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1. Management Summary

This document has been produced by the consortiitiheo European Project FP7-247708
Sustainable Urban Development Planner for Climdtarf@e Adaptation (SUDPLAN). It is the
companion report to the third deliverableT®.3 Product Implementatiowhich represents the
software developed on the basis of the resultsT8f2 Product Prototypingand T3.1
Requirements Specificatioft is an update of the first and second repof.20, D3.2.2) and
provides an overview of the distinct building bleckf the SUDPLAN platform and briefly
explains their architecture and reports on the ldgweents performed during the second product
implementation phase.

1.1.  Purpose of this Document

This document is a brief report to accompany th#wswe developed in WP3 (Scenario
Management System) in the final year of the SUDPLgWject bundled intd3.2.3 Product
Implementation V.3The software described here constitutes the caemgs that make up one of
the core results of SUDPLAN - the Scenario Managentgystem. In contrast t®3.3.3
Scenario Management System 8 developed software components are not presesten
integrated solution but rather as individual bunfgiblocks. The results @f3.2.3combined with
the results 0D3.3.3are the basis for the third and final validatigiele performed by the pilot
applications.

1.2. Intended Audience

This document targets all SUDPLAN partners.

1.3. Summary and Structure of the Document

This document is the companion report to the so#waleliverable D3.2.3 Product
Implementation Vand is divided into three main parts.

The first part is an introductory chapter that exps the role of the partners involved in the
work performed, gives an overview on the overalladepment process, and explains the basic
purpose of the Scenario Management System. Furtiternt highlights the relationship of the
software deliverable to other tasks and delivesabfeWP3 and gives a rationale for the choices
of technologies and products used to implementSbenario Management System Building
Blocks.

The second part of the report gives a brief outlookthe overall architecture of the
integrated SMS presented3.3.3 Scenario Management System V3

The third part of this document provides detailefbimation on the following for each
distinct Building Block of the Scenario Managem8gstem:

 The general purpose of the components of the BuldBlocks and their
relationships to the Scenario Management Systemiresgents specified iD3.1.2
Requirement Specification V2

Copyright © SUDPLAN Page 9 of 120
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* The software and tools (such as APIs, products) fmethe implementation of the
components, including a description of their amtttire and provided
functionalities.

e The incremental results of the third product impemation phase including an
overview of realised functionalities.

* A summary of the key features of the current redeasd references to relevant
software repositories necessary to access thetsesiuthe development effort of
the final project year.

The document closes with conclusions that can leel us gain an overview without
reading the entire document.

1.4.  Abbreviations and Acronyms

ABF Administrators’ Best Friend
ADC Architecture and Data Committee (GEQSS)
Air quality management system consisting of databases, dispersion models and
utilities to facilitate data collection, emission inventories etc; see
Airviro http://www.smhi.se/airviro
API Application Programming Interface
ASCII American Standard Code for Information Interchange
CLI Command-Line Interface
CS Common Services
CT™m Chemistry Transport Model
DEM Digital Elevation Model
DG-INFSO Directorate General for Information Society (EC)
DoW SUDPLAN Description of Work
DSS Decision Support Systems
EC European Commission
The European Centre for Medium-Range Weather Forecasts (also co-ordinating
ECMWEF FP7-SPACE project MACC)
EDSS Environmental DSS
EO Earth Observation
ESA European Space Agency
ESDI European Spatial Data Infrastructure
EU European Union
FPe/7 6th/7th Framework Programme (EC)
FRQ Frequency of Occurrence
GeolJSON Geo JavaScript Object Notation
GEOSS Global Earth Observation System of Systems

Copyright © SUDPLAN Page 10 of 120
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GeoTIFF Geo Tagged Image File Format
GIS Geographic Information System
GMES Global Monitoring for Environment and Security
GUI Graphical User Interface
ICT Information and Communication Technologies
ID Identifier
Intensity Duration Frequency, curves or tables showing the statistical
IDF relationship between rain intensity and duration
INSPIRE Infrastructure for Spatial Information in Europe
INTAMAP INTeroperability and Automated MAPping (FP6 integrated project)
10 Input & Output
ISO International Standardization Organisation
IST Information Society Technology
JRC Joint Research Centre (EC)
KML Keyhole Markup Language
MGRS Military Grid Reference System
NASA National Aeronautics and Space Administration
Oo&M Observation and Measurements (OGC specification draft)
1) Organization for the Advancement of Structured Information Standards
2) Open Advanced System for Disaster and Emergency Management (FP6
OASIS project)
0GC Open Geospatial Consortium
OoOMG Object Management Group
Open Architecture and Spatial Data Infrastructure for Risk Management (FP6
ORCHESTRA integrated project)
SANY SANY Sensors Anywhere (FP6 integrated project)
SAS Sensor Alert Service (OGC specification draft)
SDI Spatial Data Infrastructure
SDK Software Development Kit
SEIS Shared Environmental Information System
SensorML Sensor Model Language
SISE Single Information Space in Europe for the Environment
SMS SUDPLAN Scenario Management System
SOS OGC Sensor Observation Service
SPI Service Provider Interface
SPS OGC Sensor Planning Service
UuT™m Universal Transverse Mercator
WEFS OGC Web Feature Service
WMS OGC Web Map Service

Copyright © SUDPLAN
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2. Introduction

The main objective of WP3 work is to develop aasy-to-use web-based planning, prediction,
decision support and training tool, for the useam urban context, based on a what-if scenario
execution environmentDoW).

The development work performed to provide the safemwvas divided according to the
WP3 partner’s field of development expertise.

AIT

cismet

DFKI

+ Model Integration

+ Core Product )

(p?;?ﬁorr?n )L‘IC \%V ngcs_tllotn +Visualisation SMHI
+ Ul Development supp(?rt no * strellgtenrqur?te + Model Expertise
+ Extension Kit, P + WP4 Proxy

+ Building Block
development

« Validation

+ Interaction (Viz.

+ Dev. Coordination Data Analysis )

+ WP3 Lead

Figure 1: WP3 Partner Roles

The current implementation results which will béegrated into the Scenario Management
System are classified as basic scenario managesroaantfunctionality, model integration, and
visualisation. With respect to the WP3 partner'spansibilities, the Scenario Management
System can be divided into the three distinct BogdBlocks SMS Framework, Model as a
Service Integration, andAdvanced Visualisation.These Building Blocks are further explained
in Chaptedd Scenario Management System Building Blocks

SMS
Framework

Scenario
Management
System

Model as
Service
Integration

Advanced
Visualisation

Figure 2: SMS Building Blocks

The general software development process in SUDPE#Nws a three iteration spiral
development approach, in which we have now hawehezhthe end of the third and final cycle.
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uuuuu

v/
." %
;) V 1 Requ"el‘l‘lenl!s)

| Prototyping

Figure 3: SUDPLAN Spiral Approach

The incremental results of the third cycle are giat the end of each Building Block
chapter.
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2.1. Tasks and Documents involved

As can be seen iRigure 4: Dependencies in the DevelopmBmcess, the implementation of
the SMS Building Blocks has been influenced by shvactivities in the overall project.

/ Deliverables \
— — 12

. L= D6.1.i
User Needs Elct

, Analysis Definition
I Ps .
Pan o1 D7.1.i
v
LT |

' — D8.1.i
Requirements
\ Requirements
Analysis

Specification
T2.2
T3.2

. . WP3 (& WP4) SMs
Product Vision Development » ramew, k
f

13.3/13.4 Companion D3.3.|
Reports ]

E

:

E

E

— D3.1.i

D3.2.i

%1

Figure 4: Dependencies in the Development Process

In the first year of SUDPLAN the developments wenainly driven by theProduct
ConceptualisationT2.2), theProduct Prototyping(T3.2), and theRequirements Specification
(T3.1) Tasks. The requirements and user needsasiais performed in the course of T3.1, are
further explained in th®3.1.2 - Requirement Specificatidm short, they consisted of intense
interview and discussion sessions with the pil@rsisand the study and analysis of the DoW,
relevant projects, literature and other sourcezgbirements for the SMS. While T3.1 provided
major input to thePilot Definition Plans (D5.1.2 — D8.1.9nd T2.2 and T3.3, its immediate
result is the deliverable D3.1.2. In addition, magekactivities were performed to be able to
capture the user vision for the SUDPLAN product.efEfiore, numerous mockups were
produced on the basis of the requirements idedtifieT3.1 and were discussed with the pilot
users.

In the second year, first validation results, ahasted requirements document and more
and enhanced mockups have been available. Theedeéind consolidated SMS requirements
documented in D3.1.2, together with the mockupsifipd in T2.2 and T3.2, have been used by
the developers of the SMS building blocks to idgnand implement the concrete SMS
functionalities. The immediate results of the WRSaopment process (T3.3 and T3.4) are a set
of distinct components, presented as SMS Builditaglg in this document, and the integrated
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SMS itself, presented in the docum®8.3.3 Scenario Management System V3 — Companion
Report

In the second year of SUDPLAN, the developmentevwat influenced solely by refined
requirements (D3.1.2) and ongoing mockup activibes also by the outcome of throduct
Validation and EvaluatioTask (T2.3) as shown ifigure 5: Second Year Developmenhus,
the findings of the Validation and Evaluation Rep(2.2.1) have been taken into account
during further development and integration actati

Requirements

"~ Mockups -
; Analysis

,,,,,

Product Product | WP3(&WP4) EChE
Validation Vision Development

Figure 5: Second Year Development

In addition to the recommendations made in thd Walidation and Evaluation Report
(D2.2.1) the early results of the second Validation andl&ation Phase, which is based on the
refinedValidation Plan (D2.1have been considered in the second year develdpmen

The developments of the third year had the focuprtmuce stable versions of the building
blocks including the complete required functionalithe general nature of the building blocks is
the same as for V2.

2.2. Choice of Core Technologies

The choice of technologies, products and softwamaponents for the implementation of the
SUDPLAN product is driven by the requirement toptde a sophisticated yet simple to use
planning tool by the end of the project. The gdalhe project is to develop a mature software
solution that can be adapted to the needs of anypiean city with minimal effort, rather than a
proof-of-concept implementation that serves ashihgs for further developments. In order to
reach this goal it is necessary to select softwawenponents that already provide the
infrastructure and a certain set of core functibypain which the SUDPLAN product can be

built. Furthermore, the SUDPLAN product has to adhi® certain fundamental expectations
expressed in the DoW, which imposes certain teahnm@quirements on the type of software
components that can be selected for the implementaMoreover, the SUDPLAN partners

involved in the implementation of the SMS BuildiBipcks must be able to extend, configure
and adapt the selected software components in demasion of their personal expertise, the
planned resources and the given time frame.

The core features of the Building Blocks includitigeir relationship to the platform
requirements specified iB3.1.2 - Requirement Specification \&¢e described in the sections
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4.1 Scenario Management System FramewdrR Model as a Service Integraticand 4.3
Advanced Visualisatiomgspectively.

2.2.1 Scenario Management

The aforementioned considerations have already tad@m into account during the preparation
of the project, and have led to the plan to usecitie product of cismet as the basis for the SMS
Framework. Cids _(http://www.cismet.de/en/cidsfaud$). is an open source toolkit for the
management and integration of complex, heterogemeoulti-domain, multi-use data of both a
temporal and spatial nature. It has been usecdeimGM context, including FP4 and FP5 projects.
cismet, as developer of cids, has the necessanylkdge to adapt it to SUDPLAN needs, thus
developing SUPDPLAN specific extensions and prawgdintegration and training support for
the rest of the consortium.

2.2.2 Model as a Service Integration

The implementation of SOS and SPS related softigdbased on the Time Series Toolbox (TS-
Toolbox) API from AIT. The TS-Toolbox API providegbe means to conveniently deal with
arbitrary time series.

We decided to use the TS-Toolbox because it reptesegood starting point to implement
dedicated services to wrap the various existingetsodeeded in SUDPLAN and to establish the
basis for the integration of new local models tigtoistandardised service interfaces. In the
SANY project, we found that the use of existing S&fl SPS implementations, e.g. from 52°
North Initiative [SOS52N, 2011] is not feasiblethsy are complete systems, and they are not
built to act just as an interface implementatiomnvtap existing models or data bases. Many parts
of the TS-ToolBox, especially on the client sidande used or adapted to suit SUDPLAN
needs.

2.2.3 Advanced Visualisation

It was decided to use the freely available Worldhtlvlava SDK component as the basis for
further developments of the Advanced Visualisati©tomponent. After the integration of the
World Wind SDK it was thus possible to focus only the visualisation and animation of 3D
results and predictions, in particular using thel@mscape.

The World Wind SDK is a free and open source JaRafar a virtual globe released under the
NASA Open Source Agreement (NOSA). The frameworkvjates a powerful platform for
giving the SMS the means to express, manipulate aaradlyse data of interest. World Wind
provides many features for displaying as well ateracting with geographic data and
representing a wide range of geometric objects.eldher, extending the API is simple and easy
to do. World Wind features include:

. Open-source, high-performance 3D Virtual globd afd SDK
. Open-standard interfaces to GIS services anddsts

. Display high-resolution imagery, terrain, and gephic information from any open-
standard public or private source
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. Huge collection of high-resolution imagery andae from NASA servers

. Supports Coordinate System: Lat/Lon, UTM, MGRS

. Supports of GeoTIFF, JPG, PNG, and JPEG2000

. Supports standard GIS formats: Shape file, KMMLGGeoJSON
. Different Navigation Modes are being supported

. Supports visualization for stereoscopic displays

Organizations across the world use and supporbitihgoing development of World Wind to
monitor weather patterns, and visualize cities &mchin. With World Wind taking care of the
basic concepts of visualizing geographic data airtaal globe, we are now able to focus on
solving the domain specific problems and to focussthy on the visualisation and animation of
3D results and predictions, in particular using3belandscape.
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3. Scenario Management System Overview

The Scenario Management System is the platform bichwany SUDPLAN Application (or
SUDPLAN System) is built. It consists of the thoBstinct Building Blocks described in Chapter

4 - Scenario Management System Building Bladkbis document and can be seen as a generic
integration platform that will be able to faciliéatlimate change induced urban development
planning in any city in Europe. The goal to provaleniversal, flexible and adaptable planning
tool is supported by the separation of the SUDPL&Ydtem into several architectural layers as
shown inFigure 6: SUDPLAN Layeredrchitecture.

¢ Stockholm Pilot

SUDPLAN Applications 5™

¢ Czech Regional Pilot

Scenario Management -swvisFramework

* Modelas a Service Integration

System ¢ Advanced Visualisation

* WMS
*S0S

Standard Services Jp

* WFS

¢ Rainfall Downscaling Service

Common se rVices « Air Quality Downscaling Service

¢ Hydrological Runoff Downscaling Service

* Maps
¢ Environmental Information

Sources R

*OtherSources

Figure 6: SUDPLAN Layered Architecture

The top-level layer, the SUDPLAN Application itsels the result of an extension,
customisation and configuration of the underlyinglSS The SMS comes with everything
needed to provide common scenario management fiasksding data integration, model
management and execution, workflow management,c basd advanced visualisation, and
comparison of various temporal and spatial dats, s&t. It therefore relies upon standard
services for data access and model managemenhasditeatly facilitates the task of integrating
new models and data sources. Consequently, the ssmwbhanisms used for interfacing the
SUDPLAN Common Services with the SMS can be usedidoal model and data source
integration. As shown ifrigure 7: OGC Servicemtegration, several services specified by the
Open Geospatial Consortium (OGC) are supportedth&®\B5MS: Sensor Planning Service (SPS),
Sensor Observation Service (SOS), Web Map SerVitd}) and Web Feature Service (WFS).
Their usage is further explained in Chap#rks - Scenario Management System Framewaork
4.2 - Model as a Servidategration.
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Figure 7: OGC Services Integration

It is also possible to develop a custom model natiégn solution with respect to particular
user requirements. The SMS Framework allows bahdsird and custom integration without
the need to change the SMS itself. For this purpttee SMS Framework exposes an API that
enables the developers of a SUDPLAN Applicationetdend the SMS with their specific
functionalities. The four pilot applications of tis&JDPLAN project therefore validate not only
the general approach of the SMS but also its atdjpyaransferability and thus its applicability
to any city in Europe.
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4. Scenario Management System Building Blocks

In this chapter, the three Building Blocks of theeBario Management System and the
incremental results of the second product impleatent phase are presented in detail. These are
described in the following subsections:

* Scenario Management System Framework
* Model as a Service Integration
* Advanced Visualisation Component

Each subsection starts with a short introductiothefrole of the component in SUDPLAN
and lists the expected properties and functioeaslitn relation to SUDPLAN requirements. It
continues with the description of the chosen sa#w@mponents, presents their architecture,
and briefly explains by which means it realisesdhgcipated functionalities. It further provides
documentation of the developments carried out i@ second and third year, specifically
referring to new functionalities implemented. Figpait gives a summary of the achievements of
the third year and points to the software repogitbat contains the actual results.

4.1. Scenario Management System Framework

The Scenario Management System Framework (GUI showigure 8: SUDPLAN SMS GUYI

is the central component providing common SMS amegration functionality. Together with
the Building Blocks for the integration of modefsdugh standardized services and for advanced
visualisation capabilities it provides the basis falot specific implementations and the
necessary workflows to support the use of modesslzesis for decision making.

[FKarte # = x

[URADRIERIERCY

~| Karte

F° SWMM-Linz TUG_WS_2011-05-00
5 osm_no_boundary

El[3 TEST NODE
B SWMM Projects.

description not available
options FLOW_UNITS LPSL.

Style | mnfo |  Fortschritt / Transparenz

1000

|= 1:3| EPSG:A326| (14.24 48.47) | (14.24,48.47)

| Daten vom Server geladen | Beschreibungen wurden erfolgreich geladen @9

Figure 8: SUDPLAN SMS GUI
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The core functionalities provided by the SMS Framswnclude, for example, support for
the management of models, i.e. model executionjltresorage, parameterisation and basic
model result visualisation (such as 1D time seaes, 2D maps).

The complete set of functionalities that has beewvided by the SMS Framework as well
as general properties of the anticipated scenadnagement system can be derived from the
requirements specified ID3.1.2 - Requirement Specification.Mihe SMS Framework must not
be confused with the integrated Scenario ManagerBgstem as described in Chapter-
Scenario Management System OverviElaerefore, functionalities intended to be covdrgdhe
Common Services, pilot specific applications, thev@nced Visualisation Building Block, and
the Model as a Service Building Block, are congdein the SMS Framework only when it
directly contributes to their implementation.

The general properties of the SMS Framework as agelhe overall Scenario Management
System are related mostly to technical and higlellegquirements stemming from the DoW,
ICT expectations, and best practices from varicugces. In summary, the SMS Framework
must

* be scalable, open and reliable

* be based on open standards, and make use of @relasts

* be based on open source products, and be itseliemsource product

* be based on technologies making use of the WorltEWWeb

» provide a generic infrastructure independent cdudiqular domain

» provide integration with SOA-based infrastructuaesl standards-based services
» provide security and access control mechanisms

» offer user-friendly graphical interfaces to imprayaability

The core functionalities to be supported by the SM&mnework can be derived from the
overall objectives of the project as well as specgquirements expressed by the different users
of the SMS and requirements from developers thafope configuration, management,
extension and integration tasks. In summary, thecgpeed functionalities of the SMS
Framework are to

» provide functionalities for city management, plampiand decision support in the
context of climate change adaptation

» provide applications and tools for the manageméstenarios

» provide integration, management, calibration, asufiguration facilities for models

» provide automation of tasks like model runs, anialgad reporting

» allow the discovery of relevant sources

* provide spatio-temporal visualization of disparatermation

* provide visualisation and comparison of model resuits

e support sharing and publishing of information (engdel results, reports)

» support the management of various and disparatennaition sources

Each requirement can be further broken done intoremdetailed and concrete
functionalities such that all relevant requiremeaidééined inD3.1.2 - Requirement Specification
V2 can be taken into account by the developers.
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41.1 Components and APIs used

As already indicated if.2 - Choice of Cor@echnologiesSMS development efforts are based
on the open source cidgeo-integration platform. cids is based on a 14 ylevelopment effort
and was developed by the Environmental InformaGesup (EIG). It was used in several
projects including FP4 and FP5 projects. In 200Was turned over to cismet GmbH. All cids
components are written in Java and thus are phatiodependent and web-enabled.

The cids product suite consists of a set of sesyie@plications, software components,
management tools, development tools, and applitgirogramming interfaces (APIs) for the
management, integration, and development of hed@emus information systems with a special
focus on interactive geo-spatial systems. It presid distributed integration platform, which is
particularly useful for workflows that need a comddion of information and processes from
different source systems such as GIS systemsjomdhtdatabases, and simulation models. In
this way it already provides and supports a numiferfunctionalities of the anticipated
SUDPLAN SMS, including user management and accessral, search and discovery of
relevant information and advanced interactive 28ualisation (OGC WMS and WFS clients).
The developments carried out in the first and #moed year to provide support for additional
SMS-specific functionalities like scenario managetrend result visualisation and comparison
are described in sectighl.2 - First Year Development, 4.1.8econd Year Developmeand
$.1.4 Third Year Development

Domain €
Broker |« a <—>
Registry
Server
Domain i
Broker |« > [ — <—>
W

Figure 9: SMS Framework Client-Server Architecture

Figure 9: SMS Framework Client-Server Architectsf®ws that the SMS Framework is
based on a client-server architecture in whichraitrary number of client instances and server
components co-exist in a service network, thus mmguscalability and reliability. The
components shown in Figure 9 are explained in detdéhe following sections.

! http://www.cismet.de/en/products.html
2 http://www.enviromatics.net
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The main building blocks of the SMS Framework dre Navigator (client), the Kernel,
and a set of system management tools. The buildiocks and the components are shown in
Figure 10: SMS Framework Building Blocks

( A 4 A
Catalogue Editors
A\ J N J Map
Component
4 N 4 N\ .
(cismap)
Search Renderer
\ \ J AN J

Server
Console

Kernel

Registry Server Integration Base

JPresso

- 1333
——4 338S

Figure 10: SMS Framework Building Blocks

The Kernel represents a network of distributed services amsists of the following four
components:

* Integration Base

The Integration Base is a distributed meta databdseh consists of a generic
meta data model placed in a relational DBMS (DatseBManagement System).
Figure 11: Generic Meta Data Model of the IntegoaiBase shows an excerpt of
generic meta data model. It is the basis for a m@adnformation system and is
able to describe arbitrary objects (real-world otge services, models,

geographical features, other information systents,),etheir attributes (e.qg.

geographical location) and relationships by meansoecalled meta classes and
objects. The generic meta data model also suppordynamic navigational

catalogue structure, users, groups and permissaodsmany other properties.
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Figure 11: Generic Meta Data Model of the Integratbn Base

* Domain Server
The Domain Server is the interface to an IntegnaBase and is responsible for the
translation of the generic meta data structure ¢otacrete meta objects and classes,
thereby also supporting the creation and updatihgmeta data. It is also
responsible for the construction of the dynamialogjue structure at runtime.

* Registry Server
The Registry Server is responsible for the resofutf distributed user privileges
needed for the enforcement of access rights, teeluton of the distributed
catalogue structure needed for the navigation, #rel coordination of the
distributed search. It also provides service irfegure related functionalities like
server name resolution, network monitoring, statfemation, etc.

