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Abstract. Geohazard emergency response is a dis&stent management atiat is multifactorial, time critical, task
intensive and socially significanT.o improve the rationalization and standardization of sgmeground remote sensing
collaborativeobservatios in geohazarémergencyesponsesthis paper comprehensively analyzes the technical resources
of remote sensgrand emergency servisgstemsand establishes a database of technical and service evaluation indexes
using MySQL.Based on the database, werse the method of usitige technique for order preference by similarity to an
ideal solution(TOPSIS anda Bayesian network to evaluate the synergistic observation effectiveness and service capability
of remote sensing technology in geohazamlergency response, respectivalye demonstrate through experiments that
using this evaluation can effectively grasp the operation and task completion of remote sensing cooperative technology ir
geohazard emergency respanBeis provides a decision basifor the synergistic planning work of heterogeneous sensors in
geohazard emergency response.

Keywords: GeohazardRemotesensing cooperation; Index database; Capacity evaluation

1 Introduction

Gedazardsinclude earthquakes, landslides, debris flovggpound subsidencelava flows and other hazards related to
geological processes that endanger pdésplees and propertyand arecaused by natural factors or human activities.
According to the United Nations Officerf Disaster Risk Reduction (UNDRR), the human casualties caused by geological
hazards since 1990 have been concentrated in thePasiéic region and Africa for a long time, with 262019 the decade

with the highest economic losses caused by disa@&BDRR Annual Report2019; UNDRR GAR2019). To respond to

sudden geological hazards and mitigate damage, it is necessary to carry out hazard emergency response quickly after tl
occurrence of a hazard, provide emergency assistance for victims and seabilipe sthe situation and reduce the
probability of secondary damag@é&hnson2000)

Earth observation technologyovideskey technical supportluring geohazarémergencyesponséButler et al.,2005. With

the development of global earth observation technology, the performance of remote sensing technology is constantly
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improving, the number of sensoc®ntinuesto increase andé multiplatform observation system fosatellites, aerials,
unmanned aerial systes (UAS9and the groundhasgraduallybeenestablishedToth et al.,2016. There are many online
resources for recording remote sensing information, and the NASA master dif@®t&31pC,2020)provides a mechanism

for retrieving satellite names, classifications or launch d&tesbtain descriptions of relevant satellite information and data
collection. The CEOS Missions, Instruments, and The Measurements (MIM) Database is divided into fgdisssns,
Instruments, Measuremeahd Datasets modules with a focus on current and future satellites, sensors and measurement
capabilities(CEOS,2020) The Observing Systems Capability Analysis and Review tool (OSCBR( database is divided

into adescription of information about the satellite and its sensors aedsor capability assessment analysis.

At present, most of thé&arth observation technology resources operate independently, and when faced with specific
geohazardemergency response taskhe spacair-groundremote sensoresources show botfimanyd andfifew. @hat is,
although sensor resources are abundant, it is difficult to find suitable and available sensors ajickiysaffects the
efficiency of observing missioresponsesThemain reason is that remote sensing systems of various types are very different
in terms of observation modes, applications and processing methodddition,resources are deployed in a distributed
fashion,are described in their own independent formdék correlation mechanisms and cannot be detected in a timely
manner(Li et al.,2012). To improve the efficiency of emergency response, a number of organizations and mechanisms have
been established internationally synergizethese resources, including the Committee on Earth Observation Satellites
(CEQS), Integrated Global Observing StratéyOS), International Charter Space and Major Disasters (CHARHER)
United Nations International Strategy for Disaster Reduction (UNISDR9.International Strategy for Disaster Reduction
(UNISDR), United Nations Platform for Spabased Information fobisaster Management and Emergency Response (UN
SPIDER), Disaster Monitoring Constellation (DM@phd Copernicus EM%re mainly oriented to international major
disaster emergenagsponsesuch as the Wenchuan earthquéiRaN et al.,2010, Haiti earthquak€Dudaet al.,2011) and

