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Abstract : The basic data on geological disasters have multiple sources; they are heterogeneous and collected at

varying scales. No unified system is currently available for managing the large amount of data on such
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disasters. Such data constitute a multi-scale dataset that represents the relevant area as well as the environment
from multiple angles, layers,and spaces,and this leads to significant differences in their forms of expression,
accuracy, quality and tempral representation. In this paper,we construct a system to integrate the multi-source
and heterogeneous data on geological disasters, and systematically summarize their structural features and
methods to manage them. We used the PostgreSQL database in conjunction with the structural features of data
to manage their attributes, and applied the MongoDB database cluster to manage them. The GeoServer
platform was used to share the spatial data on geological hazards. Moreover, we used the ETL tool
used to handle big data on geological disasters,and integrated a database driver,database adapter,data
model,and other modules into the system to effectively manage the multi-source and heterogeneous
data. We then developed an integrated data management and visualization platform to handle the
different kinds of data. It is a comprehensive platform for the unified management of basic data on
geological disaster, and provides data and platform-related support for the prevention of geological
disasters and rapid decision-making in their aftermath.

Key words: basic data on geological disasters; attribute-related data; spatial data; multi-media data;
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Table 1 Comparison of mainstream relational databases
SQL Server Oracle MySQL PostgreSQL OpenGauss
GPL BSD MulanPSL2
. . Windows, Windows, Windows, Windows,
Windows, Linux . . . .
Linux, MacOS Linux, MacOS Linux, MacOS Linux, MacOS
ACID
,null ,null ,null ,null ,null
null null null null null
true  false
1 0
’ ’ ,null .null ’
null null n m null
null null null
, ArcGIS C 2, , Geoserver .
Server, Geoserver, MapGuide, MapServer . \
, N , Geoserver
2 ( ,2020)
Table 2 Comparison of mainstream spatial data service platforms
GeoServer MapServer ArcGIS Server MapGuide

Linux, Windows,

0OS X

Linux, Windows,
0OS X

Linux, Windows

Linux, Windows

PostgreSQL, Shapefile,
ArcSDE, Oracle,
VPF, MongoDB,

MySQL, Maplnfo;
TIFF/GeoTIFF, EPPL7

ESRI shapefiles.,
PostGIS, ESRI
ArcSDE
TIFF/GeoTIFF,
EPPL7

PostgreSQL,
Shapefile, ArcSDE,
Oracle, VPF,
MySQL;
TIFF/GeoTIFF,

EPPL7

Autodesk DWG,
Shapefile, ArcSDE,
Oracle; TIFF/GeoTIFF,

EPPL7
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2
GeoServer MapServer ArcGIS Server MapGuide
ArcGIS Pro
WMS,WFS, WMS,WFS, WMS,WFS,
S S S S S S WMS, WFS
WCS, WMC WCS.WMC WCS,WPS
, ArcGIS Pro
23 , N
b 3 b
(D) , , .
BLOB o ( 3),
b
. (2) o
, . HBase, MongoDB,
N o PostGIS
Web , Web )
, , . PostGIS PostgreSQL
. (3 s s
3
Table 3 Comparison of mainstream non-relational databases
MongoDB HBase PostGIS
AGPL Apach GPL
Hadoop  BigTable
PostgreSQL
Linux, NetBSD, OpenBSD, OS X,
Linux,OS X, Solaris, Windows Linux, Unix, Windows
Solaris, Unix, Windows
SQL SQL

JSON Java API,HTTP API, Thrift ADO. NET,JDBC,ODBC
C,C#,C++, Dart, Delphi, Er-
lang, Go, Java, JavaScript, Lisp, | C, C #, C++, Groovy, Java,
MatLab, Perl, PHP, Python, R, | PHP,Python,Scala
Ruby, Rust, Swift

. Net, C, C ++, Delphi, Java info,
JavaScript (Node. js), Perl, PHP,
Python, Tcl




4 oo . 635 -

;s HBase ,
, , Hadoop . ,
SQL s ;s MongoDB o
b ’ b 1
SQL , , o o
, MongoDB
) ETL ,
. ETL Extract, Transform , Load 3
31 s . . 0
0 , ETL .
Hh R g LT B R B
A
r """ "> "> "> "> "> > ">¥"7/¥>7V¥V7- V77777 = |
| |
y . ¥
: HiEgED | > KA > S :
i e | A !
ﬁﬁﬁig: v v v
: B UK B B UK B B4 PE IR B :
| |

