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Abstract: The space-air- ground-sea stereo and integrated geospatial sensor web have gradually formed along
with the development of remote sensing data network, sensor web, internet of things (IoT), and artificial
intelligence. The sensing resources of the geospatial sensor web are of multiple sources, heterogeneity, and
dispersion. These characteristics result in the grand technical challenges of sharing and managing heterogeneous
resources, real-time access of geospatial information with multiple protocols, spatiotemporally seamless and
autonomous sensing of geospatial information, and accurate prediction of key parameters, especially when
facing the personalized, instant, and smart application needs of multi-level users. It is hard for static geographical
information service to meet the demands of geo-events for integrated monitoring, early warning and decision
support, and focusing application. Therefore, there are urgent needs to develop fusion service technologies of the
geospatial sensor web, as well as real-time dynamic geographical information service platforms. To solve these
problems, this paper proposed online access, integrated management, space- ground fusion, spatiotemporal
prediction, and focusing service models and methods. With the online access, dynamic management methods for
sensing spectrum resources, and transparent access methods based on heterogeneous sensor protocols pool were
proposed; a cyber-physical spatiotemporal information service environment was established, which realized the
efficient access of spatiotemporal information with heterogeneous protocols. With the integrated management,
sharable and interoperable information models including sensor observation process information description
model, observation data description model, observation event description model, and dynamic observation
capability index model were proposed, which tackled the coupling problem of sensor web and GIS, and realized
large-scale integrated management and sharing of space-air-ground-sea platforms and sensors for the integrated
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monitoring of fairway, hydrology, soil, meteorology, and ocean. With space- ground fusion, a point- surface-
collaboration and seamless reconstruction model, and evaluation- collaboration- reconstruction, cross- scale,
seamless and continuous sensing methods were proposed, which improved the sensing quality by 14 times with
respect to using satellite only and meanwhile keeping sensing frequency the same as the station networks,
providing new ways for continuous monitoring of resources, environments, and disasters. For spatiotemporal
predictions, ensemble models of multiple machine learning models, ensemble models of statistical models and
dynamic models, and a spatiotemporal deep learning model were proposed, which realized high-resolution and
high- precision predictions of meteorological parameters at regional scales. For the focusing service, a geo-
control method based on instant sensing feedback, a time-continuous maximal covering location model, and an
automatic aggregation sensing method were proposed, which improved the spatiotemporal coverage of sensing
by 18%, and realized active and on-demand sensing of spatiotemporal information. Based on the sensor web
observation information models and using the architecture of satellite- ground- collaboration spatiotemporal
information sensing as a service, a geospatial sensor web spatiotemporal information sensing and service system
named GeoSensor was developed, which has the functions of sensing, access, cognition, and control. The
GeoSensor has been successfully applied to the sensing management and service of spatiotemporal information
in the Yangtze River, the ocean and the smart city. In the future, the theory of smart sensing and cognition of
people, water, and city will be further developed, the technology of crowd-sourced sensing, spatial intelligence,
and cognition service of space- air- ground- sea- people will be developed, and large- scale applications in the
Yangtze River Economic Zone will be conducted as well.

Key words: geospatial sensor web; online access; integrated management; satellite-ground fusion;

spatiotemporal prediction; focusing service
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Fig. 1 Cyber-physically integrated and flexible spatiotemporal information service technology

EIEEEEE YA A

3
fi ey
[ Gumesmsn | ok 85
AL 1
R 0.%
s
eI, [ wwsesimmmn |
AR
Ssfe _
Sk B T
‘ ) i
1 o G T
s s TR
R ' MRS K
| meume ||| | wwenss | SRR
T
B0 S8 I DB
BA Wk
fi i g
it
pg: ik
e A B

Aﬂ\
Wik |3 || B L] | K B B i I7]
B (A (% | K] B (]| A E REE 2]

P2 AR UL A AR

Fig. 2 Sensor Web observation sharing information model

—HEA ML, 5 OGC SensorML \W3C  WEHEHR Y HEF 48— 3RAE , EE 2RI 2 Uk b X% %
MathML Fl ebRIM 55 B — G IR QAR TUAR EE , Sk WOSEIREA T G 3R i ke 17 S 1 s SR ) R AU
TR A R R R R BB IR A — b HEUS R