Japan earthquakéaku et al., 2015. In addition toestablishingcollaborative emergency responsgéth satellite remote
sensing, in the face of the diversified needs of agjeahazardemergency response, collaboration between satellites and
other multiple remote sensing platforms has become an important development direction of remote sensing téidhsology
al.,,2017). Thisis characterized by the ability to integrate the observation advantages of each platform to effectively shorten
the observation time, expand the coverage and improve the accuracy of observaijasndetal, 2012;Nagai et al.2009).
Haghighi et al.(2019) used muliSAR satellite sensors for the analysis of spatial and temporal processes of ground
subsidence in the Iranian region of Dranghgérmle et al. (2021) used to verify the feasibility of optical remote sensing in
landslide hazard warning throughcambination of higkresolution satellite and UAV datand Lu et al.(2019) mapped
landslide inventories based on murkimote sensing sensor datentisette et al(2015) described data acquisition using
satellite and grountlased sensors in landslidésakter response, and Huang et (2017) proposed a complete set of
methods forgeohazardemergency investigation using UASIn these remote sensing collaborative disaster emergency
applications, by linking different types of remote sensors and coug@g to form an independent and dynamically

adaptable and configurable spaieground remote sensing collaborative observation system, the complementary
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advantages of remote sensing observation platforms are brought into fulHplagver there is no ensor discovery process

in these studies, and there is a lack of selection criteria and capability evaluation of sensors in different collaborative
applications.

The observation tasks undgeohazard emergenciese complex and diverse and have certainuireqnents in terms of
timeliness and accuracy, and it is especially important for deemsakers to make comprehensidéscoveriesand to
establishaccurate collaborative planning and rapid scheduling of massive sensors in a specific emergency respiomse si
How to quickly and rationally arrange the sensors that meegd¢bbazarcemergency response needs in the sensor web
environmentto optimize resource utilizatigis the key issué remote sensing collaborative observation. This work focuses

on establishing a link betwegreohazar@émergency response events and sensors, constructing indicators for evaluating the
technical capabilities of sensors and evaluatiaghazareemergency seige capabilities. Wang Wei et §2013)proposed

a missionroriented assessment of the observational capabilities of imaging satellite sensor applicatitims hoitizontal
resolution, revisit period and observation error as indicators. Hong Fan €204b) proposed a sensor capability
representation model to describe typiehote sensarapabilities for soil moisture detection applications. Zhang Siyue et al.
(2019) proposed a model for evaluating the effectiveness of observations ardbdaiinksfor low-orbiting satellitesHu

et al.(2019)constructed the observation capability information association model (OCIAM) for the selection of sensors and
their combinations, and further proposed the sensor observation capability object field-Fd}@ construct sensor
associations for a specific emergent geographical environment observation task (GeoTask) (Hu, 2020), and Wang et a
(2020) introduced the spaeground maximal coverage model with multiple parameters (S@MNRE to complete sensor
missian planning The current research data mmote sensotapabilities are relatively scaremdfocuson evaluatingthe
inherent capabilities of individual satellite remote sensors with a single object of evaluation, making it difficult themeet
needs ofmultisensor and multigeohazard emergency response. tabkss, it is necessary and timely to establish
collaborative observation capability indexes for spaicground remote sensor resources and to coneleluations of

geohazard emergency response service capedilit

2 Data

Given the richness of remote sensocttrology resources, the service system for emergency response to geohazards has
been improved in application practid®n important question how to fully discover and use the existing sensor technology to
meet the target observation needs and achieveptiraal effect of resource utilization for different application services. To
allocate sensor resources scientifically, improve the rationality and effectiveness of cooperative observation and obtain the
required information to a greater extent, this sectistablishes an index database for comprehensive analysis of the
technical performance and emergency service system of -gpag@und remote sensin@nd realizes the integrated

management of the technical performance data of various typesiofe sesois and emergency service information.
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2.1Sensor technology resource emergency service system

Currentremote sensarcan be divided into satellite, aerial and terrestyjgésaccording to the platforaon whichthey are
mounted(Grin, 2008) Satellite remote sensing is divided into land satellites, meteorological satellites and ocean satellites
according to their fields of operation. Land satellites are mainly used to detect the resources and environmend ontthb 6 s
surface and contain asiety of sensor types such as panchromatic, multispectral, hyperspectral, infrared, synthetic aperture
radar, video and luminescan@elwardet al,, 2015. Meteorological satellites observe tathand its atmosphere, and their
operations can be divideinto Sunsynchronous polar orbit and geosynchronous dit8MC, 2020; Wanget al., 2018.