I I

BUHE e K AF : [PostgreSQL | GeoServer | | MongoDB | :

e e
— ) 4 v

[hud=
=S
XY
SHo
A
\e57

Fig. 1 Structure of management of basic data on geological disasters

ETL . o ETL

0 32



. 636 - ( 51
| 0 /R B
EER B P
— —| RYGEH '— S—
] [ | LN
~~— T
Hh
X | ——
7{ )l’ MI 7R ETL o
e BETEE 2| e
P Lam ([ ) (|15 | Lz
M % ]
= Pt (g 2 -
g — wEns z LU
iﬁ [t -] [t o) ‘ (B )
4
— ] [Bom ] ——
S ZHERER
[t ] [ ]
=HRRTE
2
Fig. 2 Architecture of proposed data management platform
@y . N o
1:5 . . .
“ ”»
o b o
PostgreSQL ) ,
b b ( 3) o
BIRBFIMAER(ER)
WEEH EREERE EEE EhEES
[ | &1 EREERRE HEs =HES
E #—HS O 510525010001 BEM#ES @
[ R BRER £
E IR E AT Ed BEH il pv:| A R
X 105.95 Y 27.96
g aaExn | g @Y 2m  10soues o mm 279632
#585(m) I 970 R 820
Eres . SR .
R RS i sk
WERE st Rt RE) WS ERE v
"E REFA24H(S1sn) 350 z 15 BT RIE Vi v
BE7K & (mm) 7K
BAMIER
- =y BiEA RHEA Hokfirm) | kdizm) SRR AR
164 63.9
IR
RISEE  BEC) PRsE REHE
3

Fig.

3 Data sheet of attributes of the data on geological disasters



4 ’ : ¢« 637 -

(2) GeoServer .
. JIne s TMS, WMS, WMTS, WMS-C,
SAR.LiDAR , WEFS, WCS, 3DTiles ,

GIS , . C b,

SR8 admin, | @ 26

Tile Layers
RFMRE Manage the cached lavers published by the integrated GeowebCache
Manage the cached layers published by the integrated GeoWebCache
I BSBERS | © Add a new cached layer
m’mﬂ? @ Remove selected cached layers
-
i Empty All
@ % Geoserver W Emety
' [ Type Layer Name DiskQuota  DiskUsed  BlobStore  Enabled  Preview Actions.
hE O e Yangtze:Yangtze_SBGD_Terminal_data N/A 0.0B "4 Selact One v SeedTruncate | Empty
o GISD:513221020001_GISD_2011landslide N/A 008 L4 Select One v Seed/Truncate | Empty
(m] GISD:000000_GISD_Disaster N/A 0.0B 4 Select One v Seed/Truncate | Empty
e 5 = NIA 508 2 Select One = ST B
=S c = N/A 008 + Select One v Seed/Truncate | Emply
& wMTS
B wes a e GISD:630000_GISD_HP N/A 0.0B "4 Selact One v Seed/Truncate | Empty
£ WFs
& wMs 0O -« Hongceng: 320000_GISD._Disaster N/A 008 L4 Select One ™ Seed/Truncate | Empty
£ WPs
pre 0O N (GISD:513221020001_GISD_2020landslide N/A 0.0B 4 Select One ~ Seed|Truncate | Empty
i’!‘ E=2d oM Hongeeng: Hongceng_GBSD_Yunlongxian NA 008 v Select One v Seed/Truncate | Empty
2 JAL
B === Q e GISD:530000_GISD_Disaster N/A 0.0B < Select One ~ Seed/Truncate | Empty
Tile Caching
B e | Yangtze:Yangtze_SBGD_Tertiary_watersheds N/A 0,08 v Select One v Seed/Truncate | Empty
@ Caching Defaults
B oridsets o = GISD:130000_GISD_Disaster N/A 0.0B v Select One ~ Seed/Truncate | Empty
(= Disk Quota
3 BlobStores o WU GBSD:Chuanzang_GBSD_Railway NA 008 < Select One v Seed/Truncate | Empty
Security QO s GISD:140000_GISD_Disaster N/A 0.0B 4 Select One ~ Seed/Truncate | Empty
& settings
Authentication 0O M Yangtze:Yangtze_SBGD_Province N/A 0.0B "4 Select One v Seed/Truncate | Empty
£ Passwords
& Users, Groups, Roles g e GISD:410000_GISD_Disaster N/A 008 v Select One v Seed/Truncate | Empty
%> Data
= ﬁ:;“es iy | Other:513426_GBSD_Kuangquan N/A 0.0B 4 Select One v Seed/Truncate | Empty
B WPS secu
(Wl | GISD:513221020001_GISD_2008landslide N/A 0.0B v Select One v Seed/Truncate | Empty