* Broker
The Broker is the interface to the clients and &itlee distribution aspects of the
system. It acts like a proxy and delegates clieqtiests to the appropriate Domain
Servers.

The Navigator, shown as a customized versionFigure 8: SUDPLAN SMS GUIs the
default client for user interactions with the systdt offers a uniform, user-specific view of the
integrated information systems and is particuladgful for cross-system search and retrieval in
space, time, and textual content. It can also béd ts manage the information in the network. In
SUDPLAN it will be used as the management client®&C compliant data access and model
execution services, which are described as cuseshiigormation classes in the underlying meta
data model, thus offering common scenario managefuantionalities for the various users of
the system. The Navigator features a plug-in mashathat allows the pilots to develop custom
extensions in order to support workflows for thepecific end user tasks. The Navigator
provides the following core functionalities throudédicated GUI components:
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e Catalogue
The Catalogue presents a tree for navigation of dis&ributed catalogue and
provides basic information about objedisgure 12: Catalogue Attribut®¥iew). It
supports caching of the dynamically constructeclogtie structure which can be
distributed among several Domain Server and IntegraBase instances.
Furthermore, it provides functions to manage thelogue structure as well as
meta data object$-{gure 13: Catalogue Node and Objédanagement).

IAttributes [ ¢ % (e nOx
name Stockholm Streetlevel results

uri ‘http:/fsudplan.cismet.de/s...
geom

layername sudplan:nod_98_perc_street...

-.‘.f geom

Figure 12: Catalogue Attribute View

=
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&2 Buj fly Delete node

&2 Mal[F Edit object
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+B Relosd SubT
> Bainfal 2 Relosd SubTres

Figure 13: Catalogue Node and Object Management

» Search
There is a highly customisable interface to theasyic search capabilities of the
Kernel, which takes a combination of different mebgect attributes into account
to provide thematic search to end users. It alspufes sophisticated geospatial
search capabilities and direct interaction withNMegp Component.
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Millimeters

Renderer
Renderers are used to provide thematic, context umell dependent views on

certain topics. The Navigator is equipped with & afedefault Renderers for a
variety of different object types and supports theegration of a customised
Renderer on a per-object class baBigure 14: Custom Rainfall Render as Client
for OGC SOS shows a custom Renderer that communicaiiis av Sensor
Observation Service (see ak@ - Model as a Servidategration).

| 7] Karte, Description, Attribus

B [nescription # ¢ % - BEE

1993 - 2007 (10 min)

Rainfall data

1903 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Time

|I urmiogcdefproperty: OGCprec |

Figure 14: Custom Rainfall Render as Client for OGCSOS

Editors
Editors are used to manipulate meta objects infamam manner, such as scheduled

model runs as shown Figure 15: Default Attribute EditorAs already mentioned,
meta objects can represent arbitrary physical otuali objects from simple
documents over geographical features to complexkfieovs. In addition to

automatically generated editors, which providelaite based editing functionality,
custom editors are also supported. Custom Editansbe used in SUDPLAN, for
example, to provide advanced functionalities foe tommon configuration of
models or to support pilot specific tasks.
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Model Run Editor

'MM | Model Calibration Run for Stockholm

Available Models: |Aquuaiiiy Downscaling

[eOx

|Airqua|\ty Downscaling Calibration

Figure 15: Default Attribute Editor

* Map Component

The Map Component shown Kigure 16: Map Component (cismajs) based on
cismap, a highly sophisticated 2D map viewer fon data services such as Web
Map Services (WMS) and Web Feature Services (WH3gtwcomply with the
standards of the Open Geospatial Consortium (OG{DEe cismap supports both
powerful visualisation and editing functionaliti®r geospatial information
(including arbitrary geolocated meta objects),ah support SUDPLAN end users
during configuration, management and decision dadning tasks. Some of the
main features of cismap are

asynchronous WMS and WFES requests to load seveavd Vayers in parallel
dynamic addition of services, including drag anolpdof the server URL

a powerful and easy to use geometry editor fontaaipulation of geo-data
complete integration with cismap and support foe tisualisation and
manipulation of meta objects

a customisable user interface and the ability te ghe layout on a per-user
basis

the representation of geographical features omidye as complex widgets
customisable print and report generation facilities
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Figure 16: Map Component (cismap)

The cids product suite provides, in addition to ¢hent and server components described
in the previous sections, a set of System Managemeols. They support system managers
during the installation and maintenance of the SUBIR applications as well as modellers
during the integration and configuration of math&oz models to be used within SUDPLAN
applications. They can also be used to carry ooege system administration tasks like user
management. The System Management Tools includeltbering.

« ABF
ABF, which stands for “Administrators’ Best Friehds a powerful front-end for
the configuration of the meta data base. It candszl to define new meta classes
and their attributes, relationships, dynamic capaéostructures and so on.
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Figure 17: Administrators Best Friend (ABF)

» Server Console
The Server Console is used to monitor and conts®raer component or a whole

service network.

rmiRegistryPort=10899
- lass=org.postgresql.Dr
= =postgres
cids ServerConsole - cids Domainserver (SUDPLAN Demo) X
consoletiead :postgresql://192.168

.| cids Domainserver (SUDPLAN De... (2 |10 /7192 100

S — _ e.dialect.PostgresQLD
| T —— o%os 1|
runtime.prof] Online seit: 37 Sekunden =./icons
chne Fehler seit: 37 Sekunden ./querystore
ok
runtime. properties gefunden 7:71;25;29;78;79;80;8

<LS= ConfigFile: runtime.properties
=REG> INFO: Bind SiriusReqistry on RMIRegistry as nameserver and userServer
<REG> Sirius.Registry.Registry STARTED! |

<AMREG= Initialzing Remote Messenger Registry
<RAMREG=> Bind RMRegistryServer on RMIRegistry as RMRegistryservar
<RMREG> -———— RMReglstryServer STARTED! |-

Octave = Tab

79 bytes), Free| | .css iNFo; siriusRegistryiP:: locaihost

=CS> INFO: configFile:: runtime, properties

<LS> DBConnection: jdbc:postgresq)://192.168.100,236:5432/test

risH127,0.1.1;1099/1 /SUDPLAN
Infa <L5> bind on RMIRegistry as: 1/SUDPLAN
Info :: <LS> !lILocalSERVER started!!i!

Figure 18: Server Console

e JPresso

JPresso is a powerful ETL-Tool (Extraction, Tramsfation and Load Tool) for the
integration of heterogeneous data-sources. It stpptsual mappings that describe
the connection between data-sources and the dielgr&tion Base.
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Figure 19: JPresso

The SMS Framework, based on cids components ard tescribed in this chapter,
already fulfils most of the technical requiremetiiat demand a generic infrastructure, open
source components, web-based technologies, usedfyi graphical interfaces, security and
access control mechanisms, and scalability. Itasgts a sound basis for the implementation of
the SUDPLAN SMS core functionalities like scenamanagement, resource discovery, sharing
and publishing of information, automation of tasied so on. The steps taken to use cids as a
basis for the SUDPLAN SMS are described in the segtions.

4.1.2 First Year Development

The SUDPLAN SMS based on the cids platform desdribethe previous section has not only
been deployed and configured to suit the needdJiF3 AN, but the cids platform itself has
also been extended to support the particular neédiata providers, data clients, and system
integrators.

The first major task undertaken to support the SUBNP specific requirements was the
extension of cids by a generic model managementeminto support all aspects of model
integration and management. The model managemartepb encapsulates model specific
properties and provides user specific interfacegte visualisation and manipulation of model
input and output data. The information model of thedel management concept shown in
Figure 20: Model Management Informatidodel is flexible and adaptable such that it supgpor
both SUDPLAN Common Services as well as arbitracal models of the pilots or any other
city applications.
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Figure 20: Model Management Information Model
The different entities of the Model Management infation model shown in the
diagram above are

* Model Entity, which defines the general properties of a moadel ia associated
with Manager Entities.

= |1, MODEL v

| /= Lly MANAGER 3 |

| MDDELMANAGER
OUTPUTMANAGER ; DEFINITION
INPUTMANAGER S — it | D
category R £
NAME :
DESCRIPTION

N S—
Figure 21: Model Entity

* Manager Entity, which defines the model-specific implementatiand their type,
for example Java, Groovy, BPEL, etc.

o 1, MODEL T

[ = Ly MANAGER i3 |

" MODELMANAGER
OUTPUTMANAGER - SEFRITTION
INPUTMANAGER . o
category
NAME R —
DESCRIPTION

N —
Figure 22: Manager Entity

e Modellnput Entity , which encapsulates the model input data and sscésted
with a Run Entity.
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Figure 23: Modellnput Entity

e ModelOutput Entity, which encapsulates the model output data andisis a
associated with a Run Entity.
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Figure 24: ModelOutput Entity
* Run Entity, which defines information needed for the executtb the model and

iIs associated through the Modellnput and ModelQutpuntities with the
input/output data of the model.
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MODELOUTPUT : - “name
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D ur
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Figure 25: Run Entity

Due to the generic nature of the cids system, rangés to the Kernel or the server
components are required to support the Model Mamagé information model. Therefore, the
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second major task completed in V1 was the extensiothe client (Navigator) to provide
convenient user interfaces for model integratiod amanagement. The class diagram in Figure
26 shows an excerpt (interfaces and base clas$@sadrthe Navigator extensions realised in
V1.

RunRenderer
+ disposel()
3 - <<interface>>
- tTitle() : String =einterface=>
[_ModelinputRenderer | |+ 357" , ’ [ WodeloutputRenderer | ;
ModelinputRenderer + setCidsBean(cidsBean : CidsBean) ModeloutputRenderer UlProvider - getG\dsBsg:?'Bzf;ssaar:
[+ getUI() : JComponent | G =
N

+ setCidsBean(CidsBean]

# getType() : ManagerType 7 getType() ;: ManagerType

# getTypa() : ManagerType
# setManager(){manager : Manager)

L

<<abstracb>
<<enum>> AbstractManagerfenderer <<interface>> <<interface>>
ManagerType T dispose() Manager Executable
+TNFUT : ManagerType + $eICi i : CidsBean) T apoy]) T addProgressListener{lstener : ProgressListencr)
+ MODEL : ManagerType + gelFeature() : Feature + execute()
+ QUTPUT : ManagerT, # getType() : ManagerType + getUR() : Object + removeProgressListener(listener : ProgressListener,
(£ QUTPUT : ManagerType | b e LR J_N_ﬁf_ —DET_E_L

<<interface>>
ModelManager

<<abstract>>
AbstractCidsBeanRenderer
# cidsBean : CidsBean

<<interface»> meemseeaod+disposel)
CidsBeanRenderer <l + getCidsBean() : CidsBean
+ getTitle() : String
+ selCidsBean(cidsBean : CidsBean)

+ setTitla(fitle : String

i
<<abstract=>

# cidsBean : CidsBean

+ addProgressListener(lisiener. ProgressListener)
+ apply()

+getCidsBean() : GidsBean

+ getFeature() : Feature

+ getUl() : JComponent

+ getURY() : Object

M + execute()
+ removeProgressListener(listener : ProgressListener)
+ seiCidsBean(CidsBean)

# createOutputBean() : CidsBean

# fireFinished()

# fireProgressedi(step : int, maxSteps : int)
i fireStarted()

# internalExecutef)

# isFinished()

# isStarted()

N

Figure 26: Model Management Navigator Extensions

The various Renderer classes refer to the custonddRer concept presented 4ril.1 -
Components and APIs usethey map directly to the different Model Managemeémtities
(Figure 27: Custom Model Management Renddreplementation) and provide support for
visualisation of the model configuration, inputfout data, etc.

<<interface>>

[IESENLTET &) L1y MODELOUTPUT ¥ Mansger

+apply()
MODELOUTPUT name + getFeature() : Feature
ModelinputRenderer +getUR( : Object
FINISHED COMMENTS (7 gerType( - Venagerryos ] e
Description model
(8] ur
RunRenderer <<abstract>>
NAME ” _ + dispose() 4> AbstractManagerRenderer
MODELINPUT + getTitle() : String + dispose()
ARTED + setCidsBean(cidsBean : CidsBean) ——[> + setCidsBean(cidsBean : CidsBean)
h # getType() : ManagerType _‘> # getType() : ManagerType

2 . MODELINPUT i #selManager 2 manager : Managev # setManagerUl(manager : Manager)

ur

name

MODEL

=

Figure 27: Custom Model Management Renderer Implematation

Figure 28: RunRendereGUI shows the user interface of a custom RunRendere
implementation that displays the model executicatust an of air quality downscaling run
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performed by the corresponding Common Servicacludes references to the model results and
parameterisation (input/output data) which can bésualised by the associated
ModellnputRenderer, ModelOutputRenderer, or Fe&anglerer. For reasons of clarity, the
FeatureRenderer is not shown in the class diagedroge. In short, a FeatureRenderer is used
when data have to be visualised in the map.

In V1, the RunRenderer supports basic model managerand asynchronous model
execution, providing the possibility to initiateveeal model runs in parallel. Access to the
Common Services is realised with the help of thel®@s a Service Integration which provides
a standardised OGC SPS (Sensor Planning Servieglaice for model execution.

Model Execution Status of Airquality Downscaling Run

Name: Airquality Downscaling Run

Description:  Airquality Downscaling Run to demonstrate the Custom Model Management Render Implementation.
Input: Airquality downscaling input (Airquality Downscaling Run)

Output: Downscaling results of (Airquality Dewnscaling Run)

Run started:  2011-05-31 18:56:51.672

Run finished: 2011-05-3118:56:53.674

Execution status:  Finished

Figure 28: RunRenderer GUI Implementation

Access to model input/output data can be achiehedugh SOS (Sensor Observation
Service), WMS (Web Map Service) and WFS (Web FeatBervice) interfaces. SOS is
commonly used when 2D data are to be displayed@@ah or table. WFS and WMS can be
used when the data have to be shown in the magxample of a custom ModellnputRender
that retrieves model input time series from a S@& wasualises it as 2D graph was shown in
Figure 14: Custom Rainfall Render as Client for OGGS.

Figure 29: InteractiveFeatureRenderer shows a FeatureRenderer that isesiahodel
input data (local Stockholm emission data). Reingwata from a WFS and showing them in
the map is a common feature of cismap. The feaitm@emented in the SUDPLAN V1
enhances interactivity through custom actions wkex be performed on the individual features.
In this case the feature representing the locak&ion data supports an action to initiate air
guality downscaling.
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Figure 29: Interactive FeatureRenderer

The air quality downscaling action is associatethaimodel specific configuration wizard
as shown irFigure 30: Air Quality DownscalingVizard below.

Select grid size
Select boundaries
Select scenario
Select target date
Select databases
Add metadata

dl?.lg?%ﬁﬁﬂl?SEZB |.|59.l]30229?2?1930?4 ‘} SRID: 4326

W Np

< Back | Nu:l.::_l | Einish | CancEI_J |

Figure 30: Air Quality Downscaling Wizard
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Upon complete execution of the wizard a new model is started, which can be
monitored with the help of a RunRenderer alreadywhin Figure 28: RunRenderggUl. Once
the model run is finished, the output data can éwgieved and visualisedrigure 31:
Visualisation of ModeDutput illustrates the possibility visualising mbaetput data as a 1D
time series, a feature which was also implementedli. The downscaled rainfall data produced
by the corresponding Common Service in this exaraptemanaged by the SMS and thus can
also be used as input data for custom local models.

Downscaling results of (Rainfall Downscaling Run)

13202 O1mi) | 1 day ion_3202_01min) | Downscaled 30 min result(Station_3202_01mir) | Reference 30 min(Station 3202 O1min) | Reference 1 day(Station 3202 01min) |

Rainfall data

110 S . S | O SO U SO R N | AU AU . T |

Millimeters

a0 Lo

e | e e e e e e

20 . . = \ T —HiH +Hl ‘ : - -

104 fooeee ! R T 1) ) L A Al G L
mm | ‘| ' / l I Ml m“\H \..‘ M.l‘ | I\M m\}\ I .”.I L 418

2073 2080 2081 2082 2083 2084 2085 2086 2087 2088 2089 2090 2091 2002 2093

Time

Total season accumul lation Meximum 30-min intensity Frequency of occurrence
Winter (Dec-Feb) 7% ~% +9%
Spring (Mar-May) ~15% +16% +8%
Summer (Jun-Aug) -14% 0% -16%
Auturnn (Sep-Nov) 0% L35% 3%

Figure 31: Visualisation of Model Output (Time Seres)

There is also the possibility of visualising modetults in the map while taking temporal
aspects into account. SUDPLAN is required to viseathanges over time in the map, but
geographic features retrieved from WFS or rastexgenlayers retrieved from WMS are static
objects and WFS and WMS clients do not in genenapsrt temporal representation. Therefore,
in V1 a new type of FeatureRenderer was developatl it able to interactively change the
feature shown depending on the selected pointme.tiin the example shown Figure 32:
Interactive TimeseriesFeatureRenderezpne (Q) concentration over a period of 100 years can
be seen in 10 year intervals.
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Figure 32: Interactive TimeseriesFeatureRenderer

4.1.3 Second Year Development

Besides the general improvements and enhancemels features like the development of a
Download manager, the enhancement of the SMS caml¢soft refresh), IDF visualisation
support, the integration of the new, World Winddth8D component, the developments in the
second year concentrated on the stable integratioGommon Services (Pan-European and
Rainfall in particular), the integration of localogtels (pilot specific), and local data (e.g. time
series) and the support of the integration of comreervice downscaling results into local
model runs, with the help of the Scenario Managerggstem. The foreseen integration of the
Hydrology CS was moved to V3, however interactivel @ollaborative preparatory work of
WP3 and WP4 has prepared the ground for an easgration in Y3 including the basic
downscaled data, interface specifications and s& Back-end implementation (Java-API) that
needs to be wrapped by a set of OGC services t@letenthe work. Regarding the SMS,
additional emphasis has been put on the enhancewfernime series visualisation and
comparison features and enhanced asynchronous roodibl. Both aspects are described in
more detail in the following sections.

4.1.3.1 Time Series Visualisation and Comparison Fr  amework

It is obvious that most of the data available inCBRULAN consist of time series as they deal with
environmental data that are measured or calcufatedertain points in time. The objective of
this work is to develop a component to visualiseé emmpare these time series.

The component is designed as a highly flexible exténsible framework that abstracts
and hides visualisation dependent tasks, and offeiferm interfaces for the integration and
access of the visualisation in the SUDPLAN useeriiace. This permits an easy integration of
different visualisations for time series dependamgtheir individual visualisation requirements
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(scalar, vector, gridded). The use of establistudtivare design patterns ensures easy access to
and re-use of the framework.

The time-series visualisation component has to aupine SUDPLAN users at their
decision tasks. This requires the visualisatiorbéointeractive and to support the user in the
exploration of the processes that are representdldebtime series. Besides multiple interaction
techniques, particular emphasis is put on the cosgra of multiple time series. In fact,
SUDPLAN users need to compare results of varioasrphg alternatives. The comparison
abilities are extended by providing various operatithat can be executed on time series.
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Figure 33: SMS Using the Time Series Visualisatioand Comparison Framework

The basic idea of the new component is to suppertiser in the visual exploration of time
series and the underlying processes. The compdranto handle two different types of time
series. Simple time series, such as temperaturesurexhover a period of time and time series of
grids. Time series of grids contain multiple datues (the grid) combined with a spatial
reference for each time value. The visualisatiotirak series of 2D grids differs from regular
1D time series and thus demands dedicated vistialismethods. At this point it is not clear
how multiple time series of grids should be vissedi in SUDPLAN to gain an intuitive and
comparative visualisation. Therefore we will coricate on the visualisation of simple time
series. However, due to the requirement of 2D gnee series visualisation, the component
needs to be designed independent of the visualsagpproach, which allows it to extend the
component with a visualisation for time series g
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For simple time series the most frequent task esdisplay of the time series in different
resolutions. This means that the user has a negeltteery detailed views of time series as well
as overviews which emphasize long term trends. cdmeparison of time series is also another
important user task. As a consequence, the visti@iis must display multiple time series
simultaneously, in single or multiple graphs. Aratfeature requested by the end users is the
ability to execute operations on time series, fatance computing the difference or average of
two time series. In any case, to facilitate conmgmariof time series, interaction with the charts is
mandatory. Making it possible to scroll the datarotime, zooming in or out the data, showing
detailed information of points of interest or chemggthe chart type increases the visual
exploration experience significantly and is neeldgdhe SUDPLAN users.

The possibility to zoom in and out the data leadsahother more technical issue.
SUDPLAN users generally handle time series withugehamount of data because of high
resolution over long term periods. Even the fingitptype of the SMS contained time series up
to 200MB of raw data. SUDPLAN is designed in asely coupled and service oriented
architecture and therefore these data must be tfassferred before they can be visualised.
Moreover, it must be possible to dynamically load] a&ache data dependant on the area of
interest and the chosen granularity.

4.1.3.1.1. Basic Chart Visualisation API

There are already charting solutions for Java. Tiegffer the possibility to create various types
of charts such as point, bar and line charts amdtlaerefore a good basis for creating a
component for time series visualisation.

The following Java charting APIs have been exanhinih regard to their ability for time
series visualisation and comparison and theirtgddir interaction.

ChartFX is a commercial API for creating charts. It is trdy API found so far that has
built-in functionality for scrolling the dataset @vthe x-axis. It also has the largest number of
chart types available. But due to the fact that BUBN is developed as an open source project
the charting APl has to be available under operrcgolicense, which is not the case for
ChartFX.

The Java Chart Construction Kit (JCCiiis a very small and flexible framework and is
especially designed for scientific charts and pltitss very effective for dynamic and real-time
charts, in which it is necessary to reload the gatananently, but the interaction possibilities
with the charts are very limited and the API is well documented.

OpenChart2is another open source Java charting API. Thetibmagity is similar to the
JCCKit. The documentation of the API is just mageotithe Javadocs and a very limited set of
developer tutorials. Furthermore the built-in iatgion functionality is very limited e.g.
OpenChart2 does not even directly support the éxgaharts to image files.

The most suitable API is JFreeCHait is the most popular Java Charting APl and is
developed under GNU LGPLIt is especially designed for the use in Javan§vaind has a large

! http://www.softwarefx.com/SFXJavaProducts/CF Xfegla
2 http://jcckit.sourceforge.net/

3 http://freecode.com/projects/openchart2

* http://www.jfree.org/jfreechart/
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set of different chart types. Charts created witte@Chart provide the ability to zoom in and out
of the data, dynamically add data points, and adeémove complete time series. Additionally
JFreeChart comes with an event handling systemeasitoi Swing that makes it possible to react
to users’ input (such as mouse clicks), which esdu® generate a popup menu that provides the
user further functionality. The API is well docunteth and a very extensive Developer Guide
with many code examples is available. Furthermaiferum on the project website exists, which
can be used to get help from other JFreeChart umedsthe developer team. Although
JFreeChart does not support all necessary feabutesf the box, it is possible to extend the API
according to our needs.

SUDPLAN users need to compare time series withedfit variables in one chart, e.g.
temperature and ozone. This means that the chaitbh@ovide different scales and labels on the
axis. JFreeChart supports line charts with multgpes, but as more axes are drawn on the chart
the less comprehensible and clear is the charth®ruser. Also not supported as a standard
feature is the ability to scroll the data on thediaxis. The JFreeChart APl must be extended to
add that feature. Also possible, but not yet im@eatad, is a combination of the zooming
functionality and the possibility to reload data.

