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1. About GeoJModelBuilder

1.1 Introduction

GeoJModelBuilder is an open-source (released under the GNU General Public
License version 2) model builder tool that couples geospatial Web services, NASA
World Wind and Sensor Web to support geoprocessing modeling and environmental
monitoring.

The tool can allow users to drag and drop various geospatial services to visually
generate workflows and interact with the workflows in a virtual globe environment. It
also allows users to audit trails of workflow executions, check the provenance of data

products, and support scientific reproducibility.

1.2 Copyright information
Copyright (C) 2013
State Key Laboratory of Information Engineering in Surveying, Mapping and

Remote Sensing (LIESMARS) , Wuhan University.

Contact: Peng Yue

State Key Laboratory of Information Engineering in Surveying, Mapping and
Remote Sensing (LIESMARS), Wuhan University

129 Luoyu Road, Wuhan, Hubei, China, 430079

pyue@whu.edu.cn

1.3 License Agreement

This program is free software. You can redistribute and/or modify it under the terms
of the GNU General Public License version 2 as published by the Free Software

Foundation. Free Software Foundation web page, http://www.fsf.org.

This program is distributed without any warranty; even without the implied
warranty of merchantability or fitness for a particular purpose. See the GNU General

Public License for more details. http://www.gnu.org/licenses/gpl-2.0.html
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2. Architecture

GeoJModelBuilder contains four modules:
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Fig. 2.1 Architecture for the management of a workflow

(1) Geoprocessing Workflow Designer: A scientific workflow can be visually
generated by dragging and dropping various geospatial services. The implementation
follows the Model-View-Control pattern. Graphics are stored separately with models.
This tool separates geoprocessing workflow from the Web service and data which is
flexible in that we can choose alternative services or data when the workflow is
executed.

(2) Model Executor: A workflow execution engine is implemented to transform a
geoprocessing workflow into an executable workflow, monitor the status of execution
and record the provenance.

(3) Service and data management: This module’s functionality is to manage services
and data. OGC-Standard services, such as Web Processing Service (WPS), Web

Feature Service (WFS), Sensor Observation Service (SOS) can be managed as
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fundamental tools to construct workflows. NASA World Wind is available for the
visualization of sensors, input data and results.

(4) Environmental Monitor: Sensor Web services such as SOS, SES and WNS are
used in environmental monitoring. A middleware named SES Middleware is proposed
to integrate SOS, SES, WNS and WPS. They are responsible for observations, user
subscription, user notification and data processing. The architecture is shown as Fig.

2.2.
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Fig. 2.2 Environmental monitoring architecture
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3. Installation

The programming language used for the development is Java due to its
platform-independent feature. The source codes can be operated on any operating
systems such as Windows or Unix/Linux that supports Java.

Nowadays, we provide a window installer. When using this installer, requirements
and installation procedure are as following:

Requirements:

Windows XP or higher (tested with Windows 7).

Installation procedure:

a) Download GeoJModelBuilder.exe from

https://sourceforge.net/projects/geopw/files/

b) Follow the installation instructions. It is easy to finish the installation step by

step.
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4. Introduction

4.1 User Interfaces

GeoJModelBuilder E’E

File Model Edit Project Run Data SensorWeb Help | Menu bar

O | #| X[ 3= S| | @« \ﬂ||w||“||h||ﬁ| ‘Toolbar
[ WorldWind | Service List | 2| worldwind |  Default Tab |

ls Node :

o g Geoprocessing
o o2& Web Datas

o 5% Sensor Web

Workspace
Service list

| i I

Fig. 4.1 User interface
Users drag geoprocessing service from the service list and drop it into the

workspace and then a graphic element will appear in the panel.
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(% Geo)ModelBuilder = @

File Model Edit Project Run Data SensorWWeb Help

W D] | #| X @] (3= Q]2 | &)@l | = = | &€
[ WorlaWind | Service List Worldwind | Default Tab
Layers
v| Stars

v| Atmosphere

¥'| NASA Blue Marble Imag

V] Blue Marble (WMS) 2004
¥| i-cubed Landsat
USDA NAIP - m Ocean
USDA NAIP USGS

_| MS Virtual Earth Aerial |~
»

Data Layers

Added Data

Layer

Altitude 19,070 K... Off Globe

Fig. 4.2 User interface
As shown in Fig.4.2, World Wind is integrated into GeoJModelBuilder as one part.

4.2 Basic Operations
(1) =7 Open: Open the model file and add to the current workspace.
(2) H# Save: Save the models in the workspace to a file.

(3) ! New: Create a new workspace.

(4) * AddaModel: Add a new model into the current workspace.
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|£| Add Model Dialog M=

Name: |New Model |

Abstract: |A new model to test |

Farmmeters. |= | Add Parameter @
name type
FirstinputData Complex Parameter name: |SecondinputData ‘
type: Complex Parameter |v
| Delete | _ |complex Parameter
| olLiteral Parameter
T T
OK Cancel
.
Fig. 4.3 Add a model

Name: The name of the model.