Oceanic satellites are dedicated satellitet detectoceanic elements and the marine environment with optical payloads
generally including watercolor water theometersand coastal zone imagers and microwave payloads including
scatterometers, radiometers, altimetems SAR (Fu et al, 2019. The countries and regions in the world that currently have
autonomous remote sensing satellitesudethe United States, France, ESA, Germany, Israel, Canada, Russia, China, Japan,
KoreaandIndia. The main satellite launches are shown in Table Aliahezmote sensing is a technology that uses aircraft,
airships and UVA as sensor carriers for detecti@@olominaet al.,2014). Different airborne remote sensing devices have
been developed to fas@riousremote sensing task$hese devices includtigital aerial cameras, LIDAR, digital cameras,
imaging spectrometers, infrared sensors and min SAR. Ground remote sensing systdms btates: mobile and statig.

mobile measurement systesrecutegapid movement measurement by means of vehicles (e.gamab®ats)and consist

of sensors such as CCD cameras, cameras, laser scanners, GPS and inertial navigation systéimet(EN2015) These

can acquire the geospatial position of the target while collecting realistic images of the f&htiestate measurement
refers to the installation of sensors in a fixed pland includedaser scanners, cameras, grolnreded SARandsurveying

robots Thesecan form a ground sensor web through computer network communication and geographic information service
technology.

In the face ofyeohazareemergencyesponsesspaceair-groundremote sensarestablistassociationshrough calaborative
planning to form a collaborative observation service system based on the profelsseofatiortransmissiorprocessing
distribution &s shown in Figl. In the event of a geological disaster, the emergency command center ragjicklys
planning observation missions according to observation needs and the current technical env{gn¥hgnifter remote

sensing systems carry out observation miss{§ny the data igeceivel, processd and distributd through the data center,

providing emergency services mainly based on geographic inform@tich ,z ).
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Figure 1. Collaborative remote sensing observation service system fgeohazardemergency response

The geographic information services provided by the remote seesirggency service system are shown in EiJ hese

125 servicednclude data processing, data products, data services, model services, functional services and warning services. Da
processing refers to the process and method of obtaining effective emengiEmnyation from the collected datand
includesthe data processing method, feature extraction, image classification and image abaligsisroducts refer to the
quality and current potential of various types of remote sensing pro@atts services pwvide disasterelated basic data,
thematic data and analysis data throWgab Map Servicd WMS), Web Feature Service (WFSWeb Coverage Service

130 (WCS) and Web Map Tile Servic WMTS). Functional services provide quantitative, qualitative, characterizatimh
visualization of geospatial phenomena through spatial analysis services, terrain analysis services and visualization service:
Model services provide various models for calculation, analysis, anomaly identification, damage assessment, situationa
assesment, evaluation, decisianaking and optimizatianVarning services provide early warning of disasteits regard

to space, time and situation.
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Figure 2. Emergency geographic information service
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2.2 Spaceair-ground remote sensing indexiatabase

The existing database focuses on satellite remote sensing resources and does not form a unified management for aerial, UA
ground remote sensing platfornes their sensor informatiorwhen facing the demand of remote sensing cooperative

140 responseri actual disaster emergees Thispaper establishes an integragiceair-ground remote sensirigdex database
covering satellite, aerial and ground platforthat adopts MySQL for storage management. MySQL is an -gpeince
relational databasenanagement system that supports multiple storage engines such as Mai®RMnoDB. It also
supports spatial data objects in terms of geographic information by complying with the OpenGIS Geometry Mudel of
Open Geospatial Consortiu(@GCQC), provides vaous Application Programming Interfac€API§ and supports multiple

145 operating systems and development languabiess, MySQLcan provide goodVeb service applications. The database is
divided into two parts: SAT_RS, the sensor technical performance iratebasepand SE_RS, the emergency service

evaluation index database.
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The technical performance indicators of sensors in SAT_RS are their various capability characteristics under normal
operationas reflected by technical parameterBhe indicators aréndependent between different types of sensditse
parameters varygnd thetechnical indicators are also diverse the face of complexgeohazarémergency response needs,
how to select the appropriate sensors to accomplish the observation tasks requalessdification of existing sensors
according to their capabilities amdsynthesis of technical indicators. In this regard, this study collected and summarized the
technical parameters of various types of sensors, referred to the selection of indicatdedlite online data repositories
(NSSDC 2020, CEOS 20284nd OSCAR 2020) and the experience of relevant professionals in using them, analyzed the
information of various types of sensors awtablishech more complete sensor technology index systmis is shown in

Table 1 below.

