Glossary of Terms
 
Axis – An axis is defined by a direction in relation to the origin.  In 3d graphics there are 3 axes:  X, Y, and Z.  The X axis could be defined as left and right, the Y axis up and down, and the Z axis as forward and backward (into 3 dimensional space).  Axes in relation to the origin are referred to as “world space”.  Axes in relation to the object are called “object space” and the axes in relation to individual components are called “local space” – where the Y axis is parallel to the selected component’s surface normal.  A program’s ability to edit geometry based on all three spaces is very important and productive.  Not all software programs are capable of this.   
 
	The origin is the center of the yellow square in the image.  Each grid section is a unit of measurement extending away from the origin in both positive and negative directions.
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Back Face Culling – A display option that hides components whose normals are facing away from the viewpoint of the user.
 
Bevel – Selected component is duplicated and averaged to create smooth corners and edges.  User has control over bevel width and number of subdivisions.  Beveling a vertex is the same as a chamfer.
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Edge Bevel                                                                                     Bevel on a polygon
 
Bezier Spline/Curve – Is a cubic curve which has a knot multiplicity of 3.  Bezier curves give you the most control over shape and continuity because tangents (the handles that are attached to the knot points) can be broken – giving you the ability to have both smooth arcs and sharp corners.  
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Boolean – An operation that combines overlapping meshes by adding them together, subtracting the intersection, or leaving only the intersection behind.  Boolean operations require at least 2 separate meshes and the meshes must usually be closed (“water tight”) for best results.  
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Boolean Subtraction
 
Border Edge – A border edge can be defined as any edge that belongs to only one polygon.  
 
	Border edges are shown in blue.  Non-border edges in yellow
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Bridge Polygons – Two or more polygons facing each other are extruded to meet in the middle essentially bridging the gap between the
 two.
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Two opposing polygons being bridged together
 
 
CAD – Stands for Computer Aided Design.  CAD refers to computer aided modeling as it pertains to industrial applications such as architecture, engineering, and manufacturing.  CAD systems aren’t particularly useful for character modeling, but are geared more towards making models that need to be highly accurate.  CAD software, for example, is used extensively in the motor industry to design car bodies and car parts that need to be machined with sub-millimeter accuracy.  
 
Chamfer – Essentially “knocks” the corner off of the selected vertex. Subdivisions cannot be set for a chamfer, only distance. 
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Co-planar Polygons – Two polygons whose points occupy the same 3 dimensional space but are not connected.  Co-planar polygons are usually bad, but are occasionally acceptable in subdivision surfaces because the actual surfaces are pulled away from each other when the model is smoothed.  Possible visual anomalies would be flickering or popping. 
 
Displacement Map – A greyscale map that is used by rendering engines to subdivide geometry at render time and displace that geometry according to the white and black values of the map.  White is up and black is down.  The following image explains the process of extracting a displacement map from a high resolution sculpted mesh.
 
Edge Crease – A function that allows the user to define how much influence a particular edge or edges have on the subdivision surface algorithm or in the case of a spline patch model allows you to adjust the bias handles of the Bezier curves that make up the spline patch.
 
Edge loop – Refers to a continuous row of edges that has a quad on both sides of each edge.  An edge loop terminates when it runs into a pole or edge junction.
 
	Notice that the edge loop around the eye makes a complete circle because it is complete surrounded by quads.  The other two stop at poles.
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Edge Ring – An edge ring is defined by a row of continuous parallel edges that are separated by quads (4 sided polygons).
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Edge Ring split – Splits an edge ring, adding a new edge loop until edge ring is terminated (runs into a non-quad polygon). 
 
	Notice that the split continues through on the first three and stops on the fourth where there is a pole.
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Extrude – An operation that duplicates the selected component and connects the duplicate and original selection with parallel edges or curves.  A true extrusion is only possible on polygons, border edges, and  profile curves.  When a group of polygons is selected they can be extruded individually or together as one if they are touching.  
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Face – See “Polygon”
 
Faceted – Refers to a polygonal mesh whose normals are not averaged together to create a smooth appearance.  Each individual polygon is flat shaded and distinguishable from the rest giving the appearance of a gem.
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Fillet – An operation which creates a curved portion forming a junction of two surfaces that would otherwise intersect at an angle.  This operation is typically restricted to NURBS surface modeling, but can be simulated in polygons using a combination of Boolean and bevel techniques.  
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Geometry – In modeling, geometry is a general term that refers to points, edges, curves, polygons, and/or surfaces.
 
History/Operator Stack – A feature in some modeling programs that keeps track of every operation you perform on geometry.  The user can go back to any operation at any time and change settings allowing ultimate flexibility.  Each operation is added together to produce the final result.  It is a sort of “non-linear undo”.  
 
Hull/Cage – The low-poly version of a mesh that controls the refined subdivided version of a subdivision surface or smooth proxy model.  
 
