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Textures

Texture ObjectTexture Object

•• An OpenGL data type that keeps textures resident in memory An OpenGL data type that keeps textures resident in memory 

and provides identifiers to easily access themand provides identifiers to easily access them

•• Provides efficiency gains over having to repeatedly load and Provides efficiency gains over having to repeatedly load and 
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reload a texturereload a texture

•• You can prioritize textures to keep in memoryYou can prioritize textures to keep in memory

•• OpenGL uses least recently used (LRU) if no priority is OpenGL uses least recently used (LRU) if no priority is 

assignedassigned

•• Provides efficiency gains over having to repeatedly load and Provides efficiency gains over having to repeatedly load and 

reload a texturereload a texture

•• You can prioritize textures to keep in memoryYou can prioritize textures to keep in memory

•• OpenGL uses least recently used (LRU) if no priority is OpenGL uses least recently used (LRU) if no priority is 

assignedassigned



Step 1 – create Texture Objects

glGenTexturesglGenTextures((11, &texture[, &texture[texture_numtexture_num]);]);

•• First argument tells GL how many Texture First argument tells GL how many Texture 

Objects to createObjects to create

glGenTexturesglGenTextures((11, &texture[, &texture[texture_numtexture_num]);]);

•• First argument tells GL how many Texture First argument tells GL how many Texture 

Objects to createObjects to createObjects to createObjects to create

•• Second argument is a pointer to the place where Second argument is a pointer to the place where 

OpenGL will store the names (unsigned OpenGL will store the names (unsigned 

integers) of the Texture Objects it createsintegers) of the Texture Objects it creates

–– texture[ ] is of type GLuinttexture[ ] is of type GLuint

Objects to createObjects to create

•• Second argument is a pointer to the place where Second argument is a pointer to the place where 

OpenGL will store the names (unsigned OpenGL will store the names (unsigned 

integers) of the Texture Objects it createsintegers) of the Texture Objects it creates

–– texture[ ] is of type GLuinttexture[ ] is of type GLuint



Step 2 – Specify which texture 

object is about to be defined

Tell OpenGL that you are going to define the Tell OpenGL that you are going to define the 

specifics of the Texture Object it createdspecifics of the Texture Object it created

•• glBindTexture(GL_TEXTURE_glBindTexture(GL_TEXTURE_22D, D, 

texture[texture_num]);texture[texture_num]);

Tell OpenGL that you are going to define the Tell OpenGL that you are going to define the 

specifics of the Texture Object it createdspecifics of the Texture Object it created

•• glBindTexture(GL_TEXTURE_glBindTexture(GL_TEXTURE_22D, D, 

texture[texture_num]);texture[texture_num]);texture[texture_num]);texture[texture_num]);

––Textures can be Textures can be 11D and D and 33D as wellD as well

texture[texture_num]);texture[texture_num]);

––Textures can be Textures can be 11D and D and 33D as wellD as well



Step 3 – Begin defining texture

glTexParameter()glTexParameter()

•• Sets various parameters that control how a texture is treated Sets various parameters that control how a texture is treated 

as it’s applied to a fragment or stored in  a texture objectas it’s applied to a fragment or stored in  a texture object

•• // scale linearly when image bigger than texture    // scale linearly when image bigger than texture    

glTexParameter()glTexParameter()

•• Sets various parameters that control how a texture is treated Sets various parameters that control how a texture is treated 

as it’s applied to a fragment or stored in  a texture objectas it’s applied to a fragment or stored in  a texture object

•• // scale linearly when image bigger than texture    // scale linearly when image bigger than texture    •• // scale linearly when image bigger than texture    // scale linearly when image bigger than texture    

glTexParameteri(GL_TEXTURE_glTexParameteri(GL_TEXTURE_22D,GL_TEXTURE_MAG_D,GL_TEXTURE_MAG_

FILTER,GL_LINEAR);FILTER,GL_LINEAR);

•• // scale linearly when image smaller than texture    // scale linearly when image smaller than texture    

glTexParameteri(GL_TEXTURE_glTexParameteri(GL_TEXTURE_22D,GL_TEXTURE_MIN_D,GL_TEXTURE_MIN_

FILTER,GL_LINEAR);         FILTER,GL_LINEAR);         

•• // scale linearly when image bigger than texture    // scale linearly when image bigger than texture    

glTexParameteri(GL_TEXTURE_glTexParameteri(GL_TEXTURE_22D,GL_TEXTURE_MAG_D,GL_TEXTURE_MAG_