The indicators in the table are mainly considered in terms of the amount of information, timeliness, validity (accuracy) and
expressiveness of data acquisitidhe indicatorsare selected for different types of sensor teddriiicators.The amount

of information is used t@liminatethe uncertainty in the expression of spdémporal characteristic information in the
observed data, including the temporal extehge spatial area, and the degree of spatial details such as geometry and
attributes, reflecting the intensity of the aagdi information and is related to the breadth and depth of the s&nsdewith

regard to thescan width, sideswing capability, measurement range, etc. Timeliness refers to thmastfious dynamism of

the sensor systemndthe degree of sensitivitgnd response to the tasad is related to the responsiveness and execution
efficiency of the sensofFactors includethe revisit cycle of the satellite, preparation time of the U&and endurance.
Validity expresseshe accuracy of the acquired informatiwith regard toresolution, quantization levelnd measurement
accuracy for example Expressiveness describthe representational form of the informatidtote that the same indicator

has multiple effects on data acquisition, such as the spatial iesotiitthe satellithavingan impact on both the amount

and validity of information Thus, it is necessary t@eta comprehensive evaluation indicator of information acquisition
capability in different dimensions.

Table 1. Sensor technical indexes

Type Technical indexes

Spatial resolution
Spectral resolution
) ) Radiation resolution
Optical satellite o

Reuvisit time
Swinging ability
Swath width

Wave band
SAR satellite Polarization

Spatial resolution
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Revisittime
Swathwidth

Incidence angle

Resolution
Photogrammetry Data type

Preparation time

Point cloud density
LiDAR Measuring range

Measurement accuracy

Endurance time
UAV Cruising speed
Payload

_ Measuring range
Mobile measurement
Data type

The emergencyservice indexes in SE_RS refer to the capacity evaluation indexes of the emergency service system
associated with the eventhe spaceair-groundremote sensing geohazard emergency service capacity evaluation index
system established is shown in Table btve The index igneasured ithethree aspects of data acquisition, processing and
information serviceThe specific content of the indexes should be determined in conjunction with the responding emergency
event.

Table 2. Indexes for evaluation of emergency service capacity

Constitute Criterion
Data acquisition Technology, Data Volume, Timelineg®esponsiveness
Data processing Methodology, Speed, Quality
Information services Demand, Quality, Timeliness

The database design process is divided into information analysis, structure design, storage settings and data storage. |
analyzing the massive sensor information, we set the attribute fields from the carrying platorime technical
characteristics ofach type of sensor and operation status, store the corresponding data in the database and establish unifie
management and finallgesign20 kinds of tablesThis isshown in Fig 3. SAT_RS records the basic satellite, aerial and
terrestrialinformation through three tableqRS_Satellite, Sensor_Aerial and RS_Terrestiidlen, SAT_RSestablishea

technical characteristics index table for different types of sensors on different platforms according to the technical index
system shown in Table . 1This includes SatelliteSensor_Optical, SatelliteSensor_SAR, UAS, ImageSpectrometer,
DigitalCamera, AirbronrLiDAR, MIinSAR, MMS and1 other types of tables. The RS _Task table in SE_RS links tasks

among sensors and records the observation thskperform including observation equipmeandobservation time. The



evaluation indexes in RS_DataProcessing and RS_Service are set according to the guidelines of Table 2 and the specif

geohazardemote sensing emergency service events.
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Figure 3. Unified Modeling Language(UML ) of database

190 At present, the SAT_RS database recaagproximatelyl50 satellites and their corresponding sensor data from many

195

countries and organizations including the United States, France, ESA, Russia, Japan, Korea, India amdr€hivaa 100
commonly used aeriatemote sensoproduct families more than 50 UAV productsand dozens of ground mobile
measurement systens partial display is shown in Figt. The features of SA'RS areas follows (1) Wide data coverage,
support forsatellites aviationplatforms(including UAVS), terrestrialmultiplatforms andmultiple types ofremote senser