Abstract: Summary description of the model.

Parameters: Parameters contained in the model. Two different kinds of parameters

are provided here.

a) Complex Parameter: Equivalent to the “ComplexData” in OGC WPS
specification. “ComplexData” (such as XML or imagery), is one of the following
allowable combinations of format (mimetype, encoding, and schema). The value of
this complex data structure can be (either) directly encoded in the Execute operation
request or made available through a web accessible URL.

b) Literal Parameter: Equivalent to the “LiteralData” in OGC WPS specification.
“LiteralData” with a specified data type, allowable values, default value, and
allowable unit of measure indicated.

5) # Delete: Delete the selected models in the current workspace.

(6) @ Clear: Clear all the models in the current workspace.

(7 =“ Add Flow: Create a control flow. Click on the result of prior model, drag
the mouse to another model, and then select the binding parameter information after
releasing the mouse.

(8) ¥ Binding: Bind the model with a certain geoprocessing service before the

execution of the workflow.
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[@il GeoModelBuilder
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Fig. 4.4 Service binding

In the binding dialog, user can bind parameters one by one.

(9) *! Run: Run the workflow in the current workspace.

[#} GeoJModelBuilder

File Model Edit Project Run Data SensorWeb Help
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Fig. 4.5 Execute the workflow
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(10)
(11)
(12)
(13)
(14)

#  Zoom In: Zoom in the graphics in the current workspace.

“' Zoom Out: Zoom out the graphics in the current workspace.

“* Undo: Undo the last operation.

Redo: Redo the operation.

® Select: Select graphics. Multiple selection is supported when ctrl key is

pressed.

(15) &9 Detail: Click on the graphic, user can get the detail information of the

model

or data.

4l GeoJModelBuilder

File Model Edit Project Run Data

SensorVeb Help

Worldwind |~ Service List

WorldWind | DefaultTab | FloodAndiysis x

a5 Node
¥

% &% Geoprocessing

GeoPW-WPS
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¥ RasterQuantPracess
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¥ RasterBinaryProcess
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i [ D
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ss ess

ProcessMeta =3

Abstract: GeoBufferPracess

Name:

Fig. 4.6 Detail information

(16) Merge: Merge the result of the prior model and the input data of the latter

model. User can use this operation to create a control flow, too.
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GeoOwerlayFror
855

Right Click

Fig. 4.7 Merge
(17) Export Image: “File ----> Export Image...”, export the scientific workflow in
the current workspace as an image.
(18) Run Information: “Run ---> Run Information”, view the detail information of

workflow execution.

[# Execution Info
Model Name: GeoBufferProcess
Service url: 80/wpsWebProcessingService
Service type: WPS

Operation Name: GeoBufferProcess
Execution State: Succeed

Begin Time: 2013-05-30 10:23:15:422
End Time: 2013-05-30 10:23:16:348

Execution Seq: il

Fig. 4.8 Running information
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(19) Add Data: “Data ---> Add Data”, users can add data from local or web to the
World Wind.
4.3 Service Management

(1) Add WPS Service
Right click on the “GeoProcessing” node and choose “add” button, then a WPS

service dialog will pop up. See Fig.4.9.
| [ GeoJModelBuilder ?|E|? i

File Model Edit Project Run Data SensorWWeb Help

ro

=]

cﬂ|

]

(3]

o Node

o o Geoprocessing
o g Web Datas

o g SensorWeb

Add Service Dialog @

url: |htlp:ffgeopw.whu_edu_cn:SOSOMpsf‘u"u'ebProcessi‘

-

-

Type: |WPS ‘ ‘
=

Name: |GeoPW—WPS ‘

Version: |IJ.4.I:I

W ———

A I [

Fig. 4.9 Add a WPS
URL: The request address of GetCapabilities operation. For this case, it is

http://geopw.whu.edu.cn:8080/wps/WebProcessingService .

There are more than 100 geoprocessing services provided by GeoPW which

follows OGC WPS specifications. Refer to http://geopw.whu.edu.cn/guide.html for

further information about GeoPW.

Type: The service type. It is WPS by default.


http://geopw.whu.edu.cn:8080/wps/WebProcessingService
http://geopw.whu.edu.cn/guide.html
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Version: The service version. Currently version 0.4.0 is supported.
Name: The name of service. Here it is “GeoPW-WPS”.
(2) Add Web Data
Right click on “Web Datas” and select “add” button, input the WFS address, and
then the WFS data is loaded on the service list.
(3) Add Sensor Web resources
Right click on “Sensor Web” and select “add” button. After the procedures in the
SOS are added to the service list, user can view the sensor on the World Wind by right

clicking on the sensor and choosing “show”.

|= | GeoJModelBuilder E@
file Model Edit Project Run LoadData SensorWeb

e ) (2| X]|m@] 3= W]l | @]al | <]~ [
Worlawind |~ service List | ridWind | Default Tab

