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Abstract It can be said that smart city will be built on the observations of sensors. Nowadays, city
sensors have the features of being diverse in sensor type, different in observation mechanism and huge
in quantity, and they represent a closed, isolated and autonomous observation scenario. Facing with
complex city emergency events, it is inefficient to manage those heterogeneous city sensors via World
Wide Web. The scarcity of the real-time, right and reliable data sourced from physical sensors and the
inefficiency of emergency response decision-making seriously hinder the “smart” process of emergency
response in smart city. We propose a framework for the integrating and sharing of heterogeneous city
sensors oriented to emergency response. Firstly those heterogeneous sensors are uniformly described;
Secondly we register them into a standard Web-based catalogue service and the registered sensor
resources can be on-demand discovered; Thirdly, we construct an integration and sharing platform for
city heterogeneous sensors. last, we use waterlogging emergency response of Wuhan city as the
disaster application to verify the feasibility and extensibility of integration and sharing method for
heterogeneous flood-related sensors. The result shows that the proposed framework promotes the
shift of heterogeneous waterlogging sensors from the observation island to integration management
situation, which can lay a solid basis for sensor sharing and observation planning required in smart city

emergency response.
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Table 1 Comparison between Typical Sensor Information Expression Standards
F1 GEREEHRARAELRR
Aspect SensorML IEEE 1451 ECHONET DeviceKit Standard DDL Standard
Sensor Inf ati
eNnsor n'or.mq 0on Yes Yes Yes Yes Yes
Description
Interface Definiti

Encoding XML perace Lelmtion TextClass XML XML
Language

upporting to Yes Yes Yes Yes Yes

Sensor Discovery

Design Model Process-Oriented Modular-Oriented

Specification Parse

Parse Mechanism DOM Parse TEDS Parse in Binary
Supporting to Sensor
PP . & X Yes No
Observation Processing
Supporting to
PP & Yes No

Web Service

. . Sharing and
Application Domain .
Interoperability

Network Communication

Interface Standardization

Object-Oriented

Modular-Oriented Data-Oriented

DDL Processor and
Atlas Bundle Generator

Instrument DKML Language Parser

and Eclipse Plug-in

No No No

No No No

Home Sensor X Smart Device
Virtual Sensor

Integration Integration
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Table 2 Comparison between Typical Geospatial and Sensor-related Metadata Standards

®2 WMEZEHSERFEXHTHERE

NASA B B FGDC Remote i ]
. el GCMD GCMD o 1SO 1SO . o
Features GCMD Sensing I1SO 19130 NGA CSM
DIF AD-1 DIF AD-P X 19115 19115-2
Keywords Extension
Keywords N X X X N N X X
Identifier X < N N N < O O
Constrain X X X N N N X X
Quality X X X N N/ J X X
Sensor Info X N X O X O O O
Platform Info X X N O X O O O
Main  product Info X X X X X X X X
Elements Spatial
Spatia
P X X X J J J X X
Reference
T 1
empora « « « J J J > «
Reference
Acquisition X X X < X < O O
Accessibility O O O X X
Geolocation X X X X X X N J
G hy 1 4 1 Imagery
ograp a ma
Domain Keywords Instrument Platform Satellite Date cograpiy rrta{;ery an lagery Sensor Model
Data Grid Data Sensor Model .
Implementation
Implementation
Auxilia Auxilia Geolocati f
Usage Data Set UX{ 1'1lry uxl'n‘ry Data Set Data Set Data Set eolocation © of Geolocating
Description Description Imagery Data
of Imagery Data
Encoding N/A N/A N/A N/A N/A N/A N/A N/A

</ : Support; O: Partly Support; X : None Support
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Fig. 2 Multi-hierarchicalclassification of city sensor resources.
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City Sensor Sharing Metadata Model Framework
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Fig. 3 Metadata model framework for city sensors sharing.
3 T A i 0 VR M 2 0 A A AR A 4
A SCER T AR RS B R I = O\ OT 4 o B s

(metadata, MD) ;
MD,={MD{ ,MD{ ,MD! ,MD{" ,MD?*,
MD{® ,MD! ,MD*} (i=1,2,++,n), (DO
Horp, MD? AR 308 H A5 B oo 8dle s MDD AR AR
E%ﬂE;MDfP 3R & 1k T ¥ s MDY AR SR I &R O
Bdli s MD! ARERAE RS ST E i s MDP® AR 36 b BHLE o7 O

