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Integrating GIS technology with RiverWare (Phase 2) 
Functional Requirements

Author: Patrick Lynn

Graphical information systems (GISs) support storage, analysis, and display of spatial data. The document “Inte-
grating GIS technology with RiverWare” presents requirements for the phased integration of GIS technology 
within RiverWare, including a good deal of background information as well as a detailed description of the require-
ments and design for the first phase of integration. Phase 1 introduced a new workspace view, the Geospatial View, 
which includes support for georeferenced objects and a background image registered to the view’s coordinate sys-
tem. This phase was completed in Spring 2011 and was first released in RiverWare 6.0.

In this document we develop functional requirements for the second phase of GIS integration. The general goal of 
this phase is to provide support for additional GIS data formats, and initially we focus on the ESRI World File for-
mat for georeferencing raster data. The ability to read and write the World Files will simplify the registration pro-
cess for the Geospatial View’s background image -- when the user provides a background map image for the 
Geospatial View, RiverWare will now be able to simultaneously acquire georeferencing information for that image. 
This information will locate the map in the Geospatial View’s projected coordinate system, enabling RiverWare to 
display it in proper registry with the workspace objects without requiring the user to interactively register it. In 
addition, the ability to write image georeferencing information in the World File format will facilitate sharing of 
maps between RiverWare models and between RiverWare and external GIS applications.

While the limited time and resources available for this development limit the scope of this work to the World File 
format, RiverWare could make use of numerous other data formats employed by GIS applications. The last section 
of this document discusses how RiverWare might make use of additional spatial data formats and estimates the 
level of effort required to achieve that functionality.

1 Motivation

1.1 Map images and coordinate systems

Map images represent projections of geospatial data onto a two dimensional coordinate system. To display an 
image in a coordinate system, such as that of the Geospatial View, requires projection information that is not 
always available as part of the image. Consider the following three categories of image (raster) data formats, each 
with progressively more projection metadata:

• Plain image: a plain image can be conceptualized as an array of colors, one for each pixel in the image. Formats 
vary along many dimensions, e.g., whether or not support is provided for compression, transparency, or multiple 
layers. RiverWare currently supports the reading of many standard image formats, including: PNG, JPEG, BMP, 
and SVG. 

• Registered image: a plain image plus additional information describing the position of this image in a coordinate 
system. The additional information could be as simple as a pair of coordinates defining the bounding box of the 
image in the coordinate system, or it could be more general, such as an equation defining the translation from 
pixel coordinates to map coordinates.

• Georeferenced image: an image, a description of the coordinate system associated with the image, as well as reg-
istration information for the image. For geographic and projected coordinate systems the metadata include a spec-
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ification of the datum, and for projected coordinate systems the metadata also include a specification of the 
projection.

Note that some image formats, such as TIFF and JPEG2000, support the embedding of image metadata in a header 
section of the image file. For example, the GeoTIFF image format uses this feature to support fully georeferenced 
images. On the other hand, image metadata can also be stored in a separate file, in which case the two files are typ-
ically associated by name. One such format is the ESRI world file format which consists of 1) a plain text file con-
taining parameters for a simple image-to-coordinate system transformation, and 2) rules for naming the world file 
based on the name of the image file. For example, for the image file MyMap.jpg, the accompanying world file 
would be MyMap.jgw or MyMap.jpgw.

1.2 Limitations of the Geospatial View

For the Geospatial view background image, RiverWare 6.0 supports only plain images. After providing a plain 
image file, the user is required to interactively register that image in the Geopspatial view’s coordinate system by 
either: 1) directly entering the coordinates of the lower left and upper right corners of the image, or 2) providing 
coordinates for two reference points in the image (via the Image Location Dialog). The image registration informa-
tion is then saved with the canvas configuration information in the model file.

The Geospatial View’s support for coordinate systems and the background image has the following limitations:

• Registering an image can be burdensome to the user. For example, it involves typing, and in addition the user 
might not know the required information (the bounding box of the image or the coordinates in the image’s projec-
tion of two reference points). 

• Each time an image is set as the background image it must be registered, even if the user had previously registered 
the same image. This is because RiverWare maintains registration information for the current image only

• A single image used by multiple models must be registered for each model. This is because RiverWare saves reg-
istration information with the model file, as part of the Geospatial view’s configuration.

