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ABSTRACT 
 

We present a framework for rapid development of GIS web applications tightly integrated with 
web database applications, with several innovations: a georeference abstraction, simplifying use of 
complex geographical geometries; use of SQL column data types to specify the user interface without 
scripting; interface and symbology personalization, persisting in user preferences; and a flexible 
implementation based on open source components, including full auditing. The framework is already 
used in a mission critical application. 

 
CONTEXT 
 

Rapid development frameworks for GIS were slowly coming to life, while developers waited for 
GIS software market leaders’ moves. Currently, open source initiatives like University of 
Minnesota’s MapServer, OpenLayers graphic web client library and others have shed a whole new 
light that drove the creation of plenty of small frameworks with limited objectives and which were 
developed as proprietary tools, not as full-fledged products. 

On another area, rapid web application development tools abound, such as our own Web 
Application Maker1 ("WAM"), powering web information systems in institutions in Portugal and the 
USA. This tool provides alphanumerical forms with minimal effort, but not any2 GIS capabilities. 
One such web information system, the backbone application of Portugal's Northern Region 
Commission3, required incorporation of geographical information associated to its detailed data 
records, and close integration with GIS editing tools. 

NEW APPROACH 
 

The authors joined efforts to bring up a new RAD approach to database-centric GIS applications, 
based on the following principles: 

- Generalize easy to use graphic editing functionalities over a geographic database, removing 
the need for specialized and expensive GIS editor tools operable only by specialists 

- Provide historical record capabilities and full traceability/auditing of graphic editions 

- Allow the development of geographical web clients easily interoperable with other web 
applications, like workflow and document management systems, with an integrated 
navigation experience 

                                                 
1 www.declarativa.pt/wam 
2 Other than basic support for GoogleMaps points 
3 Comissão de Coordenação e Desenvolvimento da Região Norte's Expedientíssimo, its 
transversal document and workflow management SQL Server + web application . 
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- Specify the basics of GIS/non-GIS web interface integration without coding, simply by using 
a SQL user data type ('WAMgeoref') in each application table incorporating geographical 
columns 

- Share authentication of existing web applications 

The proposed RAD solution implements the concept of Generic Georeference (materialized in the 
abovementioned SQL type): a single integer identifier (a table record foreign key value), shareable 
between applications, identifies a polymorphic georeference, which can aggregate one or more 
georeferences of different types: point, line, polygon, or external file. External file meaning a raster or 
an ESRI Shapefile format datafile. 

The implementation of generic georeference concept is supported in a series of database tables 
which allow to relate a key (or a key list) provided by a foreign application to either one or a 
collection of geodatabase features or a georeferenced raster or vector file. This is intended mainly for 
display purposes. When geoprocessing or analysis show up then this generic georeference must be 
restricted to geodatabase features. 

This is a useful concept when, for example, trying to integrate a GIS client into an existing 
building permit management application. Related to a proposed building permit we should have in 
readily available semantic data like the cadastre, the proposed building areas, etc. These can be served 
as structured geodatabase polygons, or, instead we could see solely a CAD drawing with all these 
elements expressed visually. In the first case we can clearly make good use of some geoanalysis 
functions, possibly automated, that could deliver immediately if the permit is admissible. 

IMPROVING THE USER WEB GIS EXPERIENCE 
 

Existing web GIS applications and frameworks usually provide a very different user experience 
from desktop (non-web) user interfaces.  

The authors considered important to bring the desktop user experience to web clients, such that 
clients built with this framework can work like this: at first time access, the user views a standard 
thematic base content and a full geographic extent encompassing all displayed content. The user is 
then allowed to add new themes. The user is then able to edit symbol parameters for these themes. 
Such parameterization, including geographic extent, is automatically added to user profile/preferences 
information and is shown again in the next user work session. 

 On our framework, the user: 

- Is allowed to customize the thematic menu beyond the simple toggling of each theme on or 
off, adding or removing themes and customizing symbology. 
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Fig. 1. 
 

- can retrieve viewing settings from a previous work session, retrieving the thematic menu 
contents, a zoom level and a location. 

Adding themes to thematic menus (some times called table-of-contents) can become difficult if 
the supporting geodatabase is loaded with hundreds of GIS themes. In this case, tools were developed 
to help the user find the needed themes by: 

- Keyword searches, which can be based on explicit relations between themes and keywords 
or by automatic scanning of occurrence of keywords in themes’ metadata. 

 

Fig. 2.  
 

- Envelope searches, which test eventual superposition between geodatabase themes and the 
current map view extent 

In our view, all this features are fundamental to really disseminate application-oriented web GIS. 
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PRINCIPLES IN PRACTICE 
 

It was fundamental in our approach to guarantee the five principles of interoperability, minimize 
coding, generalize graphic editing, history/auditing and authentication. 

Nowadays saying interoperability usually means webservice invocation. Webservices are 
valuable especially when two applications, not sharing a common database, need to exchange 
structured data with some complexity. This is not our case: when implementing the generic 
georeference concept (see ahead) a GIS web client only needs to share a key value. Webservice 
invocation in this context would result in unneeded overhead. A third party application can call our 
GIS client in a separate browser window or on a dedicated IFRAME element simply by invoking a 
URL and passing the referred key and an URL callback as parameters (or a list of these). 

Coding minimizing – the web GIS client was built on OpenLayers and  Yahoo User Interface 
javacript libraries, and was designed to include a broad array of tools and functions some of which are 
hidden by default and can be simply enabled and parameterized by changing parameter and 
configuration files in server. Map images are configurable also using MapServer’s map file syntax, 
being now offered a tree-view like editor for easy configuration. Non-standard extensions and graphic 
tools can still be added through a provided extension mechanism which also contemplates server code 
extensions in Python language. 

On our framework, graphic editing is heavily supported on OpenLayer’s library capabilities. 
Geometries edited with OpenLayers tools are easily exported to GeoJSON and sent to application 
server in this format. Graphic editing, is technically simple nowadays, but some GIS vendors still 
impose draconian licensing terms and prices since this used to be available only in top class desktop 
products. That’s not really technically justifiable anymore and, in this framework, the authors actively 
succeeded to bring an end to this vision. Another unjustified argument used to be that unskilled 
operators could fill geodatabases with garbage. This is also a possibility with any other database 
application. Providing auditing and enforcing authentication (see ahead) we are actively combating 
improper use of applications. 

About auditing, the framework allows for use of standard auditing tables. Authentication has been 
achieved on Windows environments with standard NTLM/Active Directory/”Integrated Windows 
Authentication”. The framework allows for different modules on which the same user can have 
different permissions and be served with differentiated tools. 

 
APPLICATION 

 

The next figure displays a web form generated by WAM, with a georeference icon (red) 
providing navigation to the polygon display on the right window; from the GIS window on the right 
the data record on the left can be open too, so navigation is bidirectional.  
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Fig. 3 

 

No coding/scripting was needed: the developer only had to type one SQL column (in the table 
underlying the left form) as "georeference", and the system made all GIS editing and displaying 
available to the user. 

We're now finishing testing of a similar combination for record sets, allowing a (WAM-based) 
application list, with arbitrary joins and user specified filter/search conditions, to invoke the GIS 
window with (only those) georeferences shown; again, with navigation back to application records. 

The whole system is being deployed to over 100 in-house users, with likely expansion to extranet 
users later. 

 
BIBLIOGRAPHY 
 

Butler, H. et al., The GeoJSON Format Specification (http://geojson.org/geojson-spec.html), 2008 

Calejo, Araújo and others,, Web Application Maker Manual, http://www.declarativa.pt/wam, 2009 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