Layers

[»]

Stars
Atmosphere

NASA Blue Marble Image

Procedure Description
procedure: urn:oge:object:feature:sensor:whu

Blue Marble (WMS) 2004

EouBedll atri=at 1 sos_url: http://localhost:8081/52nSOSv3/s0s
[] uspa naip 1 sos_version: 1.0.0

[] USDA NAIP USGS A latitude: 28.0 degree

[] MS Virtual Earth Aerial i longitude:  118.0 degree

[] Bing Imagery altitude: 52.0m

[] USGS Topographic Maps 1:250K g offer: MODIS_TERRA 2
[] USGS Topographic Maps 1:100K
["] USGS Topographic Maps 1:24K

[C] USGS Urban Area Ortho

[«]

[ Balifical Ronndarios
Data Layers

Added Data

rn:ogeobject feature:sensorwhu

.....

200 Km

am
Altitude 3,001 km Lat 27.0553° Lon 113.9338° Elev 453 meters

Fig. 4.10 Show sensor on the World Wind
(4) Delete Service
Right click on a selected service then delete it.
(5) Find Services
Right click on the service list, and select “search” button, it will pop up a Search

Dialog shown in Fig.4.11. KMP algorithm is adopted to search the services.
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24 GeoJModelBuilder E@

File Model Edit Project Run Data SensorWWeb Help

Plajo] [¢]x]m] [=] (@[] [«]a][-] -] [v]O]
[ worldwind | Service List | ( WorldWind | Default Tab |

RasterReclassProcess |~ :
RasterSurfcontourProces) =
RasterCompositeProces i
GeoOverlayProcess L §§
RasterFillnullsProcess :
GeoPaichProcess

GeoProjProcess

RasterProjProcess i
RasterCrossProcess st §§
GeoRMapcalcProcess2 :

GeoHullProcess B 3

GeoRWalkProcess {4, Search Dialog
GeoQcountProcess | 8l :

RasterClumpProcess :

RasterCarveProcess string: ‘DUﬁer ‘

GeoSampleProcess i
GeoCleanProcess : ‘
GeoR2VProcess i
GeoRPlaneProcess
RasterFlowlineProcess
RasterModeProcess
GeoDbselectProcess
RasterWatershedProces
GeoBufferProcess
GeoNetallocProcess
GeoRThinProcess
RastermedianProcess
GeoRCostProcess
GeoSelectProcess
GeoRStatisticsProcess
RasterContourProcess
RasterTerraflowaccumul i
RasterTransectProcess | |-

GenDistancePrace Bl
Pl e It [»

OK | ‘ Cancel ‘

T A A A A AAAAAAAAAAAAAAAAAA A

-

Fig. 4.11 Search services
(6) Update Services

Users can update the services by update operation.

4.4 Data Management

4.4.1 Add Data

There are two ways to add the data to the World Wind (Fig. 4.12):
(1) “Data” on the menu bar, select the source of data (Local or Web).

(2) “Load” button in the Detail Information Dialog of the data model.
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[} GeoJModelBuilder
File Model Edit Project Run Data| SensoriWeb Help

i \ = || AddData®| Web.. |g } [
Tl o) v |
[ WorldWind | Service List | | woriawma' | pefar e
5% Node
- ﬁ Geoprocessing InputData Detail Info :
¥ Web Datas : .
*EESEHSOFWED Name: InputData
: Format: ESRI Shapefile
Value: 171.8080/wps/samplesilongrive zip
|
Fig. 4.12 Add data
4.4.2 Manage Data

Right click on the added data in the data layers, you can delete, rename and
change the opacity of the data layer. And by clicking the provenance button, we can

view the workflow from which the data is loaded in.

| & Geo)ModelBuilder (=@ ]=]

File Model Edit Project Run Data SensorWeb Help

[Pla]o][s]x]m| 3] @] +] [a]a] [-]-] [v]O]
[ WorlaWind | Service List WorldWind | Default Tab |

Layers %, Opacity Controller
Stars

%

[v]

Opacity ¢

Atmosphere

NASA Blue Marble Imag
Blue Marble (WMS5) 2004 |
i-cubed Landsat
[] usDA NAIP

[] USDA NAIP USGS

MS Virtual Earth Aerial |~
1 Il [ ]

Data Layers
Added Data

band1

| Altitude 434 k Lat 29.2403° Lon 116.3092° Elev 86 meters

Fig. 4.13 Data management
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4.5 Geoprocessing workflow management

In this part, water area extraction example is used to demonstrate the life cycle of
the workflow.