• Users might not be able to easily provide SimObj coordinates in the Geospatial view’s coordinate system. This 
might be because they only know them in another system or they do not know what the coordinate system of the 
Geospatial view is (i.e., they don’t know the projection of the image).

• All coordinates must be in the same coordinate system, and it is not possible to convert coordinates from one sys-
tem to another. This means that the user can only enter and view object coordinates in the Geospatial view’s coor-
dinate system, when they might prefer geospatial coordinates, for example.

To relax all of these limitations would require the ability on the part of RiverWare to represent coordinate system 
specifications and to use this knowledge to perform translations from one system to another. While supporting this 
functionality is part of the long-term vision for RiverWare, it is beyond the scope of the current work.

2 Requirements

The goal of the current task is to is to simplify the image registration process, addressing the first three limitations 
discussed in the previous section. To meet this goal, we propose to:

• Add support for the reading of at least one common registered image format. This will allow users that have 
access to registered images (in a supported format) to skip the image registration step.

• Add support for the writing of an image in at least one common registered image format. This will allow users to 
avoid having to perform the registration process more than once for a particular image.
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2.1 Choosing a format for image registration (JPEG/PNG + ESRI world file)

We would like to support a registered image format to which our users are likely to have access, that is, we would 
like it to be the case that those users who have access to registered map images, have access to them in a format 
supported by RiverWare. As a starting point for narrowing down the list of possibilities, we considered the formats 
supported by ESRI’s ArcMap 10.0 for map export with registration information. They are: PDF, JPEG, PNG, TIFF, 
GIF. Of these we eliminated from consideration PDF and TIFF because RiverWare does not currently support read-
ing of those formats, and GIF because it only supports 8 bits/pixel, leaving JPEG and PNG for consideration. Since 
both formats use the world file format to provide the registration information, provide support for both formats 
requires minimally more effort than just supporting one format, so we elect to support both JPEG and PNG.

The world file format was introduced over 10 years ago (with ArcInfo 7.0), is simple to read and write, and appears 
to be commonly used within the broader GIS community. A world file contains 6 floating point parameters, A-F, 
which define an affine transformation in the form:

x1 Ax By C+ +=  

y1 Dx Ey F+ +=

where

x1 = calculated x-coordinate of the pixel on the map 
y1 = calculated y-coordinate of the pixel on the map 
x = column number of a pixel in the image 
y = row number of a pixel in the image 
A = x-scale; dimension of a pixel in map units in x direction 
B, D = rotation terms 
C, F = translation terms; x, y map coordinates of the center of the upper left pixel 
E = negative of y-scale; dimension of a pixel in map units in y direction

RiverWare 6.0’s Geospatial View assumes rectangular pixels with no rotation, thus not all map images that can be 
described with a world file can be displayed as background images. Initially RiverWare will check that B and D are 
zero and that A and E are equal, and issue an error if one of these conditions is violated. Eventually, we hope to 
extend support to all world file transformations.

For many GIS applications, creating an image with a world file is relatively straightforward. To do this in ArcMap 
10.0, select File->Export Map...”, then check the “Write World File” checkbox option within the subsequent dialog. 
On the other hand, when this is not possible, the world file format is simple enough that it can be created by hand 
with a text editor.

2.2 Detailed requirements

Within the Geospatial Canvas Configuration dialog, when the user loads a background image file (either by enter-
ing a path, selecting a file in the file chooser, or clicking the Reload button), RiverWare will determine if registra-
tion information is available for the image by looking for a world file image with the appropriate name. If a valid 
world file is discovered, the user will be asked if they would like to set the Background Image Rectangle Location 
from this information. If RiverWare does not find registration information for the image or if it does but the user 
does not want to use it, then the behavior remains unchanged (RiverWare attempts to give the image a reasonable 
default rectangle location). In any case, the user can proceed to change the registration values directly if they wish.
Integrating GIS technology with RiverWare (Phase 2) Functional Requirements 3 of 6



Figure 1. RiverWare 6.0 Geospatial Canvas Configuration Dialog.

A button labeled “Export World File” will be added to the bottom of the Background Image Rectangle Location 
panel of the Geospatial Canvas Configuration Dialog. Clicking this button will bring up a file chooser, allowing the 
user to select the output file name, but pre-selected to a file name that adheres to the world file naming conventions.

