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Abstract: This interactive CGEM illustrates the marching squares algorithm, a 2D isoline representation technique commonly used for contouring. Teachers may also use this CGEM to introduce the 3D marching cubes algorithm, which uses the same approach [1]. Users can directly manipulate two circle objects. The shape of the objects is considered unknown. After sampling the objects on a regular grid, the marching squares algorithm approximates the contour. Users may move the circles to adjacent locations to experience how we resolve ambiguous cases by an additional midpoint test. 
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Formal Definition
An unknown data object is given by 2D sample points on a rectangular grid, which are either inside or outside the object. We aim at reconstructing the contour of the object.  
The basic principle [1] behind the marching squares algorithm is to subdivide space into a series of small squares, i.e. to sample the space on a regular grid. We then ‘march’ through each of the squares, test the corner points and replace the square with an appropriate line set. The 16 square combinations are listed in a lookup table (see Figure 1). They can be classified into four cases. The ambiguous cases 5 and 10 require an additional test point. The total set of lines will approximate the unknown data object.
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Figure 1: The 16 square combinations of the marching squares algorithm.  The ambiguous cases 5 and 10 require an additional test point.
Application
Teachers may use this CGEM to demonstrate the marching squares interactively. The circles can be drag & dropped to adjacent locations by picking their interior, and their radius can be manipulated directly. Sampling points inside of the objects are colored blue. By varying the grid size, learners may experience how aliasing can be reduced by increasing the sampling rate. Case numbers are visualized when selecting the largest grid size.
The ambiguous cases can be explored when the circle objects occupy opposite corner points of a square. They will require sub sampling; in our case, we perform an additional midpoint test (see Figure 2). 
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Figure 2: Ambiguous cases in the marching squares algorithm. To resolve them, we additionally test the square center if it is outside (left side) or inside (right side) of the objects.
Outlook
In general, the sample points represent scalar information such as density, distance, or height. The task is then to construct lines representing points of equal value, i.e. isolines. An ‘adaptive marching squares’ extension would interpolate the scalar values linearly and move the line endpoints along the edges.
Installation
The described interactive CGEM (Java Applet) is included in the accompanied JAR file (Java archive), which further contains the WSI/GRIS GraphicalDevice (v1.2) package to provide basic functionality for scene graphs, geometry, and user interfaces. A Java 2 software environment is required, e.g. Java Runtime Environment (JRE) v1.4.2. To run the CGEM, click the JAR file and run it with your "java.exe" application. Alternatively, the HTML file can be opened with a Web browser and Java plug-in. In case of any problems, please refer to our online help at http://www.gris.uni-tuebingen.de/projects/ilo (which also provides a pre-installed Java Win32 environment). 
Modifications

Source code for the main class and the marching squares algorithm is given in the applets directory. After editing, click "build.bat" to compile, package and run the JAR file. When using a Web browser with Java plug-in, remember to clear the JAR cache.
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