FILTER,GL_LINEAR);FILTER,GL_LINEAR);

•• // scale linearly when image smaller than texture    // scale linearly when image smaller than texture    

glTexParameteri(GL_TEXTURE_glTexParameteri(GL_TEXTURE_22D,GL_TEXTURE_MIN_D,GL_TEXTURE_MIN_

FILTER,GL_LINEAR);         FILTER,GL_LINEAR);         



Step 4 – Assign image data

•• glTexImage2D();glTexImage2D();•• glTexImage2D();glTexImage2D();

GL_TEXTURE_GL_TEXTURE_22DD (2D Texture)(2D Texture)

00 (level of detail 0)(level of detail 0)

33 (3 components, RGB)(3 components, RGB)33 (3 components, RGB)(3 components, RGB)

image1image1-->sizeX>sizeX (size)(size)

image1image1-->sizeY>sizeY (size)(size)

00 (no border pixel)(no border pixel)

GL_RGBGL_RGB (RGB color order)(RGB color order)

GL_UNSIGNED_BYTEGL_UNSIGNED_BYTE (unsigned byte data)(unsigned byte data)

image1image1-->data>data (pointer to the data))(pointer to the data))



glTexImage2D – Arg 1

GLenum targetGLenum target

•• GL_TEXTURE_{GL_TEXTURE_{11||22||33}D}D

•• GL_PROXY_TEXTURE_GL_PROXY_TEXTURE_22DD

––Provides queries for texture resourcesProvides queries for texture resources

GLenum targetGLenum target

•• GL_TEXTURE_{GL_TEXTURE_{11||22||33}D}D

•• GL_PROXY_TEXTURE_GL_PROXY_TEXTURE_22DD

––Provides queries for texture resourcesProvides queries for texture resources––Provides queries for texture resourcesProvides queries for texture resources

––Proceed with hypothetical texture use (GL won’t Proceed with hypothetical texture use (GL won’t 
apply the texture)apply the texture)

––After query, call GLGetTexLevelParamter to After query, call GLGetTexLevelParamter to 
verify presence of required system componentsverify presence of required system components

––Doesn’t check possibility of multiple texture Doesn’t check possibility of multiple texture 
interferenceinterference

––Provides queries for texture resourcesProvides queries for texture resources

––Proceed with hypothetical texture use (GL won’t Proceed with hypothetical texture use (GL won’t 
apply the texture)apply the texture)

––After query, call GLGetTexLevelParamter to After query, call GLGetTexLevelParamter to 
verify presence of required system componentsverify presence of required system components

––Doesn’t check possibility of multiple texture Doesn’t check possibility of multiple texture 
interferenceinterference



glTexImage2D – Arg 2

GLint levelGLint level

•• Used for Level of Detail (LOD)Used for Level of Detail (LOD)

•• LOD stores multiple versions of texture that can be LOD stores multiple versions of texture that can be 
used at runtime (set of sizes)used at runtime (set of sizes)

GLint levelGLint level

•• Used for Level of Detail (LOD)Used for Level of Detail (LOD)

•• LOD stores multiple versions of texture that can be LOD stores multiple versions of texture that can be 
used at runtime (set of sizes)used at runtime (set of sizes)used at runtime (set of sizes)used at runtime (set of sizes)

•• Runtime algorithms select appropriate version of Runtime algorithms select appropriate version of 
texturetexture

––Pixel size of polygon used to select best texturePixel size of polygon used to select best texture

––Eliminates need for errorEliminates need for error--prone filtering prone filtering 
algorithmsalgorithms

used at runtime (set of sizes)used at runtime (set of sizes)

•• Runtime algorithms select appropriate version of Runtime algorithms select appropriate version of 
texturetexture

––Pixel size of polygon used to select best texturePixel size of polygon used to select best texture

––Eliminates need for errorEliminates need for error--prone filtering prone filtering 
algorithmsalgorithms



glTexImage2D – Arg 3

GLint internalFormatGLint internalFormat

•• GL defines GL defines 38 38 symbolic constants that describe symbolic constants that describe 
which of R, G, B, and A are used in internal which of R, G, B, and A are used in internal 
representation of texelsrepresentation of texels

GLint internalFormatGLint internalFormat

•• GL defines GL defines 38 38 symbolic constants that describe symbolic constants that describe 
which of R, G, B, and A are used in internal which of R, G, B, and A are used in internal 
representation of texelsrepresentation of texels

•• Provides control over things texture can doProvides control over things texture can do