3 Supporting additional spatial data formats

In this section we discuss how future RiverWare development might make use of additional GIS data formats, and 
we estimate the level of effort required to extend RiverWare in this way. The Geospatial View uses different types 
of spatial data for the purposes of image registration and object location. We consider support for additional data 
formats for these two purposes separately.
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3.1 Supporting additional data formats for georeferenced images

Displaying an image in the Geospatial View requires raster data which has been rendered with a particular color 
table and which is located in the projection's coordinate system. RiverWare supports the reading of images in the 
PNG and JPG formats; while neither of these image formats supports the inclusion of metadata within the image 
file, the images can be georeferenced (i.e., located in the Geospatial View) by providing an accompanying file in 
the ESRI World file format.

Rendering spatial data so that it can be displayed is, in general, a complex process involving different techniques 
for different types of data and different rendering goals. For example, one of many options for displaying single-
band raster data is to draw contour lines. Once the decision has been made to use a contour line plot, additional 
decisions must be made about the contour interval as well as the line color, width and style.

Most modern GIS applications support the rendering of many different types of data and typically provide a rich set 
of display options. Instead of trying to recreate this complex functionality, RiverWare assumes that users have 
access to spatial data which has already been rendered, i.e., maps. 

Therefore, when considering additional formats for Geospatial View images we focus our attention on raster data 
formats that include both color and georeferencing information. For example, we do not consider the Shapefile for-
mat because it is designed for representing vector data. The following are some of the formats which can support 
georeferenced images:

• GeoTiff: this is an extension of the TIFF image format which adds georefencing information. A medium-sized 
open source library exists for reading and writing this format.

• MrSID: this is a proprietary format designed explicitly for georefenced raster graphics. A library for reading files 
in this format is available from LizardTech.

• JPEG 2000: is an image compression standard which support the embedding of metadata, allowing the inclusion 
of georeferencing information for map images.

3.2 Supporting additional data formats for georeferencing objects

The object location data is vector data in the form of spatially located points with attributes giving the name and 
type of the object at that location. RiverWare supports the reading and writing of these data in the ESRI Shapefile 
format, allowing RiverWare to display icons at the associated object's location in the Geospatial View.

3.3 Plan and time estimate

To avoid maintaining separate code and data abstractions for each format type, we would like to extend RiverWare's 
spatial data support by linking in a more general library. The prime candidate is the GDAL/OGR open source 
library which supports the reading of the formats mentioned above as well as more than a hundred additional raster 
and vector formats. This is a large library and so should only be linked in when it is being used (probably a plug-in 
architecture will be appropriate).

In addition to allowing RiverWare to provide additional flexibility with respect to input of images and object loca-
tions, access to a library such as GDAL/OGR, would be useful for extending RiverWare functionality in other ways 
as well. For example, support for the KML format would be useful for linking RiverWare to web applications dis-
playing spatial data. As another example, when projection information is available, a library such as this would 
support translation between different coordinate systems, such as geospatial (lat/long) to map coordinates.
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We estimate that incorporating a general GIS library into RiverWare would take approximately 3 weeks of effort, 
with the following subtasks requiring about 4 days each:

• Further research on library alternatives, considering: cost, availability for target architectures, functionality, 
licensing, suitability for high-level software architecture (i.e., as plug-in). Installation and testing of library.

• Inclusion in configuration management process (build & release processes, licensing).

• Design and development of conditional link mechanism (presumably a QPlugin).

• Integration with existing RiverWare code.

Note that this work would only be undertaken for the Windows platform, but should ideally be supported for both 
32- and 64-bit operating systems and executables.
6 of 6 Integrating GIS technology with RiverWare (Phase 2) Functional Requirements


	Integrating GIS technology with RiverWare (Phase 2) Functional Requirements
	1 Motivation
	1.1 Map images and coordinate systems
	1.2 Limitations of the Geospatial View

	2 Requirements
	2.1 Choosing a format for image registration (JPEG/PNG + ESRI world file)
	2.2 Detailed requirements
	Figure 1. RiverWare 6.0 Geospatial Canvas Configuration Dialog.


	3 Supporting additional spatial data formats
	3.1 Supporting additional data formats for georeferenced images
	3.2 Supporting additional data formats for georeferencing objects
	3.3 Plan and time estimate




<<
  /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


