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What is GLM? 2

GLM is a set of C++ classes and functions that fill in the programming gaps in writing the
basic vector and matrix mathematics for computer graphics applications.

GLM isn’t a library — it is all specified in *.hpp header files that get compiled in with your
source code.

You can find GLM at:
http://glm.g-truc.net/0.9.8.5/

or you can get a zip file of it on our Class Resources page.

You typically use GLM by putting these lines at the top of your program:

#define GLM_FORCE_RADIANS
#include "glm/vec2.hpp"

#include "glm/vec3.hpp"

#include "glm/mat4x4.hpp"

#include "glm/gtc/matrix_transform.hpp™
#include "glm/gtc/matrix_inverse.hpp"
#include "glm/gtc/type_ptr.hpp"

Oregon State
University
Computer Graphics
mjb — September 6, 2024



Oregon State
University
Computer Graphics

Why are we even talking about this?

The OpenGL overlords have “deprecated” some of the OpenGL functions we have been using
to perform transformations. In the desktop world, it means that the use of such functions is
discouraged. In Vulkan and in the mobile world of OpenGL-ES, it means those functions are

gone. You might as well become familiar with how to live without them. So, instead of saying:

gluLookAt( 0.,0.,3., 0.,0.,0.,, 0.,1,0.);

glRotatef( (GLfloat)Yrot, 0., 1., 0. );

glRotatef( (GLfloat)Xrot, 1., 0., 0. );

glScalef( (GLfloat)Scale, (GLfloat)Scale, (GLfloat)Scale );

for OpenGL, you would now say:

glm::mat4 modelview;

gim::vec3 eye(0.,0.,3.);

glm::vec3 look(0.,0.,0.);

glm::vec3 up(0.,1.,0.);

modelview = glm::lookAt( eye, look, up );

modelview = glm::rotate( modelview, D2R*Yrot, gim::vec3(0.,1.,0.) );
modelview = glm::rotate( modelview, D2R*Xrot, gim::vec3(1.,0.,0.) );
modelview = glm::scale( modelview, gim::vec3(Scale,Scale,Scale) );
glMultMatrixf( glm::value_ptr( modelview ) );

Exactly the same concept, but a different expression of it. Read on for details ...
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The Most Useful GLM Variables, Operations, and Functions 4

/l constructor:

glm::mat4( 1. ); /I identity matrix
glm::vec4( );
glm::vec3(); | GLM recommends that you use the “glm::” syntax and not use “using namespace”
syntax because they have not made any effort to create unique function names

I/l multiplications — the * operator has been overloaded:

glm::mat4 * glm::mat4

glm::mat4 * glm::vec4

glm::mat4 * glm::vec4( glm:vec3, 1. ) // promote vec3 to a vec4 via a constructor
I/l emulating OpenGL transformations with concatenation:

glm::mat4 glm::rotate( glm::mat4 const & m, float angle, gim::vec3 const & axis );

glm::mat4 glm::scale( glm::mat4 const & m, glm::vec3 const & factors );

glm::mat4 glm::translate( gim::mat4 const & m, glm::vec3 const & translation );
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The Most Useful GLM Variables, Operations, and Functions S

Il viewing volume (assign, not concatenate):

glm::mat4 glm::ortho( float left, float right, float bottom, float top, float near, float far );
glm::mat4 glm::ortho( float left, float right, float bottom, float top );

gim::mat4 glm::frustum( float left, float right, float bottom, float top, float near, float far );
glm::mat4 glm::perspective( float fovy, float aspect, float near, float far);
Il viewing (assign, not concatenate):

glm::mat4 glm::lookAt( glm::vec3 const & eye, gim::vec3 const & look, glm::vec3 const & up );

Il loading matrices into opengl:

{ glLoadMatrix( glm::value_ptr( gim::mat4 ) );

<
!
Ore glUniformMatrix4fv( Location, 1, GL_FALSE, glm::value_ptr( gim::mat4 ) );
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Installing GLM into your own space

| like to just put the whole thing under my Visual Studio project folder so |
can zip up a complete project and give it to someone else.

|

» Computer » mjb

f\\guil#\haile}r\userﬂ (Kz) » CS550 » SampleGLM »

Organize = o Open -

¢ Favorites
& Downloads
£3 Dropbox
. EngrClasses
B Engr Desktop
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5| Documents
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5# mijb (\\stak.engr.ore

File Edit View Tools Help

Burn

[n] freeglut.h
"ﬁ freeglut.lib
[n] freeglut_ext.h
ﬂ freeglut_std.h
[h] glew.h

#3 glew32.lib
[n] glut.h

43 libed.lib

%3 UBCID.LIB
¢+ sample.cpp
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Here’s what that GLM folder looks like

=)
» Computer » mjb \\guille\bailey\users) (K:) » CS550 » SampleG‘E b oglm » > - | 5 | | Search glm o
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Telling Linux about where the GLM folder is 8

gt+...- L ...