W

BRRENHASERFRRPEREALEE (RSWTAS)

- ‘State Key Laboratory of Ceohazard Prevention and Geosrironment Protectn
(Chengdu Unrversity of Technalogy)
SR EENgR SR 2022-10-26 10:39:18 M=  LEiF: @ EXEB  LSBH
30-Global | ENFISARN | ) EIEEIE- S e !
£ |
B « B
‘ T b O EEmE
BREEH: AR v ‘uaﬁnt: v
(m] ‘ 4] BSE BXE EOME ‘ iR ‘ 2% | =1 ‘ =i 1B
O 103 |[2ELES National_dz WMs 3t B 2@ SEBER =R
O 104 (FamEsEE CZ_GBSD Xianlu ~ WMTS HapinE ) =R
O 105 |[AESEEERESHE SX_GISD_Disaster WMTS R HAHHEE ] =l 1
O 106 @EWHRST EEIE HiiinE 3] =lg 4
0 07 2EMERESTE 000000_GISD_Dis... WMTS gﬂ@ gaﬂﬂﬁ éz =s%

HE5RER, BAISK, FIA, #1110

[§m@] [E—=] 1 [F—@] [BR)]

[ _sm JMETEEY
[2022-10-26 10:37]
RESEMEC 85
f80; B0, HE ; BE0
HERERASERFRRFERESTNE (HIFETXS) ©2009-2022

4

Fig.4 Data management page of platform to handle data on geological disasters

3

b

N Word, PPT, Excel, PDF, DWG, JPG

b



638 - ( ) 51

, .InSAR, LiDAR,
PDF. js,Viewer.js (  5), ) s
4 WebGL - -

[EPRNWRE- 20181017 pa] ; K : 32135 MB © LIVEN : 2018511105 E BE— 214102,

Beill ————— o Q1 /v » DO Q

RS SPIIaRMEKA 2011 F
LA, X TRAIBEA 50 K

SVILAKME—NMERREG. AR InSAR R R
Bl ORIEBTAS. WIEB-MRME S THR. ERRY
FEFERHNIR TS MR FEEB ISAR 1
W T A RN, RERRENCHALE. Bt
BN RAR, AW —EAC FA 20 K. ERERE. 1
A RO A 0, I NG T 0 A AL,
R GIWIL C1E IR 17 T BB R AT 9L

=\ AR TR LB M

F 2011 5 3 11 4 H-2018 i 2 J] 28 HILIE 14 D ERAWH
MRS, M RSB LA TRE (1 1, R

At o) anua b a2 LA e LR Mt BTSSR R S e E SEVIIRE T

5
Fig.5 Multi-media data on geological disasters

SQL Server
, , MongoDB R
, GeoServer
b b o
s c. ETL ,
b A} Y b
. o
o : d.
a. ~ N ’
b b
b Y Y b Y Y
. o .



639

RUHEY

-

St ()

oo

oo

oo

S193SESIP [€J130[093 UO BIEP 92INOS-NNW JO UoneIuasaidar sarsuoyaidwo)) ¢ "I

H
o g
f
SRR EE
[ [T
]
W09 LS BN
o S) | HEE WNAMDZENE Y LS
w0z ey RS R
EEERX
(25 soegumy S

SR woE
ST MEREHTE

o
=
-
e v
Hamamartsniow v
0 T
MR R Y G B
.
=
.
.
s meEmTER A W 3R “
. wm
rm 7 0 30 -
o ey e
T
-
s [
=

=
s B

LESTHRUZENEH 9 B

(D) [L1DISSND -+ () [LLaDISSND & (A) [LLADISSND =+ ) (L L4IssD -+

000
52608102

0

[ [0 4] [

EEREREL A

A

ovool-

i

o)
00

ovoor
)

)