FRATHE— 25 X iy T 094G IR AR E B AR w2 T
T Y AL JRAS 43 25 5 b5 UAE B J2 2 O ] Y
TR 5 15 A% LI A7 Rt 0] A B ms AL U S
PR S IR T 29 R ST R 5 1% Bk A% A R AE DA RO
T A TR RE T S Sk Ak O B 5 A% R £ T
D EA N AL B AR5 AR 1B B R AL TR 5
18 IR AR Tl AL SR B Al A 55 K A I D ﬁ%u%%ﬁ%jc

Wil s MD! AR A% 1 ookl s MDA

AR TR,

PBE A5 B A7 14 B T M dle A% I AR

In-situ Sensor Sharing Metadata Standard Framework

&

[SES0aS A Sensor Capability Sensor Sensor
: Aspect : Sensor Tag and Characteristic Interoperation Observation
Lo [ Index Service Process
L 1 | | ] 1
: Tuple : General Property ||Geoposition | | Archive | | Contact | [ Constrain Interface Process
Lo e e e — I
______ I [
| | Compound |
| Metadata ! |C0mputati0n | |Communication| | Observation|
1
Lo Type_
RS [ I I ]
Basic | Observation || Observation || Observation Observation
I Metadata : Breadth Depth Frequency Data
Lo Tyee_ | | |
r——=—==- a
| Metadata | Observation || Observation || Sampling
'L go_llgcli(in_: Range Resolution Interval

Fig. 4 Metadata extension scheme of in-situ city sensors.
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Search Engine

Sensor Resource Description Model

Standard XML Schema Expressing
Sensor Sharing Eight Tuple Metadata Model
A A A A
DescribedBy | DescribedBy

A4Vap i D BE=

Video Mobile RFID PM2.5 Transportation Remote

Sensor Sensor Monitoring Sensor Sensor
Sensor

City Heterogeneous Sensor Resources

Fig. 5 City sensor resources’ description model framework.
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(swe:uom
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(swe:coordinate name="“%Z ")
(swe: Quantity axisID="x")
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(swe:value) (/swe:value)
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(swe:coordinate name=“#g H ")
(swe: Quantity axisID="“r")
(swe:uom
code = “m” xlink: href = “urn: ogc: def: uom:
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(swe:value) ([swe:value)
(/swe: Quantity)
([swe:coordinate)
(/swe; Vector)
(/swe:lowerCorner)
(/swe:Envelope)
([swe:field)
([swe:DataRecord)

Fig. 6 ObservedRange encoding of in-situ sensor

resource sample.

6 B 37 A% S B RN 3 2 e 151

SensorML [ #:/EN OGC SWE fE28 F I &
R, T XML AR 2 g5 4, 3 AE 2 20 3% 6 4
{keywords,identification, classification, valid Time,
securityConstraint, legalConstraint, characteristics,
documentations, history,

capabilities, contact,



268

HENMR S R E 2014, 51(2)

inputs,outputs, parameters, method} , & #2 fk —
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W55 3] SensorML H |y capabilities 4544 H1, 52 Jil %
Sk TR 4 15 SRS B R R A A,
1 [<SensorlMiL version="1.0.1" >
2 & <member>
3 A— WIHERHE —>
4 {System gml:id= &/\“ﬁ)}ﬂ“‘ﬁ@ﬁ >
5 - EREFE==>xEE
6 <{keywords>
19 -— RBEIHEAIRE==RE
20 {identification>
49 (U-- SEFHEArE==SEE
50 <cla551f1catlon>
94 - EERERERS==FHEE —>
95 @ <Val1dT1me>
101 -- BESEMHE==YESE —>
102 @ <character1st1cs>
154 {capabilities>
155 =] swe:DataRecord
156 - R
157 @ <{swe:fi
193 e
194 Q==
195 el
OGN | ] | ..aen
197 ] <swe:field nane="1FMEE">
203 U= SRR RE ==>WME >
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235 EREREERES==BREN —>
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255 - R EMRES=-= R EEME —>
256 {position name="sensor_position’>
283 r <{/System>
284 r </member>
285 ~</SensorMlL>

