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Abstract:  The purpose of this digital modeling venture was to outline a means of extracting higher-order data from basic native datasets to build a cartographically insightful and analytically meaningful presentation of landscape expression in a region of current and future scientific interest.  In devising the cartographic aspects, real-world ground and air photography was referenced to serve as a measure in articulating an authentic visual rendition of the area’s physical features.  Equally, analytical authenticity was ensured in employing photographic as well as mapped accounts of landscape features and sub-features as base references in honing the most accurate digital rendition possible with the given constraints of the systems and timeframes that the project exploited.     

Introduction 
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The geographic area of interest is a remote alpine region of Norwegian-Swedish territory, Kärkevagge (Kâr-kŭ-vä-gä).  The area is under scientific study to document geomorphological processes at work locally in order to characterize specific diagenetic features observed and develop baseline data for current and future studies in similar regions that are physically acting and responding to climatic inputs and changes.  

[image: image2.jpg]


The large-scale expression of the landscape is greatly attributable to its glacial history, scoured and sculpted by cryogenic hydrological processes, exhibiting signature U-shaped valley form and hanging rock amphitheatres as cirques and upland lakes.  The area is currently controlled by the ambient climatic state and lithographic compositions, which lend to the preservation of its extreme vestigial formations that are observed at the scale of interest for the graphic model.

The task that this study was involved with was the interpolation of graphically complex topographic imagery from the available primitive datasets.  Herein, the said primitive data comprised digital vector graphics, captured from hardcopy topographic lines, which were to be wielded into a 2 and 3-dimensional digital terrain model.  Devising such a graphical image of the locality given the format of the native datasets involved consideration of a reasonable resultant image resolution.  The provided topographic data was at a 20-meter contour interval, which is a rather coarse index to work with in procuring high-resolution imagery from the dataset.  However, the high relief of the landscape placed these intervals in close proximity to one another.  Hence, extracting 2-meter lateral resolution raster graphics from the 20-meter vertically resolved information did not impart spurious detail onto the extracted imagery, allowing for very refined, creditable orthographic and oblique imagery.

The formal approach to developing the expanded model of the terrain was explored incorporating geographic information system (GIS) technologies and methods in data acquisition, manipulation and production.  Available programs inherently limited the scope of exploration, but in the same tone honed a basis for building a coherent means by which to refine the process of interpolation and presentation.  However, the procedure could not be performed employing a single, comprehensive software package.  Rather, it was necessary to involve several, more specialized programs in order to effectively tailor the final product through its different stages.              

Procedure

The transfer of data forms was undertaken through implementation of GIS programs from Environment Systems Research Institute (ESRI), operated exclusively on Windows® based platforms.  This framework was construed by the basis of availability, but more importantly for the sake of coherence in procedure.  The initial outlook was to encompass all manipulation under a single GIS software, and all final image production with a respective graphic software.  However, technological disparities amongst available software demanded that such a specialized exercise be modulated, employing several complementary programs.           
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The basic topographic data was acquired from Peter Schlyter of the Department of Physical Geography at Lund University, Lund, Sweden, as MapInfo® (.mif) files.  Subsequently, the files were converted to Shapefiles for modification in ArcView® GIS 3.2 (see appendix A).  Taking inventory of the topographic vector files involved extensive editing sessions in order to meld the base data into a useable form for the project.  Vector vertices had to be adjusted, spliced, and unionized to form cohesive isometric units to be used in the extraction.  The refined vector files were then prepared for attribution.  Referencing an available hardcopy of the coverage area, the digital topographic lines were assigned respective elevation values piece by piece.


With the digital line data thoroughly gleaned of digitizing errors and appropriately attributed, the next phase of the project was ushered in: formulating a process by which to extract a digital raster graphic (DRG) from the base information.  Experimenting with such a process under ArcView 3.2 soon revealed that the system’s interpolative algorithms only produced DRGs, termed “grid” in ESRI applications, with limited z-values.  The results of the interpolations were highly terraced images, yielded from essentially non-continuous pixel values, a fact of an extraction algorithm using high-order exponential equations.  Thus the effect of realism was void in these interpretations.  Exploring documentation and various user group sources concerning ArcView spurred very little on the lines of enhanced grid extraction, therefore a more comprehensive GIS was in order in tailoring capabilities to the model’s needs.