(2) Indexing of sensor technical performarexed support for evaluation calculation§3) Data supportfor sensorML
descriptiors.
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+ 1N mysqQL ) 3 : rs_satellite @sat_rs (MySQL)...
= :‘y‘;’:‘a““-“h"“’ s BxXs-Vsz lZss Mo\ Rsa
é T Name Agency Lunch Status EOL ( end of life ) Orbit type Orbit altitude/km Orbit inclination/ A
o B satrs p CBERS-1 INPE ,CRESDA 1999.10.14 Inactive 2003.10.12 Sun-synchronous 778 98.5
ol - CBERS-2 INPE ,CRESDA 2003.10.21 Inactive 2007.11.15 Sun-synchronous 778 98.5
" [ airbrone_lidar CBERS-4 INPE CRESDA 20141207  Operational Sun-synchronous 778 9.5
[T7) digital_aerial_cam CEBRS-28 INPE,CRESDA 2007.09.19 Inactive 2010.05.16 Sun-synchronous 778 98.5
f digital_camera ERS-1 ESA 1991.07.17 Inactive 1995.04.21 Sun-synchronous 785 98.2
: imaging_spectror . gRs- ESA 2000.03.10  Inactive 2010.07.10 Sun-synchronous 785 98,5
= '"f’a'ed—“""‘e'a GF-1 CNSA 2013.0426  Operational Sun-synchronous 644 98
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[T sensor_aerial Landsat-2 USGS , NASA 1975.01.22 Inactive 1982.02.25 Sun-synchronous 908 99
] vas Landsat-3 USGS , NASA 1978.03.05 Inactive 1983.03.31 Sun-synchronous 915 99
e e Landsat-4 USGS , NASA 1982.07.16 Inactive 2001.06.15 Sun-synchronous 705 98
!: & Landsat-5 USGS , NASA 1984.03.01 Inactive 2013.06.05 Sun-synchronous 705 98
::_ 3‘3 Landsat-7 USGS ,NASA 1999.04.15 Operational Sun-synchronous 705 98
L i; Landsat-8 USGS , NASA 2013.02.11 Operational Sun-synchronous 705 98
a8 &6 Pleiades 1A CNES 2011.12.17 Operational Sun-synchronous 694 98
Pleiades 1B CNES 2012.12.02 Operational Sun-synchronous 694 98

(0

se_rs

Figure 4. SAT_RS database (partial)

3 Methodology

The methods commonly used to evaluate the system capabilities are the analytic hierarchy proce&ni@tagjact al.,

2017, fuzzy integrated assessmélihramanret al.,2015), technique for order preference by similarity to an ideal solution
(TOPSIS)(Zhang 2015) rank sum ratigRSR) (Tian, 2002 and Bayesiannetwork (BN)(Heckerman2009, all of which

have their owncharacteristics. The evaluation studied in this paper is a complex and flexible multisystem and multi
influencing factor problemin order to improve the scientific nature of the evaluation and make full use of the advantages of
various methods, TOPSIS arRRhyesiannetworkbased evaluation methods are used for remote sensing collaborative
observation and service capability, respectively, while RSR is used to determine the weights in TOPSIS calthgation
evaluation process is shown in Figure 5.

TOPSIS careliminate the influence of different indicator magnitudes and make full use of the information of the original
data Thisis a common method for multiobjective decision analysis of limited solutions in systegineering. Since this
method has no strigestrictions on the distribution, quantity and magnitudes of evaluation data, it is flexible in application
and can be well adapted to the changes of indicators involving many types of .shtesmshile, the use of RSR to
determine the weights combinge Score RatiqSR) and empirical weightsThis overcomegdo some exterthe subjectivity

of determining the weights and makes the evaluation results more reflective of objective facts.

A Bayesian Networks a probabilistic graphical model based on the ddpecy relationships among variables, and the
evaluation of emergency response service capability using this method has the following advieinsdlgethe emergency

response process can be divided into a number of coherent and causally relatedtirds data acquisition, processing,

10
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information extractiorandforming an emergency service chalie evaluation of this service capability with backward and
forward correlation is suitable for modeling with directed grafiesondly there are uncertainties in each link of emergency

serviceghatare suitable for probabilistic methods.

\ Geo-hazard emergency response applicatimQ \_ BN topology structure)
Space-Air-Ground remote | — -
g._nfensing sensor resource databasﬂg; ( Application requirements ) \ Note probability table )
,,,,,,,,,,,,,, l v n
; Evaluation indicators of geological \_BN evaluation model )
Collaboratle LR ) » disaster emergency response capacity Bayesian Network
. Sensor ciassiﬁcation ) Collaborative observation effectiveness evaluation

: : \_ Decisi tri | Determine the PIS and NISI—* Calculate distance
observation effectiveness e rlx) \ )

! t '

Calculate the weighted

ey Sl normalized decision matrix) (_ Ranking )

TOPSIS

Evaluation indicators of collaborativj o

RSR (_Calculate weights)

Geo-hazard emergency response capability evaluation

Figure 5. Evaluation process
3.1. TOPSIS

TOPSIS is commonly used in multipbeiteria decisiormaking (MCDM). The basic principle is to rank the evaluated
objects by detecting the distance between the positieal solution (PIS) and the negatiigeal solution(NIS). The
evaluation object is best if it is closest to #kS andfarthestaway from theNIS, wherethe PISis composed of the best
value of any alternative under the corresponding evaluation .ifteNIS has the opposite logic. The evaluation process i
as follows