We use some past MODIS images as our data. Band 1 and 2 of each image go
through the Normalized Difference Vegetation Index (NDVI) calculation, binarization,

and rendering processes to derive the coverage of the water in certain area.
4.5.1 Life cycle of workflow

Users can work with geoprocessing workflows as following steps.
(1) Create a workflow
A workflow can be characterized by atomic models and control flow relationships.
The atomic models can be created by dragging and dropping various geospatial
services visually.
Drag the RasterMapCalcProcess , RasterBinaryProcess, and RasterColorsProcess

from the service list into the workspace, and connect them with control flows.

asterhapcalch

rocess

Fig. 4.14 Water area extraction workflow

(2) Binding services and data

When created by dragging services, the atomic models have bound to the
services by default. But alternative services can be bound instead of the default. Input
arguments should be finished, too. This supports reusing the workflow by binding

deferent services or data before it is executed.
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Select binding = RasterMapcalcProcess

£

Binding: RasterMapcalcProcess_atom_Bind ‘vi Firstinputbata : ”

[ ok | [ awa | Detail cancel | format : ‘ﬂFFIGeuTIFFi.tIf}

Secondinput... ‘
[ Binding Info (=%
|
|
|
i
1

<

<

format : ‘ﬂFFIGeuTIFF (Aif)

<

<

FrAF

Operation Name: [RasterMapealcProcess OutputFomat: [TFF GeoTIFF (1)

service Type: [WPs

Service Version: 040

sarvice Aderes: [geopwumisouen

Fig. 4.15 Binding services and data

(3) Workflow execution

A workflow execution engine is implemented to execute the workflow, monitor

the status and record the provenance.

RasterColorsP
oLess

Execution Dialog @

Execution Process

beginTime:2013-06-18 14:18:11:526

endTime:2013-06-18 14:18:12:573

Number:3

Execute hitp://geopw.whu.edu.cn:8080/wps/\WebProcessingService@
RasterColorsProcess

| »

<[]

Execute | ‘ OK | ‘ Copy to Clipboard

Fig. 4.16 Workflow execution
(4) View results

This tool allows users to view the detail execution information and result data on

World Wind.

[ Bxecutioninfo
ModelName:  RasterColrsProcess
servicoun:  [oompstwebprocessigserve

wes.

ame:  RasterColorsProcess

Execution State:  Succeed
Begin Time: 2013-06-18 14:18:12:503
End Time: 2013-06-18 14:18:14:056

Execution Seq: 3

Fig. 4.17 View results
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4.5.2 Interaction with Workflows in Virtual Globe

The geoprocessing workflow will interact with World Wind during its whole life
cycle. Input data of the workflow can come from the data layer of World Wind. The
results including the intermediate results during and after the execution of workflow
could be visualized on the World Wind. At the same time, users can locate the input

data in the workflows by checking the provenance of the data layer on the World
Wind.

(1) Data layer as input data
We add the Band1 and Band2 images to the World Wind.
Band1:

http://geopw.whu.edu.cn:8099/FileStore/datas/MOD09A1 20100705 bandl.tif
Band2:
http://geopw.whu.edu.cn:8099/FileStore/datas/MOD0O9A1 20100705 band?2.tif

4 GeoJModelBuilder [ro |G- [5) | @i GeoIModelBuilder ol
un e n Da ol

File Model File Model Edit

stars

Atmosphere Atmosphere

NASA Biue Marble Image NASA Biue Marble Image

Blue Marble (WHS) 2004 Blue Marble (WMS) 2004
i.cubed Landsat

7] i-cubed Landsat

[]USDA NAIP [] USDA NAIP

[] USDA NAIP USGS [[] USDA NAIP USGS

(] MS Virtual Earth Aerial | []MS Virtual Earth Aerial
« » <

Data Layers
Added Data

Data Layers

Added Data
MODO9AT_20100705_band1 tif

[ MOD09A1_20100705_band2.tif|

[C]MOD0YA1_20100705_band1if

10D09A1_20100705_band21if|

Altitude 324 km  Lat28.9616°  Lon116.6566° Elev 16 meters Altitude 324 km

Fig. 4.18 Images on World Wind

When assigning the parameters, the input data of the workflow can come from the

data layers on the World Wind, see Fig.4.19.


http://geopw.whu.edu.cn:8099/FileStore/datas/MOD09A1_20100705_band1.tif
http://geopw.whu.edu.cn:8099/FileStore/datas/MOD09A1_20100705_band2.tif
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GeolModelBuilder (o e]=]

File Model Edit Project Run Data SensorWeb Help

WorldWind rServiDe WorldWind ”De'allnTab rwalerbttlacbon End ‘
- Node (=]
4 5= Geoprocessing

¢ 5T GeoPW-WPS

GeoEditProcess
GeollfftProcess
RasterQuantProcess
RasterFilldirProcess
RasterBinanProcess
RasterUnivarProcess
GeoTopointProcess
GeoDissolveProcess
RasterRecodeProcess
RasterReclassProcess
RastersurfcantourProces
RasterCompositeProces
GeoOverlayProcess
RasterFillinullsProcess FirstinputData : ‘!IFiIeStoreldataslMODDSALzM00705_bir|d1.tif|v‘
GeoPatchProcess
GeoProjProcess — format : |TIFF / GeoTIFF (.tif) -
RasterProjProcess
RasterCrossProcess Secondinput...| ‘ =
GeoRMapcalcProcess2 P = o

GeoHullProcess format ; L the datalayars
GeoRWalkProcess http:/igeopw.whu.edu.cn:!