Instance/Clone – An identical duplicate of a geometrical mesh.  It can be made to be independent from the original or maintain its relationship and mimic all edits made to the original.  For example, if you made 20 instances of a window frame and populated it throughout a modeled building and changed the original, all 20 instances would update to reflect the changes.
 
Isopoint – An arbitrary point/location on a curve.  
 
Lamina Faces – A type of  non-manifold geometry in which two or more polygons share all of their edges.  Some modeling programs are more prone to creating this type of “bad” geometry than others.  The artifacts of such geometry can easily be seen in a subdivision surface.  (more)
 
Lathe/Revolve – An operation that extrudes a polygon, border edge, or profile curve around a central axis in a circular fashion.  Resulting geometry has radial symmetry (as if it was made on a potters wheel) and can be NURBS, patches, or polygons.
 
	A profile curve is chosen and lathed around the Y axis.  Resulting geometry always has radial symmetry.  
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Lattice – A 3 dimensional grid that is used to deform geometry.  The strength of the deformation is dependant on the subcomponents’ proximity to the vertices on the lattice object.  
 
	Lattices are great for manipulating detailed meshes without having to deal with a lot of points.  
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Loft – Operation that requires two or more profile curves and extrudes geometry between them.  Resulting geometry can be either polygons or NURBS.  
 
	In this image three profile curves are chosen and polygons are lofted between them.  Because the geometry is derived from curves, the subdivision can be set arbitrarily.  Tweaks made to the profile curves propagate to the lofted polygons
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Low-Poly – Refers to a polygonal model that is considered to have relatively few polygons.  This term is also used to refer to the cage/hull version of a subdivision surface or smooth proxy model.  Polygonal models used for video games are also called “low poly” models.
 
Merge/Filter Vertices – Welds points together based on a user-defined distance.  This operation can be used to “sew” border edges together or reduce the amount of geometry in dense meshes.
 
Mesh – A network of points, edges, and polygons in the case of a polygonal mesh, or control vertices and splines in the case of NURBS or spline patches.  A geometric object as a whole is referred to as the mesh.
 
Morph/Shape/Blendshape – These are all synonymous terms (different software uses different terminology) and refer to alternate vertex positions in a geometric object that can be animated.  This is a popular technique for facial animation.  
 
N-Gon – A polygon that is made up of more than 4 points.  They should generally be avoided in a subdivision surface model, but are sometimes very necessary.
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Non-manifold Geometry – Specific to polygonal meshes and refers to points, edges, and/or polygons that have been connected in an “illegal” manner which results in discontinuity and visual anomalies in the mesh.  Non-manifold geometry should ALWAYS be avoided. (more)
 
Non-Planar Polygons – Occur when not all vertices of a polygon lie within the same mathematical plane.  The resulting artifact is a “bent” polygon which can cause shading errors because there is no definite plane for the normal to be perpendicular to.  Non- planar polygons should be avoided in low-poly models, but are perfectly acceptable in a subdivision surface model because they are smoothed out in the process.  
 
Normal – Surface normals are imaginary lines that extend perpendicular to geometric surfaces (such as polygons, vertices, NURBS patches, and spline patches) that determine which way the component is facing.
 
	Here polygon normals are shown and then vertex normals
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NURBS – Stands for Non-Uniform Rational B-Spline and are a type of geometry based on curves.  NURBS are used heavily in the industrial design fields.  Auto manufacturers, for example, use NURBS to design their car bodies due to their highly accurate mathematical nature. (more)
 
Origin – In 3d graphics this represents 0, 0, 0 in XYZ 3d coordinate space.  It is the center of the virtual world.  (See “Axis”)
 
Orthographic – A point of view that has no perspective or depth.  Front, Side, and Top views are usually referred to as the orthographic views while the camera is referred to as a perspective view.
 
Pinching – Occurs when surface continuity is broken in a subdivision surface or spline patch model. Pinching is usually the result or poles or non-manifold geometry.  (more)
 
Point – See “vertex”
 
Polygon – A plane that is made up of three or more vertices connected by the same number of edges.  A polygon is also often referred to as a “face”.  
 
Pole – In modeling, a pole is referred to as any vertex with anything other than 4 edges intersecting it.  3 or 5 edges converging into one vertex would be considered a pole.  Poles can be bad, but are often necessary to transition areas of detail or change edge loop direction. (more)
 
Primitive – Pre-made geometric objects that can be used as a starting point for building more complex models.  A list of primitives includes, but is not limited to: Cube, Sphere, Cone, Cylinder, Torus, Dodecahedron, Icosahedron, and grid (pictured in the same order below).
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Profile Curve – A curve that is either not attached to any other geometry or part of an open edge and usually used to perform extrusion operations such as a lathe or loft.
 
Proportional/Soft Modeling – A gradual falloff from whatever component is selected.  This allows you to push, pull, scale, and rotate components with a gradual falloff as if they were clay.  This feature is arguably essential for serious digital sculpting.  
 