(1) Identify a decision matrixAssuming thathe evaluation object iasnMCDM is composed ofm combinations of remote

sensing cooperative workn evaluation indicators and the valuetbg | th evaluation indicatofor the i th object & g;

(1¢i @n,1 ¢ n)the decision matrixA = (@; )., is asfollows:

A=gi )
By cH

(2) Convert negative indicatar§o maintain the same direction of change for all indicators, a reciprocal method was used to

convert negative indicatoisto positiveindicators.The negative indicatorsefer to indicators with smaller values for better

11
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results such as spatial resolution, revisit cycle, UAV preparation time, @t versa fopositiveindicators such asswath

width, payload etc

(3) Normalize the decision matrix.The evaluation indicators have different attribute dimensions,itaisdnecessary to
transform various attribute dimensions of thdicators into nondimensional attribut8$ie normalizatiordecision matrix is
B= (bij )

e » andthe normalizd value is computed as

b =

ij
Jn (2)
1/a a
i=1

(4) Determine weights using RSRSR is a statistical analysis method that combines the advantages of classical parametric
estimation and modern nonparametric estimation. RSR refers tvé¢hnage or weighted average of the rank totals of rows

(or columns) in a table and is based on the concept of converting indicator values into dimensionless statistical ranks an
ratiosby using statistical distribution, probability theory and regressiwaiyais methods to evaluate and classify programs.

For matrix B obtained after the normalization process, the RSR is calculated as

aR

RSR=Z (1 ¢i el § 1 ©
meN

Ri denotes the rank corresponding to the index vh)\pef thejth evaluation index in thih evaluation object, and the

formula for determining the weight of each index using RSR is as fallows

SR.W
\/\/j:nR—j

4 SR-w
=1

i

4

The SR reflects the proportional relationship between the levels of each indicator and is calculated frig. R9R W

is anempirical weighting factor.

S I B
R . (5)
j=1
(5) Calculate the weightedormalized decision matrixMultiplying the normalized processed matty the determined

T
weight vectorW:[V\ll~--V\ln] results in aveighted normalized decision matr{x = (C,J- -

12
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G =h-v (6)
(6) Computation of the PIS and NIS
Thepositiveideal solution

+ -

C; =maxg @)
Thenegativeideal solution

C; =ming (8)
PIS represents the indicator value of the most desirable synergistic solution inferretinfreombinations of approaches,
and vice versa for NIS.

(7) Computation of distance each alternative from PISNiIg]
Distancefrom the PISis

dr=Ja ¢y ©
i=1
Distance from the NIS is
dr:,/é (g -6)° (10)
i=1

(8) Computation of relative closeness and ranking of alternatives:

The relative closeness is definasl

dr

S = (11)

The larger thes, value, the higher the ranking, the more desirable the remote sensing cooperative method

3.2. BayesianNetwork

The Bayesian Networkis a probabilistic graph model that was first proposed by Judea Pearl in 1985ayéwan Network
applies probability theory to the reasoning of uncertainty problems, and its network topology is a directed acyclic graphical
(DAG) with the ability to expess and reason about uncertainty knowledge.

The nodes of 8ayesian Networkepresent random variables, and the directed links (edges) between the nodes indicate the
conditional dependencies between the random variables. All nodes pointing t&vhaate called the parent nodes Iof ,

M is called the child node of its parent and variables without a parent node are called root node variables. All nodes have
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corresponding node probability table (NPT) expressing the probability of occurrence of a random event, with the probability
of the root node being the prior probability and the probability of the child node indicating all possible conditional
probabilities of that node relative to its parent node (posteriori probability).

Fig. 5 illustrates a simpl&ayesian Networkwvhere A, B, C and D are four variables, parent nod& is the root node,

B and C are child nodes ofA, and D depends on variableB and C . The joint probability distribution of the nodes is

expressed as follows

P(AB,C,D)=P(P)RB|AF€CI ARD B( (12)

e
\ /

Figure 6. Dlagrammatlc deplctlon of Bayesianmodel

Probabilistic reasoning is one of the main usedBayesian Network The reasoningessentially involvesalculatinga
posteriori probabilities using conditional independence among random variables to calculate the a posteriori probability

distribution of some other variables if the values of some variableBayeasian Networlare known.