Fig. 7 In-situ sensor resource description model sample.
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Fig. 8 Metadata orangization of ebRIM.
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Fig. 10 Slots mapping from physical sensors to register objects.
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Table 3 Design of Multi-level and Fine-grained Metadata Query Items in “City LiveSensors CSW”
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The First Query Directory  The Second Query Item CSW Query Path Multiplicity Definition of Query Item
ery by the Sensor-related
Related Keywords /SensorGranule/Keywords Optional Query by the Sensor-relate
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. o by the Sens
Sensor Basic Sensor Short Name /SensorGranule/SensorShortName Optional Query by the Sensor
Information Query Short Name
Sensor LLong Name /SensorGranule/Sensorl.ongName Optional Query by Sensor Long Name
Sensor Type /SensorGranule/Sensor Type Optional Query by Sensor Type
by Sens
Intended Application /SensorGranule/Intended Application Optional Query by e'nso.r
Intended Application
Valid Observation /SensorGranule/ ValidBebinning Ovtional Query by Valid
Start Time observationTime ptiond Observation Start Time
Valid Observation /SensorGranule/ ValidEnding Obtional Query by Valid
End Time observationTime ptiona Observation End Time
“Temporal-Spatial- Observation Range-North /SensorGranule/Northlatitude Ovtional Query by Specified
iona
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Observation Range-South /SensorGranule/Southlatitude Ovtional Query by Specified
iona
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iona
Longitude Coordinates coordinates P Observation Range
Observation Range-West /SensorGranule/ Westlongitude Ovtional Query by Specified
ptiona

Longitude Coordinates

Coordinates
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Capability Query
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Optional ;
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Physical Ch, teristi
sied Q aractenstic Sensor Weight /SensorGranule/SensorWeight Optional Query by Sensor Weight
uery
[ . .. . . L. . Query by Sensor
Accessibility Query Sensor Administer /SensorGranule/ DisciplineKeyword Optional

Administrator
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(GetRecords)
(Query typeNames=“csw:Record”)

(Constraint version="1.1.0")
(ogc: Filter)
(ogc:And)

(/ogc: PropertylsLike)

(Jogc: PropertylsLike)

{ogc:Contains)

(gml:Envelope)

(/gml:Envelope)
(/ogc: Contains)
(Jogc: And)
(/ogc: Filter)
(/Constraint)
(/Query)
(/GetRecords)

(ElementSetName typeNames="csw:Record”)full(/ElementSetName)

(ogc:PropertylsLike escapeChar="“\" singleChar="?" wildCard="* * )
(ogc:PropertyName)dc: keywords(/ogc: PropertyName)
(oge: Literal) 3 i W ] ( oge: Literal)

(ogc: PropertylsGreaterThanOrEqualTo)

(ogc:PropertyName) dc: start{/ogc: PropertyName)

(ogc: Literal)2009-09-09 12:12:12(/ogc: Literal)
(Jogc:PropertylsGreater ThanOrEqualTo)
(ogc:PropertylsLessThanOrEqualTo)

(ogc:PropertyName) dc:end(/ogc: PropertyName)

(ogc: Literal)2009-09-09 13:12:12(/ogc: Literal)
(/ogc:PropertylsLessThanOrEqual To)

(ogc:PropertylsLike escapeChar="\" singleChar="?" wildCard="* % ”)
(ogc:PropertyName)dc: Intend Application{/ogc: PropertyName)
(oge: Literal) #k 7K Wil ( Joge: Literal)

(ogc: PropertyName) ows: BoundingBox(/ogc: PropertyName)

(gml:lowerCorner)28 111(/gml:lowerCorner)
(gml;upperCorner)32 116¢(/gml:upperCorner)

Fig. 11

Sensor query request toward CSW interface.
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(ns:GetRecordsResponse xmlns:ns=“http://www. opengis. net/cat/csw/2. 0. 2” version="1,0")
(ns:SearchResults numberOfRecordsReturned=*“3")
(urn:RegistryPackage xmlns:urn="urn:oasis:names: tc: ebxml-regrep: xsd: rim: 3. 0” id= “urn: ogc: feature: remotesensor: platform:
DMSP-F15: package”)
(urn:RegistryObjectList)
(urn:ExtrinsicObject id=“urn:ogc:feature; remotesensor; platform: DMSP-F15”)
(urn;Slot name = “urn: ogc: def; slot; OGC-CSW-ebRIM-Sensor :
DataType: String”)