GeoQeountProcess OutputFormat : —TiFF GeoTFF(:tif} iv
RasterClumpProcess
RasterCaneProcess oK ‘ | cancel
GeoSampleProcess

GeoCleanProcess
GeoRZVProcess
GeoRPlaneProcess
RasterFlowlineProcess
RasterModeProcess
GeoDbselectProcess
RasterWatershedProces|
GeoBufferProcess
GeoNetallocProcess
GeoRThinProcess
RastermedianProcess
GeoRCostProcess
GeoSelectProcess
GeoRStatisticsProcess
RasterContourProcess
RasterTi
RasterTransectProcess
GeoDistanceProcess

astertapcalcF
rocess

| double click

RasterMapcalcProcess

select input data from

A A A A A A A A A AAAAAAIAIAAAAAAAAAAAAAAAFIAAAAAAAA

4] I | [

Fig. 4.19 Input data from data layers
(2) View the results

During the execution, users could view the intermediate results.

RasterCaolorsPr
0Cess

detail information

OutputData Detail Info

Name: OutputData

Format: TIFF / GeoTIFF (tif)

Value:  S080tempiwps13715341032022ip load intermediate result
to World Wind

| Load to WorldWind |

Fig. 4.20 View the intermediate result

When finished, user can view the final result of the workflow.
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4.5.3 Provenance

Fig. 4.21 View the results

Users could check the provenance of data easily.

[ GeolModelBuilder

[ o] 5[] @ GeoModeiuicer

] Atmosphere

] NASA Blue Marble Image

] Blue Marble (WHS) 2004

] i-cubed Landsat
CJuspanaP
USDA NAIP USGS

[JMS Virtual Earth Aerial

Data Layers

] Aded Dats

@i
delet

[JMODOSA1_20100705_band 1.t

] MODO9A1_20100705_band2if

Altitude 434 km

[E=SE =]

Fig. 4.22 Provenance

4.6 Enviromental Monitoring

4.6.1 Sensor Web Client

The GeoJModelBuilder provides simple SOS/SES/WNS client.

7505 Dialog

Requesturt: [

SES Dialog. WNS Dialog

Requset Url: 1/62n;

Example:

Requseturt: ip iocanostaogT/szrrshns

[~ | examptes: notity

[+ | Exampre

Fig.4.23 SOS/SES/WNS Clients
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4.6.2 Subscripton Client

Subscription Dialog

e

$0S URL: |htlp:ff|0ca|host8081f52nSOSv3fsos | Parse
1 Offer: ‘GAUGE_HEIGHT H

Procedure: |urm:ogciobjectfeature:Sensor:FGLifgi-sensor-1 ||

Property: |urn:ogc:def:phenomenon:0GC:1.0.30:waterlevel |~ |

WNS URL: |htlp:ff|0ca|host:8081f52nWNSMns | Parse
2z
WNS User: ‘3 lei 812203488@qq.com M

SES URL: ‘htlp:fflocalhostﬁ[]ﬁ1f52nSESV1_U_Ufserviceszroker

3

SES: ‘SuhscriheAll.xml M

=7l version="1.0" encoding="UTF-8"?=
=soapEnvelope xmins:soap="hitp/iwww.w3.0rg/2003/05/z0ap-envelope”™ xmins:w:
=gpap:Header=
=wsa To=hitp:Mocalhost8080/52nSES1.0.0/sevices/Broker=iwsa To=

-

=s0ap.Body=

=wsaAction=hitp:/ldocs.oasis-open.orgiwsn/ow-2/MotificationProducer/Subsc
=wsa:MessagelD=uuid4e595160-1853-903c-3ebf-582c7chblcTa</iwsa Mes
<wsa:Fr0m>|
=wsa:Address=hitpJ/iwww.w3.0rg/2005/08/addressing/role/anonymous<iws
=fwsaFrom=
=/zoapHeader=

=wsntSubscribe=
=wsnt:ConsumerReference=

=fwsnt.ConsumerReference=

=wsa:Address=hitpJ/ilocalhost:8080IMySESWnsFe

4]

1]

Il | [*]

Get Subscription ID | ‘

Fig.4.24 Subscription dialog

The subscription operation can be divided into 3 parts.

Part 1: Choose the sensor to monitor, including the SOS address, offering and

observedProperty.

Part 2: Input the WNS user’s email to receive the notification.

Part 3: Subscribe to the SES. Or you can just input the Subscription ID if

somebody has already subscribed.

The information you put in the dialog will be sent to a broker, and the process is

shown in Fig. 2.2
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4.6.3 Example

(1) Register a WNS user. Take sdjnzmd@whu.edu.cn for instance.