ESRI’s ArcInfo® 8.0.1 was henceforth employed in the grid interpolation using a utility accessible through the “Arc” command shell termed, TOPOGRID.  TOPOGRID provides algorithms which are sensitive to important parameters for the processing of data (see Appendix B), embracing many of the technical demands in designing an extraction process around the individual dataset and thus producing a well-calculated surface that is visually realistic and naturally accurate.  The final output is floating-point data, which essentially presents continuous raster cell values calculated to 5 decimal places, thus illustrating the generated surface in fine detail and yielding a very natural appeal.  The final images were interpolated to a 2-meter lateral resolution, and subsequent hillshading calculations brought out many of the landscape’s signature large-scale elements, as well as smaller-scale elements such as the interweaving hydrologic features amongst the hanging cirque, lake formations and inter-valley stream channel.

Developing the Visual Product  
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The imagery developed in TOPOGRID was imported back into ArcView for cartographical manipulation.  Hillshade calculations were performed off of the grid data.  The convention of placing the light source at 45° altitude, 315° azimuth was adopted to facilitate proper interpretation of the surface expression.  Placing the light source in a more natural altitudinal and azimuthal orientation for the locality imparted an optical inversion of the topography, causing lows and highs to be confused for one another.  The illusion may be purely of acquaintance; one is more accustomed to viewing shaded reliefs with northwesterly illumination.  Nevertheless, it was not the model’s intention to shatter fundamental cartographic norms, so realism was at this point sacrificed in pursuit of accurate communication of the landscape. 

 The base grid was digitally draped over the hillshade layer, bringing out the 3-dimensional texture of the landscape as a shaded relief map.  To complement the illustrated realism, a color palette of light-grayscale was selected.  The lithography of the area is primarily of a layered metamorphic cap rock (micaceous schists), underlain by a limestone formation that outcrops progressively in down-valley traverse.  The notable hue of the composing rock is a dun blue-gray.  Thus, opting for the apparently bland but conventionally effective grayscale color schema imposed quite a natural essence onto the illustration, therefore creating necessary realism in communicating the visual qualities of the landscape to the observer.  

The end product of the TOPOGRID algorithm yielded fantastic elements that aided in the true-earth presentation of the landscape character.  Nevertheless, detracting artifacts were still observable from the interpolative processing.  The one salient vestige of the calculation was a striping effect induced from the topographic lines in constructing the grid surface.  The topographic vectors represent hard data inputs in the TOPOGRID calculation algorithm, and thusly impart distinct isometric lineation onto the grid surface.  Interpolation parameters were systematically adjusted in measure to counter the effects of the hard inputs, but the relicts were never completely removed.  In course, production end software, Adobe Photoshop LE 5.0, was employed in softening the textures around concentrated lineaments.  Essentially, areas surrounding dense collections of hard relicts were mathematically averaged through blending and blurring tools, enhancing visual appeal and reinforcing natural elements in the image.  The tailored image was now finalized and prepared for presentation and publishing manipulations.


In order to more greatly involve the audience with the features and aspects of the landscape, traditional 2-dimensional shaded relief images were complemented by rendering 3-dimensional static and animated illustrations of the area.  These advanced visualizations were facilitated by ArcView’s 3D Analyst software, enabling interactive probing of the DTM surface and production of screen snapshots and sequential panes for full-motion recreations.  Snapshots were exported from the ArcView 3D Scenes as enhanced JPEG files.  In sequential frame extraction, however, JPEG compression notably sacrificed image resolution, greatly reducing the quality and frame size of video animations of the DTM surface.  Therefore, the bitmap format was used for the sequenced slides despite the larger file sizes; file sizes were brought back to more manageable levels with subsequent GIF and AVI video compressions.   

Basic ArcView capabilities presented many limitations in exporting high-resolution, compressed imagery and animation panes from ‘Views’ and ‘3D Scenes’ into production end applications.  Solutions for the specific demands for greater graphical quality were found on ESRI’s freeware distribution list: www.esri.com/arcscripts (see Appendix C).  This end user site proved invaluable in locating software enhancements that aided the many specialized aspects of the project, greatly augmenting the visual quality and utility of the final productions herein.

Final versions of the static illustrations were brought together using Corel Draw 9.0 software for assimilation into a cartographic presentation.  Animation image panes were compiled under a freeware GIF animation program obtained via the internet (keywords: gif animation).  In addition, a CD-ROM was created, capturing the motion picture visualizations of the project are as well as the basic files from which all the advanced calculations herein were based.
Conclusion
The utility of this project is to present a means by which higher-order graphical data can be extracted from primitive datasets, and effectively sculpted to build useful tools for cartographic communication and enhanced models for scientific research.  The accomplishments of this study show that high-end products are feasibly constructed through careful incorporation and alignment of several popular, approachable computer software packages and operating platforms.  Hopefully, this study will be accentuated by future studies in this arena to further exploration of the potential of powerful GIS based modeling programs and complementary cartographic utilities.