“‘minus-capital-eye-period” means “also look for the < > includes in this folder”

Instead of the period, you can list a full or relative pathname.
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Telling Visual Studio about where the GLM folder is

s
File Edit Wew | Project Buil} Debug Team Data Tools Test Window Help
: “$ Add Offss.. -| win32 =[] (% [valid - S B - -
l  Wizard... CtrlShift+ X
5] Add New Ienn... Ctrl+Shift+A
2 [ Add Existing tem... Shift<Alt+A
Caf= = | = s
|<Search> Exclude From Project 36) E3
. 1’20 Show AllFil M
7] Sample ! Sho Al Fles il
@ Global Fun( Rescan Solution T
= Macros ang Set
Refresh Project Toolbox Items
= Projeffions [] Sample Properties... 2
| [ "
(1 ® 1 a sample OpenGL / GLUT program
/
e L i g * // The objective is to draw a 3d object and change the color of the axes
5 Animate() = ;; with & glut menu
‘ vﬁ:'L;tau‘ . 4/ The left mouse butten does rotation
*v estfloat length) // The middle mouse button does scaling
*\J A?ces(ﬂoat) I // The user interface allows:
"% Display() /" 1. The axes to be turned on and off
% Display() fH 2. The color of the axes to be changed
% DoAxesMenu(int id) I 3. Debugging to be turned on and off
4 DolxesMenu(int) B i 4. Depth cueing to be turned on and off
% DoColorMenufint id) .::/ 5. The projection Fo be changed
ransformat s € reset -
* DoColorMenu(int) ’ 6. The transformations to be rese
*¢ DoDebugMenufint id) 100% - ¢ E
S
f % DoDebugMenu(int] Output -0 x

% DoDepthMenu(int id)
] DoDepthMenu(int)
Pl % pemsinvenugintic
% DeMainMenu(int)
% DoProjectMenu(int id)
£ DoProjectMenu(int)
% DeRasterString(float x, floal
k) DoRasterString(float, float,
% DoStrokeString(float x, floa
% DoStrokeString(float, float,
‘% ElapsedSeconds()

“4 ElapsedSeconds()

% HevRgbifloat hev(3], float r -
| rmrrre— b

Show output from: | Build

1> loucning
1>ClCompile:
1> sample.cpp
1>sample.obj :

1> Deleting file ".\Debug\Sample.unsuccessfulbuild".
1> Touching .

1x

M FREEET e

~. \Uebugisample. UnsUccesstuloiila™,

warning LNK4875: ignoring '/EDITANDCONTINUE' due to '/INCREMENTAL:NO' specification
1> Sample.vcxproj -» K:\CS55@\SampleGLM\.\Debug\Sample.exe
1>FinalizeBuildStatus:

\Debug\Sample.lastbuildstate".

1»Build succeeded.

1>
1>Time Elapsed

B8:88:83.64

Build: 1 succeeded, B failed, @ up-to-date, @ skipped

[Z] Output
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Telling Visual Studio about where the GLM folder is 10

A period, indicating that the project folder should also be searched when a
#include <xxx>

is encountered. If you put it somewhere else, enter that full or relative path instead.
AN

