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Marching SquaresMarching Squares

ÂÂ Marching Squares is a computer Marching Squares is a computer 
graphics algorithm that generates graphics algorithm that generates 
contour lines in a 2 dimensional grid contour lines in a 2 dimensional grid 
array.array.

ÂÂ It uses 16 different cases to project It uses 16 different cases to project 
each cell of this grid.each cell of this grid.



The SquaresThe Squares

ÂÂ In the Marching Squares algorithm, In the Marching Squares algorithm, 
the squares are the cells that a the squares are the cells that a 
contour line may or may not pass contour line may or may not pass 
through.through.

ÂÂ Cells are arranged so that each Cells are arranged so that each 
contour is a closed shape.contour is a closed shape.
•• In each cell, some vertices will be inside In each cell, some vertices will be inside 

the contour while others will not.the contour while others will not.

CellsCells

ÂÂ What’s the difference between Cell 1 What’s the difference between Cell 1 
and Cell 14 in this diagram?and Cell 14 in this diagram?



VerticesVertices

ÂÂ In the previous slide, the difference In the previous slide, the difference 
between cells 1 and 14 were the between cells 1 and 14 were the 
vertices.vertices.

ÂÂ Cell 1 shows the lower left vertex Cell 1 shows the lower left vertex 
being the only one inside the contour being the only one inside the contour 
where cell 14 shows the same vertex where cell 14 shows the same vertex 
being the only one outside the being the only one outside the 
contour.contour.

Vertices Cont’dVertices Cont’d

ÂÂ There are only four unique vertex There are only four unique vertex 
layouts that define all 16 cases of layouts that define all 16 cases of 
contour lines.contour lines.

ÂÂ All the cases can be made by rotating All the cases can be made by rotating 
these cells and inverting the vertices as these cells and inverting the vertices as 
needed.needed.



How Marching Squares WorksHow Marching Squares Works

ÂÂ Marching Squares lays the original contour Marching Squares lays the original contour 
over a grid and plots the vertices that are over a grid and plots the vertices that are 
inside that contour. inside that contour. 

ÂÂ It compares the vertices of each cell to the It compares the vertices of each cell to the 
vertices of the 16 cases shown above.vertices of the 16 cases shown above.

ÂÂ The appropriate contour lines are drawn in The appropriate contour lines are drawn in 
each cell.each cell.

ÂÂ For most cases it is obvious where the For most cases it is obvious where the 
contour goes, but for cases 5 and 10 it is contour goes, but for cases 5 and 10 it is 
not.not.

Ambiguous CasesAmbiguous Cases

ÂÂ Cases 5 and 10 have some ambiguity.Cases 5 and 10 have some ambiguity.

ÂÂ In this case here, how would the In this case here, how would the 
contours be drawn using Marching contours be drawn using Marching 
Squares?Squares?



Two CasesTwo Cases

ÂÂ The contours could be drawn in either of The contours could be drawn in either of 
these ways, both of which use Case 10.these ways, both of which use Case 10.

ÂÂ Both of these would be correct using the Both of these would be correct using the 
Marching Squares Algorithm.Marching Squares Algorithm.

ApplicationsApplications

ÂÂ Estimation of an abnormally shaped Estimation of an abnormally shaped 
area.area.

ÂÂ Map makingMap making
•• Contour maps that measure the altitude Contour maps that measure the altitude 

or depth of a specific region.or depth of a specific region.

ÂÂ Medical ImagingMedical Imaging
•• No specific type of imaging mentionedNo specific type of imaging mentioned



AccuracyAccuracy

ÂÂ The image created by applying the The image created by applying the 
marching squares algorithm can marching squares algorithm can 
range from being very general to range from being very general to 
being very accurate.being very accurate.
•• Large grids will give you a very general Large grids will give you a very general 

idea of the image.idea of the image.
•• Smaller cell size means higher accuracy Smaller cell size means higher accuracy 

and much more detail to the image.and much more detail to the image.

ConclusionConclusion

ÂÂ The Marching Squares algorithm is a The Marching Squares algorithm is a 
good way for a machine to perceive good way for a machine to perceive 
an image.an image.

ÂÂ It can be as accurate as a picture It can be as accurate as a picture 
depending on how small the grid size depending on how small the grid size 
is.is.

