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Introduction

The ski path finder tool is a program for planning cross country ski trips and finding a suitable ski path. The user can draw the ski path on a map, show the ski path elevation profile and compare different ski paths based on difficulty and risk level. The technical design document describes the hardware and software requirements, detailed implementation steps and foreseen issues and concerns when developing the ski path finder tool.
Minimum Hardware and Software Requirements

The ski path finder tool can be run on computers with the Microsoft Windows operating system. It cannot be run on the Mac OS or Linux system. The tool is implemented as a MapWindow plug-in. MapWindow is a free open source GIS software which can be downloaded from www.mapwindow.org. The MapWindow version 4 needs to be installed on the user’s computer before running the tool. The hardware requirements for the ski path finder tool are given by the hardware requirements of MapWindow GIS: 

· Microsoft Windows 98 or later

· 256 MB RAM

· 150 MB of hard disk space

The dependency of the ski path finder tool on MapWindow GIS requires the creation of a customized installation package. The installation package should include the official MapWindow 4 installer and check if MapWindow 4 has already been installed on the user’s computer. If MapWindow is not installed, it needs to run the MapWindow 4 installer before installing the ski path finder tool.

Design Framework and Tools
The ski path finder tool is implemented as a MapWindow GIS plugin. By implementing the tool as a plug-in, the built in functionality of MapWindow including drawing lines on the map, map navigation, map export and printing can be used. The development of plugins for MapWindow GIS is documented on the MapWindow tutorials website (MapWindow, 2010).  

The Microsoft .NET framework 2.0 will be used because it is the recommended platform for writing MapWindow plugins. We have chosen the VB.NET programming language and the Microsoft Visual Studio 2008 development environment. Creating a MapWindow plugin requires the following steps:

· Create a new “Class Library” project

· Add a reference to MapWinInterfaces.dll and Interop.MapWinGIS.dll

· Create a class which implements the MapWindow.Interfaces.IPlugin interface

· Compile the class library to the “Plugins” subdirectory of the directory where MapWindow GIS is installed

The MapWindow.Interfaces.IPlugin interface contains various properties, methods and events. The properties include the plugin name, author and version information. The methods include methods for adding map layers and changing the map appearance. The events are important for capturing user map interaction.

External software components

The ski path finder tool requires a number of external software components:

· The Microsoft .NET framework 2.0

· MapWindow GIS application

· A graph component for drawing the graph of the path elevation profile. We have decided to use an open-source component. There are numerous open source graph plotting tools available. We have chosen to use the ZedGraph tool (available on www.zedgraph.org) because of our good experience with the ZedGraph tool in previous projects.

Supported File Formats
The ski path finder plugin supports all raster file formats which can be opened by MapWindow 4. This includes the .bgd, .tiff file formats.

License of the Product
The Ski path finder tool will be published as an open source product under the Mozzilla Public License (MPL). This license allows users to use the product free of charge. It also allows other software developers to modify the source code and include it in their own products. The source code, documentation and final product will be accessible from the website http://jiriteva.codeplex.com
Detailed Implementation Steps
The detailed implementation of the software is described in the flow chart (diagram 1) and the sequence diagram (diagram 2). The ski path finder tool consists of six main components. Each component can be developed as a separate task:

1. Start the Ski path finder tool within MapWindow (MapWindow plugin interface)

2. Load the DEM

3. Draw the ski path polyline on the map

4. Extract the elevation profile from the DEM

5. Draw a graph of the elevation profile

6. Analyze ski path difficulty







Diagram 1 Flow chart of the ski path finder tool
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Diagram 2  Sequence Diagram of the ski path finder tool
Task 1: Implement the MapWindow Plugin Interface