File Edit View Project Build Debug Team Datz Tools Test Window Help
-l S| d a9 - - E-5 | b |Debug -| [win32 ~| | 2% |valid \ SR e Bl -
HEER At 2083 s deBR<
Class View M uatll samplecpp X - %
B —
Cia| s = | H- (Global Scope) \ - B g
| <Search> -iE= #pragma warning(disable:4996) + g
ﬁ . #include "glew.h™ P
52 Sample sendif )
% Global Functions and Variabled
= Macros and Constants #include <GL 2 52
= ButtonVals “include <ol Sample Property Pages \ ?
4 Colors #include "gl N\
= Projections Confiiition: | Saeipem -] Plaifagd AN =|_[_Configuration Manager... |
#include <gl
Commen Properties Additional Include Directories sH(AdditionNIncludeDirectories)
a Configuration Properties ing References
/4 This is § General D " -
5 ebug Information Format Frogram for Edit And Continue (/Z1)
L Pr—— :.', The ohje Debugging Common Language RunTime Support
[ / = : "
- ' with o Suppress Startup Banner Yes (/nologo) - 5
% Animate() - 4 e /s s s Additional Include Directaries (8 e
% Animate(} Ul q Arnmg Leve evel3 (/W3)
. /4 The left General Treat Warnings As Ei Na (/WK
@ Axes{float length) e &P m Treat Warnings As Errors o
4 Axesffloat) /o e A ; Multi-processar Compilation
E ) |2 iy, e Prepracessol Use Unicode For Assembler Listin o i
¥ Display() 1 1.7 Code Generation g
® Display) f,: 2. o - . - -
/ « n | »
¥ DadxesMenuint id) # j 35 Pl s {
% DoAxesMenufint) /" 4 Ti Qutput Fles 5
1 2
f DeColorMenu(int id) " & i Browse Information B | |Inherited values: -
*$ DoColorMenu(int) L
40 DoDebugMenufint id) 100% - ¢ G s i i
% DoDebugMenufint) Qutput N E
% DoDepthMenu(int id) . -~
+% DoD pthM firt Show output from: IE by Manilest Tonl
P EF_] E"U_Un_] 1> loucning .3 XML Document Generator, B 3
_'V DeMainMenu(int id) 1>ClCompile: Browse Information
' DoMainMenuiint) 1> sample.cpp . Build Events -
& DoProjectMenufint id) 13sample.ob] : wi o ot Bt g [9]Inherit from parent or project defauits Macros>> |
% DoPrajectMenufint) 17 Semnlie.exon
% DoRasterString(float x, flaal i:H;:i:ﬁﬁ?gi — ; - oK Cancel |
*4 DoRasterstring(flost, fiost, | 13 Touching .\ Slcitinat Tchule Diedokes j ;
& DoStrokeString(floatx, floa 1 5 Specifies one or more directories to add to the include path; separate with semi-colons ifveesrs
. P — th
% DoStrokeString(float, float, 1>Build succeede kal il 1< Vllpath)
k. 1>
W ElapsedSeconds() % —
¥ ElapsedSeconds() AR Elap;iilg‘ ILI ‘CE
()regon State @ HsvRgbifloat hev(3], float r - -
. . T | 3 « »
UﬂlVef'Slty . ZeMl = Pr. W% T.. BE CodeDefinition Window S|y B Find Results1 B, Error List
ComPUter Gra’phlcs Build succeeded Ln17 Coll Chl INS
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Using Transformations, OpenGL-style, like in the sample.cpp Program

glMatrixMode( GL_PROJECTION );
glLoadldentity( );
if( WhichProjection == ORTHO )

glOrtho( -3., 3., -3.,3., 0.1,1000.);
else

gluPerspective( 90., 1., 0.1, 1000. );

Il place the objects into the scene:
gIMatrixMode( GL_MODELVIEW );
glLoadldentity( );

Il set the eye position, look-at position, and up-vector:

gluLookAt(0.,0.,3., 0.,0,0, 0,1.,0.);

Il rotate the scene:
glRotatef( (GLfloat)Yrot, 0., 1.,
t, 1.

1.,0.)
glRotatef( (GLfloat)Xrot, 1., 0., 0.

);
Il uniformly scale the scene:
if( Scale < MINSCALE )

Scale = MINSCALE;
glScalef( (GLfloat)Scale, (GLfloat)Scale, (GLfloat)Scale );

11
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Using Transformations, GLM-style, | 12

#include <glm/vec3.hpp>

#include <gim/mat4x4.hpp>

#include <glm/gtc/matrix_transform.hpp>
#include <glm/gtc/type ptr.hpp>

Il convert degrees to radians:
const float D2R = M_P1/180.f; /1 0.01745...

gIMatrixMode( GL_PROJECTION ),
glLoadldentity( );
glm::mat4 projection;

if( WhichProjection == ORTHO )

projection = glm::ortho( -3., 3., -3.,3., 0.1, 1000.);
else

projection = glm::perspective( D2R*90., 1., 0.1, 1000. );

0{‘;%325{;‘* Il apply the projection matrix:

Computer Graphics glMultMatrixf( glm::value_ptr( projection ) );
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Using Transformations, GLM-style, I 13