@ Geo)ModelBuilder
File Model Edit Project Run

A =R R L ]

Data

SensoriWeb Help

EEI=]

World Service List
5 Node
¢ &% Geoprocessing
? 53 GeOPW-WPS
GeoEdiProcess

RasterUnivarProcess

RasterRecodeProcess
RasterReclassProcess
RasterSurfcontourProcess
RasterCompositeProcess
GeoOveriayProcess
RasterFillnulisProcess
GeoPatchProcess
GeaProjProcess
RasterProjProcess
RasterCrossProcess
GeoRMapcalcProcess2
GeoHullProcess
GeoRWalkProcess
GeoQcountProcess
RasterClumpProcess
RasterCarveProcess
GeoSampleProcess
GeaCleanProcess
GeoR2VProcess
GeoRPlaneProcess
RasterFlowlineProcess
RasterlodeProcess
GeaDbselectProcess
RasterWatershedProcess.
GeoBufferProcess
GeoNetallocProcess

GeoSelectProcess

WorldWind

Default Tab.

WNS Dialog

Requset Url: “hnp‘ /geopw whu edu cn

I
Examples: | |

<2umi version="1.0" encoding="UTF-87>
I<Register xmins="hitp /www.opengis. netwns” xmins xsi="Titp/www.w3.0rg/200 1XHLSchemasinstance™
<SingleUser>
<Name=Flood Analysis User<Name>

mail>sdj
</CommunicationPratocol
<IsingleUser>

<Register>

xsis

send

(<2xmi version="1.0" encoding="UTF-8'>
xsischemaLocation="

<UseriD{ J1UserlD>

<RegisterResponse>

netiwns 4

11w

RasterContourProcess
RasterTerraflowaccumulatior
RasterTransectProcess
GeoDistanceProcess
RasterGensigsetProcess
GeoUnivarProcess
RasterColorsProcess
RasterParamscaleProcess
RasterRandomProcess

Kl I

R

Fig. 4.25 Register a WNS us

(2) Register a sensor to the SOS.

Offering: MODIS TERRA 2

Procedure: urn:ogc:object:feature:sensor:whu

ObservedProperty: urn:ogc:phenomenon:Band1, urn:ogc:phenomenon:Band2

<sml:3ensorML wersion="1,0.1">
<sml:member>

<sml:System wnlns:xsi="http://wmmv. w3, org/2001/EHLSchena- instance" >

{l-—snl:identification element must contain the ID of the sensor—>

sml:identification?
<sml:TdentifierList?>
i <sml:identifier>
<zml:Term definitio

urn:oge:defridentifier:06C: uniqueID” >

| ¢smlivaluedurnioge: object ifeature: sensorivhul/salivalue?

</snliTern>
</emliidentifier>
</enl:IdentifierList>
Fenl:identification>

:capabilities>

last measured position of sensor -->
:position nane="sensorPosition”>

rinputs

1o
<sml:outputsy
<snl:Outputlist?

{smlioutput mame="text”>

<offering>
<id>MODIS_TERRA_2¢/id>
<name>bandl from modis</nanme>
</offering>
<fgnl:metaDataProperty>
<feve: Text>
</snl:output>
<smlioutput name="text”>
<swe:Text definition="
<gnlimetabatPropert

<faffering>
</gmlimetaDataProperty>
H <fewe: Text>

H </smlioutput>
</sml:Outputlist?
</snlioutputs>

&S am] 2 Swstany

bl A=t WsDL XBRL Authertic

snl:capabilities element has to contain status and mobility information -->

list containing the input phenomena for this sensor system -—>

<swe:Text definition="lurn:oge:phenomenon:Bandl| >
<gnl:metalataProperty

£n: ogo: phenonenon: Band2] >

Fig. 4.26 Register a sensor

€T

i 1list containing the output phenomena of this sensor system; ATIENTION: these phenomena are parsed and inserted into the database: they have to contain
ing elements to determine the correct offering for the sensors and measured phenomena —


mailto:. Take sdjnzmd@whu.edu.cn
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(3) Subscribe.

Notice that when you subscribe to the SES, you

should

input the

http://geopw.whu.edu.cn:8099/SesWnsFeeder/ReceivingServlet as consumer address.

If you have already subscribed, you can just input the subscription id without

executing the “Get Subscription ID” operation.