: Keywords” slotType= “urn: oasis: names: tc: ebxml-regrep:
(urn; ValueList)
Curn; Value) 3% 17 % H (/urn: Value)
(urn; Value) = 7 3 Wi ( /urn; Value)
(Jurn: ValueList)
([urn:Slot)
(urn:Slot name= “urn:ogc:def: slot: OGC-CSW-ebRIM-Sensor : b
DataType: String”)
(urn: ValueList)
Curn: Value) 3% 17 18 &A% B £3 F- 4 (Jurn; Value)
(/urn: ValueList)
(/urn:Slot)
(urn:Slot name= “urn:ogc: def: slot; OGC-CSW-ebRIM-Sensor: :
2003:GM_Envelope”)
(urn; ValueList xmlns:ns= “http://www. opengis. net/cat/wrs/1. 0” xsi:type= “ns; ValueListType”)
(ns:AnyValue srsName=“urn;ogc:def:crs: EPSG:4326”)

(gml:lowerCorner xmlns:gml=“http://www. opengis. net/gml”)-90-180(/gml: lowerCorner)

: SensorType”slotType = “urn: oasis: names: tc: ebxml-regrep:

BoundedBy” slotType= “urn:ogc:def:dataType: 1SO-19107;

(gml;upperCorner xmlns:gml=“http.//www. opengis. net/gml”)90 180¢/gml: upperCorner)
(/ns: AnyValue)
(/urn: ValueList)

([urn:Slot)
(urn:Slot name = “urn: ogc: def:interface: OGC: 1. 0: ServiceURL” slotType = “urn: oasis: names: tc: ebxml-regrep: DataType:
String”)

(urn: ValueList)
(urn: Value) http://swe. whu. edu. cn:9000/SOS/sos(/urn: Value)
(/urn: ValueList)
(/urn:Slot)

(/urn;RegistryObjectList)
([urn:RegistryPackage)
(urn:RegistryPackage xmlns:urn=“urn:oasis:names:tc:ebxml-regrep:xsd:rim:3.0”
id=*"urn:ogc:feature:insituSensor: platform: Rainfall_JDZ05-02-1.package”) =+ -+ .. {Jurn:RegistryPackage)
(/ns:SearchResults)
(/ns:GetRecordsResponse)

Fig. 12
P12 A2l T 2% H SR IR 55 1% 1 s B A i S

Sensor query response from CSW interface.
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-
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FETEER: s
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1] EemEE
BEEE ERE
[ > | [ ws |

Fig. 13 Sample of wizard modeling of city remote sensing sensor: sensor tag modeling.
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City LiveSensors CSW

Kow:2013-8-24 9:39:27 & User: [ admin ] | login out

# Experimental Data(3K3SEYR)

Transaction

Other Operations

GetRecordByID

SensormIToEbRIM

Batch UpLoad

GetCapabilities

Fig. 14 Main interface of City Sensors CSW center.
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(3 T B B AR IR AR 2 A4S AR i SensorID ;¢
ogc:object;feature; liesmars: sensor: remote; viis”

“

urn: 0gcC: feature; SEensor: liesmars; remote:

modis” ; HoAy MBI 15 A L A 46 8 BT 14 Ik 4%
A IKAEAE AR 3 A KU K ] £ I8 2 » B id SensorID

,*i% N[ 1s

B 15 JIr 7 » R PN 957 17 2 00 000 S 12 9 a7 3K« 0
FEG ]k 2013-07-07T13: 00 00. 0Z, Wi 45 5t
B[] & 2013-07-07T14:00:00. 0Z, W 42 4% & rh b
25k 30.42°~30. 67° (D, K&K 114, 097~
114, 52°CF iR i) o 400RE B (R W8I0 B0 5 36 5k /K A7
KT AR R R ] DA B [ R 5 #5134 8 A iy, &
AT B A S T30 1 1 Ay b 385 A A el B 2 A2k

GetRecords i K374

<7snl version="1.0" encoding="UTF-8"?>

<GetRecords xmlns="http://www. opengis. net/cat/csw/2.0.2"
xmlns:csv="http://www. opengis. net/cat/csw/2.0.2"