Il place the objects into the scene:
gIMatrixMode( GL_MODELVIEW );
glLoadldentity( );

Il set the eye position, look-at position, and up-vector:
glm::vec3 eye(0.,0.,3.);

glm::vec3 look(0.,0.,0.);

glm::vec3 up(0.,1.,0.);

glm::mat4 modelview = gim::lookAt( eye, look, up );

Il rotate the scene (warning -- unlike OpenGL'’s glRotatef,

Il GLM's rotate method takes angles in *radians™):
modelview = glm::rotate( modelview, D2R*Yrot, glm::vec3(0.,1.,0.) );
modelview = glm::rotate( modelview, D2R*Xrot, glm::vec3(1.,0.,0.) );

Il uniformly scale the scene:
if( Scale < MINSCALE )
Scale = MINSCALE;
modelview = glm::scale( modelview, glm::vec3(Scale,Scale,Scale) );

Il apply the modelview matrix:
e gIMultMatrixf( glm::value_ptr( modelview ) );

Computer Graphics
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Let’s Re-work the Forward Kinematics Program Using GLM

Ground
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Let’s Re-work the Forward Kinematics Program Using GLM 15

Standard OpenGL Using GLM
void DrawMechanism( float 81, float 82, float 83 ) void DrawMechanism( float 61, float 62, float 63 )
{ {
() Im::mat4 identity = gim::mat4( 1. );
IPushMat 9 y=9
glPushMatrix( ); glm::vec3 zaxis = glm::vec3(0.,0.,1.);

glRotatef( 81, 0.,0., 1.);

glPushMatrix( );
DrawLinkOne( );

glm::mat4 m1g = glm::rotate( identity, 81, zaxis );
glMultMatrixf( glm::value_ptr(m1g) );

glTranslatef( LENGTH_1, 0., 0. ); DrawLinkOne( );
glRotatef( 82, 0.,0.,1.);
DrawLinkTwo( ); gim::mat4 m21 = glm::translate( m1g, gim::vec3( LENGTH_1, 0., 0. ) );

m21 = glm::rotate( m21, 62, zaxis );
glMultMatrixf( glm::value_ptr( m21) );

glTranslatef( LENGTH_2, 0., 0. ); DrawLinkTwo( );
glRotatef( 83, 0.,0., 1.);
DrawLinkThree( ); gim::mat4 m32 = glm::translate( m1g, gim::vec3( LENGTH_2, 0., 0. ) );
glPopMatrix( ); m32 = glm::rotate( m32, 83, zaxis );
} glMultMatrixf( glm::value_ptr( m32) );

DrawLinkThree( );
glPopMatrix( );

}
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In the shader:

In the C/C++
program:
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Passing GLM Matrices into a Vertex Shader

uniform mat4 projectionMatrix;
uniform mat4 viewMatrix;
uniform mat4 modelMatrix;

mat4 PVM = projectionMatrix * viewMatrix * modelMatrix;
gl_Position = PVM * gl_Vertex;

glm::mat4 projection = glm::perspective( D2R*90., 1., 0.1, 1000. );

glm::vec3 eye(0.,0.,3.);

glm::vec3 look(0.,0.,0.);

glm::vec3 up(0.,1.,0.);

glm::mat4 view = glm::lookAt( eye, look, up );

glm::mat4 model(1.); // identity
model = glm::rotate( model, D2R*Yrot, gim::vec3(0.,1.,0.) );
model = glm::rotate( model, D2R*Xrot, gim::vec3(1.,0.,0.) );

Pattern.Use( );

Pattern.SetUniformVariable( “projectionMatrix”, projection );
Pattern.SetUniformVariable( “viewMatrix”, view );
Pattern.SetUniformVariable( “modelMatrix”, model );

16
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GLM for Vulkan 17

glm::mat jection = glm::perspective( D2R*90., 1., 0.1, 1000. );
<wction[1][1] *= 1 I/l Vulkan’s projected Y is inverted from OpenGL’s

glm::vec3 eye(0.,0.,3.);

glm::vec3 look(0.,0.,0.);

glm::vec3 up(0.,1.,0.);

glm::mat4 view = glm::lookAt( eye, look, up );

glm::mat4 model( 1.); // identity
model = glm::rotate( model, D2R*Yrot, glm::vec3(0.,1.,0.));
model = glm::rotate( model, D2R*Xrot, gim::vec3(1.,0.,0.));
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