Because of the aforementioned issues simple liagt<lare used to visualise time series
and JFreeChart is used only as a backend API manidie creation of the charts.

4.1.3.1.2. Framework Design

It is necessary to easily reuse and integrate #ve component for time series visualisation in
different parts of the cids platform or any otheftware. As a consequence a framework that
provides the necessary functionality to create tigexies visualisations and hides the
implementation details of the chart API, as they described in the following chapter, has been
designed. The framework is designed in a generig waposing no restrictions on the concrete
implementation of the time series visualisation.eQyenefit is that it is easy to extend the
framework with new kinds of visualisations or bac#teAPIs, or to replace existing ones.
Another reason for this generic approach is thaDBLAN has the requirement of two different
kinds of visualisation, namely for simple and geddimes series. While simple time series can
be easily visualised with standard line chartsddgd time series need more complex and
customised visualisations. Before the design andctfonality of the new framework is
discussed, thelimeSeries APlwhich is used to represent time series objects invithe
constructed time series visualisation frameworiktioduced.

4.1.3.1.3. The TimeSeries API

The Time Series API (TS-API) is being developedhsy Austrian Institute of Technology
and is described in 4.2.1. It is a part of the tseees toolbox (TS-Toolbox) which fa high
level programming framework that allows efficientcass to, processing, archiving and
presentation of the semantically enriched time eseff It consists of generic interfaces to
represent time series, which is the main reastnused for data representation. It acts as a kind
of adapter because it is easy for any user to dpuéekir own implementation or an extension of

! http://www.opensource.org/licenses/lgpl-license
2 Havlik, D., Bozic B. http://ts-toolbox.ait.ac.a8¥Toolbox/pdf/TSTB_Documentation.pdf, Time Serieslbox.
Overview and Component Specification (2010)
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an existing one. Furthermore, it abstracts the tseges representation from the concrete
visualisation API and the datasets used there.

The TS-API describes a time series as a set of altd properties. The properties are valid
for the whole time series and hold further inforimtabout it. Important properties that are used
within the framework are thenit keysthat describe the unit the time series valuesraasured
in and value keysthat act as an ID to access the data values. A abways contains a
Timestamp which acts as an identifier. It can contain zeronwre values which can be
identified by a value key. The prevailing value &&ye stored in a time series property. Figure
34 illustrates the structure of a TS-API time srie

Slot 1 § Timestamp | Valuekeyl |.. | Valuekeyn _

=D £

Figure 34 : the fundamental structure of a time sees in SUDPLAN

The TS-API makes no assumption or limitations andhata that are stored, which allows
the creation of gridded time series without speaigblementations or extension of the API,
another benefit of using the Time Series API. Bigt TS-API has a further benefit. As already
mentioned, the new component must be able to exempdrations on time series data. The AIT
TimeSeries Toolbox contains a module callearmular 3 (F3) which allows definition and
execution of operations on TS-API time series baged customised input language. Operations
on time series, their implementation in this fraroewand the functionality of F3 are introduced
later.

4.1.3.1.4. Framework Conceptualisation

The basis of the framework is the interfaCieneSeriesVisualisation . This Interface
acts as the data model of the visualisation anatdlfsoffers methods to add and remove time
series objectsTimeSeriesVisualisation defines a set of properties like the title of the
visualisation. The use of properties enables eastamnce of &imeSeriesVisualisation

to be extended with individual properties. To kélep real visualisation of the time series data
separate from the framework, theneSeriesVisualisation interface defines the method
getUl (), which returns an instance of JComponent. Astioeead before this makes it possible
to easily extend or replace the underlying visadili. EachlTimeSeriesVisualisation

can define aToolbar which offers the user specific interaction funoaéties. To avoid
integrating the toolbar at a static point withinethvisualisation user interface, the
TimeSeriesVisualisation interface defines thgetToolbar() method. This makes it
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possible to determine the position of the toolloaividually or to leave it out completely if not
needed.

To simplify the usage and creation of concré&iemeSeriesVisualisation , the
framework is extended with a factory claBsneSeriesVisualisationFactory . This
class defines the factory methoeate TimeSeriesVisualisation (type ). The type

<<interface>>
TimeSeriesVisualisation

addTimeSeries(ts : TimeSeries)

removeTimeSeries(ts : TimeSeries)

clearTimeSeries()

getTimeSeries() : Collection<TimeSeries>
addTimeSeriesListChangedListener{l : TimeSeriesListChangedListener)
removeTimeSeriesListChangedListener(l . TimeSeriesListChangedListener)
getProperty(key : String)

newOperation(key : String,value : String)

addPropertyChangelistener(l : PropertyChangelistener)
removePropertyChangelistener(l : PropertyChangelistener)
getLookup(lookupClass : Class<T>) : Class<T>

getToolbar() : JToolbar

Figure 35: TimeSeriesVisualisation Interface Spedifation

argument makes it possible to distinguish betweenalisation for simple and gridded time
series, which have totally different requiremeritee usage of a factory allows it to generate
multiple and different implementations of the framoek and offers easy access to them.
Therefore the factory method creates an instan&nopleTSVisualisation , which is the
default implementation for simple time series irsedhe visualisation type is simple, which
corresponds in design and functionality to the enpéntation described later.

4.1.3.1.5. Event Lookup Mechanism

It can be necessary that another component needlaot® when time series were added or
removed from the visualisation. The selection afetiseries can also be interesting for other
components. Finally, it is likely that a concretepiementation needs to define visualisation
specific properties or behaviours. Therefore tlaangwork defines different event notification
mechanisms according to tbbserver patternin general, the prevailing events can be divided
in two classes. The first class is necessary faryewisualisation that is created by the
framework and notifiefistenersabout removed or added time series, for exampie. Second
class is visualisation specific, such as the seleatf time series, and cannot be provided in a
general way.

Because of this difference, the realisation hadécexecuted in two different ways. The
event notifications that are valid for all visuali®ns were integrated directly in the interface
TimeSeriesVisualisation . These are only those methods to add and remstendrs
that are interested in changes of the stored tenesset. Those listeners are described by the
interface TimeSeriesListChangedListener. The interface contains only one method
that is called whenever the stored set of timeesenas changed. The state of the properties can
also be observed.
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<<gnumeration>>

e TimeSeriesVisualisationFactory

i at.ac.ait.enviro.tsapi
W
<<interface>> 0. =<<interface>>
TimeSeriesVisualisation = TimeSeries
0.* 0.*
<<interface>> <<interface>>
TimeSeriesListChangedListener PropertyChangeListener

Figure 36: Framework Structure, Part 1

The event notification for all visualisation speéciévents as well as visualisation specific
behaviour is defined in separate interfaces andt imeismplemented by the visualisation if it
needs support for this event type or behaviour.oSimy this approach is much more flexible
than defining all methods directly in tH@meSeriesVisualisation interface and allows
fine grained control of the visualisation. Additadly it is much easier to define a new event
notification mechanism and extend a visualisatiorthem if needed. But in doing so a new
problem is created. The built in factory returnsratance offimeSeriesVisualisation
How does the user of the factory know which eveatifications mechanism and what
visualisation specific behaviour is supported by dteliveredTimeSeriesVisualisation
instance.

To solve this problem th&imeSeriesVisualisation interface is extended with a
lookup mechanism. AlimeSeriesVisualisation can be asked if it supports a specific
interface. This is done by calling the methgetLookup () which takes the class object of the
interface as a parameter.

The lookup returns an instance of the interfadeisfimplemented by the

TimeSeriesVisualisation class.
=<<interface>> <<interface>> <<interface>> =<<interface>>
TimeSeriesSignature Controllable TimeSeriesVisualisation TimeSeriesSelectionNotification
x ‘{r\‘ getLookup(iazz : Class<T=) : Class<T=> i

<<realize>>
I

TimeSeriesVisualisationlmpl

Figure 37: Framework Structure, Part 2
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4.1.3.1.6. Comparison Operations

A requested feature for the time series visuabsatiramework is the ability to execute
operations on time series. As mentioned beforettsk especially enhances the comparison of
time series. The necessary extension of the fofnaenework and the implementation of the
operations will be topic of this section.

4.1.3.1.7. Framework Extension

An operation that can be executed on time seriesrejgresented by the interface

TimeSeriesOperation . Because these operations must be executed from a
TimeSeriesVisualisation and the result must be visualised there too, the
TimeSeriesVisualisation interface is extended with methods to add and vemo
TimeSeriesOperation and a listener mechanism that makes it possibleetanotified

whenever an operation is added or removed fronviwalisation. This flexible design makes it
possible to add operations dynamically to the ‘isaaon and to adjust the applied operations to
the needs of the visualisation. It also is conddivahat the new operations are created and
defined dynamically by the user. Of course this Maause further implementation effort, but
the fundamental design is already flexible enougtatkle this challenge.

The operations are designed after the CommandrRattich is already realized in Java
Swing in terms oflava ActionsJava Actions allow the definition of functiongliat one place
and access to it from multiple control elementsrttiermore they contain information like
description texts and icons that are used to reptdlem in the user interface, the enabled state
that allows it to enable or disable the executibaroaction. The use of Actions is advantageous
because they separate the execution code of thatmpefrom the visual representation, and
hence can be used for multiple visualisations atséime time. Simultaneously they are able to
influence the visual representation of the openatio terms of defining the icons and text.

The loose coupling of operations and the visuatsats well as the use of Actions results
in one problem. The method that is called ifAstion is executed does not return any value.
This means that the result of the operation mustdramunicated to the visualisation in a
different way. Thus theTimeSeriesOperation interface is extended with a listener
mechanism. After the execution of an operationredjistered listeners are notified about the
result.
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<<interface>> <<interface>>
TimeSeriesOperationListChangeListener TimeSeriesOperationResultListener 0.*

submitResult(calculatedTS[] : TimeSeries)

0.* T

<<interface>>
TimeSeriesVisualisation

addTimeSeriesOperation()

removeTimeSeriesOperation() <<interface>>
clearTimeSeriesOperations() Action
addTimeSeriesOperationListChangeListener(l : TimeSeriesOperationListChangeListener)
remove TimeSeriesOperationListChangeListener(l : TimeSeriesOperationListChangelistener)
0“*
AbstractTimeSeriesOperation . <<interface>>
| <<realize>> TimeSeriesOperation
calculate(ts[] : TimeSeries) : Collection<TimeSeries=> setAvailableTimeSeriesList()
setParameters()
1 addTimeSeriesOperationResultListener()
DefaultParamOrderUl removeTimeSeriesOperationResultListener()

Figure 38: Time Series Operations

The operation has no information about what tineeies it should use as input
parameters. The possible parameters are deterniigethe selection of time series. The
operation must offer the possibility to select larameters as a subset of these selected time
series. The two sets can be set with the correspgntiethodssetParameters() and
setAvailableTimeSeriesList() that are defined in th@imeSeriesOperation
interface. The parameters are represented asray which leads us to the next problem. The
position of the parameters has an operation dep¢érglmantic which must be taken into
consideration when determining them. This is doite & special user interface that visualises
this operation dependent semantic and allows teetasorder the parameters as desired.

To keep the creation process of new operationdnagles as possible, an abstract class
AbstracTimeSeriesOperation is created that takes care of all the necessafs sio
keep the enabled state up to date, to determinpatameters, notify registered listeners about
the result and execute the real calculation in aparsge thread. Also a
DefaultParamOrderUl which takes care of the aforementioned problemgarceng
determining the parameters is implemented and u$sd this class as default.
AbstractTimeSeriesOperation defines the abstract methochlculate () which
contains the operation dependent calculation cddeimplement a new operation it is only
necessary to instantiate subclddsstractTimeSeriesOperation and to implement the
calculate() method.
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4.1.3.1.8. Integration in the SMS

As a first step, the visualisation for simple tisexies is embedded in a concrete use case called
‘Information on the European Scale’. This use casfines how the user can extract
environmental information from the visualisationtbé downscaled European climate data. This
visualisation of the European climate data is deite multiple layers in the cidsismapplugin

that shows different information, such as maps. diemapplugin is a full featuredVMS/WFS
client. WMS and WFS are standardized web servibas dllow the retrieval of cartographic
data. In general cismap visualises a map layer dhatbe extended with a set of additional
information layers. The map and the additional iay@e retrieved from a WMS server.

In the above mentioned use case, one possibleggooation of cismap shows a map of the
European continent. The user extends this map hajtbrs that visualise the desired European
climate data. Such a layer represents one envimotainéactor, for instance temperature or
precipitation, and basically consists of a pre-sad image of a gridded time series. These
information layers are visualised on top of thedpa&an map.

“Marte # - % Description | AtBUEEAISH, en%
b 3 (3 G| Sheint T clipboard | G W i Mo RSt ) '—'Mu‘: A Kl e

1965 1975 1985 1395 2005 2015 2025 2035 2045 2055 2065 2075 2085 2095)

& Precipitation(]

¥ osm_na_boundary

—— ]

Layer Style Info Progress { Transparency
] L]

1314 EPSGA326 (-23.29.27.26) (-23.29.27.26)

Figure 39: Pan-Europan Case - Screen Shot

If the user activates an information layer to allfeature information requests on it, the
cismap plugin generates a FeaturelnfoDisplay fa yer, and the WMS-Server is asked for
the metadata necessary to request the correspofdingor Observation Service (SOS). The
SOS is a standardized web service that allowsdfneval of sensor data. The SOS contains the
time series for the European Climate data.

If the user now clicks on the map, a so cafiegture info requess actuated, and this is
sent to the WMS—Server. In this case the servgrorese contains the real world coordinates
which are related to the position of the mousekcllo case the user has multiple information
layers in the map, a feature information request dach activated layer is actuated. The
coordinates and the previously retrieved SOS muaali@® used to request a simple time series
from the SOS which is related to the cursor positibhis simple time series can be visualised
with the new framework implementation for simpl@di series.
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User

i

i

1: activate layer |
Ll

S 1 _.‘I_._r:r_e 2 EF‘_'E_)'_SP _Igfsf ______________ >‘ FeaturelnfoDisplay i
|
T |
2: getSOS '
|
3: SOS metadata !
|
I
4: click on map I
> I I
4.1: feature info request i I
|
4.2: X/Y Coord I
| I
! |
|
4.3: X/YCoord ._I
4.3.1: metadata, X/Y Coord [

4.3.2: Simple TS

Figure 40: Time Series Retrieval v1

4.1.3.1.9. Retrieval of Multiple Time Series

The problem with visualising multiple time seriasthat each click on the map actuates a new
feature information request for each activatedraiee server response only contains a single
time series, and the corresponding display onlyalises the new retrieved data. The
FeaturelnfoDisplay that visualises the information is extended withadd flag. If the
hold flag is set, the display takes care thathalinformation from all earlier requests is kept in
the visualisation. To let the user control thisdabur a checkbox is added to the user interface
of the correspondingeaturelnfoDisplay

4.1.3.1.10. Multiple Axes

Another limitation of the cismap framework was that generated a separate
FeaturelnfoDisplay for each layer. Because the individual environmakemariables are
separated in different layers to represent thenvidhgally on the map, it was not possible to
combine the requested information of different fayia a singld=eaturelnfoDisplay

JFreeChart supports charts with multiple axes bgulieand comes with all the necessary
functionality to manage and display them. A JFrem€Chbject consists of a so callpkbt area
This is the area where the dataset of the chart,infstance multiple time series, and the
corresponding axes are drawn. Axes can be arraaigatifour sides of the data area. The whole
plot also has an orientation to instantly switch gosition of x and y axis. A plot is represented
by an instance d®Plot . JFreeChart also defines a set of subtypes tledefines the type of the
used axis. As time series charts represent X/YuesglaXYPlot is used which demands that
instances oValueAxis are used to represent the x and the y axisPlbie offers methods to
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add multiple x and y axes. They are used to gemesaparate y axes for each individual
environmental factor like temperature or precipo@twhich usually have different units and
therefore need individual scales.

JFreeChart Plot

XYPlot

1.7 valueAxis

setDomainAxis(index : Integer,axis : ValueAxis)
setRangeAxis(index : Integer,axis : ValueAxis)
mapDatasetToRangeAxis{datasetindex : Integer,axisindex : Integer)

Figure 41: JFreeChart Class Structure —Multiple Axes

Basically all time series that are added to thetcli@ mapped to the primary axes of the
chart. The primary axes are the ones which arerggteduring the instantiation of a JFreeChart
object. This mapping ensures that the range ofikie always is in a consistent state with the
datasets that are mapped to it. It is necessaaglapt this mapping to the new situation. To do
this, the method mapDatasetToRangeAxis(int datasetindex, int
axisindex)  is used.

4.1.3.1.11. Time Series Selection

One issue that makes it necessary to extend therlyimdy JFreeChart API is the selection of

time series in the chart. JFreeChart does not dieability to select single or multiple datasets
within a chart. But this functionality is needed foultiple reasons. Selection of time series is
essential to offer the user time series depend#ataction and information. The user should

therefore have the ability to select time seriesxecute operations on them, to reflect the spatial
geometry of the time series in cismap in ordernowsthe user the spatial context of the data,
and to remove single time series from the visutitisa

In JFreeChart, each dataset is drawn by an individenderer. For time series charts a
renderer is defined by th&YltemRenderer interface, and JFreeChart offers a set of
previously implemented renderers, suchX¥®.ineAndShapeRenderer, which is used as
the default for time series charts and as the deffor this implementation. An
XYLineAndShapeRenderer draws, as the name suggests, the dataset as ameatiorbof an
individual shape for the data points within theadat and a line between these data points. As a
renderer is used to render a single dataset thets®l status is stored directly in the renderer.
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<<interface>> <<interface>> Plof JFreeChart
X¥ltemRenderer X¥Datasaset
= Trs 1.7
<<realize>>
X¥LineAndShaperenderer
XYPlot 0.
drawFirstPassShape() ChartMosueListener
drawSecondaryPass() setDataset(index : Integer,data : XY Datasaset)
setRenderer{index : Integer,renderer : XltemRenderer)

mapDatasetToRangeAxis(datasetindex : Integer,axisindex : Integer)

SelectionXYLineAndShapeRenderer

selected : Boolean

setSelected(b : Boolean)
isSelected() : Boolean

Figure 42: JFreeChart Classes Relevant for Selectio

For this, a renderer class is derived friLineAndShapeRenderer . It contains the
selection status and paints the corresponding elatdibe selection is visualised with a drop
shadow, as it is known, from trees or lists. Thefph the user to build his mental model of the
functioning of the new component. The rendering dime series dataset in JFreeChart is done
in two steps. The first step draws the line betwaata points, the second one draws the shapes
for the data points themselves. To draw a dropda@hafor the selection the method
drawFirstPassShape (), which takes care of drawing the line betweer #hapes, is
overridden. If the selection flag is set, a secyittly transparent line is drawn on top of thelrea
line. After that, the selection status of a timeiese still must be triggered by users’ input.
Although selection is not supported as a standeatlife by JFreeChart it offers a customised
event notification for mouse clicks. This event ificdtion can be used by registering a
ChartMouseListener to the chart object. This listes notified whenever the mouse moves over
the chart or a click is performed on it. The coomeling event of that notification contains an
instance of ChartEntitity which represent the gritiat is at the coordinates of the mouse click.
Unfortunately JFreeChart does not distinguish trergéies in a very detailed way. Hence it is
not possible to identify the clicked entity as mdi series dataset if the user clicks on the line
between two data points and not at the data pisielf i

7,0 Selected % 2 Deselected .

Figure 43: Selected / Deselected Time Series (red)
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4.1.3.1.12. Time Series Scrolling

As mentioned in the introduction, one essentiaranttion method is to view the data in
detail as well as in an overview and to navigat®ubh the data. This is also one of the
requirements of the new component. Charts creattbd\wreeChart can be zoomed in and out to
view regions of interest in varying detail. Durisgch a zoom action, the visual appearance of
the chart is updated, which means that the axeldadre updated to the new viewing region and
the datasets are redrawn. But in doing so, thehes&no possibility to scroll the data over time.
If they want to see the data in the same detailfdrua different region they need to zoom out
and then zoom in again. To avoid this, the chaexiended with a scrollbar that offers the user
the ability to scroll over the whole time periodtbe dataset when zoomed in. To do this, the
scrollbar must handle the time period that is repnéed by the chart’'s x-axis. The x-axis in a
time series chart is always an instance or subtydeateAxis . A DateAxis represents the
values as a date. This is a serious problem, bea#ates in Java are represented as long values
because a date is the time in milliseconds sinaigit 1.1.1970. However, the scrollbar can
only handle integer values. Therefore it is neagssa map the axis long values to integer
values. In doing this the time period of the axdsdivided by the number of possible integer
values. This allows it to resize the scrollbar ext@henever the x-axis range has changed by a
zooming event and to adopt the range ofldlageAxis if the scrollbar is moved. In the case of
the mapping between the long date values and inwgellbar values, zooming in the data is
only possible up to a limited granularity. This guéarity depends on the time period that must
be visualised in the overview. A possible solutafnthis disadvantage is to provide only two
buttons that scroll the data to the left and torigbt.

4.1.3.1.13. Spatial Context of Time Series

It is useful to show the spatial context of a tisegies directly during the retrieval and not only

with the selection of it. Until now, the cismap gin just displayed a standard icon, called

feature info icon for the last click on the map. Furthermore thdifeainfo icon had no relation

to the results of the feature info request that acsated. Even if this use case is the first where
it will be necessary to show multiple and custorizgmbols during a feature info request in

cismap, such a requirement will possibly appedhénfuture again. Therefore the solution to that
iIssue needs to be generic and easily applied &r sttuations.
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A possible solution to this problem is to introdua new interface in cismap, namely
MultipleFeaturelnfoRequestDislpay . This interface consists of two methods. The
first one returns the status of a hold flag useddi@rmine that the FeaturelnfoDisplay visualises
also old information requests. The second onemstarcollection oSignaturedFeatures
In cismap a Feature is an object that can be displayed on the map and
SignaturedFeature additionally defines an icon that should visualseelation to the
information of the feature info request.

In this case this icon consists of the shape usadgresent data items in the time series
chart.