The ski path finder tool includes a class “Ski” which implements the MapWindow.Interfaces.IPlugin interface. Important methods of the IPlugin interface are the Initialize and Terminate method. In the Initialize method the plugin is detected by MapWindow. A new menu item “Ski Path Finder” and a “Ski” toolbar button are added to the main MapWindow toolbar. In the Terminate method the ski menu items and toolbar buttons are removed from the MapWindow toolbar. If the map contains a DEM file layer, the DEM layer is also removed from the map.
Task 2: Load the DEM
If there is a previously loaded DEM in the map, the “Load DEM” step can be skipped. Otherwise, the OpenFileDialog is displayed and the user can choose the DEM file. The filter property of the file dialog is restricted to raster files which are supported by MapWindow GIS. The DEM is added to the main MapWindow map as a raster layer. The MapWindow Grid object is used to access the DEM by the system.
Task 3: Draw the ski path polyline on the map
The user can draw a polyline by clicking and moving the mouse on the map. Double-click of the map finishes drawing of the polyline. The MapWindow Draw object is used to display the ski path on the map. The following events of the IPlugin interface are used for controlling mouse interaction while the ski path is drawn:

· MapMouseDown

· MapMouseUp

· MapMouseMove

After the drawing of the ski path is finished, the screen coordinates of each point on the polyline are converted to geographic map coordinates using the built-in PixelToProj method and the ski path is saved as a new shapefile. The coordinates are also stored in an array of points
Task 4: Extract the elevation profile from the DEM

The ski path is a polyline consisting of one or more straight line sections. The elevation profile is extracted separately for each line section into a data table. Finally, the section data tables are merged into a single data table for the whole ski path. For each line section, following steps are executed to extract elevation:

· The coordinates and elevation of the starting point of the section are converted to raster row and column using the ProjToCell method of the DEM grid

· The coordinates and elevation of the ending point of the section are converted to raster row and column using the ProjToCell method of the DEM grid

· The differences between the starting point and ending point x and y coordinates are calculated

· The unit step vector (dx, dy) is calculated. This vector has the same direction as the direction from the starting point to the ending point and it has a length equal to 1 grid cell size.

· The unit step vector is added to the starting point. This gives us a point on the line section located in (one cell size) distance from the starting point

· The raster row, raster column and elevation of the point are extracted using the ProjToCell method.

· The elevation slope is calculated using the elevation difference between the previous and current point

· The distance from starting point, elevation at current point and slope at current point are added as a new row to a data table.

· The previous steps are repeated until the end point of the line section is reached.
Task 5: Draw graph of the elevation profile
The ZedGraph control is used to draw the graph of the elevation profile. The graph is displayed in a separate form. The graph is drawn using the AddCurve method of the ZedGraph control. The AddCurve method has following parameters: Array of the x-coordinates, array of the y-coordinates, curve name, curve line width and curve color.

The array of x coordinates and the array of y coordinates are converted from the first two columns of the data table created in the previous step.
Task 6: Analyze ski path difficulty

The difficulty of the ski path is analyzed using the data table created in step 4. The slope value in each table row is classified into one of four categories: normal, moderate, steep and very steep. The number of table rows in each category is calculated. In the resulting path analysis, each slope category can be expressed as a percentage of the total ski path distance.

Main Issues and Concerns
The following issues and concerns need to be addressed in the development of the ski path finder tool:

· Load DEM step – a very large DEM file may cause the system to run out of memory.

· Draw polyline on the map – There is only limited built-in support for drawing polylines by clicking on the map in the MapWindow plugin interface. Additional development time will be required to implement and test in detail the ski path drawing.

· Draw polyline on the map – When the user draws a line outside of the DEM region, the elevation cannot be calculated. Possible solution is displaying a warning message “you must click on the DEM when drawing the ski path”.

Limitations of the tool

The ski path finder tool is a useful tool for planning ski paths. However it has some limitations:

· MapWindow 6 is not supported. The plug in can only be launched from MapWindow 4.

· The plugin requires the installation of MapWindow 4 which takes additional space on disk.

· The plugin doesn’t support Mac OS and Linux operating systems. Only the Microsoft Windows operating system is supported.

· When drawing the polyline ski path on the map, erasing a part of the drawn polyline is not supported.

· Globalization is not supported. The product will only be available in the English language.

In addition, the ski path difficulty as presented to the user by the tool only focuses on slope steepness. Other environment factors such as hard rocks, ice, dense shrub vegetation, availability of rescue facilities and other fast moving ski traffic are not included in the ski path analysis. We also did not include weather conditions which highly influence the difficulty of skiing.
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