Geometry

Polygonal Meshes

syntax is OpenGL 1.0, not WebGL —

for WebGL, use one gl.drawArrays(..)
for each glBegin/glEnd pair

« drawing a polygonal mesh means drawing each of the
polygons/triangles in the mesh

glBegin(GL_TRIANGLES);
glVertex3f(..);

glVertex3f
glVertex3f (..
glEnd();
A
>
(for a G F .
triangle "{
mesh) ’ H"

GL TRIANGLES.

glBegin(GL_TRIANGLE_FAN);
glVertex3f(..)
glVertex3f(..
glVertex3f(..);

glEnd();

glBegin (GL TRIANGLE FAN);
glVertex3f(..);
glVertex3f(..);
glVertex3f(..);

glEnd() ; A
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(for a polygonal mesh &
- one triangle fan for

each polygon)
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glBegin(GL_LINE_LOOP);
glVertex3f(..);
glVertex3f(..);
glVertex3f(..);

glEnd();
glBegin (GL_LINE_LOOP);

glVertex3f(..);
B
0
o

glVertex3f(..);
glVertex3f(..);
a

glEnd();

GL LINE LOOP
(for a polygonal
mesh - one line loop
for each polygon) —

3

Polygonal Meshes

* OpenGL only directly supports points, lines, and triangles

any other surface is represented by a polygonal mesh

CPSC 424: Computer Graphics » Fall 2025
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Efficiency Considerations

« efficiency of representation

indexed face sets

« efficiency of execution
glDrawArrays vs glDrawElements
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Indexed Face Sets (IFS)

Represent a polygonal mesh with —

 a list of all of the vertices in the mesh avoids repeated storage

of shared vertices
- a list of all of the faces in the mesh

each face lists the vertices belonging to that face, identified by
the vertex's index in the vertex list

vertices are in CCW order when looking at the front of the face

. g & syntax is Java. not
Commonly implemented with arrays — JavaScript
double[][] vertexList =
1 {2,-1,2}, {2,-1,-2}, {2,1,-2}, {2,1,2}, {1.5,1.5,8}, ey =2.1.2)
{-1.5,1.5,0}, {-2,-1,2}, {-2,1,2}, {-2,1,-2}, {-2, V=21
o v3=(2.1.2)]
int[1[] facelList =
{ {e,1,2,3}, {3,2,4}, {7,3,4,5}, {2,8,5,4}, {5,8,7}, vi=2-1.2)
{9,3,7,6}, {e,6,9,1}, {2,1,9,8}, {6,7,8,9} }; -
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glDrawArrays VS glDrawElements

glDrawElements

« glDrawElements directly supports an indexed face set
representation

let coords =
[z, 1,21, 12, 12, 12,1 20 [z, J. 2. (L, 13, 0l
[-1.5, 1.5, 0], [-2, -1, 2], [-2, [-2, -1, -211;

indexed face set representation

2, 3], [3, 2, 4], (7, 3, 4, 5], [2, 8, 5, 4], [5, 8, 7],

6], [0, 6, 9, 1], [2, 1, 9, 8], [6, 7, 8, 9]] flat() turns
array-of-arrays
into a 1D array

7/ set up buffer and Link to shader attribute - coordinates

gL.bindBuffer (gL.ARRAY BUFFER, a coords buffer); / oTTng array values)

L. bufernata(gL ARRAY BUFFER, 1w Floatsaarray(coords. lat()), gL.STREMLORAN); 7/ Copy data fron = v
gl.enablevertexattribArray (a_coords 7/ specify which attribute the VBO contains da
gl.vertexattribPointer (a_coords, 3, gL.FLOAT, false, 0, 0); // specify how to interpre: aea in the VB (nunber of values per vertex, data type)

// set up buffer - element indices
gL.bindBuffer (gL.ELEMENT ARRAY_BUFFER, index buffer);

need another
qU.bufferData (L. ELEMENT ARRAY BUFFER, new Uint8Array(faces.flat()), gL.STREAM DRAW); // copy data from js var to V8O

buffer for the faces
// draw the prinitives
for (let i = 0, face = 0; face < faces.length; i += faces[facel.length, face++

gl.drawElenents (g1. TRIANGLE_FAN, faces[face].length, gl.UNSIGNED BYTE, i * UlntEArray BYTES_PER_ELEMENT) ;

parameters are

— the type of primitive

— the number of elements to render

— the type of values in the element array buffer
— byte offset in the element array buffer
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glDrawArrays and glDrawElements

// values for shader attributes
let coords = new Float3zarray(
I
-0.9, -0.8, 0.0, : v
0.9, -0.8, 0.0, direct representation
6, 0.9, 0.0
1

7/ set up buffer and link to shader attribute - coordinates

gL.bind8uffer (gl.ARRAY BUFFER, a_coords buffer); 7/ bind VB0 (for storing array values)
gL.bufferbata(gl.ARRAY_BUFFER, coords, gl.STREAM DRAW); // copy data from js var to VBO
gl.enablevertexttribArray(a_coords) ; 71 specify which attribute the VBO contains data fo

gl.vertexAttribpointer(a coords, 3, gL.FLOAT, false, 0, 0); // specify how to interpret the data in The VB0 (number of values per vertex, data type)

7/ draw the primitives

gl.drawArrays (gU.TRIANGLES, 0, 3); // first vertex, number of vertices to use

Tet coords
(2, -1, 21, [2,
[-1.5, 1.5, 0], [~

2,1, -21, [2, 1, 2], [1.5, 1.5, o],
22,1, 2), (-2, 1, -2, [-2, -1, -2]);

indexed face set representation

let faces =
1o, 1, 2, 31, 3, 2, 41, 17, 3, 4, 51, 12, 8, 5, 8, 71,
[0, 3, 7, 6], [0, 6, 9, 11, [2, 1, 9, 8, [6, 7, s, 81;