1: activate layer

|
I
|
P |
|
1.4 teDispl '
___________ ?r??_?_ljs?_api - 1: - - - - - > MultiFeaturelnfoRequest
I Display
1.2: registerAsListener ! |
: 1.3 :
P BN A ]

justifthe created Dis playis a
MultiF eaturelnfoRequestl s play

2: click on map

-

|
|
" 2.1.2: HoldFeatureChanged i 2.1.1: createSignaturedFeature
|
I

|
4__| 2.1.2.1: showSignaturedFeaturesOnMap
|

|
I |

Figure 44: Time Series Retrieval v2

When the user activates a layer for feature inf@uests, cismap creates a
FeaturelnfoDisplay for that layer. As a consequence of the new iatexrf cismap is
adapted to see if thiSeaturelnfoDisplay implements the new interface. If so, cismap
registers itself as a listener to the display to hetified if the collection of
SignaturedFeature has changed. If the user now clicks on the mapaatuates &eature
info requestthe display creates $ignaturedFeature for this request and notifies cismap
about that. Cismap then displays a feature info il eachSignaturedFeature that the
notification of the display contains. The standi@ature info icon is overlaid with the icon of the
SignaturedFeature . Because the feature information icon is custobigaand therefore
the size and position where the overlay icon candlswvn can be changed, the feature
information icon is extended with meta informatibat describes the position and the size of the
overlay area and the background colour used.
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Because multiple layers can be activated for featuiormation requests, it can occur that

both MultipleFeauturelnfoRequestDisplay and normal displays are activated at the
same time. Therefore it is necessary to emphabkesacon for the last feature info requést
show the spatial context for normal displays tolisTis done by using a different colour for the

feature info icon.
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Figure 45: Time Series Spatial Context
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4.1.3.2  Asynchronous Model Execution Framework

SUDPLAN Applications integrate a large variety obdels —Common Services and Local
Models - that can be executed via the SMS. Theuwamn time of these models differs from
seconds to several weeks. Thus the SMS providesAsynchronous Model Execution

Framework so that implementers can integrate maglaélskly and easily without the burden of
status polling and user notification. Additionalliye framework offers automatic unfinished
execution recovery so that model status monitocag be continued if the SMS is reopened.
This is especially useful for long running tasks.

4.1.3.2.1. Framework Classes

Figure 46 depicts a UML class diagram that contdires core classes of the Asynchronous
Model Execution Framework.

<<interface>> <<inierface>>
Manager Executable
+ apply() + addProgressListener(listener : ProgressListener)

+ execule()
+ removeProgressLisiener(listener : ProgressListener]

+ getFeature() : Faature
+ getUR() : Object

<<interfaces>»>
ModelManager
T
|

L
<<absiract>>
| AbstactModeiManager |
# cidsBean : CidsBean

+ addProgressListener(listener: ProgressListener)
+apply()

+gelCidsBean() : CidsBean

+ getFeature() : Feature

<<interface>> +getUl() : JComponent
Download +getUR() : Object
+addObserver(o : Observer) + exscule()
+ deleteDbserver(c : Observer) + removeProgressListener(lisiener : ProgressListener)
—=inlerace~~ + getCaughiExcepfiond) : int . + selCidsBean(CidsBean)
Watchable + getDownloadCompleted]) : int
+ requestStatusi) : ProgressEvent ! + gelDownloadsErroneous() :int # createOutputBean() : CidsDBaan
p i ' + gelDownloadsTolal() : int # fireFinished()
£ getdtatusCalibachi) - Progresstistensr i + gelFileToSaveTol) : File #fireProg S cint, int)
' +gelStatus() : Statz # fireStarted()
1 +getTitla() : Sting # internalExscute()
I
'
I

+ startDownload| # isFinished()
# isStarted(}
B I
<<singleton== i ! _
TR Fogesa A
+9 ichy) : ProgressWatch H ! EventListener

+ submit{watchablec : Watchable)

L
<<ahsiract>>

AbstractModelRunWatchable

+ getCaughtExcepiion)) : int

1 getCidsBeani) : CideBean <<abatract>»

+ getDownloadCompleted() : nt AbstractAsyncModelManager
ariupHook | + getDownloadsErroneous() : int + crealeWatchable() | AbstractModelRunWatchable <<interface>>

%‘ + getD Toal() : int + progt 1t : Prog ) pomm--- —A ProgressListener
 appicall + getFileToSavaTo() - File [+ progressievent - ProgressEvent) |

H + getStatus() : State # getWatchable() : AbstractModelRunWatchable

+ getStatusCallback()  ProgressListener # nseasDownioad() : boolean
) # setDownload=xcaption(e : Exception)

# setStatus(state : State)

<<interface>>
StartupHook
+ epplicationStared()
Obserable

Figure 46: Asynchronous Model Execution Framework

The most relevant classes and their responsikilére listed in the following.
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This description focuses the asynchronous modedutiom framework and may not necessarily
be sufficient to gain a comprehensive understandinghe SUDPLAN Model Management
Framework, let alone the cids Application Framework

Manager: The Manager interface is the most basic interface of the SURRLModel
Execution Framework. Any model integration must viide three classes: One
responsible for the model input, model output amdieh execution, respectively. Each of
the classes has to adopt Managerinterface.

Executable:Each class that is responsible for the actual inexkecution must adopt the
Executablanterface, additionally.

ModelManager: The ModelManagerinterface simply merges thklanager and the
Executablanterfaces for reasons of convenience.

AbstractModelManagerThe AbstractModelManagerclass adopts th&lodelManager
interface and provides implementations for the meguoperations. Moreover it offers
facilities to handle model execution progress. Have it forces an actual model
manager implementation to be able to actually perfthe model execution and to be
able to create a so-calle@GidsBean (CidsBeas are part of the cids Application
Framework and are not further described here) rédyatesents the output of the model.
Model integrators are encouraged to subclass thss @as it handles most of the task
involved in the model execution by default. Howeiérdoes not provide support for
asynchronous execution by default.

AbstractAsyncModelManager: This is one of the carkasses involved in the
Asynchronous Model Execution Framework. Model indégrs must subclass this class
to take advantage of it. Th&bstractAsyncModelManageriass forces the adopter to
provide some more information that is necessamtegrate smoothly with the AMEF,
but takes care of model execution progress andnpally download dispatch on
execution finish.

AbstactModelRunWatchable: This is another core sclak the AMEF. It adopts the
Watchableas well as thédownload interface and subclasses t®&serverclass. This
Watchableimplementation provides default settings to insttthe DownloadManageto
potentially download the model results and provides preferred status callback
implementation. The only two things the adoptertto$ class must take care of is an
appropriate way to provide status information of gpecific model execution and an
appropriate way to download the model resultsiff th necessary.

Watchable: TheWatchableinterface describes the necessary operations toitonca
specific resourcélVatchableinstances can be submitted to BregressWatclelass.
ProgressWatch: ThBrogressWatcltlass is a singleton instance that is responddsle
handling of Watchableinstances. Thus it polls the model execution statsing the
Watchablenterface and propagates the status via the pedvétiatus callback.

Download: TheDownloadinterface describes the necessary operationses@urce shall
be downloadable via thBownloadManagel(the DownloadManageiis part of the cids
Application Framework and is not further descrilhede).

SudplanStartupHool: Th8udplanStartupHoolks an implementation of th&tartupHook
interface and thus is responsible for the recoweénynfinished runs on SMS startup, so
that they can be monitored again.
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» StartupHook: This interface is part of the cids Aggiion Framework and provides a
means for interested parties to perform operationapplication startup.

The Asynchronous Model Execution Framework is higparallelized and thread-safe. Thus
adopters won't have to take care of threading amddirectly implement the required operations
of the framework classes in a synchronous (notteymized) fashion.

4.1.3.2.2. Framework Sequence of Actions

This section provides an overview of the sequeri@eions for a single model execution via the
Asynchonous Model Execution Framework and thustitates how it works. However, in order
to keep things simple threading is mostly omittétbreover some workflows that are not
directly related to the model execution or that paet of other frameworks are indicated by a
“virtual” operation call. Ultimately the depictegguences may not be exhaustive, in order to
keep things simple.

4.1.3.2.2.1. Initiation of the Model Execution

: AbstractAsxncModelManagg INSTANCE : ProgressWatch
|
execute() > !

fireStarted()

internalExecute()

? prepareExecution()
f createWatchable()

submit(watchable)

s

Figure 47: Initiation of the Model Execution

« The model execution is initialised through a cdlltlre execute() operation. In most
cases this by the SMS-interri&atecutableThreadPool

* The AbstractAsyncModelManagglAAMM) instance indicates the start of the model by
calling thefireStarted() operation.

» After that theinteralExecution() operation callprepareExecution()
* The perpareExectution() operation implementation is actually responsille start
the specific model and has to make sure that aaatleateWatchable() will provide

an adequatdbstractModelRunWatchabi®&MRW implementation for the specific model
execution.
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« The AAMM fetches theAMRW via createWatchable() and submits it to the
ProgressWatch.
4.1.3.2.2.2. Execution Status Monitoring
watchable : statusCallback :
T AbstractModelRunWatchable AbstractAsyncModelManager

requestSlatus( » 3 i
|:$P status : ProgressEvent 3
< o SIS iProgressEvent i |
getState() ‘ - i
[T state  ProgressEventState | _____ L ___________________________ U i
gelStep() ) > ! %
- spint . J-l i
getMaxSteps) i - | i
le o mga-‘il,e,,,L,,,,,,,,,,,,,,,‘, ,,,,,,,,,,,,,,,,,,,,,,,,,,,, U 3
new (vd:a'chabe stats, step. maxSteps) § > 7 P Event i
getSlatusCallback(l > 3 ! : §
loadManager() i
|  statusCallback : AdstractAsynchodelManager_
i progress{progress) - |

N T S u
opt /l derogistor{walchablo) !

[Stats. FINISHED == state] vl:?

Figure 48: Execution Status Monitoring

* The ProgressWatchs responsible for monitoring the status of albmitted Watchable
instances. Thus it originates polling tleguestStatus() operation of th&Vatchable

« The Watchableinstance creates a nelrogressEventeflecting the current status of the
specific model execution and returns it.

« The ProgressWatchin turn creates a newrogressEvenbn basis of théProgressEvent
returned by th&Vatchableinstance but sets the actédMRWas event source.

« After that theProgressWatchequests &rogressListeneusinggetStatusCallback()
By default theAMRWIoads its correspondil§AMM instance and returns it

* The previously createldrogressEvenis then dispatched to tReAMM.

« If the status of the model execution is finishedk tArogressWatchderegisters the
correspondinyVatchable
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4.1.3.2.2.3. Model Execution Status Event Processin g

{AbstiaciAsyngNodelNaraget walchabe
| AbstractModelRunWatchable
pogresst) 4, ! ! "

case

[State. PROGRESSING == state]

? fireProgressed()

case

™ fireBro<en()
[State BROKEN == state]

case

[State.FINISHED == state &&
needsDownload() == fase|

createCutputBean()

nolifyJser()

case

cownloadResults()
[State FINISHFD == state &% r

needsDownload() == true]

1
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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1
1
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1
1
1
1
1
1
1
1
1
1
1
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Figure 49: Model Execution Status Event Processing

« The status of a model execution is received bysfiezificAAMM instance through a call to
theprogress()  operation.

* In case of a PROGRESSING state fineProgressed() operation is used to propagate
the model execution state.
* In case of a BROKEN state tfieeBroken() operation is used to indicate that the model

execution has stopped and will not be recovered.
* In case of a FINISHED state:
o If the needsDownload() operation indicates that a download is not necgsba

AAMM uses thdireFinished() operation to propagate that the model execution
is successfully stopped. ThireFinished() operation automatically uses
createOutputBean() to fetch the model results and notifies the udsrua

current state.

o If the needsDownload()  operation indicates that the results must be &stch
before the execution is of value for the initiatioe AAMM initiates the download via
thedownloadResults() operation

» The createDownloadObserver() operation is used to provided a
means to watch over the download progress. The ldagnobserver is
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initialised with theWatchablenstance associated to the current model run and
is additionally added to it as an act@iserverinstance.

» Finally the Watchableinstance is submitted to tHeownloadManagervia
add() .

4.1.3.2.2.4. Model Result Download Processing

wnl bserver : Observer watchable : . AbstractAsyncModelManager
AbstractModelRunWatchable ]
update() » v |
' I
L
case | delsteChsarver(downloadObserver. i |
I
I
[State. COMPLETE == state] I retum D !
I
’ I
getCicsBean() » i !
|
- runBean : CidsBean D i
ettt il - |
' i
' |
loadManaget(runBean) : |
: |
'
'
fireFinished(l .
- ! .
'
E createQutputBean()
'
'
)
'
! notifyUser()
'
'
'
'
' ;
7
!

Figure 50: Model Result Download Processing

* If the update() operation of the download observer receives thge SCOMPLETE it
detaches itself from itAMRWinstance.

« After that it calls thegetCidsBean()  operation of theAMRWand tries to load theAMM
instance that is responsible for the particular eiodn and thus its download

* Finally a successful model execution is indicatedhefireFinished() operation.

» fireFinished() uses createOutputBean() to fetch the model results and
ultimately the user is notified of the status af garticular model execution.

Copyright © SUDPLAN Page 58 of 120



SubpPLAN broject: 247708 — SUDPLAN

4.1.3.2.2.5. Model Monitoring Recovery on Startup

: SudelanStanueHook : AbstractAszncModeIManageJ INSTANCE : Progresswmch

I
applicationStarted() i

discoverUnfinisedRuns()

[foreach unfinisedRun]

loop J -
| loadManager(unfinishedRur})

createWaichable() -

| watchab e : AbstractMadelRunWaichable

submitiwatchable)

Figure 51: Model Monitoring Recovery on Startup

* On application startuppplicationStarted() operation of th&udplanStartupHoois
invoked.
» The SudplanStartupHookas facilities to discover unfinished model rung aeceives a list
of them.
» For each of the unfinished runs:
o TheSudplanStartupHooloads its correspondingAMM
0 It uses theAAMM's createWatchable() operation to get AMRW instance for
the specific run
0 The fetchedAMRWis then submitted to tHerogressWatch

The Framework is part of the current release of 3MS and thus is available for all Pilot
Applications.
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4.1.4 Third Year Development
Based on the second year developments the foogesaothree’s WP3 work was on:

* Integration of the Hydrology Common Service

* Enhancement of the Air Quality Common Service iraégn
» Visualisation and comparison features for griddecktseries
* General GUI enhancements towards a stable product

The integration activities (Hydrology and Air Quwji are reported in D3.3.3 whereas the basis
software development during the third year of tHdDELAN project mainly focused on
enhancements and usability improvements of alreaasting features, such as time series and
IDF curve import and export for local and downsdatiata, 3D component integration, Air
Quality and Rainfall Common Services, local modgsot specific) as well as general GUI
enhancements towards a stable product. MoreoverHyhirology Common Service integration
was pushed forward on basis of enhanced map itt@maéeatures, Euler 2 Rain Event
generation from IDF curves was introduced, a newCGinponent Integration Framework was
created, Gridded Time Series Visualisation was ldgesl and Gridded Time Series Comparison
features were added. More detailed information aliba new features is available in the
following sections.

On basis of the work in V1 and V2 and the additiomaprovements in V3 the Scenario
Management System can now be considered well prdpaot only for the fast integration of the
Hydrology Common Service but also the improvemérhe various Pilot applications and does
now constitute a stable application for all SUDPLASE cases.

4.1.4.1 GUI Enhancement: Map interaction

In order to provide a smooth user interface the Skl%t offer means to interact with the

mapping component in an intuitive way. Hence theSSiMas extended by the possibility to

create context actions on the map with geo-spati@rence only. Moreover, as geo-spatially
referenced objects play a major role in the SUDPLNject the possibility to access WFS

provided features is crucial. Thus a simple to asion is made available that takes care of
background feature retrieval and the correct disptathe map. That way, pilot applications and
Common Services are easily able to implement thenkflows, such as the “Show Catchment
Area for this Location” workflow of the Hydrologydinmon Service (see. D3.3.3).

The UML in Fel! Hittar inte referenskéalla. shows the related classes:

Copyright © SUDPLAN Page 60 of 120



SubpPLAN broject: 247708 — SUDPLAN

<<interface>>
Comparable<MapPopupAction>

|

<<interface>>
MapPopupAction
<<interface>> + getPoint() : Point
Action + getPosition() : int
/\ + isActive(boolean) : boolean
\ + setPoint(Paint)
| ZA
<<abstract>> i
AbstractAction !
|
|
|
|
<<abstract>> <<abstract>>
AbstractWFSFeatureRetrievalAction AbstractMapPopupAction
+ actionPerformed(ActionEvent) + compareTo(MapPopupAction) : int
# createFeatureQuery(FeatureType) : String + getPoint() : Point
# createFeatures(FeatureCollection) : Collection<Feature> + isActive(boolean) : boolean
# getCapabilitiesUrl() : String + setPoint(Point)
# getFeatureQName() : QualifiedName
# getStatusMessage() : String

Figure 52: Map interaction enhancement: UML class thgram of additional actions
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Figure 53: Map interaction example "Show CatchmentArea"
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4.1.4.2 Euler 2 Rain Event generation

To date SUDPLAN supports management and espedailynscaling of rainfall time series as
well as IDF curves. However, for certain use casesrequired to contemplate short term rain
events. Moreover, they may be crucial input foreottso called, local models, e.g. the Runoff
model used in the Wuppertal pilot (see. D6.2.x). #his reason SUDPLAN supports Euler 2
Rain Event generation from historical or downscalBd curves. This way, the Scenario
Management System not only closes the gap betwaerfaR Common Services and the WP6
Pilot but also provides added value for every SUBRIuser.

KOSTRA Spalte 11 Zeile 51

Name r2
Description: vy new Euler 2 ‘

Euler 2 Rainevent (KOSTRA generated)

Euler 2 Rain Event

550
= 500

400

liters per second and hectare
§ N

350
300

200
150

100
-

5 min 10 min 15 min 20 min 25 min 30 min 35 min 40 min 45 min 50 min 55 min 60 min
Time interval

Figure 54: Euler 2 Rain Event from IDF curve

4.1.4.3 3D Component Integration Framework

The SUDPLAN SMS makes use of advanced visualisagohniques such as 3D visualisation.
To ensure fast and easy integration in the SMS all syat powerful framework has as been
created to further abstract from the actual 3D comept (see chaptefel! Hittar inte
referenskéalla. Fel! Hittar inte referenskalla.) and consequently to support and speedup the
integration cycle of the SUDPLAN 3D component. Fegub5: 3D Component Integration
Framework UML class diagram

depicts the UML of the core classes of the frant&wo
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[__JPanel ]
/\

Cismap3DPanel
- + getComponent() : JComponent
1 + getCustomButtons() : Collection<JComponent>
H + getDescription() : String
i B getlcon() : Icon
! + getld() : String

<<interface>> ' + getPositionHint() : Object
BasicGuiComponentProvider J-- +getType() : GuiType
+ setLinkObject(Object)

<<interface>> - <<abstract>
CustomButtenProvider Lookup

<<interface>>
DropTargetListener

<<interface>>
DropTarget3D

<<interface>> <<interface>>
Layer3D Canvas3D

+ addLayer(URI) + addCameraChangedListener(CameraChangedListener)

+ addLayer(URI, ProgressListener) + getBoundingBox() : Geometry

+ removeAllLayers() + getCameraDirection() : Vector3d

+ removeLayer(URI) + getCameraPosition() : Geometry

D + getinteractionMode() : InteractionMode

+home()
+ removeCameraChangedListener(CameraChangedListener)
+ setBoundingBox(Geometry)
+ setCameraDirection(Vector3d)
+ setCameraPosition(Geometry)
+ setinteractionMode(InteractionMode)

vV
<<interface>> —
UlProvider <<interface>>
XStyledFeature
/N

getUl() : JComponent

L
MovingCameraFeature
+ cameraChanged(CameraChangedEvent)
+ getGeometry() : Geometry
<<interface>> + getlconimage() : Imagelcon

CameraChangedSupport

: 2?:g:é";:&?g?ﬁ‘éﬂﬂg?:gﬁ;g:;aE(\:, ZiT)QEdL'Stener) — CameraChangedListener k] ffffff + getinfoComponent(Refreshable) : JComponent
. . ( i H
+ removeCameraChangedListener(CameraChangedListener) + cameraChanged(CameraChangedEvent) + getLineStyle() : Stroke

+ getName() : String
+ getPointAnnotationSymbol() : FeatureAnnotationSymbol
+ getType() : String

CameraChangedEvent
+ directionChanged() : boolean
+ getNewDirection() : Vector3d \V/
+ getNewPosition() : Geometry [ DefauliStyledFeature |
+ getOldDirection() : Vector3d DefaultStyledFeature

+ getOldPosition() : Geometry
+ positionChanged() : boolean

Figure 55: 3D Component Integration Framework UML dass diagram

Further information about the responsibilitiesiod different classes is provided in the following
listing. However, the focus is on the functionaliggarding integration of 3D components in the
SMS and may not necessarily explain the integratidhe framework in the SMS itself.

» Canvas3D TheCanvas3Dnterface is the most important component forgragion. It is
necessary that an implementation is provided beciusakes the main 3D user interface
available to the SMS. Moreover, it provides meamscdntrol the viewport and also
allows other components (such as the 2D mappingpoaent of the SMS) to register
delegates that inform about viewport changes. déf uhderlying 3D component support
interaction mode changes ti@anvas3Dinterface provides means to control them as
well. Implementers shall put themselves in the gldlookup

» Layer3D ThelLayer3Dinterface serves as a basic layer control unittand allows for
addition and removal of 3D layers identified Wi&ls. If the underlying 3D component
offers a more complex control interface the SMS ach it from here. Implementers
shall put themselves in the glohadokup

» DropTarged3D A 3D component may indicate its capability to lde&h Drop events
during a Drag and Drop operation by implementirig thterface. Implementers shall put
themselves in the globhbokup

e UlProvider. This is a simple interface that indicates thgblementers are able to provide
a user interface for their purposes. Both,lthger3Dand theCanvas3Dcan do so.
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* InteractionMode A simple enumeration of different interaction nresdhat can be used to
control the 3D component if it supports it.

» CameraChangedListernteiThis interface must be used if a component isredted in
camera changes of the 3D component.

» CameraChangedEvenlf the camera of the 3D component is changedreesponding
event is generated and propagated to all regis@aateraChangedListeners

» CameraChangedSupporf simple yet helpful implementation for listenexgistration
and event propagatio@anvas3Dimplementations may use this and thus do not bave
care about proper event propagation themselves.

* MovingCameraFeatureTheMovingCameraFeatures a special component that provides
instantaneous reflection of 3D camera movementimitie 2D context (that is the SMS
internal 2D mapping component) if activated. Tdifdhis task it implements some of
the SMS internal feature operations.

* Cismap3DPanel This is the core integration panel. It uses thebag Lookupto find
Canvas3D Layer3D and DropTarget3D implementations. If provided it uses its own
viewport to display theCanvas3DUI and if appropriate théayer3D Ul. Moreover it
registers itself as ®ropTargetin case of aDropTarget3D implementation is in the
Lookupand delegates any Drop events to it. Themap3DPanehblso registers itself in
the SMS docking framework and can thus be freeitpmed. Additionally it provides a
toolbar with default actions such as 2D-3D syncirg,“"Home” button and the
MovingCameraFeaturactivation.

The following screenshot shows how a 3D componanthe integrated in the SMS using the 3D
component integration framework using the exampla® SUDPLAN 3D component:

#=0x | Map 3D B @ % a-Dx

Altitude 11,828 km

Figure 56: 3D Component Integration Framework in ug: 2D mapping component alongside the 3D mapping
component

4.1.4.4  Visualization of gridded time series

With the integration of the Air Quality Common Sieesthe SUDPLAN user is able to generate
a forecast on air pollutant concentrations untD@1As a result of the air quality forecast, the
user is given a spatially gridded time series daimg concentrations of a specific air pollutant.
For further processing these time series can bertege.g. to a CSV file. In order to increase
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the usability of SUDPLAN SMS and to improve the pop of the decision making process,

spatially gridded time series are visualized. Aspatially gridded time series provides a spatial
and temporal location for its values, it is possitd visualize them in Map View components

e.g. cismap that is uses as integral part of th& Slkl order to keep the visualization standard-
compliant and thus allowing access for externatgjseis realized by generating WMS layers.

