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OGC compliant Google Map

Google Maps is a free web map server application and technology provided by Google at http://maps.google.com. It was first introduced in early 2005 and then provided high resolution satellite images along with hybrid view which combines the illustrated map and satellite view. Google Maps client has a simple interface and creates map images using a large amount of JavaScript. As the user drags the map, the grid squares are downloaded from the server performing asynchronously network requests with JavaScript and XML, known as Ajax. The Google Maps features of providing user-interactivity interfaces, map API [GMapsAPI] and rich map images have been attractive to many third party areas [Boulos] including scientific applications. However, Google Maps is not OGC compliant and as far as we know, there are no current OGC standard interfaces for layering, combining, or importing and exporting data between Google Maps and open mapping environments. Others have introduced adding OGC based WMS layer to Google Map client [GMapWMS] and described the inner workings of Google Maps [Mapki] [GMapHacks]. 
In this section, we introduce a Google Maps connector which provides OGC standard interfaces for higher interoperability in grid computing environment. To accomplish this, we first investigate Google Maps mapping procedure. This information is meant for the proof of concept of Grid of Grids approach for seamless integration of real-world GIS systems. Scraping the map images from Google’s servers is might against the terms of service and is not advised.
Map tiles
Google Maps are made of dozens to thousands of tile images, depending on the zoom level. Google Maps uses 256x256 pixel tiles for their map images. Each Google tile has corresponding latitude, longitude and zoom Value. These are represented by x, y, and zoom. Here is what a tile path from Google showing San Francisco looks like: 
http://mt.google.com/mt?v=w2.6&x=20&y=49&zoom=10     (A)
The x and y coordinates specify the location at the given zoom level; zoom = 0 is the highest possible, and zoom is a logarithmic scale. The value ‘v=’ is version number and as of the date of this paper, it is w2.6. To get the x, y tile number, we compute the address of the tile which contains the given coordinates and zoom level, as well as their pixel address on the entire map. Next, based on the tile number and zoom level, find the minimum and maximum x, y pixel on the entire map. The later is used to crop part of a map image before outputting to the requestor. Computing zoom level will discuss later in this section.
Processing satellite maps is totally different than Google illustrated map. The satellite map tiles are also encoded as 256x256 jpegs and its URL showing San Francisco is look likes:
http://kh.google.com/kh?v=3&t=tqtsqrqt      (B)
A satellite URL ‘v=’ parameter value is v=3 as of the date of this paper. The last parameters of the satellite URL is a string of letters encoding the location of a particular map square. This simple hierarchical structure is known as quad tree. Google labels the four quadrants q, r, s & t. The topmost tile contains the entire world map, and is referenced with an address of t, adding an s to this selects the bottom-right quadrant of the map, adding r to the top-right of that map, and adding q to the top-left. This continues inside each quadrant until the maximum detail is reached. Since we know the x, y, zoom values of the Google Map tile, it is easy to find corresponding q, r, s, t based on their quad tree characteristic. The detailed conversion information between these is available at [XY2QRTS].
A Google Maps connector provide a parameter layers to distinguish illustrated and satellite map. The form of the URL-encoded request showing satellite map of California with bbox values is as follows.
http://GoogleMapsConnectorServer/cgi-bin/wms.cgi?layers=satellite& height=500&width=400&bbox=-124.85,32.26,-113.56,42.74      (C)
The width and height values are optional. If these are omitted, a returned map image is not cropped or resized.
Bounding box and zoom level
We need at least bbox, width and height interfaces to have OGC compliant. The Bounding Box (bbox) is a set of four comma-separated decimal, or integer values. When the map projection is a Platte Carre of longitude and latitude coordinates, X refers to the longitudinal axis and Y to the latitudinal axis.
Based on the given bbox value, finding the matching zoom level of the Google Map is necessary to compute tile coordinates. Information explaining a selection box for Google Maps is available at [Kaimal]. Based on this script file, an array of 18 zoom-level-area data is used to determine the correct zoom level of the Google Map. With given bbox values, the size of the (pixel) area is areaSize = abs{($maxX-$minX)*($maxY-$minY)}. When zoomData[i] < areaSize, the corresponding index i is the zoom level. For instance, the size of the bbox of above URL-encoded request (C) is 118.3192 and its zoom value is 11.
Implementation and Issues
We have implemented OGC compliant Google Maps connector using XAMPP [XAMPP] to facilitate the installation of a free cross platform web server able to serve dynamic pages. This software package contains Apache, MySql, php and perl for easy to install. To crop, resize and convert map images, PerlMagick [PerlMagick] is adopted. PerlMagick is a free graphics module designed to be used online. It is based upon the ImageMagick [ImageMagick] library and uses the module to read, manipulate, or write an image or image sequence from within a Perl script. This makes it very suitable for Web CGI scripts and can be used for the automated and interactive manipulation of images.

Map tiles can be fetched with wget, or from a perl script, etc. and all accessed map tile images including satellite are cached each time on the Google connector server to run to save time on future runs. After grabbing all corresponding tiles, combining these together is needed. There are couples of script files available providing this feature on the web [StichTiles]. Based on this, a perl script using ImageMagick command has been used to gather and stitch image together. However, this script needs additional functions to crop and resize the map images based on the tile pixel and given width and height values. 

To return a displayable map image, it must be treated as binary mode otherwise some part of image is garbled. We use Perl's built-in function binmode to indicate that we are outputting binary data. System command call inside perl script is not working on windows when it is used as CGI in tomcat. Therefore Fedora 4 has been used for the web server and CGI scripts. 

There are other issues for Google connector. NASA map and PI WMS are based on Plate-Carree map projection. On the other hand, Google Map and Satellite are based on Mercator based projection. In Plate-Carree, Longitude and latitude points are directly plotted on a regular X, Y graph. In Mercator, lines of constant compass heading (called rhumb lines by sailors) are straight lines on this map. The comparison of the different map projections is at [MapProjection]. Since our PI demo mainly use California map which is relatively small area comparing a whole earth, the gap of the map layers between these two projections is negligible. However, transforming between those two to support general GIS application should be provided for the large area map or more precise multi layer display in the future. 
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