& GeolModelBuilder
File Model Edit Project Run Data Sensorweb Help

(=& =]

[ Worldwind | Service List |

ls= Node

o g2 Geoprocessing
¥ Web Datas

o g Sensor Web

Subscription Dialog

508 ‘GSD-SOS

Procedure: ‘um:ngc:nhjer.t:feature:sensnr:whu

Offering: | MODIS_TERRA_2

Property: ‘urn:ngl::phennmennn:sanm

WNS URL: ‘hﬂp.//geopw.wnu.edu.cn.SOQQ/GeoWNS/Wns

Email: ‘sdjnzmd@whu.edu.cn

‘ SES URL: ‘hﬂp.//geopw.wnu.edu.cn.8UQQJGEOSEsterv\ces/Eroker ‘

Examples: ‘suhs:rlheAll.xml

D i i q
14e5095160-185a-9b3c-3eb6-592c7cEb0c7a<iwsaMessagelD>

w3 il Address=

rie=
umerReference=

Action= |~

<wsaAddress=fillp:igeapw.whu edu cn-8099/Ses\Wns FeederReceivingSeng

umerReference>
<wsntFilter/>
cribe>

[T

< I 1L [

‘ Get Subscription ID | |Suns:nmmn—u

Fig. 4.27 Subscription

(4) Then when inserting observation to the SOS, WNS user will get the

notification.


http://geopw.whu.edu.cn:8099/SesWnsFeeder/ReceivingServlet
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"http://www.opengis.net/swe/1.0.1" xmlns:xlink="http://www.w3.org/1999/xlink" xmlns:xsi=
"http://www.w3.org/2001/XMLSchema-instance" xsi:schemaLocation="http://www.opengis.net/sos/1.0
http://schemas.opengis.net/sos/1.0.0/sosInsert.xsd
http://www.opengis.net/sampling/1.0
http://schemas.opengis.net/sampling/1.0.0/sampling.xsd
http://www.opengis.net/om/1.0
| http://schemas.opengis.net/om/1.0.0/extensions/observationSpecialization_override.xsd" service="SOS"
version="1.0.0">
<AssignedSensorId>|urn: oge: object:feature:sensor:whuJFfAssignedSensorId>

| <om:CategoryObservation>
| <om:samplingTime>
1 <gml:TimeInstant>
<gml:timePosition2010-07-13T23:44:15.000+08:00}/gml: timePosition>
</gml:TimeInstant>

</om:samplingTime>

<om:procedure xlink:href="urn:ogc:object:feature:sensor:whu"/>
urn:oqc:phenamenan:Banle/)

<om:observedProperty xlink:href:

| <om: featureOfInterest>
<1-- a sampling feature is needed to insert CategoryObservations —->
| <sa:SamplingPoint gml:id="whu_1">
<gml:name>PADER</gml :name>
<sa:sampledFeature xlink:href=""/>
| <sa:position>
1 <gml:Point>
<gml:pos srsName="urn:ogc:def:crs:EPSG:4326">116 28</gml:pos>
</gml:Point>
</sa:position>
</sa:SamplingPoint>
</om:featureofInterest>
<om:result>http://geopw.whu.edu.cn:8099/File$tore/datas/MDDOQAI_ZOIOO?13_band1.tif#fom:result>

</om:CategoryObservation>

</InsertObservation>

Fig. 4.28 Insert observation

2013556295 =

).{- Vi o g%
JE ]
2 [ o 8 wrum TR, S <sdnzmdOwhu.edu.cn>  WHFL | WHGAT | EIED | B0 | B
A T £ 5 & i 1O
2 5 FrE mE (2sEe [wx| me B 7] [E2 =] LE—#1] [T—4#1] [#1 60] G 1]
Egg: . EH:  GeoPW Notfication [EE ]
S EA: GeoPW_Notification@163.com EhsRAIEN- AR AT i 15k 2013-5-28 17:15:43

s N e

(g 1atmpeE o
o om:result -
Lp miiee <one Datahrray>
LRE <swe: elenendComt>
9 POPIKE o Count>
Cawe:valuedl ave valus>
awe; Count>

</swe: lenentCount>
<swe: elementType name="Conponents”>
{swe:SinpleDataRecord?
Cswe:field name="Tine">
<swe:Time definitions"wn:oge: datal time:isoB601"/7
<fswetfield?
{swe:field name="feature™>
Cswe:Text definition="urn ogc data: feature”/>
{fewe: Fisldy
<zwe:field name="urn:oge: phenomenon: Bandl ">
<swe:Category definition="wrn oge phenomenon:Bandl"/>
<owe:fieldd
</zwe: SinpleDataRecord>
fmre elenentType
{swe: encoding>
{swe:TextBlock blockSeparator=":" decimalSeparator="." tokenSeparator=", />

ancodin
[<swe: val ues)2010-07-13TL0: 44:15. 000-05: 00, whoy_L, Kt tp // ge0pw. wha. edu. an B099/Fi LS bore/dat s MODDSAL 20100713 bandl. 4i£, 4/ swe . valuss
“fewe Datalhrray?
<fom:result>
<Jom:Observation>
{fwsnt Message?
fwantiNotificationlleszage
<fPayload>
/Motificationllazsage>

1

[El

8] +ABRFE BRAF ©

Fig. 4.29 Notification
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5. Flood Analysis Case

This tool can be commonly used in geospatial data analysis and environmental
monitoring. Here is flood analysis case to demonstrate how to use it.