(wun (1 140Js5ND

)
i
ovouz -

YD D e e 51 wlE @ B

o000e Ly

it

o e
BERYRET - REEENE

ovoor
T 0208402 2
IS ou-ed : S7E)

Fpgmum

EE e e
x @ -

1d9] SSNO

(61 01 581 (3

I

Y REHRE

FESE GEEE  Hith) JEER
(Bopougpe] 3o s mau RERED)
HONONOL] FUBIEOIALRCN) PUY UORUBARL] PHETeoR: 0 Aiojeaoqe] Aoy syss
GEY TEBY) SR EEESGEENS SR

=H{F 8€:6€: 1T 92-01-220C

T20Z-6002Q (FYTHEHRN) ETELEEEALEVENSSWEXHEMN

HEVEE BUEMHE

-

leqo|9-ag

B

TZ | mE. m
ot
N E  HRmER

135 e WL 0 S 6 22 20 T R SR B )

«




* 640 - ( ) ol
[ ] prevention: A systematic review[ ] |. Journal of Disas-
, , ,2006. ter Prevention and Mitigation Engineering, 41 (4):
— [J]. , 710—722. (in Chinese)
15(3):8—13. s s . ,2021.
Chen T F,Cui P, Yao L K,2006. Impact of highway engi- (1. »40(6) :

neering construction on geological environment in
southwest mountain area: Fuzzy synthetic evaluation
[J]. Journal of Natural Disasters,15(3):8—13. (in
Chinese)

,2022. 5~10
. .67(23) ;2708 —

’ ) ’

2718.

Dong Y P,Ren ] G,Zhang Z F,et al. ,2022. Development
strategy of geology in next 5—10 years: Trends and
countermeasures [ J ]. Chinese Science Bulletin,
67(23):2708—2718. (in Chinese)

,2001. GIS
LIl 221(4) 371 —

’ ’

375.

Fang H D, Shi B.Wang B J.2001. Review and prospect of
GIS application in environmental geotechnology[]J].
Journal of Guilin Institute of Technology, 21 (4):
371—375. (in Chinese)

,2013.
[D].

Gu H L,2013. The Study and Implementation on Emer-
gency Survey System of Hunan Geological Disaster
[D]. Changsha: The Archive of Central South Uni-
versity. (in Chinese)

,2020.
[D].

He C Y,2020. Research on Key Technology and Applica-
tion of Real-time Monitoring and Early Warning Sys-
tem of Landslide [ D]. Chengdu: The Archive of
Chengdu University of Technology. (in Chinese)

,2017. NoSQL

[l (
),42(2):163—169.
LiS]J,Yang HJ,Huang Y H,etal. ,2017. Geo-spatial big

’ s ]

data storage based on NoSQL database[ J ]. Geomatics
and Information Science of Wuhan University.42(2) .
163—169. (in Chinese)

,2021.
LIl A1 (),

s bl

710—1722.
Liu H L,Ma Y B, Zhang W G, 2021. Application of big

data techniques in geological disaster analysis and

276—282.

Liu ] Q,Liu Q,Liu Q H, et al. ,2021. Discussion of geo-
logical hazard data management and application model
in big data era[ J]. Bulletin of Geological Science and
Technology,40(6) :276 —282. (in Chinese)

,2019. 1.
,18(2).18—21.

Ma L P,2019. Research on the development and utilization
of geological archives in the era of big data[]J].
Archives Space,18(2) :18—21. (in Chinese)

,2018. Hadoop

[Jl.

[l ’ ’

,29(1):130—134.

Ren X X, Yu M L, Zhang M Z, et al. , 2018. Geological
environment big data framework based on Hadoop
[J]. The Chinese Journal of Geological Hazard and
Control,29(1) :130—134. (in Chinese)

s s ,2021.
[J1. ,
37(3):75—78.

Wang J,Ma Z M, Wang R,2021. Discussion on the practi-
cal significance of geological data management in
engineering project management and the integration
of large geological data [ J]. Shandong Land and
Resources,37(3) :75—78. (in Chinese)

, s . ,2021.CZ “
” (1. ,38(10)
9—14.

Wang Z W.Feng T.Xu Z X,et al. .2021. The application
of the geological line selection method of “Air-space-
ground” in the Zheduo Mountain area of CZ Railway
[J]. Journal of Railway Engineering Society,38(10) :
9—14. (in Chinese)

s s ., ,2021. “ - ?
[l
,53(4):1—12.