The main issue of note for future research in developing similar DTMs is the attainment or development of interpolation algorithms more adequately constructed for depicting high-resolution plan maps that rely on coarser inputs, such as the high-interval topographic lines herein.  The ArcInfo 8.0.1 suite offers several surface building processes that hold promise for future explorations in DTM construction.  The suite presents some of these under its ArcTools module (see Appendix D).  The graphical browsing format of the software should prove to be insightful and very useable to prospecting students of surface generation searching for data sensitive tools.      

Appendix



Appendix A                                    

Converting MapInfo files to ArcView Shapefiles:

Software:  ArcView GIS v3.2a

Platform:  PC employing Windows 98 OS
Version 3.2a of ArcView GIS includes a utility for converting MapInfo files (MIFs) to Shapefiles called MIFSHAPE.  

Procedure:

Start Menu > Program Files > Esri > ArcView GIS 3.2 > MIF to Shape

Usage:    MIFSHAPE [option] [mif_file] [shape_file]

option = {INFO, POINT, TEXT, LINE, POLY}

                         
mif_file = <file_name>
note: do not specific .mif extension

    
shapefile = <new_file_name>

note: do not specify .shp extension


Additional Notes: The MIFSHAPE utility operates in ArcView’s BIN32 directory.  For ease of use, any files to be converted should be transferred to this location.  Converted files will be written here.  Full pathnames can be dictated into the MIFSHAPE command line if so desired.

Appendix B
Using TOPOGRID:

                 

Software:  ArcInfo GIS v8.0.1

Platform:  PC employing Windows NT OS
TOPOGRID is a utility available under ArcInfo.  It is accessible either through the Arc command prompt, or through a browsing GUI available under ArcTools.  The former method will be expounded upon herein.

Procedure:

TOPOGRID algorithms may be tailored to the individual dataset by imputing spatial parameters that reflect physical barriers, sinks, hydrologic features, and project boundaries.  Appropriate use and tuning of these inputs will greatly enhance the final product of the TOPOGRID generation, and assist the natural expression of the landform.    

All feature themes to be used as parameters in developing the grid surface have to be converted to “coverages,” which are essentially arc, point, or polygonal features formatted for ArcInfo usage. 

Interpolation for the entire study area was delimited by a polygon that enforced the perimeter, enveloping all contour data and extending 50 meters outside the project area.  Internal parameters employed for the project area consisted of lake features, which curtailed the interpolation of the cell data to planar form within the bounding lake polygons.  Stream coverages were ignored in light of experimentation which proved that the contour data alone was at sufficient resolution to establish fluvial elements in the model.  Vertical tolerances for isolated surface fluctuation was set at 10 meters, half the contour interval, which essentially alleviated spurious pitting and mogul fields that were generated under the default settings.   

Usage:

Arc:TOPOGRID <outgrid_name> <cell_size>

TOPOGRID:BOUNDARY  <coverage>

 

TOPOGRID:LAKE <coverage>

                        TOPOGRID:CONTOUR <coverage>

 TOPOGRID:TOLERANCES <vertical> <horizontal>

 TOPOGRID:END

Issues of Note:

1).
When generating high resolution DTMs, the virtual memory space for writing temporary scratch files may be insufficient for the resultant grid dataset.  When this situation develops, a warning is issued under the Arc prompt stating: 



Require GRIDALLOCSIZE of xxx in megabytes to continue!

If virtual memory of xxx M is available, set GRIDALLOCSIZE to that size in megabytes and try again!

Topogrid failed!  

In this study, such a situation arose when generating a 1-meter lateral resolution surface.  The requisite size of the virtual memory space was 627Mb.  To expand the virtual scratch space, system capabilities were set to the following:

Start Menu > Control Panel > System > Environment  

Variable: GRIDALLOCSIZE 


Value: 627 M

Going back to TOPOGRID and reissuing the commands will yield a complete surface generation.  The virtual memory required to accommodate the intermediate calculations space is much higher than the final grid will need.  In this case, the final grid was approximately 110Mb in size.

2).
How the topographic data was vectorized will determine how much additional manipulation of the dataset will be needed in converting the vector Shapefiles into Coverages that are parametrically viable in TOPOGRID.  A problem encountered with the project topographic vectors was that the vectors maintained routing information upon conversion to Coverage arcs.  Basically, the conversion utility interprets linear features as an integrated network, or route system.  Thusly, a line has a start and stop point, or node.  In attributing the conversion file, a .rat (route attribute table) in generated.  Therefore, the data does not appear as isometric arcs, and is logically useless to the TOPOGRID utility.  


Solving this problem entails viewing the .dbf of the topographic line Shapefile before issuing the conversion, and setting a few data qualities so as to produce a useful attribute file (.aat, or Arc Attribute Table) for TOPOGRID manipulations.  