ÂÂ Using 16 cases, we can determine a Using 16 cases, we can determine a 
general outline of any object we can general outline of any object we can 
draw.draw.



Texture Mapping

Presented by Ryan Proulx

Introduction

● Texture mapping uses a pattern (or texture) to 
determine the color of a fragment.

● This method alters the shading of individual 
fragments as part of fragment processing.

● It it used to keep geometric complexity low.
● This allows for an illusion of greater geometric 

complexity.



Texture Mapping

● All approaches to texture mapping require a 
sequence of steps that involve mappings among 
three or four coordinate systems.
– Object coordinates
– Texture coordinates
– Parametric coordinates

● Methods differ according to the type of surface 
that is used.

Textures

● In most applications, textures start out as two-
dimensional images.

● These images are brought into processor memory 
as arrays.

● The elements of these arrays are called texels, or 
texture elements.



Textures

● This array can be thought of as a continuous, 
rectangular, two-dimensional texture pattern: T(s,t)

● The independent variables s and t are known as 
texture coordinates.

● S and T vary over the interval 0 and 1.

Texture Maps

● A texture map associates a texel with each point 
on a geometric object.

● This geometric object is mapped to the screen 
coordinates for display.

● In homogeneous coordinates (x, y, z, w):
– x = x(s, t)
– y = y(s, t)
– z = z(s, t)
– w = w(s,t) 



Difficulties

● While the previous functions exist conceptually, 
finding them may not be possible in practice.

● Having been given a point (x, y, z) or (x, y, z, w) 
on an object, how do we find the corresponding 
texture coordinates, T(s, t)?
– s = s(x, y, z, w)
– t = t(x, y, z, w)

Texture Mapping



Texture Example

● The texture (right) is a 
256 x 256 image that has 
been mapped to a 
rectangular polygon 
which is viewed in 
perspective

Texture Mapping and the OpenGL 
Pipeline

● Images and geometry flow through separate 
pipelines that join at the rasterizer
– “complex” textures do not affect geometric complexity



Texture Mapping

● Texture mapping consists of three different 
mappings
– Texture coordinates to object coordinates
– Parametric coordinates to object coordinates
– Mapping to screen coordinates.

Basic Concepts

● Conceptually, the texture-mapping process is 
simple.

● A small area of the texture pattern maps to the area 
of the geometric surface, corresponding to a pixel 
in the final image.

● If we assume T are RGB color values, we can use 
these values to modify the color of the surface.

● This color assignment is carried out as part of the 
assignment of fragment colors.



Texture Coordinates to Object 
Coordinates

● We must determine the map from texture 
coordinates to object coordinates.

● Two dimensional textures are usually defined by a 
rectangular region in texture space.

● Mapping from a rectangle to an arbitrary region in 
three-dimensional space may be a complex 
function.
– Example: Mapping a rectangle to a sphere, we cannot 

do this without distortion of shapes and distances.
– We are not mapping points to points, but rather areas to 

areas.

Specifying a Texture Image

● Define a texture image from an array of 
texels (texture elements) in CPU memory
Glubyte my_texels[512][512];

● Define as any other pixel map
– Scanned image

– Generate by application code

● Enable texture mapping
-glEnable(GL_TEXTURE_2D)

– OpenGL supports 1-4 dimensional texture maps



Define Image as a Texture

glTexImage2D( target, level, components,
w, h, border, format, type, texels );

target: type of texture, e.g. GL_TEXTURE_2D

level: used for mipmapping (discussed later)
components: elements per texel
w, h: width and height of texels in pixels
border: used for smoothing (discussed later)
format and type: describe texels
texels: pointer to texel array

glTexImage2D(GL_TEXTURE_2D, 0, 3, 512, 512, 0, GL_RGB, 
GL_UNSIGNED_BYTE, my_texels);

Converting a Texture Image

● OpenGL requires texture dimensions to be powers of 2

● If dimensions of image are not powers of 2
• gluScaleImage( format, w_in, h_in,

type_in, *data_in, w_out, h_out,
type_out, *data_out );

-data_in is source image
-data_out is for destination image

● Image interpolated and filtered during scaling



Mapping a Texture

● Based on parametric texture coordinates
• glTexCoord*() specified at each vertex

Typical Code
glBegin(GL_QUADS);

glTexCoord2f(0.0, 0.0);
glVertex3f(x1, y1, z1);
glTexCoord2f(1.0, 0.0);
glVertex3f(x2, y2, z2);
glTexCoord2f(1.0, 1.0);
glVertex3f(x3, y3, z3);
glTexCoord2f(0.0, 1.0);
glVertex3f(x4, y4, z4);

glEnd();

// The values of s and t (for mapping texture
//coordinates to vertices) are assigned by 
//glTexCoord2f(s,t)

// This code is used if we want to assign a texture to 
//a quadrilateral. 