4.1.4.4.1. Workflow

The visualization of gridded time series requirke tiser to already have appropriate data
available e.g. by running a Common Service reglimgridded time series. A gridded time
series provided by a Common Service actually i®sgble via an SOS offering. For example,
the Air Quality Common Service calculates sevamaétseries, each of it representing a specific
combination of an air pollutant and a temporal &sen of the time series. So the SUDPLAN
SMS can use the TS-Toolbox to retrieve the actaamh@on Service results.

By using the custom renderer of a Common Servieaifier is able to select a gridded time
series for visualization. After the user has choaegridded time series for visualization, its
offering is retrieved from the SOS and written idadabase, which is accessed by a WMS server
to render an image using these values. So the WiM&iscreates a layer to visualize the values
of a specific point in time of a time series. Simaeh layer visualizing a time series covers the
same spatial area, the user has to be supportdtedlyUDPLAN SMS to bring those layers in
the correct temporal order and to draw a conclusiom its development over time. With the
help of the interactivelimeseriesFeatureRenderer introduced in Y1, this support
already is available. Following figure depicts thesscribed steps and the involved components in
a sequence diagram:
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Figure 57: Visualizing Air Quality downscaling resuts

The first step in the above sequence diagram @stlthe Air Quality Common Service
Integration which was already realized in Y1/Y2.isTintegration in the SUDPLAN SMS is
realized with the help of a customizedlodellnputRenderer , a customized
ModelOutputRenderer and corresponding user interfaces. The highligisteg shows the
workflow to realize the result visualization. Thes#l be discussed in the following. The last
step shows what is necessary to allow the uselatgate through time in context of an Air
Quality downscaling result. This step already isaliled as well by the
TimeseriesFeatureRenderer.
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java.util.concurrent
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Figure 58: Classes responsible for Air Quality Comrman Service Integration
The classes AirqualityDownscalinglnput , AirqualityDownscaling-

InputManager and AirqualityDownscalinglnputManagerul manage and

visualize user's input parameters once an Air Qualownscaling was defined. The class
GridFeature  realizes the visualization of the spatial gridnHiing and visualizing the result
of an Air Quality downscaling is realized by thasde®irqualityDownscalingOutput :
AirqualityDownscalingOutputManager and  AirqualityDownscaling-
OutputManagerUl . The result of an Air Quality downscaling is reggated by an instance of
AirqualityDownscalingOutput . The offerings which are provided by a result are
encapsulated in objects of claResult . As soon as the user selected one specific résult
visualize, AirqualityDownscalingOutputManagerUl hands over the corresponding
Result object to an instance &irqualityDownscalingResultVisualizer . This
class is responsible for the visualization of thevpledResult object, i. e. it retrieves the time
series, persists it in the database and createsrasponding layer in the WMS server. The
retrieval of the time series is accomplished by  therS-Toolbox.
AirqualityDownscalingResultVisualizer itself is derived from the abstract base
classGriddedTimeSeriesVisualizer . It provides most of the functionalities to visaal
gridded time series, i. e. it implements the tinegies retrieval, opens a connection to the
database where the time series is to be persistddcalculates the spatial grid from the
information  provided by the time series. The figurealso shows that
GriddedTimeSeriesVisualizer implements the€allable interface. This is necessary
since the time series visualization may take a idensble amount of time and therefore be
processed in an own thread or task. After instdatiaof a GriddedTimeSeries-
Visualizer , the caller only needs to invokeall() in order to start the time series
visualization. The return value of theall() method fits the requirements of the
TimeseriesFeatureRenderer.

4.1.4.4.2. Persisting the result

Once the desired time series is retrieved, it bdsetwritten into a database. The database has to
be accessible by the WMS server which later rentterse time series. Since a database and a
WMS server are requirements for a SUDPLAN applargtboth can be used for the purpose of
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gridded time series visualization and there is @eednto additionally set up further components.
The following figure depicts the structure of a uvality downscaling result set.

Air Quality downscaling Day i
x/y 132504250|52506250

(nput A

. Spatial grid 17002.3 1.1 2.7 3.4

e Time period 270054 3.6 6.4 | 4.6

» Climate scenario 37008.75 1.8 6.6 |5.2

* Emission database
\_ %

@!sult \ \ j

« Offering 1 Y
o Pollutant: O,
o Resolution: Daily a

e Offering 2 Offering 2
o Pollutant: CO,
o Resolution: Daily < : 5

. Offering 3 Time series for day 1
o Pollutant: O, Time series for day 2

. Oﬂ%rilizszlutlon. Hourly Time series for day 3
o Pollutant: CO,

k o Resolution: Hourly j Time series for day n

\~

Figure 59: The structure of a Air Quality downscaling result offering

As mentioned earlier, the SPS generates an SO8ngfflor every combination of an air
pollutant and a temporal resolution. Each SOS wifeprovides a spatially gridded time series
for each timestamp. Every value of this grid issped - enhanced by its spatial location and
some metadata like the air pollutant - as a singleow by
AirqualityDownscalingResultVisualizer via JDBC in the configured database.
Additionally, a database view is created which&slall values of this specific grid.

Regarding the structure of a gridded time serideriofy, the database containsnew
views, each view providing the values for one titaeg. In the next step, these views play an
essential role to enable the WMS server to rertteoffering's grids.

4.1.4.4.3. Creating WMS layers

Most WMS implementations are able to manage laydrgkh retrieve the necessary spatial
information from a PostgreSQL/PostGIS databases Tan be used to generate layers rendering
images from the information in the correspondingwi Using the TimeseriesFeatureRenderer,
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the SUDPLAN SMS is then able to let the user naedlrough time for a gridded time series
visualization.

SOS offering
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Figure 60: Components involved in gridded time seés visualization

The above figure illustrates the steps necessavistmlize gridded time series to the user.
An important prerequisite for the visualizatiortesensure that the WMS server has read access
to the database which is used for persisting tealteThis has to be done manually. Since the
database already provides views for each timest&bnpldedTimeSeriesVisualizer
now creates one layer for each timestamp. Each layeonfigured to retrieve its information
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from the corresponding view. All layers need tadesn the same layer group in order to allow
the TimeseriesFeatureRenderer fade through theslaye

4.1.45 Comparison of gridded time series

To comprehensively support the decision making ggs®f the SUDPLAN user, it is necessary
to offer the user a visual comparison of griddedktiseries. With the help of this visualization it
is e.g. possible to draw conclusions from simugatthe same user scenario using different
climate models. In the following, two consideregrgaches for comparing gridded time series
are described, which one was realized and howstrealized.

4.1.4.5.1. Approaches

In contrast to a regular time series a gridded serges is enriched by an additional dimension, a
spatial location. As the spatial location consideast of two dimensions, a gridded time series is
made up of three dimensions: every value is vabid & two-dimensional coordinate and a
timestamp. Mainly two approaches were consideredhenquestion how to visualize three-
dimensional time series on a two-dimensional screen

With the Advanced Visualisation Component the SUBRLSMS provides a component
capable of visualizing 3D/4D data. Gridded timeesgrobtained by an SOS, can be visualized
by 3D diagrams or 3D data vases.

Monthly Unemployment Rates for North Carolina’s 100 Counties (Jan 1999 to Dec 2008
@ Unfiltered view P'Y @ View filtered based on a range (inset)

d.ﬂ

20 o

.,;i
(o
=t

232 iy
m Color Legend: & Color Legend: _N L

Unemployment Rates L i iemblojiientRales Range Data source: Log Into North|
i) W selector | Carolina (LINC) web p

Figure 61: Example of 3D data vases

(Thakur, S., Rhyne, T.-M. (2009): Data Vases: 2D 23D Plots for Visualizing Multiple Time Series.Advances
in Visual Computing (pp. 929-938). Springer Beflideidelberg)

Although this approach relates the values of adguidtime series with their spatial aspect,
it has two major drawbacks. First, it is not coraptito standards used in SUDPLAN and second
this approach has to be realized from scratch.

The other approach is to use image manipulatioorigtgns. Using the result visualization
of gridded time series the SUDPLAN user is ableramte WMS layers which make the gridded
time series available as a series of images. Tlki@ns every value is converted into a colour,
which is just another interpretation for this valirem a computational point of view. The
comparison of time series is accomplished by apgha formula, e. g. in a simple case by
subtracting both values to see the difference.eSimage manipulation is the same for colours, it
can be used to compare already visualized gridideel $eries. In order to navigate through the
third dimension, time, a similar approach as itused in the gridded time series visualisation
should be used for a consistent user experience.
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Figure 62: Calculating the difference (last row) otwo gridded time series (first and second row)

This approach doesn't require as much developméott eas the first approach.
Additionally it is compliant to the OGC WMS standaas it could be enhanced to generate a
WMS layer out of the comparison result. A majorvdsack of this approach is that humans can't
tell the difference between two similar 32bit cakuTherefore the colour space has to be
reduced which results in an aggregation of theegbf the time series.

In order to realize the comparison of gridded tgeees in time, the second approach was
chosen. Its only drawback seems to be the reduaifothe colour space. But as the grid
comparison is used to support a decision makingga® it isn't necessary to exactly reproduce
the values of the gridded time series, which wotlloe possible with 3D data vases as well.

4.1.4.5.2. Workflow

Since image manipulation is used to compare griddet: series, it's obvious that the
SUDPLAN user has to visualize a gridded time sdvafsre it can be used for comparison. Thus
the user has to fulfil the steps outlined in 44,.4isualization of gridded time series, first. As
result the WMS server provides layers for the geititime series which can be compared. The
user now can add those WMS layers to cismap amdsélect the WMS layers to compare along
with a comparison method. The result will be viged in cismap over the WMS layers along
with a control to enable the user to navigate thhotesult's timestamps.
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Figure 63: Comparing gridded time series

The first step in Figure 63 illustrates that therubas to visualize gridded time series
before a comparison is possible. Since this isadifexplained in detail in 4.1.4.4, it is shown in
a short form here.

In the next step the user adds those WMS layerghwie later wants to compare, to the
map view in cismap. This feature already is sumablly the SUDPLAN SMS. But forcing the
user to do so seems to be needless as the SM8yalista all available WMS layers. So the user
could select the WMS layers which are to be contp&@m this list. But this would break the
usual handling of cismap and its components. Aoldily, by adding the WMS layers to cismap
first, the images of the gridded time series alyem®@ loaded from the WMS server. This allows
a smooth visualisation, as the images haven't todmed in a later step.

By using a new Ul component, the user is able lecséwo WMS layers for comparison
and a comparison method in the third step. Thispmorant carries out the image manipulation in
memory and displays the result in cismap.

Finally, similar to the visualization of griddedme series, the user can now navigate
through time in the comparison result. Since th&ilt resides in the memory and isn't available
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as a WMS layer, its time navigating Ul componetfiteds from the time navigating component
of WMS layers. It is included in the Ul componemtroduced in the third step.

4.1.4.5.3. Selecting gridded time series for compar  ison

As mentioned before, the user has to add WMS layegsidded time series to cismap in order
to be able to compare them. In 4.1.4.2.5 it is diesd how to define cismap actions. For a
consistent user interface such an action is imphteaeto let the user select the gridded time
series for comparison.

4 Itzelf

NOX (AQ 14 Days Stockholm 3, daily)
03 (AQ 14 Days Stockholm 3, daily)

i Layer 20X
Leva@RB
| Layer Style | Info | Progress / Transparency
B8 03[] [ [ ]
-8 hioin 0O E———
58 oz O ——
- B Sweden _

Figure 64: Action allowing selection of gridded tine series for comparison

Another way to select the gridded time series fomparison is provided by the Ul
component which allows the comparison of griddedetiseries. This component will be
explained in detail in the next chapter.

4.1.4.5.4. Comparing gridded time series

In order to compare gridded time series, the uasrtt determine which gridded time series are
to compare and which comparison method should pkeajp For this purpose, the following Ul
component can be used.
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Figure 65: Grid comparison component

The grid comparison component is split into fouwso The first row provides two drop
down lists allowing the selection of the griddewhdi series to compare. These lists contain all
gridded time series added to cismap. After selgctingridded time series the following both
rows are adapted to the selection. These rows shewime period of the chosen time series
similar to the gridded time series visualizatiorFigure 65. Using the range sliders the user can
restrict the time period which is to be comparedath gridded time series. This allows the
comparison of two parts of the same gridded tinmeesee. g. comparing the first and the second
half of a year in the same time series. The fotwth provides a drop down list of comparison
methods. After selecting a comparison method, #seillting images will be drawn over the
already displayed WMS layers in cismap. With thip lué the slider besides this drop down list,
the user is able to navigate through time in tiselte

4.1.45.5. Realization

The following figure depicts an UML class diagrarhigh shows the classes responsible for the
comparison of gridded time series.
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Figure 66: Classes responsible for comparison of igided time series

As mentioned before, each gridded time seriespeesented by a WMS layer acting as a
parent for one WMS layer for each timestamp in tinee series. The cids internal class

SlidableWMSServiceGroupLayer represents such a WMS layer. The user starts his
workflow by adding gridded time series to cismap.s Abeing a registered
ActivelLayerListener , the singletornGridComparisonLayerProvider is informed
about every addition and removal of layers to cpm#Vith the help of the method
isComparable(Object) , this singleton filters all the layers added anoed to cismap for
layers of typeSlidableWMSServiceLayerGroup with a special marker indicating that
this layer can be compared with another layer. Tietsof comparable layers is then used by
GridComparisonAction and GridComparisonWidget . The
GridComparisonAction uses the internal lookup mechanism of cids tostegiitself as

MapPopupAction . Thus it is displayed in the context menu of cipmand provides a
submenu listing all available, comparable lay&sdComparisonWidget is a subclass of
JPanel and realizes the grid comparison component desttiitn4.1.4.5.4. As soon as the user
decided which gridded time series to compare alettsel a comparison method (represented by
enumeration Operation ), the GridComparisonWidget creates a corresponding
GridComparator . The GridComparator  uses JAI (Java Advanced Imaging) to perform
the image manipulation and caches the resultingg@®main a Map. The results of

GridComparator is then wused by GridComparisonWidget to create a
SlidingimagesFeature . This feature extendRasterDocumentFeature and thus is
used by cismap to display 8ufferedimage at a spatial location determined by
SlidingimagesFeature 's geometry . Additionally, SlidinglmagesFeature offers
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its user, i. eGridComparisonWidget , the methodetSliderPosition(Integer) to
enable the navigation through time. The giveteger is a indicator of the slider's position.
By accordingly fading the images which correspomdhis position, the user is able to see the
progression of the comparison result.

4.1.5 Current Release Feature Summary

The current release of the SMS Framework suppontsnaber of vital features that are used to
access, visualise and compare Common Service aasvigical models results. In summary, the
features included in the third year release ofthfevare are:

» Enhanced 3D component integration

* Enhanced local and downscaled data (time seridsclbves as well as custom pilot
data) import and export facilities

» Support for Hydrology Common Service

* Euler 2 Rain Event generation

* Enhanced model result visualisation (2D time sgries

* Model Result (Scenario) Comparison (2D time serieshuding visual comparison
support, time series operations and 2D map interact

* Model management (information related to a model,meta information)

* Enhanced Asynchronous model execution (incl. metié persistence)

* Management of model runs, results and parametenizat

» Basic model result visualization (1D time serid3,r2aps)

* Model Result (Scenario) Comparison (1D time serieshuding visual comparison
support, time series operations and 2D map interact

» Integration of temporal aspects of 2D map visutbss

» Search and discovery of objects of concern (esyllt® scenarios)

e OGC SOS (TS-API based), SPS (TS-API based), WMS B integration
capabilities.

» Support for Rainfall (time series & IDF)

* Air Quality Common Services

* Pan-European Common Services (climate change ptaesye

* Local model integration support

» Integration facilities for local data (time series)

The current version of SMS related softwariel§ SUDPLAN extensionsan be found at
http://sudplanwp3.cismet.de/sms/.
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4.2. Model as a Service Integration

The main objective of this part of the SMS is tooyde the means to control model
implementations and access model results, inclubmipy SUDPLAN Common Services and
local pilot specific models, via standardised wetyges. The selected standards are members of
the OGC SWE [SWE, 2007] family, specifically SOSSor Observation Service) and SPS
(Sensor Planning Service), which are used for mogRllt access and model control. This part
of the SMS can be used to access the corresporedmgion servicesge D4.1.1 — Concerted
Approach Report V)las well as to encapsulate local models as in sofmthe four pilot
applications of SUDPLAN.

Within SUDPLAN we concentrated on the use of theQO$&rvice interfaces. The main
reasons were:

e The OGC service interfaces are an accepted stamidhd® GIS community, and
cover a large number of use-cases relevant to@mwiental applications.

» All OGC specifications are freely available to exare.

* All OGC service specifications share common dateodimgs and descriptions
such as O&M — Observation and Measurement [OM1/7R0GBML - Geography
Markup Language [GML, 2004], and SensorML - Sens$todel Language
[SensorML, 2007].

« Implementations of libraries and some ready to sesgices are already available
with open source.

 The DoW requires the use of an open approach isideration of the technical
requirements of SISE [SISE, 2009] (See D3.1.2, REW-2 ff).

Additionally, the use of these established starglarthbles the integration of SUDPLAN
services and the SMS with existing as well as emgrdata and model services.

A precondition for the integration of data servieeshat all data need to be self-describing
[ORCHESTRA, 2008] which means that there is infaroraabout the values, such as unit of
measurement, description of phenomena, precisiod ancertainty, and methods of
measurement in the form of sensor descriptions. Semee is true for models as we expect to
access more models over time and they should bedeusathout prior knowledge of any details
about them. There are many standards for datapwanand remote service invocation. SANY
SensorSA [SANY, 2009] and Fusion Architecture [FavhA, 2010] documents already
anticipate most of this and were therefore usesng®rtant sources of requirements regarding
the Model as a Service Integration Building Blo¢klee SMS.

4.2.1 Components and APIs Used
The implementation of SOS and SPS related softigdbased on the Time Series Toolbox (TS-

Toolbox) API from AIT. The TS-Toolbox API providegbe means to conveniently deal with
arbitrary time series.
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We decided to use the TS-Toolbox because it reptesegood starting point from which
to implement dedicated services able to wrap thi®wsa existing models needed in SUDPLAN
and to establish the basis for the integration e hocal models through standardised service
interfaces. In the SANY project, we found that thise of existihng SOS and SPS
implementations, e.g. from 52° North Initiative [SE2N, 2011] is not feasible as they are
complete systems, and they are not built to adt agsan interface implementation to wrap
existing models or data bases. Many other partseo S-ToolBox, especially on the client side,
can also be used or adapted to suit SUDPLAN needs.

In the following a short introduction on the TS-Tlax architecture and the related APIs
is given. More information on the TS-Toolbox canfbend at _http://ts-toolbox.ait.ac.at.

TS-Toolbox is a high level programming frameworlattlallows efficient access to and
processing, archiving and presentation of semdhtieariched time series. It consists of three
layers Figure 67: Elements of the TimeSeries Too)Bdke "applications” layer provides
examples of complete TS-Toolbox applications with,GGUI and web-service interfaces; the
"components” layer provides the functional buildibigcks for commonly used functions; and
the "TS-API* layer provides the basic interfacesl amethods for presentation and manipulation
of semantically enriched time series.

<<Service app.>> =<Service app.-= <<ClLlapp.>= <<GUl app.>>
Monitoring, Processing,(  Integration, T"S:Z:::ges
Alerting Reporting AdﬂP*E'S & Editing

wﬁ ( \.]--..__,.

Time Series /
TnmeSerres API /_)

AN

Control

Processing nflgu ration

=<zDataHandler=> =<DataHandler=> =<DataHandler=> <<zDataHandler==

Files,

Lepacy Databases

Sensors Systems

Services

Figure 67: Elements of the TimeSeries ToolBox

The functionalities implemented by the TS Toolboxmponents provide application
developers with higher level building blocks thapital general purpose libraries, and allow
rapid development of full-fledged service, GUI, a@d.l applications. Moreover, the TS-
Toolbox based applications are highly modular, oeksaware, and easily re-configurable, and
the use of TS-API interfaces simplifies the taskeatending and adapting the TS-Toolbox
applications to new environments. The main advasaj the TS-API are:

« Data from different legacy systems, including localodels and related
environmental, geographical or background data, b&n easily integrated,
processed, visualized, and made available to aeraagdience by means of
standardized service interfaces.
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» Its pipe-oriented architectural design greatly difigs the task of component and
data flow configuration within an application, ewgging the output of a certain
model (SUDPLAN Common Service) as the input to haomodel (pilot-specific
local model).

* The components can be easily chained, e.g. in @oderovide more sophisticated
processing capabilities, and used in parallel (@synchronous model execution),
in order to provide alternative means for accesstaying and presenting the data.

« Components can be easily extended or replaced alignatives, e.g. in order to
access new types of data, integrate new modelénprove the processing or
storage performance.

The TS-Toolbox "components” provide the functiobailding blocks for commonly used
functions, such as:

e Sensor configuration and access to sensor data. €xample, the
AnySenDataHandler provides a means to access gasensors accessible over
serial and network interfaces.

+ Read- and/or write- access to time series storesgnvices, files and databases. For
example, the SOSDataHandler provides access tdastiised Sensor Observation
Service, the CSVSimpleDataHandler to ASCIl  files dan the
GenericDBDataHandler to relational databases.

» Service interfaces. For example, the Remote Datdldaallows exchange of time
series between two TSToolbox applications ovengta/ork.

* Processing and annotation of the time series. Inicpéar, the F3 Processor
component provides a generic functional languagenfanipulation of the time
series.

» Control components provide a convenient way to dynally control the data flow
and the behaviour of the DataHandler and Processimgponents.

The TS Toolbox is designed with extensibility innahj and more components, such as
model integration and management components dex@lopSUDPLAN, can be added in the
future.

4.2.2 First Year Development

In the interest of model and service integratioio the SUDPLAN SMS three tasks has been
performed:

» Definition of a data and meta-information encodiogformant to OGC standards

* Integration of a client part into the SMS

» Development of a generic service providing OGC $0& SPS interfaces to
encapsulate models
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The generalised course of action of a model invogas shown inFigure 68: Invocation
of a Model Encapsulated asService.

Scenario Management System (SMS) Model as a senvice

getModelDescription() K
description

By s Smsn and data

Figure 68: Invocation of a Model Encapsulated as Service

4.2.2.1 O&M Encoding of Time Series of Fields

Based on the size of the data, a distinction isermdween parameters for a model run and input
data. While the parameters are typically of sintgfge and small in size (except for calibration
data, for example), the input data for a model @amplex in nature and quite commonly of
several GB in size. Because the model needs fassado the input data these data have to be
uploaded to the model site. The user of the moaelsdhis (sometimes over institutional
boundaries) through an implementation of the SQSrface. This interface is also used to
enumerate and retrieve the model results. Modaltiand result data transferred through the
SOS interface are encoded using the O&M (OGC Olsierv and Measurement) [OM1, 2007]
information model.

The O&M encoding is straight forward for time serigf scalar values and used by many
SOS implementations such as 52° North [SOS52N, 200ie encoding of time series of
coverages is not that well defined. Observatiorts Measurements - Sampling Features (O&M-
SF) [OM2, 2007] specification provides a means nooele discrete coverages and provides
dedicated elements to do so, but it lacks dedicatechents necessary to describe continuous
coverages.