Quad – A polygon that consists of 4 vertices and 4 edges.  Quads are the ideal polygon for subdivision surfaces and should comprise the bulk of your mesh. 
 
Rail Extrusion – Operation that extrudes a profile curve, edge or polygon along the length of a separate curve.
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Ray Cast Selection – Selection method that allows you to “paint” over the surface of geometry and select anything under the cursor.  Only components facing the camera are selected. 
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Reference Plane/Edge – Allows you to base the coordinate system off of and arbitrary component.  Whenever you are in “reference” mode the world axes are aligned to the component that the reference plane/edge was created from.  Very useful for architectural-type modeling. 
 
Render – A computer process that calculates 3d meshes, camera angle, light, surface materials, and deformations and makes a final 2d image based on all of the collected information.  
 
Resolution Independent – In modeling means that the integrity or smoothness of a mesh is NOT dependent on how close or far from the camera it is.  It is infinitely smooth. (more)
 
Rotoscope – This has several meanings in 3d graphics.  In modeling it is an imported image used as reference for tracing.  For interesting facts on where the term originated go here.
 
Selection Set – A feature of some modeling applications that allows you to make a component selection and save it to be recalled later.  Useful for making complex selections that need to be reused often.  
 
Smooth Proxy – A separate smoothed version of a polygonal model.  This is essentially the same as a subdivision surface – using the same algorithm as subdivision surfaces, but is a physically separate mesh and retains a relationship with the low-resolution polygon mesh.  This is arguably not as useful as a subdivision surface, but a viable alternative.  
 
Smooth/Average Vertices – Operation that applies a smoothing algorithm to selected components in order to smooth out rough surfaces.  No geometry is destroyed or created – just modified (usually along the vertex normal). 
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Spline Patch – A unique surface type that is neither NURBS or polygons.  A spline patch is created by connecting the control points of bezeir splines.  Spline patches are limited to 3-5 intersecting curves – no more, no less.  (more)
 
Subcomponent – A general term that refers to points, polygons, edges, splines/curves, patches, and UVs.
 
Subdivide – An operation that works differently depending on the type of component selected.  Subdividing edges results in additional points along the length of the edge between the two endpoints.  Subdividing polygons quadruples the amount of polygons with each iteration (1 polygon becomes 4).  This is what subdivision surfaces do but additionally apply a smoothing algorithm to average out the newly created geometry. Points cannot be subdivided.  
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Subdividing and Edge                          Subdividing Polygons                          Subdividing with smoothing algorithm
 
Subdivision Surface – Is essentially a polygonal model that has a smoothing/subdividing algorithm applied to it.  Subdivision surfaces allow the user to work on a relatively low-poly model, but the final is smoother and more detailed.  There are several different smoothing algorithms which produce different end results.  Among the algorithms are Catmull Clark, Doo Sabin, and Butterfly Modified with Catmull Clark being by far the most common. (more)
 
 
	Ed Catmull and Jim Clark were the scientists behind Catmull Clark subdivision surfaces.  Ed Catmull is the president of PIXAR animation studios.  PIXAR was the first studio to really push the use of subdivision surfaces in production.  Their short film “Geri’s Game” was a test bed for using subdivision surfaces with animated characters.
 
 


 
 
 
 
Surface/Vertex Normal – See “Normal”.
 
Symmetry – In modeling, usually refers to bi-lateral symmetry where a geometrical component can be reflected across a two dimensional plane (usually the YZ plane).  Many programs have the ability to edit and even create geometry in symmetry so that you essentially model one half of your object and the computer models the other half.  Go here to see symmetry in action.
 
Topology – In modeling refers to the way subcomponents are arranged to form geometric surfaces.  The technical quality of a model is dependant on its topology.  For example, a human face modeled on the computer could consist of a dense grid (which would be considered “bad” topology) or a series of edge loops that followed the contours of the facial muscles and skin folds (which would be considered “good” topology).  Both could be made to look very similar as a static model, but the one with “bad” topology would impractical to animate and render with.   
 
	Same shape, different topology.
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Torus – A doughnut shaped geometric primitive.  (see “primitives”)
 
UV Map – Is used to map 3d geometry to a 2d space in order to apply an image or texture to the surface of a geometric object.  “U” and “V” are simply directions in space and are equivalent to X and Y respectively.  More specifically, U and V range from 0-1 with zero being left and bottom and 1 being right and top for U and V respectively.  For example: U 1, V 1 would be the top right pixel of an image and U .5, V .5 would be the very center pixel of an image.  Depending on where components lie within this UV range determines what part of the image is mapped to that component.  
 
Vertex – The official term for a geometric point.  In a polygonal mesh a point is referred to as a vertex.  In a NURBS surface a point is referred to as a control vertex (CV).  
 
Weld Points – Operation that combines two separate vertices into one essentially collapsing the edge that conjoined them.
 
Wireframe – Refers to the un-shaded network of points and edges or curves that make up a geometric object.
 