In this case, we use past MODIS images as our data. Band 1 and 2 of each image
go through the Normalized Difference Vegetation Index (NDVI) -calculation,
binarization, and rendering processes to derive the coverage of the flood for each
period. The two images of different periods are mixed using blending process to
generate a thematic flood image that reflects the changes in the water coverage area.

The scientific model is show in Fig.5.1.

Timer 1 Timer 2
, /.,.»' \\\\\ /,,/ “.\.\\\ /,-/' ‘\\\ ) /./ .
.‘\ GetObservation ) [ GetObservation /\1 | GetObservation / {\ GetObservation
Y
~_ o \\HL___ __//’ -~ S~ - __/,/
~ = - —
MODIS Band 1~ ™ ~" MODIS Band 2 MODIS Band 1 ™ " MODIS Band 2
 aal Cak
- ™~ 7 =
y \ Ve
( RasterMapCalc ) K RasterMapCalc )
~— — - \"“"-‘-_, 7___7/
,”’___ ___‘"*“*\ ‘,.-"’7___ ___7_“"*-\‘
( Raster \I ‘.// Raster \
\ Binary / \ Binary /»’
~ .
S I _ 1__[ Dy
— 7___7'"“-._\ ’// - 7__‘""‘\‘\
( Raster \\ f/ Raster \\
\ Colors / Colors /
\\- — \‘1 /
TTC '“’;7——”
‘j:::sﬂ”_:_
T --“\\
/ Raster \1
\ Blend /}
\‘H-\___T__,_,-/
7 G B _ﬂ“\.
7 Raster

\ Colors
" /

Fig. 5.1 Scientific model of flood analysis

5.1 Preparation

a) Register sensor to SOS and insert observation.
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Offering: MODIS TERRA 2
Procedure: urn:ogc:object:feature:sensor:whu

ObservedProperty: urn:ogc:phenomenon:Band1, urn:ogc:phenomenon:Band?2

See Part 4.6.3.
b) Subscription. See Part 4.6.3.

5.2 Create Workflow

Drag the sensor ‘“urn:ogc:object:feature:sensor:whu” from the Sensor Web list
into workspace as the data source. Then search the required services from the service

list and drag them to the workspace. At last, a flood analysis workflow is generated .

GetObservation s,
= “|RasterMapcalc] wh|RasterColarsPrh, s
I ocess
etobsenations i

tocess
Getobservation,
GetObservation

RasterColorsPr we)
0Ess

[RasteriapcalcP. 4 Py |RasterColorsPr
rocess ocess

Fig. 5.2 Flood analysis workflow
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5. 3 Execute the Workflow

& GeoModelBuilder o|®@ R
File Model Edit Project Run Data SensorWeb Help
[Plafo] (@] [-]-]1[s]®]

Worlawind | Service List |

55 Node -
¢ &5 Geoprocessing
o 5% GeoPW-WPS
o g% Web Datas
53 SensorWeb
o g 505
o g s05test
¢ 5% Ce0-808
¥ urn-ogc:objectfeature:SensorIFGI
¥ urn:ogeobjectfeature:SensoriFGL||
¥ umn:ogcobjectfeature:sensorwhu | ©

WorldWind | Default Tab | Buffer x |*FloodAnalysis %

RasterBlendPrc
cess
RasterMapcalcF! ; RasterColorsPy
rocess ocess

Execution Dialog

Execution Process

beqinTime:2013-06-03 09:03:52:975
endTime:2013-06-03 00:03:52:998
Number &

Execute hitp://geopw.whu_ edu.cn:8080/wps/WebProcessingService@
RasterMapcalcProcess

ERIm|

Execute | ‘ OK ‘ ‘ Copy to Clipboard

WL

Fig. 5.3 Execute the flood analysis workflow

The green suggests a successful execution. And the status information of the

execution can be viewed in the Execution Dialog.
5.4 Display on the World Wind

The result can be added to the World Wind. Also, you can return to the workflow

by right clicking on the Result layer and selecting provenance button. See Fig.5.4.
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le Model Edit Project Run Data SensorWeb Help

plal0)] [sx]a] =] [&[s] [a]a] [-]-] [+]0]

WorldWind |  Service List |

[ Default Tab | Buffer x | FloodAnalysis

Layers
stars
Atmosphere

NASA Blue Marble Image

Blue Marble (WMS) 2004
[[] usDA NaIP

i-cubed Landsat

[] USDA NAIP USGS
[] MS Virtual Earth Aerial
[] Bing Imagery
[_] USGS Topographic Maps 1:250K
[] uSGS Topographic Maps 1:100K
[] USGS Topographic Maps 1:24K
[[] USGS Urban Area Ortho
[] Political Boundaries
Data Layers
Added Data
Res

delete
rename

opacity controlier

[v]

[a]

Altitude 355 km

Fig. 5.4 Result on the World Wind
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