The SANY ‘Fusion and Modelling Architectural DesigisanyFMA, 2010] document
describes two methods for encoding coverages in O&Bbth use the O&M-SF
sa:SamplingSurface element. While there is no déelicelement in O&M-SF v1.0 to specify a
grid on which the sampling takes place, both methaeiscribe the sampling points and grid by
embedding its description in sub-elements of th8aaplingSurface, which was not designed
for this purpose.

In SUDPLAN an additional method has been considdieddescribing continuous
coverages. The optional SOS method DescribeFedinte@st allows for retrieval of the
feature type description (xml schema) for a givesitdire of interest. This allows us to introduce
a new namespace containing additional SamplinguFeagpes.

The new SamplingGrid type inherits from the sa:BflgExtensiveSamplingFeatureType
defined in O&M-SF and contains a gml:RectifiedGgldment that describes the rectified grid on
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which the sampling takes place. The advantage ef rtfentioned inheritance is that the
sampledFeature relation is retained. SUDPLAN Sam@rid schema and one Sampling-Grid
instance example are shown below.

SamplingGrid schema:

<?xml version="1.0" encoding="UTF-8"?>
<schema xmlns="http://www.w3.0rg/2001/XMLSchema"
xmins:xlink="http://www.w3.0rg/1998ink"
xmlns:gml="http://www.opengis.net/jm
xmlns:sa="http://www.opengis.net/gdimg/1.0"
xmlins:aitsa="http://www.ait.ac.atfgaing"
targetNamespace="http://www.ait.tsaanpling"
elementFormDefault="qualified"
attributeFormDefault="unqualified">
<import namespace="http://www.opengis.net/gsesliemalocation="./gml4sos.xsd"/>
<import namespace="http://www.opengis.net/samgyfl.0"
schemalocation="http://schemasngis.net/sampling/1.0.0/ samplingManifold.xsd"/>
<element name="SamplingGrid" type="aitsa:Sang@ridType" substitutionGroup="gml:_Feature"/>
<complexType name="SamplingGridType">
<complexContent>
<extension base="sa:SpatiallyExtensiwvefingFeatureType">
<sequence>
<element ref="gml:Rectified Gtel
</sequence>
</extension>
</complexContent>
</complexType>
</schema>

SamplingGrid instance example:

<?xml version="1.0" encoding="UTF-8"?>
<SamplingGrid xmiIns="http://www.ait.ac.at/sampling"
xmins:gml="http://www.opengis.net/¢gml
xmins:xlink="http://www.w3.0rg/1999i®k"
xmins:sa="http://www.opengis.net/séinmg/1.0"
xmins:xsi="http://www.w3.0rg/2001/XMichema-instance"
xsi:schemalocation="http://www.openget/gml http://schemas.opengis.net/gml/3.1.1/gadexsd
http://www.ait.ac.at/sampling ./SamplingGridSchexad.">
<gml:description>Sweden grid</gml:description>
<gml:name>Sweden Grid</gml:name>
<gml:location />
<sa:sampledFeature xlink:href="urn:MyOrg:featathim_1"/>
<gml:RectifiedGrid dimension="2">
<gml:limits>
<gml:GridEnvelope>
<gml:low>0 0</gml:low>
<gml:high>50 60</gml:high>
</gml:GridEnvelope>
</gml:limits>
<gml:axisName>x</gml:axisName>
<gml:axisName>y</gml:axisName>
<gml:origin>
<gml:Point srsName="urn:x-ogc:def:.cR¥>5:3021">
<gml:pos>6546000.0 1580000.0</godp
</gml:Point>
</gml:origin>
<gml:offsetVector srsName="urn:x-ogc:def:&iPSG:3021">0 2e-005</gml:offsetVector>
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<gml:offsetVector srsName="urn:x-ogc:desf:&PSG:3021">2e-005 0</gml:offsetVector>
</gml:RectifiedGrid>
</SamplingGrid>

4.2.2.2 Using UncertML to Describe Statistical Data

The descriptive model language Uncertainty Markapduage — UncertML [UncertML, 2007]
developed by the INTAMAP project can be used toodecthe accuracy of the observation
collection. The SUDPLAN rainfall downscaling sewigenerates a 2D table of the predicted
precipitation values for the total seasonal accat (TOT), maximum 30-min intensity
(MAX), and frequency of occurrence (FRQ).

Because of the statistical characteristics of tlieda, UncertML could be used to encode
them, similar to the way uncertainties in sensdadamd model outputs were encoded in the
SANY project. This would mean treating these dataescriptions of the time series of rainfall,
not as an independent result. At the same timettlata have the characteristics of a time series,
meaning that they provide the above mentionedssitzl information for every season. At this
point no decision has been taken about whetheetat should be encoded in SUDPLAN as
observations (using O&M), or as observation unoaitss (using UncertML).

4.2.2.3 Using SensorML to Describe Models and Requi  red Parameters

The SOS and SPS interfaces provide process desnepéncoded in SensorML through the
describeSensor operation. In SUDPLAN, the processmodel and can be described as a non-
physical (pure) process. The information providedhie form of a SensorML document can be
quite extensive, encompassing model inputs, paems)edutputs, the model algorithm itself, and
details of the implementation module. Currently,r @applications require descriptions of
constant model parameters necessary for the huntarpietation of the model results. This
includes model identification, responsible panygut and output model. Our processing services
act as clients to several Sensor Observation Sxxvithe following simplified SensorML
document shows basic model identification as wslltlae inputs and outputs of the rain
downscaling model used in SUDPLAN. The model takssinput a SOS offering name
containing the historical rain measurements as aglla future timestamp around which the
downscaling results are generated. The model geses timeseries of coverages with the
resulting data described in the element “Downscedéed.

<?xml version="1.0" encoding="UTF-8"?>
<sml:SensorML xmIns:sml="http://www.opengis.net/serML/1.0.1"
xmins:swe="http://www.opengis.net/swe/1.0.1"
xmins:gml="http://www.opengis.net/gml|"
xmins:xlink="http://www.w3.0rg/1999/xlink" versiori£.0.1"
xmlins:xsi="http://www.w3.0rg/2001/XMLSchema-instaic
xsi:schemalocation="http://www.opengis.net/sensofM. 1
http://schenagengis.net/sensorML/1.0.1/sensorML.xsd ">
<sml:member>
<sml:System gml:id="SUDPLAN_A1B3">
<gml:description>Simple rain downscglimodel</gml:description>
<sml:identification>
<sml:ldentifierList>
<sml:identifier name="UID">
<sml:Term definition="urrogc:def:identifier; OGC:uuid">
<sml:value>urn:x-oggeti:model:SUDPLAN:prec:A1B3</sml:value>
</sml:Term>
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</sml:identifier>
<sml:identifier>
<sml:Term definition="urrogc:def:identifier: OGC:shortName">
<sml:value>SUDPLAN A18&3ml:value>
</sml:Term>
</sml:identifier>
</sml:IdentifierList>
</sml:identification>
<sml:inputs>
<sml:InputList>
<sml:input name="ObservatiorgdiigName">
<swe:Text />
</sml:input>
<sml:input name="centerTime">
<swe:Time />
</sml:input>
</sml:InputList>
</sml:inputs>
<sml:outputs>
<sml:OutputList>
<sml:output name="Downscaleth'ta
<swe:DataArray>
<swe:elementCount>
<swe:Count />
</swe:elementCount>
<swe:elementType nan@sverageType">
<swe:DataRecord>
<swe:field naxti€imestamp">
<swe:Timefidition="urn:ogc:data:time:iso8601"/>
</swe:field>
<swe:field naxt\@rid">
<swe:Dategiyr>
<swementCount>
«<@ount />
</sweraentCount>
<swemkentType name="value">
wWuantity definition="urn:ogc:def:property:OGC:Jfecipitation">
<swe:uom code="mm"/>
wks Quantity>
</sweraentType>
</swe:Dateay>
</swe:field>
</swe:DataRecord>
</swe:elementType>
</swe:DataArray>
</sml:output>
</sml:OutputList>
</sml:outputs>
</sml:System>
</sml:member>
</sml:SensorML>

Based on these encodings a client part (calledtaH2endler in the TimeSeries ToolBox
context) was implemented and integrated into th®BLAN SMS.

After implementing a generic server providing SCSwveell as SPS functionality the
integration of the Common Service started with

* Climate scenario data
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* Rainfall downscaling for rain time series
* Air Quality downscaling

In general all Common Services models require flead of input data (handled by an
SOS interface), the invocation of the actual madel (handled by an SPS interface) and the
download of results (again handled by an SOS imte)f This is shown in more detailfkigure
69: Model InvocatiorDetails.

SMS Model (SPS interface) Model (SO85 interface)

et model descriptign

getCapahilities(
l( - sensor offering list (SPS capabilities docum e_n_t)

describeSensor(id) b
P SRR model description (Sensorhd ':)

upload model input d:]ta

registerSensor{description including SensaorblL)

un mudel

| Create GUIto enter model palametersL\]

optional

getFeasibility (params) i

submit (params) # start model run

ption aj
getStatus (id) >
s e e status

=

describeResultAccess
4 URL of Service to get results from

download model resultfs)

descriheF eature Ofinterest{feature-id)

L:
featureDecuptmn

Figure 69: Model Invocation Details
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4.2.3 Second Year Development

For the model and service integration into the SUBIR SMS the following tasks have been
performed:

* Further development in the generic OGC SOS and &P8ce and client counter
part.

* Providing a service offering climate scenario data

* Providing a service for rainfall time series dowaisw

* Providing services for the Linz pilot: Sensor data local model

* Providing a service for rainfall IDF curves downlgog

Contrary to the first year’s prioritisation the egtation of hydrology has been moved to
the 39 year. Instead the IDF downscaling was implemeittetie 2 year. The reasons for this
are concrete and reflect higher priority user ne#die pilot applications.

4.2.3.1 Rainfall Downscaling Services

There is an important difference between the twofal downscaling services. The long rain

time series (more than 10 years, at least one walagy 10 minutes) allows access to long-term
efficiency requirements, as it is done in the Lpilot. But it is not easy to use this long time

series to support access to extreme events. Oothiee hand IDF curves don'’t tell anything

about the overall amount of rain in the future.tdéasl they reflect the probability of a specific
rain intensity and duration. This is needed in\thgppertal pilot to assess flooding risks.

Technically the rainfall time series downscalingge® a rain time series as input and
projects this time series to a future period urttlerassumption of a specific climate scenario.
What was not explicitly stated in this sentencehis meta-information contained in the time
series, in particular the time interval of the ihpain time series and matching coordinates. In
contrast to time series downscaling IDF downscataigs an IDF curve as input and projects
this to a future period under the assumption gpecsic climate scenario. But in this case the
time interval for which the input IDF curve is w@lias well as the coordinates, need to be given
explicitly.

4.2.3.2  Linz Pilot Application Services

After integration of the local model a complete mabrun cycle involving access to local data,
the upload of these data as input to a common c&Erviunning the common service,
downloading the result from the common service, aplbading this result as input to a local
model can be demonstrated. These steps are followadlocal model run and the download of
the results from the local model back to the SMS.

An example of how this is used in the Linz pilotstsown inFigure 70: Complete Model
Run (Linz)
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Local data (SOS) | Local model (SOS) Local model (SPS) Rain Downscaling (S08) Rain Downscaling (SPS)

SMS |

Access local dati:

getObsevation)

historical rain}kJ
W oy e e e e e D L
Run common service with local data asinput
insentObseration (historical rain) A
_______________________________________ e d]]
suhmit (climate scenario, id, target time) "
»
__________________________________________________________________ ________notifcation] ]
getObservation) K
P o Muwrerain]]

Run local model with result from common service § input

insentObservation (historical rain) i A

3
i nofification]]

visualize()
| Use background data from one or maore WMSIj

1

_‘_J

Figure 70: Complete Model Run (Linz)

4.2.4 Third Year Development

For the model and service integration into the SUBIR SMS the following main tasks had
been performed in thé®3ear:

* Further development in the generic OGC SOS andseR&ce and client counterpart
» Finalisation of the air quality downscaling intetipa

* Integration of the hydrology model

* Deployment of stable OGC services (at SMHI)

The generic OGC SOS and SPS work contained sonmensahs for result filtering, meta-
information and stability enhancements.

The air quality downscaling integration now allote execution of models on a backend
supercomputer.

The integration of the hydrology models enablegss¢o river runoff data.

4.2.5 Current Release Feature Summary

The focus of the third implementation cycle wasctonplete the development to support the
access to all of the downscaling functionality tiglb a set of common services. In particular,
dedicated SOS and SPS services have been devetbpedare accessed from the SMS
framework to execute a model (SPS) or retrieve rhoesults and upload input data and
parameters (SOS). To facilitate easy integratido the platform the software comes with a set
of client components (stubs/proxies) to easily asgaodel related information without the need
to deal with the service itself.
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The current release supports a number of essésdi@ires that are used to access Common
Services implementing OGC service interfaces anidiwtan be used to control local models.

» Access to local data through SOS

* Upload model input data through SOS
* Model execution through SPS

» Access to model results through SOS

The usability of these services within SUDPLAN hbeen demonstrated in the pilots.
Furthermore there was also a demonstration of dability of the services from “outside”
SUDPLAN in the scope of a publication at EGU 2012.

The results are available as open source and ddeessat _http://ts-
toolbox.ait.ac.at/SUDPLAN/staging/.

Further development of these services is alreadgaimg in some other projects, so the
SUDPLAN results will be available beyond the projgetime.
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4.3. Advanced Visualisation Component

According to the DowW SUDPLAN SMS functionality wilinclude “an advanced 3D/4D
visualisation component for the visualisation amihetion of 3D results and predictions, in
particular using the 3D landscape.” This componeiit help the planners, modellers and
decision makers to gain deeper insights into theetations of phenomena related to their
particular workflow. Unlike the previously describeparts of the SUDPLAN SMS, the
Advanced Visualisation Component has to be buwltnfiscratch. This implies several basic tasks
which must be performed, besides the actual imphatien efforts, such as component design
and state of the art research. The efforts cawigdn the first and second development phase
will be described briefly in the following paragtep

In order to meet all of the requirements regardimgvisualisation of the SUDPLAN SMS
stated by the various formal documents (DoW, D3:-1Requirement Specification V1 etc.)
substantial research and evaluation had to be ddns.was necessary in order to guarantee a
suitable and flexible visualisation solution. ThHCEPLAN SMS, more precisely the Scenario
Management System Framework described in paragiabh Scenario Management System
Framework, is based on Oracle’s Java technologyh@nfollowing only referred as Oracle).
Since the Advanced Visualisation Component will dme an integral part of the final
SUDPLAN SMS, it also has to be based on the sanafopih-neutral and web-based
technologies. Platform neutrality and the abildyinvoke the SMS over the web impose certain
restrictions on the selection of 3D visualisatioRI& To avoid a proprietary solution that is
limited in its interaction capabilities with the SMFramework, Oracle’s own high level APl Java
3D [Oracle, 2011] and low level OpenGL Java bindinguch as JOGL, were chosen for the
implementation of the Advanced Visualisation Comgrun The underlying framework was
changed to the World Wind Java SDK in the coursta@fsecond year.

The goal of the first development cycle was first dreate a running system which
visualises pilot data related to the Stockholm wlm) pilot. The idea behind this is to
incrementally enhance the functionality. In thestfiversion the data were opened and processed
directly, but this approach will be gradually reggd by a service-oriented concept. In the course
of the project the visualisation component will eoover each development cycle. To achieve
the goals planned for the second development cyate to accommodate for new and more
detailed requirements (general and pilot specifi|@ underlying framework needed to be
changed. Using the World Wind Java SDK it was gaedio incorporate the pilot specific data
more easily and progress towards the envisagedserxiented concept.

The overall goal is to produce a flexible and madalomponent which can be used in any
application which has a need for geospatial visaébn in 3D. Special emphasis is placed on
the reuse of available APIs and software. Throlnghcourse of the project we will use suitable
and stable open source software as much as possdaéionally, we will use publicly available
proven geospatial standards such as WMS, WFSretecder to facilitate the easy integration of
new and existing content for visualisation.

4.3.1 Components and APIs used

In contrast to the initial development (Year 1pécame evident in the second year that it will
not be possible to accommodate all (previous ang nser requirements with a Java3D based,
built from scratch, Advanced Visualisation Companeiithin the timeframe of the project.
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Therefore, a switch in the components used and Afds necessary. It was decided, in
agreement with the work packages involved and thesartium, to use the freely available
World Wind Java SDK component as basis for thehtmrtdevelopment of the Advanced
Visualisation Component. After the integration loé tWorld Wind SDK it was thus possible to
focus only on the visualisation and animation of i@Sults and predictions, in particular using
the 3D landscape. More detail on the decision @®de given in chapter 4.3.3 Second Year
Development.

The following paragraph gives a short overviewhds functionalities already provided by
the World Wind SDK.

The World Wind SDK is a free and open source JaRa-#r a virtual globe released
under the NASA Open Source Agreement (NOSA). Theméwork provides a powerful
platform for giving the SMS the means to expresanipulate and analyse data of interest.
World Wind provides many features for displayingvesl as interacting with geographic data
and representing a wide range of geometric objdbtseover, extending the API is simple and
easy to do. Following an extract of important WoNehd features:

* Open-source, high-performance 3D Virtual globe ARd SDK
* Open-standard interfaces to GIS services and degaba

» Capable to display high-resolution imagery, terrand geographic information
from any open-standard public or private source

* Huge collection of high-resolution imagery and aerrfrom NASA servers

e Supports Coordinate System: Lat/Lon, UTM, MGRS

e Supports of GeoTIFF, JPG, PNG, and JPEG2000

» Supports standard GIS formats: Shape file, KML, GI3eoJSON

» Different Navigation Modes are being supported

e Supports visualization for stereoscopic displays

Finally, organizations across the world use andpstipthe on-going development of

World Wind to monitor weather patterns, visualizéges and terrain. With World Wind taking
care of the basic concepts of visualizing geog@aplta on a virtual globe, we are now able to

focus on solving the domain specific problems amdocus mostly on the visualisation and
animation of 3D results and predictions, in pattcu using the 3D landscape.
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4.3.2 First Year Development

Note: Due to the change from Java3D to the World WineaJBDK most parts of this
section are obsolete but are left in the docun@ntdmpleteness.

In this paragraph a short introduction to the JaiZa APl is given and references are
provided for further study. The Java 3D tutoriagchiébes Java 3D as follows:

“The Java 3D API is an interface for writing prograno display and interact with three-
dimensional graphics. Java 3D is a standard extamso the Java 2 JDK. The API provides a
collection of high-level constructs for creatingdamanipulating 3D geometry and structures for
rendering that geometry. Java 3D provides the fionst for creation of imagery, visualizations,
animations, and interactive 3D graphics applicatigrograms. The Java 3D API is a hierarchy
of Java classes which serve as the interface t@phisticated three dimensional graphics
rendering and sound rendering system. The progranwaeks with high-level constructs for
creating and manipulating 3D geometric objects. Sehgeometric objects reside in a virtual
universe, which is then rendered. The API is deigmith the flexibility to create precise virtual
universes of a wide variety of sizes, from astrdnamto subatomic. Despite all this
functionality, the API is still straightforward tase. The details of rendering are handled
automatically. By taking advantage of Java threattee Java 3D renderer is capable of
rendering in parallel. The renderer can also autadicely optimize for improved rendering
performance. A Java 3D program creates instance¥awh 3D objects and places them into a
scene graph data structure. The scene graph isreangement of 3D objects in a tree structure
that completely specifies the content of a virtwaiverse, and how it is to be rendered. Java 3D
programs can be written to run as standalone appions, as applets in browsers which have
been extended to support Java 3D, or bd®un, 2000].

As described in the definition of the Java 3D AlR# primary advantage is the high level
aspect of the library. The programmer does not hawkeal with the low level concepts such as
the drawing itself, output device handling, palakgion etc., and is therefore free to concentrate
on the content of the 3D representation itselftdad of rendering the objects directly like in low
level OpenGL the objects are represented in alikeedata structure which allows various
optimisations before rendering and easy interagtodification with individual objects shows a
simple example of a scene graph in Java 3D. Thadiglescribes the minimal scene graph
necessary to display a shape, using the geneme-ttimensional representation of objects in
Java 3D.
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Figure 71: Example of a Java 3D Scene Graph

In this paragraph the design and current implentiemtaof the Advanced Visualisation
Component will be explained briefly. In order tovd®p a visualisation component for an
integrated system, a default development procesdchbe customised. DFKI decided together
with the technical partners of the SUDPLAN consortithat it would save time and thus more
cost efficient to develop the visualisation companae a sand box. A sand box, in this context,
is a small executable application delivering a tigkight environment for testing the
visualisation component independently. This procedhas the advantage that the complete SMS
does not have to be started in order to test tlufes of the visualisation component.
Consequently, in order to guarantee a nearly sesn¢egration the commonly known facade
pattern [Gamma, 2005] is used to enable desigrobyract [Meyer, 1992] and thus to deliver an
independent component. The overhead this approadupes will be compensated for by the
benefit of a modular architecture, which is cleatbfined through its interfaces and facilitates
reuse of the developed components.