/7 set up buffer and link to shader attribute - coordinates

gl.bindBuffer (gl.ARRAY_BUFFER, a_coords_buffer); /7 bind VBO (for storing array values)
gl.bufferData(gl. ARRAY_BUFFER, new Float32Array(coords.flat()), gl.STREAM DRAW); // copy data from js var to VBO
gl.enablevertexAttribArray (a_coords); // specify which attribute the VB0 contains data for

gl.vertexattribPointer(a_coords, 3, gL.FLOAT, false, 0, 0); // specify how to interpret the data in the VBO (number of values per vertex, data type)

/7 set up buffer - element indices
gL.bindBuffer (g1. ELEMENT_ARRAY_BUFFER, index buffer);
gL.bufferData(gl. ELEMENT_ARRAY_BUFFER, new Uu\\BAFrayHa:es flat()), gl.STREAM_DRAW); // copy data from js var to VB0

17 draw the prinitives
for (let i =0, face = 0; face < faces.length; i += faces(face].length, face++) {

gl.drawElenents (gl Thaaee FAN, faces(face].length, gl.UNSIGNED BYTE, 1 * UinteArray.EBYTES PER ELEMENT);
)
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private final static double[][] dodecVertices =
{

{ -0.650000, 0.000000, -0.248278 }, { 0.401722, 0.461722, 0.401722 }, three alternatives for drawing
{ 0.650000, 6.600000, 6.248278 }, { 0.401722, -6.401722, 0.401722 }, i

{ 0.000000, -0.248278, 0.650000 }, { 0.000000, ©.248278, ©.650000 }, an IFS trlangle mesh

{ ©.650000, 0.000000, -0.248278 }, { 0.401722, ©.401722, -0.401722 },

{ 0.248278, 0.650000, ©.000000 }, { -0.248278, 0.650000, ©.00000 ~ .

{ -6.401722, 0.401725, -0.401722'}, { 0.000000, ©.248278, -0.650q °* coords.array = [Ii & JavaScript
{ 0.401722, -0.401722, -0.401722 }, { 0.248278, -0.650000, 0.000

{ -6.248278, -0.650000, ©.600000 }, { -0.650000, ©.000000, 0.2482)

{ -0.401722, 0.401722, 0.401722 }, { -0.401722, -6.401722, -0.40] for (let face = 0; face < faces.length; face++) {

{ 0.000000, -0.248278, -0.656000 }, { -0.401722, -0.401722, 0.40 for (let i = 0; i < faces[face].length; i++) {
{ 0.600000, 1.051722, ©.650000 }, { -0.000000, 1.051722, -0.6500! let vertex = faces|[face][i]

{ 1.051722, 0.650000, -6.000800 }, { 1.051722, -0.650000, -0.000 coords_array.push(coords [vertex]);

{ -0.000000, -1.051722, -0.650000 }, { -0.000000, -1.051722, 0.6 —

{ 0.650000, ©.000000, 1.651722 }, { -0.650000, ©.800000, 1.051722 3} build the direct representation (an

g O o eneay, Leeare g T CLlETTDp OLEEED AR array of all of the vertices) and use

{ -1.051722, -0.650000, 0.000090 } }; drawArrays (gl. TRIANGLES, ..)

private static int[][] dodecTriangles =
16, 9, 20 9, 8, 20 8, 1, 20 L L
9. 10, 21 g % 10, 11 2%'}( {7 %; § gl2.glEnableClientState(GL2.6L_VERTEX_ARRAY) ;
"9, 21}, (8 7, 22}, {7 6, 22'1, { 6]// 3 because (x,y,z) coordinates setup
‘g " {6 12,233}, { 12, 13, 23 }, {9'2-9lVertexPointer(3,GL2.6L _DOUBLE,O,
23}, (18,17, 24 }, Buffers.newdir fer(flatt tices)));

For (dint 1 =0 ; 1 < dodecTriangles.length ; i++ ) {
g12.glDrawElenents (6L2.6L_TRIANGLE_FAN,dodecTriangles[i]. length,

3 GL2.GL_UNSIGNED_INT,

ERCE AR PR IReT Buffers.newdirec tIntBuf fer(dodecTriangles[i1));

12,6,28%, {6, 7,28}, 9}, {0, 17 -

17, 18, 29 }, { 18, 11, 29 ) { 11, m zs ) { n?m_:m_}—‘ draw each face as a triangle fan )‘

»{9,16,30}, {16, 15, 30 } 201

17,6031}, (6,15 31}, {15 19, 31}, ( (312" 3Tor awETenents (GL2 .GL_TRIANGLES, dodecTriangles. Length = 3,

14 17,31} 1 GL2.GL_UNSIGNED_INT,

Buffers.newpirectIntBuffer(flatten(dodecTriangles)));

A most syntax is JavasOpenGL 1.0, draw the whole mesh as a list
&2, not JavaScript/WebGL of triangles 5

8
w

pn




OpenGL Nuts and Bolts

problem: pixels along polygon edges are at the same
depth whether drawing faces (filled polygons) or edges
(wireframe)

gl.polygonoffset(1.0, 1.0);
gl.enable(gl.POLYGON OFFSET_FILL); . .
the solution is to tell OpenGL to

draw the filled polygons slightly
gl.disable(gl.POLYGON OFFSET FILL); offset in depth from the wireframe

// draw the faces

// draw the edges

gl.polygonOffset(factor,units)

— factor allows for different offsets depending on the angle of the
polygon into the screen — 1 is generally fine

—units specifies the size of the offset
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