––High bit depth alpha blendingHigh bit depth alpha blending

––High bit depth intensity mappingHigh bit depth intensity mapping

––General purpose RGBGeneral purpose RGB

•• GL doesn’t guarantee all options are available on GL doesn’t guarantee all options are available on 
given hardwaregiven hardware

•• Provides control over things texture can doProvides control over things texture can do

––High bit depth alpha blendingHigh bit depth alpha blending

––High bit depth intensity mappingHigh bit depth intensity mapping

––General purpose RGBGeneral purpose RGB

•• GL doesn’t guarantee all options are available on GL doesn’t guarantee all options are available on 
given hardwaregiven hardware



glTexImage2D – Args 4-6

GLsizei widthGLsizei width

GLsizei heightGLsizei height

•• Dimensions of texture imageDimensions of texture image

–– Must be Must be 22mm + + 22b (b=b (b=0 0 or or 1 1 depending on border) depending on border) 

GLsizei widthGLsizei width

GLsizei heightGLsizei height

•• Dimensions of texture imageDimensions of texture image

–– Must be Must be 22mm + + 22b (b=b (b=0 0 or or 1 1 depending on border) depending on border) –– Must be Must be 22 + + 22b (b=b (b=0 0 or or 1 1 depending on border) depending on border) 

–– min, min, 64 64 x x 6464

GLint borderGLint border

•• Width of border (Width of border (1 1 or or 00))

–– Border allows linear blending between overlapping Border allows linear blending between overlapping 
texturestextures

–– Useful when manually tiling texturesUseful when manually tiling textures

–– Must be Must be 22 + + 22b (b=b (b=0 0 or or 1 1 depending on border) depending on border) 

–– min, min, 64 64 x x 6464

GLint borderGLint border

•• Width of border (Width of border (1 1 or or 00))

–– Border allows linear blending between overlapping Border allows linear blending between overlapping 
texturestextures

–– Useful when manually tiling texturesUseful when manually tiling textures



glTexImage2D – Args 7 & 8

GLenum formatGLenum format

•• Describe how texture data is stored in input arrayDescribe how texture data is stored in input array

––GL_RGB, GL_RGBA, GL_BLUE…GL_RGB, GL_RGBA, GL_BLUE…

GLenum formatGLenum format

•• Describe how texture data is stored in input arrayDescribe how texture data is stored in input array

––GL_RGB, GL_RGBA, GL_BLUE…GL_RGB, GL_RGBA, GL_BLUE…

GLenum type GLenum type 

•• Data size of array componentsData size of array components

––GL_SHORT, GL_BYTE, GL_INT…GL_SHORT, GL_BYTE, GL_INT…

GLenum type GLenum type 

•• Data size of array componentsData size of array components

––GL_SHORT, GL_BYTE, GL_INT…GL_SHORT, GL_BYTE, GL_INT…



glTexImage2D – Arg 9

Const GLvoid *texelsConst GLvoid *texels

•• Pointer to data describing texture mapPointer to data describing texture map

Const GLvoid *texelsConst GLvoid *texels

•• Pointer to data describing texture mapPointer to data describing texture map



Step 5 – Apply texture

Before defining geometryBefore defining geometry

•• glEnable(GL_TEXTURE_glEnable(GL_TEXTURE_22D);D);

•• glBindTexture(GL_TEXTURE_glBindTexture(GL_TEXTURE_22D, D, 

texture[texture[00]);]);

Before defining geometryBefore defining geometry

•• glEnable(GL_TEXTURE_glEnable(GL_TEXTURE_22D);D);

•• glBindTexture(GL_TEXTURE_glBindTexture(GL_TEXTURE_22D, D, 

texture[texture[00]);]);texture[texture[00]);]);

•• glTexEnvf(GL_TEXTURE_ENV, glTexEnvf(GL_TEXTURE_ENV, 

GL_TEXTURE_ENV_MODE, GL_REPLACE);GL_TEXTURE_ENV_MODE, GL_REPLACE);

texture[texture[00]);]);

•• glTexEnvf(GL_TEXTURE_ENV, glTexEnvf(GL_TEXTURE_ENV, 

GL_TEXTURE_ENV_MODE, GL_REPLACE);GL_TEXTURE_ENV_MODE, GL_REPLACE);



glTexEnv()

GL_TEXTURE_ENV_MODEGL_TEXTURE_ENV_MODE GL_DECAL GL_DECAL (alpha blends texture (alpha blends texture 

with poly color)with poly color)

