F & . Spark DA K k—means B 1L, =
TR =6 1Y B 8 O b 3 A 6 4%
Jati ok TR JEW ). A Bk T 1% GEE JE HH Moore
F1 Hansen 2011 4 7F 3¢ [ b BR 9 BRIE & 25 09 FK 52
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Bibliometric visualization analysis related to remote sensing cloud
computing platforms
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Abstract: In the context of big data Remote Sensing (RS), the development of RS cloud computing platforms has changed the mode of RS
traditional data processing and analysis. It also has greatly improved the computing efficiency, which enables it to quickly analyze long-term
time-series on the global scale. Although many scholars have conducted related works with RS cloud computing platforms, an objective
review on the development and application of RS cloud computing platforms is still lacking. In this study, we retrieved the research
literature related to RS cloud computing platforms between January 2011 and April 2021 based on the Web of Science and China National
Knowledge Infrastructure. The retrieved data were analyzed in terms of publication volume, collaboration analysis, keyword co-occurrence
analysis, and co-citation analysis using bibliometric methods. Results show that (1) the number of studies based on RS cloud computing
platforms is increasing. China and the United States are the most active countries in this field, and the Chinese Academy of Sciences (CAS)
is the most active institution. (2) The intersection of related disciplines is extensive, and it involves RS, environmental science and ecology,
computer science, engineering, electrical and electronics, and other disciplines. Among them, RS is the most researched field using cloud
computing platforms, and environmental science and ecology and computer science are more closely connected with other disciplinary
fields. (3) At present, Google Earth Engine is a widely used RS cloud computing platform. In addition, Amazon Web Services Cloud, Earth
Data Miner (a pioneering earth data mining and analysis system of CAS), PIE-Engine, and other platforms are also in a rapid development
stage. (4) Large-scale land cover mapping, land use, vegetation dynamics, and climate change have been the main application areas.
Environmental health assessment and research on the impact of human activities on the environment will also be important application areas
of the platforms in the future. These results quantitatively demonstrated the development history, research hotspots, and applications of RS
cloud computing platforms, which provide a reference for relevant researchers to grasp the development dynamics of the field and explore
valuable new research directions.

Key words: bibliometric, visualisation, remote sensing, big data, remote sensing cloud computing platform
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