The routing issue is rectified as follows:

Viewing the Shapefile .dbf:


Arc:COLUMNS DBASE topo.dbf 

FIELD

WIDTH
TYPE

N. DEC



ID

8

N

0

Elevation
16

N

0

Note: The tabulated data is what Arc lists; Field being the columnar title of the attribution data; Width the number of spaces allotted for data entry; Type is data type (“N” for Numeric); N. Dec (number of decimal places) is 0.  


These qualities will have to be entered into the conversion command to build the appropriate .aat.  

Defining the Coverage .aat:



Arc:SHAPEARC <shapefile> <output_coverage_name> <class> DEFINE 

DEFINE: <field_name> <item_name> <item_width> <output_width> <item_type> <decimal places>


(i.e. DEFINE: Elevation Elevation 16 16 N 0)


In surviving the tedium of the outlined operations, a viable .aat will be developed, and the TOPOGRID process should successfully interpolate a surface from the isometric data files.

Appendix C
Arcscripts:

Adapting ArcView to the special demands imposed by the goals of the project was greatly facilitated by the resources extracted from ESRI’s Arcscripts searchable download archive:  http://www.esri.com/arcscripts.  The following scripts and project extensions were employed to yield the end products herein:

1).


Fly-by Animation Builder (1.01)

This extension is to be used with 3D Analyst extension of ArcView 3.x on Windows NT platform. It is mostly used for creation of MPEG animations. It can also be used to prepare for other types of animations, such as AVI, animated GIF and so on. 

	Author:
	ESRI

	Date
	23-Jun-99

	Primary Software:
	ArcView 3.x

	Language:
	Avenue

	Category:
	ArcView 3D Analyst,ArcView 3D Scenes

	User Extension:
	Yes

	Keywords:
	Animation, Fly-by, Fly-through, MPEG, JPEG

	

	FileName:
	movie.zip

	File Size:
	322.301 KB
	


2).


ExportToGeoJPEG

Modification of script provided by Will Patterson. The resolution of an otuput image may be specified. 

	Author:
	Tomas Cebecauer

	Date
	14-Aug-00

	Primary Software:
	ArcView 3.x

	Language:
	Avenue

	Category:
	ArcView Views: Data Conversion/Alteration,ArcView Views: Image Themes,Data Conversion,Miscellaneous

	User Extension:
	No

	Keywords:
	export, image

	

	FileName:
	view2jpg.ave

	File Size:
	3.1259765625 KB
	


3).                    
Set 3D Grid and Texture Mapping

Adds the menu choice, "Set Max Grid and Texture Map Size" to the "3D Scene" menu. The extension allows the user to adjust the resolution of the grids and images displayed in the Scene. Picking the menu choice brings up a dialog that has the number of grid cells on the side with the greatest number of cells of the grid with the most cells in the scene. The dialog also has the greatest number of cells on the side with the greatest number of texture mapped cells in the image theme with the highest resolution present in the Scene. Use the sliders to adjust the "Number of Texture Map Cells" and the "Number of Grid Cells" displayed in the Scene. 

Usually, the maximum number of Grid and Texture Map cells is limited by the graphics card. Initially, Grid and Texture Map cells are set to half the value that the graphics card is capable of displaying. The default settings try to balance performance and appearance. 

	Author:
	ESRI

	Date
	11-Aug-99

	Primary Software:
	ArcView 3.x

	Language:
	Avenue

	Category:
	ArcView 3D Analyst

	User Extension:
	Yes

	Keywords:
	texture mapping, display resolution,

	

	FileName:
	dddset.avx

	File Size:
	41.917 KB
	


Appendix D
Gridding Utilities under ArcTools:

Software:  ArcInfo GIS v8.0.1

Platform:  PC employing Windows NT OS

Arctools offers many other options under which to render a digital terrain surface from primitive datasets.  The TOPOGRID utility used herein is one of 6 available programs here that are each tailored to incorporate specific criterion for a given project and its modeling goals:

Procedure:

Start Menu > Programs > ArcInfo > Arc 

Arc:Arctools

A graphical browsing environment opens; follow the path:

Grid Editing > Surface > Interpolation: <options>

· Inverse Distance Weighted interpolation

· Kriging (Ordinary) interpolation

· Kriging (Universal) interpolation

· Spline interpolation

· Trend interpolation

· Topogrid interpolation

References:
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Fig. 3. Hillshade layer.





Fig. 4. Base grid draped over hillshade.





Hard-data striping.





Fig. 2. Terracing effect from Arcview 3.2 grid interpolation.





Fig. 1.  Location of the Kärkevagge site.





Fig. 5. Vestigial lineaments from contour data.