GL_REPLACE GL_REPLACE (straight up (straight up 

First argument to function is always GL_TEXTURE_ENV

GL_REPLACE GL_REPLACE (straight up (straight up 

replacement)replacement)

GL_MODULATE GL_MODULATE (texture (texture 

application is a function of poly application is a function of poly 

lighting)lighting)

GL_BLEND GL_BLEND (texture controls (texture controls 

blending with another color)blending with another color)

If GL_BLEND selected, second If GL_BLEND selected, second 

call to glTexEnv() must specify call to glTexEnv() must specify 

GL_TEXTURE_ENV_COLORGL_TEXTURE_ENV_COLOR

44--float array for R,G,B,A blendfloat array for R,G,B,A blend
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MIPMAPS

With versus without MIPMAPWith versus without MIPMAPWith versus without MIPMAPWith versus without MIPMAP



Filtering

OpenGL tries to pick best OpenGL tries to pick best mipmapmipmap levellevel

Question: Question: Which Which texeltexel corresponds to a particular pixel?corresponds to a particular pixel?

GL_NEAREST (Point Sampling)GL_NEAREST (Point Sampling)

•• Pick the Pick the texeltexel with center nearest pixelwith center nearest pixel

OpenGL tries to pick best OpenGL tries to pick best mipmapmipmap levellevel

Question: Question: Which Which texeltexel corresponds to a particular pixel?corresponds to a particular pixel?

GL_NEAREST (Point Sampling)GL_NEAREST (Point Sampling)

•• Pick the Pick the texeltexel with center nearest pixelwith center nearest pixel

GL_LINEAR (Bilinear Sampling)GL_LINEAR (Bilinear Sampling)

•• Weighted average of Weighted average of 22xx2 2 closest closest texelstexels

GL_NEAREST_MIPMAP_LINEARGL_NEAREST_MIPMAP_LINEAR

•• Average nearest Average nearest texelstexels from two from two mipmapmipmap levelslevels

GL_LINEAR_MIPMAP_LINEAR (GL_LINEAR_MIPMAP_LINEAR (TrilinearTrilinear))

•• Average two averaged Average two averaged texelstexels from two from two mipmapsmipmaps

GL_LINEAR (Bilinear Sampling)GL_LINEAR (Bilinear Sampling)

•• Weighted average of Weighted average of 22xx2 2 closest closest texelstexels

GL_NEAREST_MIPMAP_LINEARGL_NEAREST_MIPMAP_LINEAR

•• Average nearest Average nearest texelstexels from two from two mipmapmipmap levelslevels

GL_LINEAR_MIPMAP_LINEAR (GL_LINEAR_MIPMAP_LINEAR (TrilinearTrilinear))

•• Average two averaged Average two averaged texelstexels from two from two mipmapsmipmaps
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DevIL

• 
�	�����������������	���
���	�������������� 
– 	���ก�� .jpg, .png, .tiff, "�"

• ��#���ก�� OpenGL �#$#�
• #�%	�&��#
– http://openil.sourceforge.net– http://openil.sourceforge.net

– DevIL 1.7.8 SDK for 32-bit Windows

• Unzip ��$%
– 	������ .dll ��'���%$'	 bin ���(�)�%$����������� CMake

– 	������ .lib ��'���%$'	 lib ���(�)�%$����������� CMake

– 	������ .h ����  ��'���%$'	 include/IL ���(�)�%$����������� CMake



&����#$���� include

• ��)�

– #include <IL/il.h>

– #include <IL/ilu.h>

– #include <IL/ilut.h>– #include <IL/ilut.h>

�%$(�)��%&���ก��



�'�ก�(!� init �)	�*

• ���%$
��)�'�$ DevIL (�*�+��
��)��$	����	
��

• '	�,�ก�-�	 main ��)�
– ilInit();

– iluInit();– iluInit();

ก��	
���ก�,�ก�-�	�.)	  (�*���#

• ��$%
���ก 

– ilutInit();

����
���ก glutInit(…);



Image Object

• DevIL ������ /���0 +�$��ก������ texture ��� OpenGL

– ��$��#$%� ilGenImages

– ก���	##$%� ilBindImage

– ���	���1�ก����#$%� ilLoadImage– ���	���1�ก����#$%� ilLoadImage

– ��#$%� ilDeleteImages



ilGenImages

• ILvoid ilGenImages(
ILsizei Num, ILuint *ids);
– ��$�� image object ����  ��	
– argument ��ก+.�1��	%	 image object (�)�$��ก����$����ก+.�1��	%	 (�)�$��ก����$��
– argument (�)���+.������������'�� /-.)�0 ��� image object

