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1. How the Internet is changing GIS


  One of the primary expenditures of implementing today’s geographical information systems occurs in the data collection and base mapping stages (Korte, 1996).  With the phenomenal growth in the GIS market over the last few years much of the data required by a particular individual or organisation could in fact already exist; the problem is trying to find it.  With the development of client/server communication, the Internet has become a powerful tool to transfer large amounts of information within the GIS user community.  No other technology this decade has had such a profound impact on the computer and software industry of which GIS is a part.    


  However, there is much to do in order to harness the full potential of  existing Internet technologies to serve the GIS user community.  An article in Byte magazine by John Kador described the Internet as “The Ultimate Middleware”.  Client/server communication consists of functionally poor, portable, “universal” clients that talk to functionally rich servers using a protocol called HTTP.  Middleware is the slash (/) component of client/server; its the glue that lets a client obtain a service from a server (Orfali et al, 1996).  The development of middleware specific to the needs of the GIS users community will address some of the lingering problems that exist in accessing online geospatial data.  Some of  these problems include adequate sign-posts to geospatial data on the Internet, global metadata standards with searchable databases, on-line GIS tools and software exchange facilities and interoperability of different GIS formats.  The last point will be addressed in this paper.  





2. Online Data Conversion Utilities


  The web based geospatial data conversion utility that is the subject of this article is part of a much larger system designed to identify, describe and access on-line GIS data.  The conversion utilities were developed using a number of state of the art software packages.  The operating system used is OpenVMS running on an Alpha Server 2000 4/233, the HTTP server is Ohio State University’s DECthreads WWW Server and CGI scripts for the server are written using Digital Equipment Corporation’s command language (DCL).  DEC C programs and ARC/INFO version 6 AML programs can be called from within the DCL programs or scripts; all of which provides a fairly comprehensive and powerful software development environment.


  Three data conversion utilities have been completed to date. The utilities include, conversions to and from Arc/Info’s interchange file format (E00) and AutoCAD’s drawing interchange file (DXF), the USGS’s Digital Line Graph (DLG) and their Topologically Integrated Geographic Encoding and Referencing System (TIGER), respectively.


    The conversion utilities comprise of several software components, one of which is the HTML form that provides a means to execute the conversion utilities and assign the appropriate arguments to the Arc/Info data conversion commands.  The data conversion commands used in this case with associated arguments are as outlined in ESRI’s help documentation:





E00 (( DXF 


ARCDXF <out_dxf_file> {in_line_cover} {in_point_cover} {in_annotation_cover} {decimal_places} {ASCII | BINARY}


DXFARC <in_dxf_file> <out_cover> {text_width} {attrib_width}





E00 (( DLG 


DLGARC <STANDARD|OPTIONAL> <in_dlg_file> <out_cover> {out_point_cover} {NOFIRST|ALL|ATTRIBUTED} {x_shift} {y_shift} {category}


ARCDLG <in_cover> <out_dlg_file> {in_point_cover} {in_projection_file} {x_shift} {y_shift} {in_header_file} {TRANS | NOTRANS}





E00 (( TIGER


TIGERARC <in_tiger_file_prefix> <out_cover> {out_point_cover} {out_landmark_cover}


ARCTIGER <out_tiger_file_prefix> <in_line_cover> {in_point_cover} {in_landmark_cover} 





Each command is provided an HTML form where the arguments are entered.  In addition to data conversion, the utilities, ARCDXF, DLFARC and TIGERARC do optional coverage processing over the web before the resulting coverage is exported to the E00 format for transfer over the network.  The conversion utilities are located at the following URL address along with test datasets for local HTTP and remote FTP demonstrations:





  http://www.geo.ed.ac.uk/~anp/public/pindex.htm 





  What is so unique about these geospatial data conversion utilities is that traditional data conversion technologies as seen with the above Arc/Info commands have been merged with current Internet technologies that utilise the latest features of client/server communication.  Each of the commands require a minimum number of parameters in order to operate.  Usually this includes an input coverage  encoded in E00 format, a DXF file, a DLG file or TIGER files archived and compressed in zipped format.  Output names or prefixes must also be specified.   


  In normal operation of these commands the input files just mentioned could only be accessed if local to the system that contains the Arc/Info software given that proper disk and pathnames are specified.  However, because these data files must now be accessed beyond the confines of the local operating system through the TCP/IP port,  from someone else’s file server, the only conceivable reference these data files can have in this context are URL (Universal Resource Locator) addresses.


  Obviously, the conversion commands do not take URL addresses as arguments in referencing geospatial data files.  What is needed was a form of middleware between the Internet and the GIS that could effectively interpret URL addresses, download the  required file into a specified directory and feed its file name as one of the arguments to the data conversion commands.  This all would be done automatically, as opposed to interactively with a web browser or ftp client, because the CGI script could under no circumstance give foreign clients access to local system resources that are not already accessed by the HTTP server.  That is why, among other things, we have usernames and passwords to secure computing resources only for those who are allocated those resources.  


  The required middleware came in the form of a C program that parses the URL address extracting a file name, a HTTP or FTP client to retrieve the file, an AML program to do all the GIS processing and of course the CGI script to tie everything together and error check where necessary.  In practice the URL address need not be parsed but in the case of this data conversion utility it is necessary because the software provides for a “systems’ cache” which is nothing more than a reserved directory where the most common geospatial datasets are kept whose file names are compared to the file name extracted from the URL.  If the file already exists on the system then it need not be retrieved from the network thereby saving time and bandwidth.  


  If the file must be retrieved from the Internet, then standard HTTP and FTP clients are used.  The HTTP client is a server side software called FETCH_HTTP written by David Jones (jonesd@er6.eng.ohio-state.edu) the same person who wrote the  DECthreads HTTP server.  The script is capable of distinguishing between FTP and HTTP URLs and dealing with them accordingly because some file transfers must be done in binary mode and others in ASCII mode.  With DXFARC, the script supports both file transfer modes and for ARCDXF the script must accommodate the possibility the user may enter one, two or three URL addresses to E00 files.  For HTTP and FTP file transfers the script is pre-set to either ASCII or BINARY mode depending on the type of geospatial data file that is downloaded.  


  The AML portions of the conversion utilities can be categorised into two main groups.  The first group comprising of DXFARC, DLGARC and TIGERARC have separate AML programs called from their associated scripts.  The AML programs are written separately and supplied with command line arguments from the script.  The inspiration for the DXFARC AML, albeit considerably changed,  came from Gary Greenburgh’s (garyg@sjrwmd.state.fl.us) Autodxf.aml program located at http://www.esri.com/scripts/pool/AML/ARC/pool.html.  The second group comprising of ARCDXF, ARCDLG and ARCTIGER have scripts that write the appropriate AML commands to a file and then execute the file thereafter.   





3. Implications for GIS


  The conversion utilities just described form a system called a ‘data-switch-yard’ whereby various GIS data formats can be converted to a neutral data format and converted once again to another desired data format.  In this case the neutral data format is Arc/Info’s interchange file format, however other formats such as SDTS, the spatial data transfer standard, can also be used.  Perhaps more importantly, the utilities


demonstrate that GIS functionality need not be restricted to the database and local operating system where the software resides.  With URL addresses to reference the location of a specific data file or files,  it is possible to access and use geospatial data residing on any connected server.  In addition to the local database, the network provides an added dimension as to how GIS applications can access geospatial data.       
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