4 Results and Discussion

By managingndicabrs through the database, evaluation of the collaborative capability ofaipgreund remote sensing
technology ingeohazarcemergency response is established and divided into two parts: collaborative observation efficiency
and emergency service capability. The synoptic observation efficiency refers to the overall working capability presented by
the coordination among obsenati systems, which needs to take into consideration the inherent technical performance of
heterogeneous sensors of dynamic scheduling and the degree of accomplishment of specific observation tasks by the syner
among platformsThe evaluation of emergenaservice capability refers to the dynamic performance of remote sensing

service systems in performing specific tasks, which is related to the application requirements of disaster emergency respons

4.1 Evaluation of effectiveness of coordinated spaesr-ground remote sensing observations

A collaborativeobservation effectiveness assessment is a quantitative expression of the level of observation that remote
sensing technology has in performing a particular.t@bls is closely related to the inherent pesfies of remote sensing

technology and the type of task.
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4.1.1Simulation calculationsof coordination observation

The collaborative observation system consists of multiple distribngiedte sensoresource systems, and its technology
enhances the obsation capability in three aspects: data volume, accuracy and timelirfesspecific collaborative mode

is often determined according to the characteristics of remote sensing technology and the emergency needs of geologic
disastersTaking the emergencybservation of mudslide disaster as an exantpéefollowing two demandshould be met:

(1) to quickly determine the scope of the disaster, (2) to quickly conduct disaster assessment and carry megpessee
Combining the advantage afvide observation range of satellite images thedability of aerial remote sensing to deploy in

real time, fly undethe clouds, be highly mobile and obtain data quickbyrming a typical synergistic way satelliéerial

Quickly acquire pre-disaster higkresolution remote sensing imagescessgeological information of the disaster area,
initially determine the scope of the disast@nd complete prdisaster research and judgmehhe highresolution remote
sensing imageand aerial surwedata after the disastare coordinated for remote sensing interpretatietermine the base

map for disaster assessmentprovide decision support for rescue.

Based on the above analysis, ke following remote sensing synergistic approaesformed through planning serviges

after a mudslide disaster occurred in a certain pl@geGF-2 satellite and the KC2600 UAV with Sony NEXcamera, (B)
Pleiades satellite and the EWX6 UAV with Nikon D800 camera and (C) IKONOS and DMC aerial camerasir
synergy effectiveness was calculatedadi®ws:

(1) Identify evaluation indicators. Through the synergy of higgolution satellites and aerial remote sensing, the emergency
response time can beffectively shortened, the timeliness of data acquisition at disaster sites can be improved and
effectiveness indicators can be established, as shown in Table 3.

Table 3. Effectiveness indicators

Indicators Implication

) ) ) The higher the resolution, the more accurate the
Spatial resolution ofatellites ) _ ) )
disaster information obtained

Flight preparation time Time required for preflight arrangements of aircrat
Flight operating hours Total hours of iFflight observation
Flight coverage The larger the area covered, the more datsts
Data processing Data preprocessing capabilities

(2) Table 3 contains two types of indicatocgiantitative and qualitativeQuantitative indicators such as resolution can be
obtained directly from the technical parameters of the satellite, while-fidgtied time and area coverage are obtained
according to the technology of different products combined with operational exgeerieata processing is a qualitative

indicator for which we use 1 to represent having preprocessing capabili® fmndhe opposite situatiomhe data of the
sensoitype indicators involved in the collaborative observation scheme are extrActecisbn matrix A is created

trended and normalized to obtain mafsdx
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el 90 18 082 2
Azgo.s 45 0.65 0.73 2 (13)
g1 150 3.4 0.94

€0.41 043 0.46 057 0.4
B=g0.82 0.86 0.17 051 0.4 (14)
60.41 0.26 0.87 0.65 0.8

(3) Use RSR to determine the weights. Tablésts the rank and RSR of the indicator values for each scenario, and Table 5
lists the final weights determined.
Table 4. Indicator rank and RSR

Indicators A B C RSF
Spatialresolution of satellites 1 4 2 0.47
Flight preparation time 3 5 1 0.60
Flight operating hours 4 1 5 0.67
Flight coverage 5 3 3 0.73
Data processing 2 2 4 053
Table 5 Weighting of indicators
Indicators SR w W
Spatial resolution of satellites 0.16 0.25 0.20
Flight preparation time 0.20 0.16 0.16
Flight operating hours 0.2 0.18 0.20
Flight coverage 0.24 0.21 0.26
Data processing 0.18 0.20 0.18

320 (4) Calculate the weighted matrf to obtainPISandNIS.