11 WRAEAL 45 - LB s (8] A2 TR 0 i 15 I 95-BR 55 0 15

(3) ] ShASHR A AS [FIATLEE 19 25 2R b v LI 7%
U, A W ) B AR M A, X iz ) R, 7t
ST I ZR GE BB A AT | H R AR A S A
R 110 W DU A 0 3 o {5 AR AR RN il 422 11
RN BRI T WL R S U RIAL B A 25 5 S
TN b B AN B R B AR A PR T
JEE K 17 e = 4 A A SR 9 22 B 22 RUBE R i
1AL b RS (1] [) 25 25 ] B S5 O 7 v , S T AN
Ivi) JRUJE v 2 () 413 B 56 A0 v FsF () 0 236 ) b 6 3R 5
SHABIN 5 56 NASAUUE RN | #RA 14 1 M)
SANY"“H1 OGC £ /2% SWE""AH Lt , BHH A W A5
S T 25 K I shZS R A, 57R T 2000
RGBSR RS (0 B

2.3 MAMMEE 2t E

T3 LI 2 ] 322 252 7 s [) DRI 2 , i T iy D) 1
I ) 342 52 717 245 ) B I, 2 b S R el ) A ) 2
ZE 5K A T R ME LUK i DA 5 A BRAT A 20 2
35%Pti 252 2P, I 5 SO 2 18 8 T I
W, BN 442, NASA AIST 45 Y, 23 6] Jo4% 5 it
(i) 3% 25 2 ) 25 {5 J8, T 4 -7 252 Jo T ok o il e 1 F
J& o XX —[A]E, FRATTHRE T A T B R e Ak R
RN PP Ak — W [ — o gl B IR T 4 o 52
D7k B R A 15 4%, BSR4
R I FE R MR A TR A

(1) AL b ORI 5 Fe PPA A 7Y

X IR b R T X LA B AV ) L, 48 T XL
fiE I VTAl F R R0 1 B T A% g AR R
B U HARAE N R ORI | RN
AR R TR AR IEAIRE T, e Al T R i
WL e 115 B, FHH T OGC B i 5 A AL Fn

PG TR 2 — (R

g% %)

o (28 8 [ oo
v
T(n) ‘@ % B %}ggr(nh)=%E[Z(.\‘)-Z(x+h)]: »@

HE R

v S TR A Ak PR

SEE
T(1 =
( ) @ % IE]%RMSD,g[ia(b)*z/,,,]/,, »@
: v

WMO =S HURFNRE T VAR T | AR 7 Sk JE 0 R
JINAV S HEFE A T 20 EEAE e 05 BARHE , Se T
TRHRABE LI PO B0 58 ) N S R - 15
IR I A B

(2) 2 My Py [ 7 S R i

TERE FIVEAR LR I, # T T 2 B UMERE f13%
585 B AN GRS s PR T i R A K
JEE R T 55 o R A 2 b D[] W v R TR
AL RS AR U R 4L, TP B A Bl R B I A Jek
L RIE T RS T B AME S M EE T “Sensor
Web 2.0” Z e RUEA RS0, L T A TE AL
At i 2 A BT B AT O] B2 T T RV
B P R IR AR K L BRER R T -

(3) 57, T D3 ) JC4% . A 76

Bt Xt AL MR RE ) 25 5 R 1A 8 Ji, A1 FH sl
ISk 5 TR A ME SRS St T s i B e o
S T AR PO AR AT R SCEK | R L i A
B 23 (A1 205300 DU 288 R0 s XL SRR s 1] 34 2 R
A0 T35 ORI B ] (i) AN 2, T3 RS (R ESE R AN T
Sl P2 [ B BN AL, DR T 2w Y T 2 Jodk i
HEERS, o5 1A P ) R A 25 S UTQIAH 45l ) o 4
T+T 400% , T D ARAFEREETH T 1400%(E 3).

2.4 KESHE =T

SES RIS T AL I L R B wiriRs1
Wedm R TURE PR, B Y EIRRL p FR
A6 XE L K DX 20 H RO A T 5K, 5 AL e —
PLAR A I BRI NS AR BEXTI I, Al 14
T T Z P87 I BRI e A 3] e Y
T I B st 23 R8> A TR P 8 2 R T, 52 K
T ARSI R R R PR o R T o

bR R EE
< 3 UIQI=0.15

. @'\ ":' SRR S,
BRI UIOL = 0.01 SRR S5 2

I3 T b Ie] Jogs ARt

Fig. 3 Seamless reconstruction model based on point-surface collaboration
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Fig. 4 End-to-end prediction of sea surface temperature field by the proposed spatiotemporal deep learning model
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Fig. 8 Spatiotemporal prediction of sea surface temperature
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