Xie H P,Zhang R,Deng J H,et al. ,2021. A preliminary
study on the technical system of deep earth science
and geo disaster prevention-control based on the“deep
earth-surface” linkage strategy[J]. Advanced Engi-
neering Sciences,53(4) :1—12. (in Chinese)

( 653



4 s 12024 Ms 7.1

InSAR

+ 653 -

radar topography mission[ J]. Reviews of Geophys-
ics,45(2) : RG2004.

Jonsson S, Zebker H, Segall P, ez al.,2002. Fault slip
distribution of the 1999 Mw 7.1 Hector Mine, Cali-
fornia, earthquake, esti-mated from satellite radar
and GPS measurements| J ]. Bulletin of the Seismo-
logical Society of America,92(4) ;1377 —1389.

Massonnet D, Feigl K L., 1998. Radar interferometry and
its application to changes in the earth’s surface[ J].
Reviews of Geophysics,36(4) :441—500.

Massonnet D, Rossi M,Carmona C,et al. .1993. The dis-
placement field of the Landers earthquake mapped
by radar interferomentry [ ]J]. Nature, 364 (6433);
138—142.

Okada Y, 1992. Internal deformation due to shear and
tensile faults in a half-space[ J]. Bulletin of the Seis-
mological Society of America,82(2):1018—1040.

Song C,Yu C,Li Z H,et al. ,2019. Coseismic slip distri-
bution of the 2019 Mw 7. 5 new ireland earthquake
from the integration of multiple remote sensing tech-
niques[ J |. Remote Sensing,11(23):1—16.

Wright T J, Parsons B E, Lu Z, 2004. Toward mapping
surface deformation in three dimensions using In-
SAR [ ]J]. Geophysical Research Letters, 31 (1);
1.01607.

Wessel P, Luis J F, Uieda L, et al.,2019. The generic

mapping tools version 6[ J]. Geochemistry Geophys-

ics Geosystems,20(11) ;5556 —5564.

Xiao R Y. Yu C,Li Z H, et al. ,2021. Statistical assess-
ment metrics for InSAR atmospheric correction:
Applications to generic atmospheric correction online
service for InNSAR (GACOS) in Eastern China[J].
International Journal of Applied Earth Observation
and Geoinformation,96:102289.

Yu C,Li Z H,Penna N T,2018a. Interferometric synthe-

tic aperture radar atmospheric correction using a

GPS-based iterative tropospheric decomposition
model[ J ]. Remote Sensing of Environment, 204
109—121.

Yu C.Li Z H,Penna N T, et al. ,2018b. Generic atmos-
pheric correction model for interferometric synthetic
aperture radar observations[ J]. Journal of Geophysi-
cal Research-Solid Earth,123(10):9202—9222.

Yu C,Li Z H, Penna N T, 2020. Triggered afterslip on
the southern Hikurangi subduction interface follow-
ing the 2016 Kaikoura earthquake from InSAR time
series with atmospheric corrections [ J ]. Remote
Sensing of Environment,251:112097.

Zhao B, Huang Y, Zhang C H, et al., 2015. Crustal
deformation on the Chinese mainland during 1998 —
2014 based on GPS data[J]. Geodesy and Geody-

namics,6(1);7—15.

( 640 )

,2021.

[Jl. (
).46(7):1003—1014.

Xie M L,JuN P,Zhao J J,etal. ,2021. Comparative analy-

’ ’ ’

sis on classification methods of geological disaster
susceptibility assessment[ ]J]. Geomatics and Informa-
tion Science of Wuhan University, 46 (7): 1003 —
1014. (in Chinese)
.2017. Hadoop
[D].
Xing J H, 2017. Construction and Application of Geolo-

gical Cloud Computing Platform Based on Hadoop
Cluster[ D]. Xiangtan: The Archive of Hunan Univer-
sity of Science and Technology. (in Chinese)

Colombo A, Lanteri L., Ramasco M, et al. ., 2015. Syste-
matic GIS-based landslide inventory as the first step
for effective landslide-hazard management[ J]. Land-
slides,2:291—301.

Shafizadeh-Moghadam H, Minaei M, Shahabi H, ez al. ,
2019. Big data in geohazard; pattern mining and large
scale analysis of landslides in Iran[]]. Earth Science

Informatics,12(1) :1—17.