¢€0.08 0.07 009 015 0.0
C=2.16 0.14 0.03 013 0.0 (15)
.08 0.04 0.18 0.17 0.1

C =[0.16 0.14 0.18 0.17 0] (16)

C =[0.08 0.04 0.03 0.13 0.0 (17)
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(5) Calculation distance.

D*=[0.16 0.16 O.1f (18)

D" =[0.07 0.13 0.1f (19)
(6) Calculation of the composite valuation.

S=[0.30 0.43 0.5f (20)

According to the evaluation results, the preferential order of the planning scheme is CABthatlis, the IKONOS and

DMC aerial cameras havbd strongest synergistic effect, the Pleiades satellite and-B8WAV equipped with the Nikon

D800 cameras placed secondnd theGF2 satellite and the KC2600 UAV equipped with the Sony NEXameraave the

weakest synergistic effect among these tiayggroaches

In this result, we analyze the main reason is: between the three, although the UAV flight preparatioratipreaafC is

longer, its operation time and coverage area are more advantageous, and these two indicators occupy a relatively larc
weight, respectively 0.2 and 0.2B also has the ability of data processinghich results in an even higher final score.
Continung to compare the two approach&sand B,on the basis of the same data processing capability, although the A
approach has longer operation time and larger coverage area, B has excellent enough indicator values in the remaining tw
indicators (satelliteasolution and flight preparation time) to make its final calculation result 0.43, which is higher than A's
0.3. This can show that the reasonableness of the setting of the weights has a very important position in influencing the
accuracy of the results, dmat the same time, it can make up for the deficiencies in other aspects when some indicators have

outstanding advantages.

4.2 Evaluation of capacity of geohazard emergency response services

Emergency response to geohazardstiga of disaster managemettitat requires the coordination of multiple technologies

for rescue and disaster relief. The top priority is to ensure personnel safety and save lives, and on this premise to avoid c
reduce property losses to the greatest extent. In rescue work, tadigoislen 72 housduring which the survival rate of

the victims is extremely highThisis thecritical rescue period after the occurrence of geological disaferaote sensing
technology, as the main technical support for emergency response, should provide effective service for rescue in time an
achieve fast investigation, fast characterization, fast deemsking and fast implementation of emergency workugho
cooperatdn. To evaluatehe service capability of remote sensing collaborative systems in geohazard emergency responses,
this section takes earthquake emergencies as an example, analyzes the demand to establish emergency response ser

chains anatreatesa Bayesian Networklesign evaluation model.

17



350

355

360

4.2.1.Earthquake emergency response service chain

Earthquakes are a sudden movement ofettrtéhn®s surface caused by the release of slowly accumulating energy inside the
earth that can cause substantialdage to life and property and further aggravate the impact of disasters and losses by
triggering secondary disasters such as landslides, debris flows and barrier lakes. This paper refers to the process of rema
sensing technology service in the Wenchuarthgluake emergendAN et al.,2010;Zhanget al.,2009, analyzes it from the

aspects of spatial information demand for rapid response and information technology support for disaster relief and rescut
and combines multiple remote sensinfprmation services to form an earthquake remote sensing emergency service chain,
as shown in Fig7. The need for emergency response to earthquakes is mainly reflected in the rapid acquisition of high
resolution remote sensing images, rapid processingnafte sensing data and extraction of hazard informationiigdiden

72 houre after an earthquake is a critical period for rescue, and ‘n&golution remote sensing images need to be quickly
acquired and updated to analyze casualties, infrastructamagdg rescue and resettlement and other detailed information.
The processing of remote sensing data in disaster relief needs to achieuaeeal nearreattime efficiency, including

rapid image correction, alignment, stitching and uniform color. Desaeformation is divided into three parts: building
damage, lifeline damage and secondary disaster monitoring. Buildings reflect the main distribution of affected people. Roads
are the lifeline of earthquake relief, and change analysis and feature iertiet the mainstayrhese areombined with

basic data and mathematical methods to analyze and calculate the scope of disaster impact and damage to buildings a
roads and to make rapid assessments. Secondary disasters derived from earthquakesreistidess thebris flows and

barrier lakes are monitored dynamically by remote sensing technology and simulated to forecast their development anc
impact.
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Figure 7. Earthquake-remote sensing emergency response service chain

4.2.2Bayesian Networkmodel for Emergency Services Evaluation

The Bayesian Networks a probabilistic graph model based on dependencies between variables, and its expected value is
reliable when the causal chain is correct and has an appropriate probability distributiorisitie emergency response

370 service chain is a coherent link before and after, suitable for modeling by using a directed’lgedpiks are flexible, there
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