Figure 72: Advanced Visualisation Component BugdBlocks shows the core building
blocks of the visualisation component, which widl explained in detail on a technical level in
the following sections. Core classes of the simgenponents will be presented in standard
Unified Modelling Language (UML) Class Diagrams [, 2005] combined with simple
tables describing the single classes in order t@m@ce comprehension. The classes are reduced
to the important methods and attributes in orddayospecial emphasis on the important parts.
The description of the renderer is left out intendlly because the Java 3D rendering engine is
used as described 413.1 - Components and APIs used
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Visualisation Component

Figure 72: Advanced Visualisation Component Buildiig Blocks

4.3.2.1 Layer

The concept of a Layer is ubiquitous in the visalon component. All content is added to the
visualisation component in the form of layers. Aida encapsulates information and meta
information about the content which should be d@igptl. For example, a layer ‘knows’ which
content it provides, e.g. elevation data, buildjrtggtures etc. There are more layers available
than represented ihable 1: Core LayeClasses in order to simplify the overvielRigure 73:
Layer Class Hierarchypresents the layer management classes.
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winterfaces

Layer

(from com::dfki::av::sudplan:layer)

&
&
o
&
<&
&
&
&
&
o
&
<&

getdame(}:String

setMame(in name: String):void

geticon():lcon

getlcon(in icon:lcon):veoid

xzannotations» isVisible() boolean

wzannotations» setVisible(in isVisible:boolean):void

getTransparency().double

FileBasedLayer
(from com::dfki-av:sudplan:layer)

c:} xwconstructors FileBasedLayenin url:URL)
{} wconstructors FileBasedLayer(in file:File)
{} xconstructors FileBasedLayenin file:String)

setTransparency(in transparency:double):void

getBoundingBox(): AdvancedBoundingBox

setBoundingBox(in boundingBox: AdvancedBoundingBox):void

igEnabled(}:boolean

setEnabled(in enabled:boolean): void

<» getFile():Fie
C} setFilefin file:File):void

b

(from com: . dfki.av. sudplan:layver)

AbstractLayer

o
<&
<&
<&
<&
<&
&
o
&
<&
&
<&

«annotations»
«wannotationss
«annotations»
«wannotations»
«annotations»
«wannotations»
«wannotationss
xannotations»
«xannotations»
«annotations»
«wannotationss

«annotations»

getBoundingBox().AdvancedBoundingBox
getTransparency(}.double

isEnabled() boolean

isVisible():boolean

setBoundingBox(in boundingBox: AdvancedBoundingBox) void
setEnabled(in enabled:boolean):veoid
setTransparency(in transparency:double) void
setVisible(in isVisible:boolean):void
getlcon():lcon

setlcon(in icon:lcon)void

getMame(}:String

setName(in name: String):void

Figure 73: Layer Class Hierarchy
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FileBasedlayer
(from com::dfki:av::sudplan:layer)

O« r» FileBasedLayen(in url:URL)
O« FileBasedLayen(in file:File)
O« FileBasedLayen(in file:String)
O geff

» sefFile(in file:File):void

ElevationLayer
(from com:.dfki:av::sudplan:layer)

GeographiclmageLayer
(from com::dfki:av::sudplan:layer)y

[1 MAGE ICON 1Z:imagelcen

=» propertyChange(in evt: PropertyChangeEvent):void

QP o« tors ElevationLayen(in file:String)

&« orz ElevationLayen(in file:File) 43 ore GeographiclmageLayerin file: String)
QP o« ElevationLayen(in url:URL} 43 eographicimagelayerin file:File)
QP «a getDataObject(): Object 43 eographicimageLayer(in urlURL)
% «annotations» setDataObject(in dataObject:Object):void 4] efTexture() Texture

& getHeightinterpolation{in point:Point3f):Point3f O «a tionss getTexture(in bbox:AdvancedBoundingBox): Texture
s setTextureRecursiviey(in texture: Texture, in branchGroup:Group):void

» removeTextureRecursivety(in texture: Texture, in branchGroup:Group):veid

[4 T =» addTextureProvider(in provider TextureProvider):void

[4 removeTextureProvider(in provider TextureProvider)void

» wannotationss getTextureProvidenin texture Texture) TextureProvider

» addTexture(in textureToAdd: Texture):void

% getTextures():List<T1—=Texture=

¢ «annotations» isTexturelntersecting(in textureToTest Texture):boolean

» removeTexture(in textureToRemove Texture):void

¢» removeTexture(in index:int):void

¥ replaceTexture(in index:int):void

QP o« s» isTextureVisible(in texture: Texture):boolean

QP o« setTextureVisible(in indexint, in isVisible:boolean ) void

¥ «annota setTextureVisible(in texture: Texture, in isVisible:boolean):void

(¥ wannotations» addTextureListener(in listenerTexturableListener):void

[4 3" reomveTexturelistenerin listener TexturableListener) void

Figure 74: Layer Instances

Class

Description

Layer

TheLayer class is the base class for all layers and defhmes
basic operations for controlling attributes sucmae, icons
visibility, geospatial extend etc.

AbstractL ayer

The AbstractLayer implements most of this functionality
order to provide a base class for all more speddiger
classes.

FileBasedL ayer

Specialisation oAbstractLayer which can handle files
conveniently. Similar as th&bstractLayer class this class
serves as a base class for other concrete implatront

ElevationLayer

Layer for handling digital elevation models and to cohthe
texturing of the same.

Geographicl magel ayer

Layer for handling geospatial referenced images (e.@. Ge
Tiffs) and to display them on top of elevation data

Table 1: Core Layer Classes
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winterfaces winterfaces
LayerStateListener LayerManager
(from com::dfkiav:.:sudplan:layer) (from com::dfki::av:.:sudplan:layer)
» layerAdded(in addedLayerLayer):void ¢» addlLayer(in layerLayer):void
» layerNotAdded(in event.LayerStateEvent):void » removelayers(in layerArrayList<T1-=Layer=).void
¢» layerRemoved(in addedLayerLayer)void » removelayer(in layerLayer)void
» scroloLayerin layerLayer) void
» getlLayer(in index:int):Layer
- » getlayers()List<T1-=Layers
winterfaces . - . -
_ ¢» addlLayerListenerin listenerLayerListener):void
LayerListener
§ » removelayerListener(in listenerLayerListener):void
(from com::dfki::av::sudplan:layer) laverListener
Y ¢» addLayersFromFile(in fies:List<T1-=File=)void
----- =
xinterfaces SimpleLayerManager
Layer (from com:.dfki:av::sudplan::layer)
(from com:.dfki;av..sudplan:layer)
» gethName():String &% «annotations, synchronizeds addLayen(in layerLayer):void
<> setName(in name:String):void (4 3T synchronizeds removelayer(in layerToRemove:Layer) void
3 getlcon()lcon layers & «a s» removelayers(in layersToRemove ArrayList<T1-=Layer=):void
<} setlcon(in icon:lcon):void & «d s» getlayer(in index:int):Layer
» «annotationss isVisible():boolean & «d getLayers()List<T1-=Layer=
¢» zannotations» setVisible(in isVisible:boolean): void & «a s» scrollfoLayenin layerLayer):void
<> getTransparency():double & «a =» addLayerListenenin listenerLayerlistener)void
¢» sefTransparency(in transparency:double):void & «a s» removelayerListener(in listener LayerListener)void
¢} getBoundingBox():AdvancedBoundingBox & «d =» addLayersFromFile(in files:List<T1-=File=}:void

> setBoundingBox(in boundingBox:AdvancedBoundingBox):void ¢» «annotationss propertyChange(in evt:PropertyChangeEvent):void
<» isEnabled(}:boolzan

> setEnabled(in enabled:boolean):void

@ LaverWWorker

Figure 75: Layer Management Classes

Class Description

LayerManager The LayerManager interface defines methods providing the
means to handle layers. Layers will be added antbved
through theLayerManager. The LayerManager also notifies
registered listeners about layer state events.

Simplel ayer Manager A ready to use implementation of thayerManager
LayerListener Combined_ayer State notifications e.g. layer added/removed
with PropertyChangeEvents.

Table 2: Layer Management Classes

4.3.2.2 Camera

In order to create a picture of the interactive i2ne a camera model is used to control the
positioning of the user view in the virtual worl@amera management gives developers the
ability to position and query the view of the viisation scene. A geographical adapter allows
the use of the camera directly with geographicaisunstead of the internal coordinate system.

The camera listener mechanism, combined with thauleaed 2D view bounding boxes, can be

used to synchronise the Advanced Visualisation Gorapt with other components, such as a
cadastral map or a Satellite Map.
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winterfacexs CameraEvent

Camera (from com:.dfki::av. sudplan::.camera)
(from com::dfki::av: sudplan::camera)
[1 DEFAULT UP:Nectordd=new Vector3d(0, 0. 1.0
[1 DEFAULT DOWN:Vector3d=new Vector3d(d, 0. -1.0} » wconstructors CameraEventiin source:Camera)
[1 DEFAULT LEFTVector3d=new Vector3di-1.0, 0, 0} & getCameraViewBounds():BoundingBox
[ DEFAULT RIGHTVector3d=new Vector3d(1.0, 0, 0} < getNewCameraFosion():Point3d
[ DEFAULT VEW:Vectordg=new Vector3d(0, 0, -1.0} » getOldCameraPosition():Point3d

» getNewCameraDirection(};Vector3d

» getCameraDirection():Vector3d » getOldCameraDirection():Vector3d
¢» setCameraDirection(in cameraDirection:Vector3d).void » getViewableBoundingBox(): AdvancedBoundingBox
» getCameraPosition():Point3d eour é) getSource():Camera
¢} setCameraPosition(in cameraPosition: Point3d): void » getViewAngleDifference():double
> lookAtPoint(in pointToLookAt:Point3d): void ¢} sefViewAngleDifference(in viewAngleDifference: double):void
» getViewBounds():AdvancedBoundingBox ¢} getReducedBoundingBox().AdvancedBoundingBox
¢} getReducedViewBounds().AdvancedBoundingBox » getEventiD():CameraEventids
& a » setCameraBounds(in behaviourBounding: Bounds): void
P s » getCameraBounds():Bounds [E] sstatics CameraEventids
¥ getViewingPlatform():ViewingPlatform
&} zoomToExtend(in boundingBox: AdvancedBoundingBox):void ainterfaces
» addCameraListner(in newListener.CameraListener):void Cameralistener
¢} removeCameraListnerin listenerToRemove CameraListener):void (from com::dfki:av::sudplan: camera)

» setCameraTolnitalViewingDirection():void

» getCameraRight():Vectorad » cameraMoved(in cameraEvent: CameraEvent):void
¢} getCamerallp():Vectordd » cameraDirectionChanged(in cameraEvent:CameraEvent):void
¢» getCameraDown(}):Vectordd ¢} listenerRegistered(in cameraEvent.CameraEvent):void
» getCameraleft():Vectorad » listenerDeregistered(in cameraEvent:CameraEvent):void
Zl S-c:amera -cameralisteners }cameraListeners
SimpleCamera GeographicCameraAdapter
(from com::dfki::av::sudplan::camera) (from com::dfki:av:sudplan::camera)

Figure 76: Camera Classes

Class Description

Camera TheCamera is the base interface for all camera operation. |It
provides methods for setting and retrieving the @am
position and direction. It also provides conveniethods for
setting the camera to look at a specific poinhmdcene. It
also provides access to orientations vectors (oywndleft,
right ). It defines methods for calculating thewibounding
box, which is the visible part of the surface.
SimpleCamera An implementation of the above specified camera.
GeographicCameraAdapter | Encapsulates @amera object and performs the
transformation from geographic coordinates e.g. V8& %
the internal coordinates used by the visualisatmmponent
and vice versa. This allows direct interaction lestwthe
visualisation Component and GIS.

Cameral istener DeliversCameraEvents to registered listeners about camera
updates. Se€ameraEvent

CameraEvent The event containinGamera changes such as position and
view direction changes.

Table 3: Core Camera Classes
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4.3.2.3 Input and Output (10)

The 10 component is mainly used as a support hotartransform input files into data types
more appropriate for visualisation purposes. Thectthponent createlsayer objects out of
well-known spatial data types such as Shape H&8R1 ASCII grids, etc. There are more loaders
available than representedTiable 4: Core ICClasses in order to simplify the overview. A more
complete list may be found in the source code awtldper documentation.

AbstractFilel oader zinterfaces
(from com:.dfki:av::sudplan::io} Loader

[ (from com:dfki:av:sudplan:io)

% aconstructors AbstractFilelLoaden) % load(in source:Object):Object
% setBaselrlin urtURL):void

% setBasePath(in pathMame:String):void
M getBaseUr():URL

% getBasePath(}):String

¢» «annotationss load(in source:Object):Object

10Utils
(from com::dfki:av:sudplan:io}

% createl ayerFromFilelin file:File):Laver
’ﬂ % createl ayerFromUBL(in fileURL:URL ;L aver
<% createl averFromFileString(in fileString:String):Laver

winterfaces
Sceneloader » addLayersFromFile(in files:Ligt<T1-=File=):List<T1-=Layer=

(from com::dfki:.av:sudplan:io}

ElevationLoader
<> Ioad(in source:Object)Scene (from com::dfki:av: sudplan:io:dem)
i % «annotationss filScene():void
i % getHeightinterpolation(in point:Point2f): Point3f
AbstractScenel oader

(from com:.dfki:av::sudplan::io}

Shapeloader
(from com::dfki:av::sudplan:io:;:shape)

% aconstructors AbstractSceneloaden)

% «annotationss load(in source:Object):Scene

) : L «zannotations» filScene():void
< fillScene()void & o

=]

Figure 77: Loader Classes

Class Description

L oader Simple interface for a generic loader, which talke®bject as
configuration and returns the loaded instance.

AbstractFilel oader Implements basic functionality to handle files eithin the
host system or via unified resource locator (URI)

Scenel oader A Java 3D based loader which creates a Java 3[2 sdgect,
a data structure representing a scene graph forseqmting 3D
content.
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AbstractSceneloader Partially implementation of &cenel oader.

ElevationL oader TheElevationLoader parses a digital elevation model from
the specified files. Currently ESRI ASCII grids atgported.

Shapel oader The Shapel oader processes ESRI Shapefiles. Currently only
lines and polygons are supported.

| OUtils Convenience class for creatihgyer objects directly without
having to use or know about the loader hierarchgctly.

Table 4: Core 10 Classes

4.3.2.4 Rendering

The rendering component is responsible for produpictures from the available layers. These
pictures will be the final visualisation the usetl\werceive. The complete rendering is done in
the first version by the Java 3D API as descrilmetl 3.1 - Components and APIs used

4.3.3 Second Year Development

As already stated in section 4.3.2 it was necedsanyake a switch in the components used. In
the beginning of the second year it became evittettit would not be possible to provide all the
needed features — like generating terrain fromatlem models, selecting and displaying images
from imagery servers, automatic caching and tiletg, — within the project scope if it must be
built from scratch. The initial decision to use da8W as a basis of development was reviewed
and possible solutions were discussed with thenieahpartners within SUDPLAN.

The plan for the second year of the developmentlessribed in the previous version of this
document, was to

* Implement a Virtual Globe metaphor for visualisatio

» Support more Digital Elevation Models

» Support the use of standard geospatial servicdsaitVFS/WMS

* Enhance integration/visualisation of pilot specifiata and adequate visualisation
metaphors

* Improve navigation and user experience of the Wiession

* Further improve the infrastructure of the Advandslialisation Component

Reviewing the initial possibilities of the first e under the constraints of seamless
integration into the SMS it became clear that therld/Wind Java SDK would be the best match
for further development of the Advanced VisualisatiComponent, as it already provides a
Virtual Globe metaphor, improved navigation capébgd compared to the year one prototype
and support for basic geospatial services.

It was decided to use the World Wind Java SDK camepb as a basis for all further
developments of the Advanced Visualisation Compgrirtause it is available as open source,
delivers a lot of features needed within the projand has the smallest overhead when
integrating it into the SMS.
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Furthermore, the virtual globe provided by the Wowind Java SDK already provides
some of the aforementioned features planned forsdeond year, thus we could focus the
development on the remaining features and thenatieg of pilot specific data/results.

Visualisation

Virtual Globe

Layer

Tilling

Caching

Services

Figure 78: Features provided by the World Wind JavaSDK (blue)

Because of the above mentioned decision — to switche World Wind Java SDK - the
first task was to implement and integrate the newsion using World Wind into the SMS that
provides the same set of basic features as V1eSh&implementation of the basic feature set
could be completed quite quickly, we were able dous on special visualization tasks. In
addition, the integration of input data from thiofs was performed as data became available.

Figure 79: 3D Visualization Component Using World Whd Java SDK
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Figure 80: 3D Visualisation of Air Quality and Traffic Density in Stockholm

Figure 80 illustrates the relation of air qualitydatraffic in the city of Stockholm. Since
the World Wind SDK already provides many standan® @atures (e.g. elevation model,
compass, the possibility to increase the digitalalion model etc.) the 3D visualization is able
to focus on suitable visualization techniques.

4.3.3.1 Integration of the World Wind SDK

The integration of the World Wind SDK into the Adwad Visualisation Component and thus
into the Scenario Management System was the &sdt that had to be completed. In order to
achieve this, different interfaces of SUDPLAN’s 3bsualization component had to be
enhanced.

First, the interface VisualizationComponent wite implementation VisualizationPanel
has been changed (see Figure 81). The class LayanAs an event type to provide the mean
for the Scenario Management System to turn on ad€Elected Layer in the 3D visualization
component. Moreover, we added methods to add andve a layer. The input for this method
is of type Object to be able to support an unlichirmimber of possible data sources. Which
kinds of data sources are being supported depemdseoimplementation. Currently, the only
implementation of the interface VisualizationComeohis the class VisualizationPang&his
class supports data sources of type File, URI,ARH to be able to support local as well as any
remote data source (e.g. web services, etc.).
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pkg vis )
xinterfaces LayerAction
VisualizationComponent
] log:Logger=LoggerFactory.getlogger(getClazs(}}

» addLayer(in layer.Object):void Gl vwdleridiindow

» removelayerin layer.Object)-void ] layerLayer

» removeAllLayers():void ] selected boolean
<» getCamera():Camera L4 I ors LayerAction(in layerLayer, in wwd:WorldWindow, in selected:boolean)
¢» setCamera(in c:Camera):void O o« actionPerformed(in actionEvent:ActionEvent):void
¢ addCameralistenenin clCameralListener).void » isSelected():boolzan

» removeCameraListenerin cl.CameraListener):void

» setBoundingVolume(in bv:BoundingVolume):void

» getBoundingVolume():BoundingVolume

Ji
VisualizationPanel

] log:Logger=LoggerFactory.getLogger{getClass())
] wwdWorldWindowGLCanvas

3 » VisualizationPanel(in canvasSize:Dimension)
get! orldWindowGLCanvas

» addLayer(in source:Object).void

» removelayer(in source:Object):void
» removeAllayers()void

» getCamera().Camera

-

» setCamera(in c:Camera):void

» addCameraListener(in cl:Cameralistener):void

0 » removeCameralistener(in cl.CameraListener):void
» setBoundingVolume(in bv:BoundingVolume):void

» getBoundingVolume():BoundingVolume

%ANno » propertyChange(in evt:PropertyChangeEvent):void
addBuildings(}):voi

removeBuildings():void

addRooftopResults()
removeRooftopResu

addStreetlLevelResults(}:void

.

e P N A A P R
VWYY VVVVVVVVYYY
&

removeStreetl evelResults()void

Figure 81: Class LayerAction

Considering the integration and usage of the Wéridd SDK the interface definition for
the VisualizationComponent and its implementatiorsudlizationPanel had to be changed
slightly. The class LayerAction provides the metmslisable/enable different layers shown by
the 3D visualization component. As in the formepliementation the synchronization of the 2D
map view with the 3D virtual globe view and vicersee was a challenging task. In order to
address this problem the methods add-/removeCams&zakr(), get-/setCamera(), and get-
/setBoundingVolume() have been added to the VizatdinComponent.

pkg camera,]

winterfaces
CameralListener

b

Cameralistenerimpl

'1 log:Logger=LoggerFactory.getLogger(getClass(})

» wannotations» propertyChange(in evt:PropertyChangeEvent):void

Figure 82: Cameralistener
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The CameralListener is derived from the java.beaopdrtyChangeListener. Every change
of the camera position is sent to the classes mghting this interface. While add-
/removeCameralListener() ensures that any changieeofamera position or orientation within
the 3D visualization is also displayed in the 2[@withe methods get-/setCamera() and get-
/setBoundingVolume() ensure that any change in 2Beview is also visible in the 3D
component. The former one uses a kind of an obseatéern. In order to get any changes from
the 3D component the “surrounding” Scenario Managarsystem only needs to implement the
interface Cameralistener (see Figure 82).

The interface Camera (see Figure 83) is the interfar the camera operations in the 3D
visualisation component and serves as a data steudt provides methods for retrieving the
camera position (latitude and longitude), the vieydirection, and the BoundingVolume (see
Figure 83). Using the class SimpleCamera the $sablie to define the position and orientation
of the camera and thus the view onto the virtuabgl Here, the view immediately switches
from one position to another without any animatibncontrast to the SimpleCamera class the
AnimatedCamera class provides a mean to animateamera view in a flight mode to a new
camera position.

pkg camera ]

BoundingBox

SOOee

Figure 83: Animated Camera and BoundingBox

The Camera provides an interface for a data streietsed to control the camera position
and orientation. Using the class AnimatedCamera ienable to animate the camera on an
interpolated path to a desired position in a flighode. The class BoundingBox covers a
geographic area.
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Finally, the methods setBoundingVolume() and getRgVolume() provide a means to
set or get the camera position — and move it tocthreect position — according to the area
covered by the BoundingVolume. Currently, the antplementation is the class BoundingBox
with its private attribute sector. This object mamnis defined by four corners (see Figure 83).
Later, any other BoundingVolume could be addeduppsrt different kinds of primitives or
geometric volumes (e.g. bounding sphere, etc.).

4.3.3.2  The Visualization Wizard (VisWiz)

Because of many features already provided by Wiilad’s virtual globe we were able to come
up with a more general concept in order to copéh Mite pilots’ visualisation needs. We
developed a new visualisation wizard called Vis\{&ee Figure 69). The idea of VisWiz is to
provide a means to support the user in selectirmyitable and state-of-the-art visualization
technique both in the sense of scientific visudiimaand information visualization.

Figure 84: VisWiz Screenshot

Figure 84 depicts an example of the visualisatiamaid (VisWiz). With VisWiz the user
is able to select between different visualizatiechhiques for one or multiple attributes provided
as input source.

The VisWiz was designed to support all user typmssklecting suitable visualisation
techniques for the selected data even if they atdamiliar with visualisation in general or the
content of the data source. In order to be usatla fvide variety of data sources and by a broad
user group, great emphasis was put on the followogts for the design of the VisWiz:

* Independence from data sourceThe user should be able to use data even if they
are not in the SUDPLAN SMS (e.g. results producgeétiernal sources)

« Extendable visualisation collection:It should be possible to easily extend the
collection of visualisations with new techniques.

» Intelligent proposal: The system should be able to propose suitable hastian
technigues based on the selected data so the osemot need to have any prior
knowledge.

e Simple user interaction: An inexperienced user should be able to use egistata
sources to produce suitable visualisations witliodher knowledge of the data or
visualisation techniques
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Figure 85 illustrates an abstract overview of thesigh and workflow of the VisWiz
component. VisWiz is divided into several modulesiow for an easy extension of supported
data formats/sources, suggestion functions as agektate-of-the-art visualisation techniques.
Techniques in the area of scientific visualizateomd information visualization are of special

interest.

Input i 1/0 Module

Data source selection Import to OGC Data Structure

'lg;::‘ File -if necessary
e Determine feature/data type
-Online resource N

-point, line, poly, ete.

- scalar, vector, etc.
Interpret Meta Data

-e.g “time serjes”

Pre-Selector (optional) ‘ °

* Pre-select interesting attributes

VisWiz Ul

Select visualisation from proposed subset i
Choose attribute(s) to use for visualisation

<SapngupRes-
2AN3INA3SEYE (] -

Decision Module

Determine suitable subset of
visualisation techniques

-for imported data/attributes

- pre-selected attributes (optional)

%+

Wisusalisation
Collection I
Figure 85: Abstract VisWiz Modules and Workflow

Input module:The input module provides an easy interface towathe user to choose a
data source which should be used for the visuaisafThis could be a result file from an
external simulation tool, a result stored withie tRUDPLAN SMS or an online resource (i.e.

remote WFS server).

-DataStructure
-<attributes>
- VisTechniques

I/O module: The 1/O module imports the selected data sourte the internal data
structure for the visualisation component whictbésed on the OGC Data), determines what
feature and data types are included within the emodata and interprets additional meta
information which could be available. The I/O maawgbmputes aattribute vectordescribing
the imported data (feature types, attribute typssta data) in a way to automatically determine
suitable visualisation techniques in thecision module

Pre-selector module (optional)f the user is familiar with the selected data teady
knows which attributes they want to visualise tloay select attributes of interest and thus
constrain thettribute vectomwhich is used to determine the possible visuatisaechniques.