Interpolation

Texture Parameters

● OpenGL has a variety of parameters that 
determine how texture is applied
– Wrapping parameters determine what happens if s and 

t are outside the (0,1) range
– Filter modes allow us to use area averaging instead of 

point samples
– Mipmapping allows us to use textures at multiple 

resolutions
– Environment parameters determine how texture 

mapping interacts with shading



Sources

● http://www.gamedev.net/reference/articles/article947.as
p

● http://www.cs.unc.edu/~rademach/xroads-
RT/RTarticle.html

● Angel, Edward. Interactive Computer Graphics. 
Addison Wesley: 2006.

● Shreiner, Woo, Neider, and Tom Davis. OpenGL 
Programming Guide. Addison Wesley: 2006.





Where does mapping take place?Where does mapping take place?

ÂÂ Mapping techniques are implemented at the end of the Mapping techniques are implemented at the end of the 
rendering pipelinerendering pipeline
•• Very efficient because few polygons make it past the Very efficient because few polygons make it past the 

clipper clipper 

Environmental MapsEnvironmental Maps

ÂÂ One cannot shade the ball correctly without One cannot shade the ball correctly without 
knowing about the rest of the scene.knowing about the rest of the scene.

ÂÂ Ray tracing could produce this kind of image Ray tracing could produce this kind of image 
however calculations are usually to timehowever calculations are usually to time--
consuming to be practical for realconsuming to be practical for real--time time 
applications.applications.



Reflection MapsReflection Maps

ÂÂ Consider the mirror in the following image.Consider the mirror in the following image.

Reflection MappingReflection Mapping

ÂÂ From point of view of renderer, 2 things are From point of view of renderer, 2 things are 
known:known:
•• The position of viewer.The position of viewer.
•• The normal to the polygon.The normal to the polygon.

ÂÂ So, the angle of reflection is given by:So, the angle of reflection is given by:

r = 2(v *n) n r = 2(v *n) n –– vv

ÂÂ This angle is used to obtain the shade that is This angle is used to obtain the shade that is 
reflected in the mirror.reflected in the mirror.



RenderingRendering

TwoTwo--step rendering pass:step rendering pass:
•• First, scene is rendered without the mirror polygon, with First, scene is rendered without the mirror polygon, with 

the camera placed at the center of pointed in the the camera placed at the center of pointed in the 
direction of the normal.direction of the normal.
ÂÂ Obtain image of the objects in the environment as “seen” Obtain image of the objects in the environment as “seen” 

by the mirror.by the mirror.
ÂÂ Usually not quite correct but good enough. SinceUsually not quite correct but good enough. Since the the 

environmental map is computed without the object in the environmental map is computed without the object in the 
scene all global lighting calculations of which it should be a scene all global lighting calculations of which it should be a 
part are incorrect.part are incorrect.

•• Second, this image is used to obtain shades to place on Second, this image is used to obtain shades to place on 
the mirror polygon for the second normal rendering with the mirror polygon for the second normal rendering with 
the mirror placed back in the scene.the mirror placed back in the scene.

DifficultiesDifficulties

ÂÂ Two difficulties with this approach:Two difficulties with this approach:

•• Images obtained in the first pass are not correct Images obtained in the first pass are not correct 
because they were formed without the mirror in the because they were formed without the mirror in the 
environment.environment.

•• Which surface should project the scene in the first pass Which surface should project the scene in the first pass 
and where should the camera be?and where should the camera be?
ÂÂ Ideally, we want to have all information in the scene.Ideally, we want to have all information in the scene.
ÂÂ Simple projection will not suffice; move mirror, reflection of Simple projection will not suffice; move mirror, reflection of 

scene moves as well.scene moves as well.