‘www. w3, org/2001/¥MLSchema-instance” service="CSW*
naxRecords="1" startPosition="1" resultType="results’
pplication/xnl"

nu(pu(Sl:hsmr http://www. opengis. net/cat/csw/2.0.2"

tion="http://www. t/cat/csw/2.0.2

i / /l:sw/? 0.2/CS¥-discovery. xsd">
<Query typeNanes="csw:Record">
<ElenentSetNane typellanes="csviRecord">full</ElenentSetNane>
<Constraint version="1.1.0">
<oge:Filter>
<oge:And>
oges Pmpar(yIsGuztarThanOrEqualTu)

<ugc Literal>2013-07-07T13: 00: 00, 02</ogesLiteral>
</oge:PropertylsGreaterThanOrEqualTo>
<oge:PropertylsLessThanOrEqualTo)

<oge:PropertyNane>dc: end</ogc: PropertyNane>

<oge:Literal>2013-07-07T1d: 00: 00. 0Z</oge:Literal>
</oge:PropertylsLessThanOrEqualTo>
<oge:PropertylsLike escapeChar="\" singleChar="7"

wildCard="+">

<oge:PropertyNane>de:keywords</ogc: PropertyNane>
<oge:Literal>Kfu, K@iR, ARG, BEFI</oge:Literal>
</oge:PropertylsLike>
<oge:Contains)>
<oge:PropertyNane>ows: BoundingBox</ogc: PropertyNane>
<gnl:Envelope>
<gnl:loverCorner>30. 67 114.09¢/gnl: lowerCorner>
<gnl:upperCorner>30. 14 114. 52</gnl:upperCorner>
</gnl:Envelope>
i v

femBER

Sensor query entry of city watcrlogging emergency.

LI i — AL SRS 7 S I A g A

4 :“urn:liesmars:object: feature: 7% 7 £1 i 3 2% . ¥4
Y KR Xl‘mf?,m%ﬁ;HCXPJWD”,“urn;liesmars;
object; feature; —E %Fﬁl% B K o7 AR IR

WL16U-003-025". & ¢Eﬁf§,u\%§?$,ﬁiﬁj%
A LA B AR A ﬁmﬁ?ﬁfnu,ﬂﬂﬂ?u%ﬁﬁ‘éﬁ%
?ﬂ?.§Jﬁt,ﬁﬁif&ﬂfﬁﬁj\fﬁiﬁﬁ$@ﬁ@V\J‘?%Hﬁ‘iﬂﬂ*ﬁ?‘élﬁ@
1L AR BT IR AR A 2, AR Tk B v i etk XS T

The Result of GetRecords Request

urn Ilesmars object:feature:i%

urn:ogc:feature:sensor:liesmars:remote:modis

urn:liesmars: object:feature: i & £ FHE T Wth K AL £E% sebapuls
urmn:liesmars:object:feature: i 0% F 4 2TEE I tH oK i {588 sebapuls
urm:liesmars:object feature: i B850 Mtk KA 2% WL16U-003-025
urn:liesmars: object:feature: iR PSR & FOE 4 P A0 B 045 N E 558 PH-YL
urn:liesmars:object feature: & & =FiE BR/ N ItH KAz 8% WL16U-003-025
urn:liesmars:object feature: i B KR A P55 W EHFEE B Lambrecht
umn:liesmars: object feature: i PHIN FRE B E A  TtH KA (S sebapuls
urn:ogc:object:feature:liesmars: sensor.remote:viis
urmn:liesmars:object:feature: T PSR & AOEE L IMtH K i 88 sebapuls
urn:liesmars: object:feature: i & )\ B R 3% KaF 7l 1w 428 HCXPJWD

Fig. 16

JEALTE O M th MEEEE
urn:liesmars: object:feature: ﬁs%lﬂ& I 7K fir {288 WL16U-003- 025
urn:liesmars:object:feature: & B2 ZRH I iH: K Rl {£EE8: MWW-5
urn:liesmars: object-feature: i PHESHEH W% 2k fr {£/2428 WL1BU-003-025
urmn:liesmars:object:feature:{¥. OEBERE BT ItH A& PH-YL
urm:liesmars:object:feature: & B CHNBTEL R WiH FHE S W+ Lambrecht

Collection of satisfied sensors.

B 16 Lk AR S
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