Copyright © SUDPLAN Page 104 of 120



SubpPLAN broject: 247708 — SUDPLAN

Visualisation CollectionThe visualisation collection consists of all aahik visualisation
techniques. Additional meta information for eackht@que, which is used by thaecision
moduleto determine if it is suitable for the selectetbdas also include in the collection.

Decision moduleBased on thattribute vectorcomputed by th& O moduleand the meta
information from theVisualisation Collectionthe decision module determines a subset of
visualisation techniques suitable for the seledid.

VisWiz Ul: The VisWiz Ul presents previews along with furti@ormation on the usage
of the suitable visualisation techniques, e.g. mim number of needed attributes, to the user.
The user can select a visualisation technique stiten guided through the attribute selection for
the different visualisation parameters.

Geometry
L
Paint Curve Surface GeomCollection
Y F Y 3
Linestring Falygan MultiSurface MultiCurve MultiPaint

r r 3

MultiPolygon MultiLineString

Figure 86: OGC Based SUDPLAN 3D Data Structure

An example workflow is depicted in Figure 87. Theeuopens a data set and the VisWiz
presents the suitable visualisation techniqueshiliexample, street level results for air quality
were chosen by the user. As the features in thee sitare LineStrings, the system proposes the
visualisation techniques “Extruded PolyLine” andolf®.ine”. The user chose the “Extruded
PolyLine” technique which needs two parameters,fonéhe height and one for the color of the
generated polygon. The user is then presented@ydiere they can easily map attributes from
the selected data source to the two parameteleaofisualisation. In this example the user wants
to use the attributes “Perc98h” (98 percentile Mf» concentrations) and “NrVehTot” (total
number of vehicles). In the example these twolattes are mapped to the ‘height’ and ‘color’
parameter of the visualisation (left) and vice wer@ight). The result of the different
combinations is shown at the bottom.
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Figure 87: VisWiz workflow

Figure 87 shows an example for a VisWiz workfloviteA the selection of the data source
the user selects a visualization technique. Depegnain their selection and the input parameters
the user is able to map the attributes of the slatimce. According to the mapping of attributes to
visualisation parameters different presentatiorisb&i computed.
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4.3.4 Third Year Development
Based on the developments of the second developreantgoals for the third year were:

* to implement further visualization techniques frtm current state-of-the-art in information
and scientific visualization, e.g. volume visualiaa techniques like marching cubes for iso-
surface generation. Special focus was on informatisualization in combination with
suitable interaction means.

* to integrate the visualisation techniques into\i@/Niz to enable the user to change and test
different types of visualisation in an easy way.

Moreover, the 3-D visualization took advantage dawndisplay devices like 3-D
stereoscopic desktop screens as well as 3-D stengios projections. Finally, we have
investigated how modern input devices like multigb devices support users in the context of a
GIS environment.

The following section will describe the main feasiiof the current release. We will detail
a new plug-in framework. Moreover, we will illusteathe current state-of-the art visualization
results for the city of Stockholm and the city ofupyertal. Finally, we show how we have
enhanced the 3-D stereoscopic mode for the WorldWARI to be used by the SUDPLAN
component.

4.3.4.1 The Visualisation Plug-in Frameworks

The integration of visualisation techniques inte leeen an important task. The visualisation
techniques should be easy to integrate and wittheuheed to modify the original code base in
case of changes related to the visualization itdétfreover, one should have the possibility to
enhance the functionality with new plug-ins or miedu Thus, not only developers but also third
parties can add new functionality (e.g. a new sthtthe-art visualization for a particular use-
case) to the application.

To address the above mentioned problems we detidese Java's Service Provider Interface
(SPI). A service provider framework is a systemvhich multiple service providers implement a
service, and the system makes the implementatvaikhble to its clients, decoupling them from
the implementations.

There are three essential components of a servicgder framework: a service interface, which
providers implement; a provider registration APLhigh the system uses to register
implementations, giving clients access to them; arsgrvice access API, which clients use to
obtain an instance of the service. The servicesaca®| typically allows but does not require the
client to specify some criteria for choosing a pdev. In the absence of such a specification, the
API returns an instance of a default implementatibne service access API is the “flexible
static factory” that forms the basis of the senpecevider framework.

“A service is a set of programming interfaces ala$ses that provide access to some specific
application functionality or feature. The serviceaynsimply define the interfaces for the

! For detailed information see: http://docs.oradmfavase/tutorial/sound/SPI-intro.html
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functionality and a way to retrieve an implememtati’ In our case, a service is e.g. a
visualization or classification algorithm, but ibes not implement the underlying features.
Instead, it relies on a service provider to implaméhat functionality, i.e. a particular
implementation like a bar visualization. “A servipeovider interface (SPI) is the set of public
interfaces and abstract classes that a serviceesefrhe SPI defines the classes and methods
available to the application. A service providerplaments the SPI. An application with
extensible services will allow vendors, and perheysn third parties to add service providers
without modifying the original applicatiorf.”

The following section describes briefly the diffeteservices we implemented and how they can
be used to enhance the current state of the Addavicaialization Component.

4.3.4.2 Extensible Visualization Algorithms

As mentioned above both developers and third pasdi®uld have the possibility to extend the
3-D visualization without the need of base codengea. Figure 88 illustrates the usage of the
SPI framework for the visualization algorithms.

|j <java interfaces
VisAlgorithmProvider

+ [Wisdigorithm get(String name)

+ List=String> getViswalizationNames()

providerList

|_—j.| zjava interfaces

IWisAlgorithm = WisAlgorthmFactory
+ void addProperty Changelistener{PropertyChangeListener listener) MM. .
+ List=7=> createlLayersFromDatal Obfect data, Object] attributes) - List=3tring= nameList
+ String getDescription() - List=lVisAlgerthmProvider= providerList
+ [con geticon()
+ String getName() + List=String= getMames()
+ Selectlistener getSelectiistener() + IWisAlgorithm newlnstance(String name)

+ List=iVisParameter> getVisParameters()
+ void remove PropertyChangeListener{Property ChangelListener listener)

Figure 88: The service provider interface definitio for the visualisation plug-in framework

The classVisAlgorithmFactory is the responsible for collecting all classes thadlement
the interface  1VisAlgorithmProvider : An implementation of the
IVisAlgorithmProvider interface contains a reference to all the impletatens of the
interfacelVisAlgorithm that it provides. Finally, the interfad@isAlgorithm provides
the necessary methods for a visualization technigua detail the method
createLayersFromData(...) iIs the main method responsible for setting up &P
visualization for the virtual globe. The methogetVisParameters() returns all
visualization parameters that can be changed by dker. Figure 89 presents the
IVisParamter interface and its currently available implememtagi. Using those parameters
the developer of the visualization technique canidie which settings the user can change.

! See http://java.sun.com/developer/technical Arsifase/extensible/
2 See http://java.sun.com/developer/technicalArsiférase/extensible/
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Providing aColorParameter for the roof in case of th¥isBuildings , for example,
gives the user the possibility to change the cotguhe roof. The way how he can change the
colour will be explained in the section 4.3.5.3 dn8l5.4.

I_—i-| gjava interfaces
f\WisParameter

+ boolean addTransferFunction(String n

+ List=Sting= getdvailableTransferFunt

+ String getName()

+ [TransferFunction getTransferFunctio)

+ void setTransferFunction{ITransferFu

= lconParameter = “igParameterimpl
- String name
+ hoolean addTransferFunction{String ) - ITransferFunction transferFunction
+ List=String= getAvailableTransferFunct - List=String= transferFunctions
+ String gethame()
+ |TransferFunction getTransferFunction + YVisParameterimpl{String name, [Transfe
+ void setTransferFunction(ITransferFur + boolean addTransferFunction{String 1)

+ List=String= getAvailableTransferFunct
+ String getMame()

+ |TransferFunction getTransferFunction
+ void setTransferFunction(ITransferFur

i i
Fany Fany

=l ColorParameter =l MumberParameter
+ ColorParameter(String name) + MumberParameter{String name)
+ void setTransferFunction{|TransferFun + void setTransferFunction{|TransferFun

Figure 89: Thel Vi sPar ant er interface and its implementations

Additionally, the developer of a neiVisAlorithm implementation does not have to deal
with the user interface. The information how to gptthe user interface for the VizWiz is taken
from structure and Meta information of the implenation. For example, returning a
ColorParameter and NumberParameter results inemnisrface shown in Figure 72).

Currently, the 3-D visualization component suppontgltiple visualization techniques. Among
others:

e VisBuildings — This visualization aims at displaying 3-D builgs on the virtual globe.
Different parameters can be configured. Besidesctier of the cap the height of the
building can be defined.

* VisTimeseries — This technique can be used to visualize and aeinlyers over
different timesteps.

» VisPointCloud — The VisPointCloud visualization displays thersiof a given 3D-data
set. It serves as default visualization in casether visualization is available or fits the
underlying dataset.
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« VisDelaunayTriangulation — This visualization can be used for a point cldataset. It
shows the convex hull triangulation of the poirttisgng the Delaunay triangulation.

» VisMarchingCubes — Provides an iso-surface for a given gridded dataThe user can
choose one or more isovalues. Moreover, he canuslsserveral time steps. A detailed
description will be given in section 4.3.5.5.

4343 Extensible Transfer Functions

In order to give the user the means to adjust dméiguration of the visualization (e.g. the color
of the cap, the height of building, etc.) we pravithelVisParameter =~ as mentioned above.
The type of the parameter (i.e. color, number,con) declares which kind of setting can be
changed but not how it can be changed. This isifspaddy the transfer function.

Figure 90 shows the SPI definition for th&ransferFunction interface. As for the
[Visalgorithm the ITransferFunctionProvider is the interface for all provider
implementation (e.q. BasicTransferFunctionProvider ). The
TransferFunctionFactory collects all available implementations of the
ITransferFunctionProvider interface and thus all implementations of the
ITransferFunction

|_—i.| sjava interfaces
[TransferFunctionProvider

+ [TransferFunction get(String name)

+ ListeString= getTransferFunctions()

=l BasicTransferFunctionProvider =l TransferFunctionF actory |:|.| «java interfaces
- Logaer log {TransferFunction
+ [TransferFunction get(String name) =~ List=allind= NameList L?skstf'in = n.ameLi.s‘t o * O"?‘fl.ed ealc(Object o)
+ List<Strings getTransferFunctions() - List=ITransferFunctionProvider= prowvids + String getN:rme_{}
+ [TransferFunctionPanel getPanel()
+ List<String> aethames() + void preprocess(iSource data, String ¢

+ [TransferFunction newlinstance(String 1

Figure 90: The SPI definition for the transfer fundion plug-in framework

According to the classification of thelVisParameter in  ColorParameter
NumberParameter , and IconParameter the IVisTransferFunction architecture is
devided intoNumberTransferFunction and ColorTransferFunction (see Figure 91)

The abstract class NumberTransferFunction is usérhhsfer any object into an object of type
Number (e.g. Integer, Double, Float, etc.). Fomeple: theConstantNumber transfer function
returns always a constant number value regardles$isecinput argument. For both types we
already implemented the basic operations/transianctions. However, using the SPI
functionality the user / developer can easily depednd aggregate his own transfer functions.
He can combine existing ones and thus increaseotin@lexity of the transfer functions.
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L
[ Wumbes TransterFunction

unction()
+ Legend getLegend()
+ void sefl egend(Legend legend)

= Constanthiumber 2 tinearTranstormation
- Double constant

- Loager lo
- IMrans

2 GoterGategarization (=] ConstartColor
# List<ICategory= categories - MransferFunctionPanel panel

inctionPanel panel

+ )
+ Object cale(Object o)
+ Constanthiumber()

+ Object calc(Object o)
+ Double getConstart()

(=] Scalartutiplication
- Logger og.

(=] ati

JorRuleClassif
- ITransferFunctionPanel panel

- Double scaleValue + ColorRuleClassification()
+ String geiiName()

+ Scalarhutipication) +

+ Object calo(Object o)

) getPanell)
olor getEndColor() + void preprocess(ISource data, Sring a
ing gethame()

anel getPanel()
ss(|Source data, String &

= IdentityFunction
- Loager log
- MransferFunctionPanel panel

'+ identityFun
+ String geth:
+ MransferFunctionPanel getPanel()

Figure 91: Thel Tr ansf er Funct i on and current implementations

Finally, the user may need to classify/group thputrdata, e.g. values from zero to ten should be
coloured red. The following section explains thagesof basic classification techniques.

4.3.4.4  Extensible Classification Techniques

As for thelTransferFunction we set up the SPI framework for thH@lassfication
interface. Figure 92  llustrates the UML diagram. gain, the class
ClassificationFactory collects all implementations of the
IClassificationProvider interface. Currently, we include the
BasicClassificationProvider . This class contains all basic implementationstate-

of-the-art classification algorithms (see Figure.93

However, those classification algorithms only workdata that can be ordered based on certain
criteria. Thus, they cannot be applied were no rordiation is given (e.g. colour, street name,
etc.). Of course one can use the alphabetic ordertbs not always meaningful. In order to
tackle this problem we introduced the mean of aaiegtion. Here, the user defines an attribute
that determines the category were a data item gsltm
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|J zjava interfaces
IClassificationProvider
+ IClassification gelString name)
v + List=String= getClassifications()

——— e — — — — — — — . ———— o —— — Ay

providerListT
|
[ BasictlassificationProvider
|_—i.| zjava interfaces =] ClassificationFactory
e . IClassification - Logger log
+ IClassification get(String name] + ListeIClass> classify(iSource data, St - List=String= nameList
+ List<String> getClassifications() + String getNams() - List=IClassificationProvider= providerLis

+ List=String> gethames()

+ IClassification newlnstance(String name

Figure 92: The SPI definition for the classificatiom plug-in framework

Figure 93 presents the basic classification teclesghat have been implemented:

* Natural breaks — classification that seeks to partition data iclsses based on natural
groups in the data

* Quantile — Points taken at regular intervals from the cuativé distribution function of a
data attribute.

» Standard deviation— Showing the variation from the average valuarotlata attribute.

* Equal intervals — This method sets the value ranges in each elqsal in size. The
entire range of data valuasdx - min is divided equally.

* Pretty breaks — Compute a sequence of equally spaced “nice’egalhich cover the
range of the data values.

Besides the basic classification algorithms weudetl the user defined classification transfer
function ColorRuleClassification (see Figure 91). Here, the user can define theseta
and map the output (e.g. colour).
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|_—j.| ejava interface=
IClassification

+ List</Class> classify(iSource data, Sh

+ String getName()

=] NaturalBreaks = StandardDeviation = Equalintervals

+ List=IClass> classify(lSource data, Stri
+ String getMame()

+ List=IClass> classify(ISource data, Strir
- int[] getJenksBreaks(ArrayList list, int ro
+ String getMamea()

+ List<IClass> classify(|Source data, Strir
+ String getMame()

=l Quantile =l PrettyBreaks

- Logaer log - Logaer [og

+ List=IClass> classify(ISource data, Strir + List=IClass> classify(|Source data, Strir
+ String getMame() + String getMame()

Figure 93: Thel d assi fi cati on interface and its implementations

4345 Advanced Visualization: Isosurface Generati  on for 3-D Data

The Marching Cubes algorithm is a state-of-thesetalisation technique to present isosurfaces.
As described above the package provideM@VisualizationProvider class which
implements IVisAlgorithmProvider in the SUDPLAN project. One use-case is to
visualize air quality results for the city of Stéxakm both for different time steps and different
isovalues (see Figure 94). The algorithm uses 2reality measurements at different time
steps and at different heights. Those “layers”taem combined as a 3-D / 4-D grid and serve as
input for the “Marching Cubes” algorithm.

In order to produce an iso-surface the algorithmdéis the 3D data set into smaller cubes. For
each cube, each vertex is tested whether it islenthhn the predefined iso-value or not. Based
on 256 possible configurations the triangulation ba set up to produce the iso-surface for the
given iso-value.

Additionally, the user can animate the iso-surfatkis is important in case of (a) having
different iso-values allowing the user to examimavithe iso-surface / volume evolves and (b)
exploring one iso-value at different time stepshserve the changes of the iso-value over time.
To control the animation additional control elensehtive been integrated to start, pause, stop
the animation.

Using the VisWiz, as mentioned above, the useblis # choose transfer function and enter the
iIso-value/s as well as different time steps. Thins,user can get a quick and easy understanding
of a certain air quality measurement (e.g.,N&t a certain place by viewing surfaces and how
they grow and shrink, rather than reading someeg#ind numbers.
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Figure 94: An iso-surface visualization produced byhe Vi sMar chi ngCubes
algorithm for the city of Stockholm.

4.3.4.6  Wuppertal Pilot Visualization

For the Wuppertal pilot we had to provide a custadisolution. Here, we used again the SPI
framework to easily integrate the new tailored algation technique. The input data is a terrain
triangulation of the Lintenbeck neighborhood in ¢itg of Wuppertal. For each triangle a series
of water level results have been simulated. Thaisition assumed an event of one hour heavy
rain fall. The goal was to show an animation obbbared water layer simulating the changes in
water level as time passes.

In the beginning we had to tackle the problem efslze of the dataset. Furthermore, in order to
interact and to investigate the data set we prothdanean to play an animation to see the flow
of the water. Since the investigated area is nait flat we provided two additional modes. The
user is able to (1) offset the visualization frdme terrain and (2) to lift the visualization layer

a common reference plane to be able to comparevdber level results. Figure 95 illustrates the
visualization results.

Figure 95: GeoCPM visualization of the water levesimulation results for the city of Wuppertal.
On the terrain (left) and lifted (right).
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4.3.4.7  Stereoscopic Visualization Mode

The stereoscopic 3-D visualization was also pathef3® year development. The WorldWind
API already provides some basic stereoscopic rarglaptions like anaglyph stereo. DFKI
maintains a PowerWall; a stereoscopic 3D projection system using sideitly mode.
Considering stereoscopic side-by-side projectianthing was implemented in the WorldWind
API until now. To address this problem we impleneeind stereoscopic side-by-side plug-in as a
dual window view. By clicking a button the side-bigle stereoscopic mode is turned on, and the
virtual globe can be seen in 3-D wearing polarigkedses.

4.3.5 Current Release Feature Summary

The current release of the SUDPLAN 3D advancedaligation component supports a number
of features that are used, visualize and compag rélated simulation data. In summary, the
features included in the third year release ofsthféwvare are:

* Implementation of Java’s Plug-in architecture

» Enhanced user interface for the visualization vd2&isWiz

» Advanced parameterization of visualizations usimg/¥iz component

* Management of visualization techniques, results

» Time series visualization

» Support for multiple state-of-the-art classificatialgorithms to support visualization
techniques

» Enhanced IO-Module for GeoCPM data

* Visualization of iso-surfaces using Marching Cubkgrithm

* Visualization of the simulation results from Wupia¢Pilot

» Integration of Animation for selected visualizati@chniques

* Integration of WMS layer at defined heights abosa evel

» Ability to render the 3-D virtual globe on a baciojgcted stereoscopic large display

A current version of SUDPLAN 3-D advanced visudiza component as stand-alone Java
Webstart application can be founchétp://sudplan.kl.dfki.de
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Conclusions

This document accompanies the software delivefaBle.3 Product Implementation VB this
report we presented the results of the three dpusat cycles of WP%cenario Management
Systenof the SUDPLAN project. In addition, we explairethelationship of the deliverable to
other tasks and deliverables, and provide a jaatifin for the choice of technologies and basic
software products used in the context of the Seemdanagement System development.

In contrast toD3.3.3 Scenario Management System WAch will present integrated
software, this document focuses on the individualding blocks of the scenario management
system. The software presented here is used t@mepit the four pilot applications, which is an
on-going activity.

The work in WP3 can be categorized according teettnuilding blocks as:

a. scenario management platform functionality including model management,
basic visualisation etc.

b. model as a service integratiorbased on related OGC SWE standards and
c. advanced visualisatiorfunctionality including an interactive 3D Map conmamt

For each building block information on the techhibaseline is given. Moreover, the text
includes a list of core features, the documentadiothe main developments carried out as well
as a brief outlook on the future development plans.

Regarding the individual building block developmautivities, the main achievements of
the third year are:

« General enhancements of GUIs and service implerti@msato provide a stable and user
friendly system

» The implementation of visualisation and compariatures for gridded time series

* The implementation of visualization techniques ameraction means and the general
enhancement of the VisWiz.

= The release of fully functional and stable versiohshe Scenario Management System
building blocks.

A large part of WP3 work, the concrete Common Serwntegration activities as well as
the documentation of the Integrated Scenario Mamagé System functionality will be subject
to D3.3.3 Scenario Management System V3 (CompaRéeport).
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Annex 1: Glossary

Climate scenario Climate scenariosneans the resulting climate evolution
over time, as simulated by global (GCMs) and reglion
(RCMs) climate models. Climate scenarios are prisioic
certain emission scenarios that reflect differemr®mic
growth and emission mitigation agreements.

Common Services Common Serviceare the climate downscaling services for
rainfall, river flooding and air quality, developéedthe
SUDPLAN project and accessed through the SUDPLAN
platform (Scenario Management System)

Emission scenario European cities will also hawlifferent localemission
scenariogto the atmosphere) that to a large extent
influence future air quality, but with little infence on
global climate.

Information product Raw data, such as the restiltlsathematical modelling,
and the analysis thereof, will often need to bekpged in
such a way as to be accessible to the varioushstibdars
of an analysis. The medium can be one of a widetyar
such as print, photo, video, slides, or web paghks.term
information productefers to such an entity.

Model A modelis a simplified representation of a system, ugua
intended to facilitate analysis of the system tlgiou
manipulation of the model. In the SUDPLAN contehe t
term can be used to refer to mathematical models of
processes or spatial models of geographical entitie

Profile Within SUDPLAN gprofile is a set of configuration
parameters which are associated with an individual
group, and which are remembered in order to fatdit
repeated use of the system.

Report Areportis a particular type of information product whict
is usually static and might integrate still imag&stic data
representations, mathematical expressions, andtivarto
communicate an analytical result to others.

—

Scenario Ascenariois a set of parameters, variables and other
conditions which represent a hypothetical situgtamd
which can be analysed through the use of modedsder
to produce hypothetical outcomes.
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Scenario Management Scenario Management Syst€aMS) is synonymous with
System SUDPLAN platform

Scenario Management The Scenario Management System Framewstke main
System Framework Building Block of the Scenario Management System. |
provides the Scenario Management System core
functionalities and integration support for theesth
Building Blocks.

Scenario Management Scenario Management System Framework is composed of
System Building Block three distincBuilding Blocks The Scenario Managemen{
System Framework, the Model as a Service BuildilugB
and the Advanced Visualisation Building Block.

SUDPLAN application ASUDPLAN applications a decision support system
crafted by using the SUDPLAN platform and integrgti
models, data, sensors, and other services to et t
requirements of the particular application.

SUDPLAN platform TheSUDPLAN platforms an ensemble of software
components which support the development of SUDPLAN
applications.

SUDPLAN system SUDPLAN systens synonymous with SUDPLAN
application

User The ternuserrefers to people who have a more or less

direct involvement with a system. Primary users are
directly and frequently involved, while secondasgrs
may interact with the system only occasionallytwotigh
an intermediary. Tertiary users may not intera¢hwthe
system but have a direct interest in the perforraarche
system.

Web-based Computer applications are said twdde basedf they rely
on or take advantage of data and/or services wdrieh
accessible via the World Wide Web using the Interne
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