– ก����$�� image object 
�����+���	
#��%
• ILuint id;

• ilGenImages(1, &id);

– ก����$�� image object ������	
• ILuint id[3];

• ilGenImages(3, id);



ilBindImage

• ILvoid ilBindImage(ILuint id)

– '-$
2� image object �,11���	'�$
�	 image object (�)��-.)�(�)
ก���	#

– ��%�����– ��%�����

• ILuint id;

• ilGenImages(1, &id);

• ilBindImage(id);



ilLoadImage

• ILboolean ilLoadImage(const char *FileName)
– '-$����������	���1�ก����(�)ก���	#-.)�'�$����� image object �,11���	(�) 

bind �%$��$%
– argument ��ก+.�-.)�����

• DevIL 1���$%��
�	����-	�#'#&#����&	����• DevIL 1���$%��
�	����-	�#'#&#����&	����

– +.	+�� /1���0 3$������3���	����#$���+.	+�� /
(410 3$����	������
�41
– ��%�����

• ILuint id;

• ilGenImages(1, &id);

• ilBindImage(id);

• ilLoadImage(“test.jpg”);



ilDeleteImages

• ILvoid ilDeleteImages(
ILsizei Num, ILuint *ids);
– �� image object ����  ��	
– argument ��ก+.�1��	%	 image object (�)�$��ก����
– argument (�)���+.������������'�� /-.)�0 ��� image object

– ก���� image object 
�����+���	
#��%
(�)���+.������������'�� /-.)�0 ��� 

– ก���� image object 
�����+���	
#��%
• ILuint id;

• …

• ilDeleteImages(1, &id);

– ก����$�� image object ������	
• ILuint id[3];

• ilGenImages(3, id);

• …

• ilDeleteImages(3, id);



ilConvertImage

• ILboolean ilConvertImage( 
ILenum DestFormat, ILenum DestType )

– '-$������������$����������(�)����'	���(�) bind �%$
�	�������.)	
– DestFormat +.����������������� pixel

• IL_RGB, IL_RGBA, IL_BGR, IL_BGRA, IL_LUMINANCE, • IL_RGB, IL_RGBA, IL_BGR, IL_BGRA, IL_LUMINANCE, 
IL_COLOUR_INDEX

– DestType +.�-	�#�$����(�)'-$
ก4��������-���
• IL_BYTE, IL_UNSIGNED_BYTE, IL_SHORT , 

IL_UNSIGNED_SHORT, IL_INT, IL_UNSIGNED_INT, IL_FLOAT, 
IL_DOUBLE



ก	��)�+���,��,-�	
�+�	 OpenGL Texture

• 
���ก glTexImage2D &#�'�$�$��������  1�ก Image 

Object

– internalFormat '�$�5�	 ilGetInteger(IL_IMAGE_BPP)

– width '�$�5�	 ilGetInteger(IL_IMAGE_WIDTH)– width '�$�5�	 ilGetInteger(IL_IMAGE_WIDTH)

– height '�$�5�	 ilGetInteger(IL_IMAGE_HEIGHT)

– format '�$�5�	 ilGetInteger(IL_IMAGE_FORMAT)

– type '�$�5�	 ilGetInteger(IL_IMAGE_TYPE)

– data '�$�5�	 ilGetData()



ilGetData

• ILubyte* ilGetData(ILvoid)

– +.	�$������� image object (�) bind �%$
�	��
������ unsigned 

byte



�!�� )	�ก	�.(��	�
glGenTextures(1, &tex0);
glBindTexture(GL_TEXTURE_2D, tex0);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_REPEAT);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_REPEAT);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_LINEAR_MIPMAP_LINEAR);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_LINEAR_MIPMAP_LINEAR);

ILuint image0;
ilGenImages(1, &image0);
ilBindImage(image0);ilBindImage(image0);
char imageName[] = "../../data/yellow-flowers.jpg";
ilLoadImage(imageName);
ilConvertImage(IL_RGB, IL_UNSIGNED_BYTE);

gluBuild2DMipmaps(GL_TEXTURE_2D, ilGetInteger(IL_IMAGE_BPP), 
ilGetInteger(IL_IMAGE_WIDTH), ilGetInteger(IL_IMAGE_HEIGHT), 

ilGetInteger(IL_IMAGE_FORMAT), ilGetInteger(IL_IMAGE_TYPE), ilGetData());

ilDeleteImages(1, &image0);


