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Chapter 9
Texturing



Topics

‣ Texturing basics.

‣ Loading textures and mipmapping.

‣ Texture filtering and wrapping.

‣ Using textures in the fragment shader.

‣ Texture subimage specification.

‣ Copying texture data from the color buffer.

‣ Optional texturing extensions.



2D Textures

‣ 2D array composed of texels

‣ Formats -- RGB, RGBA, L, LA, Alpha

‣ Texture image is indexed by a per-vertex 
texcoord (s,t)

‣ Texcoord is normalized to [0,1]
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Figure 9-1 2D Texture Coordinates

Cubemap Textures

In addition to 2D textures, OpenGL ES 2.0 also supports cubemap textures. 
At its most basic, a cubemap is a texture made up of six individual 2D tex-
ture faces. Each face of the cubemap represents one of the six sides of a cube. 
Cubemaps have a variety of advanced uses in 3D rendering, but the most 
basic use is for an effect known as environment mapping. For this effect, the 
reflection of the environment onto the object is rendered by using a cube-
map to represent the environment. The typical way that a cubemap is gen-
erated for environment mapping is that a camera is placed in the center of 
the scene and an image of the scene is captured from each of the six axis 
directions (+X, –X, +Y, –Y, +Z, –Z) and stored in each cube face.

The way that texels are fetched out of a cubemap is by using a 3D vector 
(s,t,r) as the texture coordinate to look up into a cubemap. The 3D vector is 
used to first select a face of the cubemap to fetch from, and then the coor-
dinate is projected into a 2D (s,t) coordinate to fetch from the cubemap face. 
The actual math for computing the 2D (s,t) coordinate is outside our scope 
here, but suffice to say that a 3D vector is used to look up into a cubemap. 
You can visualize the way this works by picturing a 3D vector coming from 
the origin inside of a cube. The point at which that vector intersects the 
cube is the texel that would be fetched from the cubemap. This is shown in 
Figure 9-2, where a 3D vector intersects the cube face.

The faces of a cubemap are each specified in the same manner as one would 
specify a 2D texture. Each of the faces must be square (e.g., the width and 
height must be equal) and each of the faces must have the same width and 
height. The 3D vector that is used for the texture coordinate is not normally 
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Cubemap Textures

‣ For environment mapping

‣ Indexed by a texcoord (s,t,r) (vector)

‣ Usually reflection vector is used
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stored directly per-vertex on the mesh as it is for 2D texturing. Rather, the 
most common way cubemaps are fetched from is to use the normal vector 
as a basis for computing the cubemap texture coordinate. Typically the nor-
mal vector is used along with a vector from the eye to compute a reflection 
vector that is then used to look up into a cubemap. This computation is 
described in the environment mapping example in Chapter 13, “Advanced 
Programming with OpenGL ES 2.0.”

Figure 9-2 3D Texture Coordinate for Cubemap

Texture Objects and Loading Textures

The first step in the application of textures is to create a texture object. A tex-
ture object is a container object that holds the texture data that is needed 
for rendering such as image data, filtering modes, and wrap modes. In 
OpenGL ES, a texture object is represented by an unsigned integer that is a 
handle to the texture object. The function that is used for generating tex-
ture objects is glGenTextures.

void   glGenTextures(GLsizei n, GLuint *textures)

n specifies the number of texture objects to generate
textures an array of unsigned integers that will hold n texture  object 

IDs

https://en.wikipedia.org/wiki/Reflection_mapping
https://en.wikipedia.org/wiki/Reflection_mapping


Initialization
‣ glGenTextures - creates a texture obj

‣ glBindTexture - binds a texture obj

‣ glTexImage2D - loads texture data

• No border supported

• format should be the same with 
internalFormat

• Data should be aligned as specified by 
glPixelStorei

https://en.wikipedia.org/wiki/Reflection_mapping
https://en.wikipedia.org/wiki/Reflection_mapping
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Example 9-1 Generating a Texture Object, Binding It, and Loading Image Data

// Texture object handle
GLuint textureId;
   
// 2 x 2 Image, 3 bytes per pixel(R, G, B)
GLubyte pixels[4 * 3] =
{
   255,   0,   0, // Red
     0, 255,   0, // Green
     0,   0, 255, // Blue
   255, 255,   0  // Yellow
};

// Use tightly packed data
glPixelStorei(GL_UNPACK_ALIGNMENT, 1);
   
// Generate a texture object
glGenTextures(1, &textureId);

// Bind the texture object
glBindTexture(GL_TEXTURE_2D, textureId);

// Load the texture
glTexImage2D(GL_TEXTURE_2D, 0, GL_RGB, 2, 2, 0, GL_RGB, 
             GL_UNSIGNED_BYTE, pixels);
   
// Set the filtering mode
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);

In the first part of the code, the pixels array is initialized with simple 
2 ! 2 texture data. The data is composed of unsigned byte RGB triplets that 
are in the range [0, 255]. When data is fetched from an 8-bit unsigned byte 
texture component in the shader, the values are mapped from the range [0, 
255] to the floating-point range [0.0, 1.0]. Typically, an application would 
not create texture data in this simple manner but rather load the data from 
an image file. This example is provided to demonstrate the use of the API. 

Note that prior to calling glTexImage2D the application makes a call to 
glPixelStorei to set the unpack alignment. When texture data is 
uploaded via glTexImage2D, the rows of pixels are assumed to be aligned to 
the value set for GL_UNPACK_ALIGNMENT. By default, the value is 4, meaning 
that rows of pixels are assumed to begin on 4-byte boundaries. This appli-
cation sets the unpack alignment to 1, meaning that each row of pixels 



Mipmap
‣ Collection of hierarchical tex images

‣ Increases rendering speed

‣ Reduces aliasing artifacts

‣ Can be generated from the original image 
using box filtering (See source codes)

‣ Can be generated automatically by 
glGenerateMipmap -- Useful for render-to-
texture technique



Texture Filtering
‣ Minification

• Polygon projected to small area of texture --> 
sampling mode (interpolation)

• Mipmap used

‣ Magnification

• Polygon projected to large area of texture --> 
averaging

• Mipmap not used --> largest image used

‣ Set by glTexParameter

https://www.khronos.org/opengles/sdk/docs/man/xhtml/glTexParameter.xml
https://www.khronos.org/opengles/sdk/docs/man/xhtml/glTexParameter.xml


Performance Issues

‣ Minification --> using a mipmap 
filtering results in high cache 
utilization

‣ Higher filtering mode --> high 
performance cost (Some HW supports 
HW filtering)



TexCoord Wrapping

‣ How to map for texcoords outside [0,1]

‣ GL_REPEAT, GL_CLAMP_TO_EDGE, 
GL_MIRRORED_REPEAT
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Figure 9-4 GL_REPEAT, GL_CLAMP_TO_EDGE, and GL_MIRRORED_REPEAT
Modes

The three quads are rendered using the following setup code for the texture 
wrap modes.

// Draw left quad with repeat wrap mode
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_REPEAT);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_REPEAT);
glUniform1f(userData->offsetLoc, -0.7f);   
glDrawElements(GL_TRIANGLES, 6, GL_UNSIGNED_SHORT, indices);

// Draw middle quad with clamp to edge wrap mode
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
glUniform1f(userData->offsetLoc, 0.0f);
glDrawElements(GL_TRIANGLES, 6, GL_UNSIGNED_SHORT, indices);

// Draw right quad with mirrored repeat
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, 
                GL_MIRRORED_REPEAT);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, 
                GL_MIRRORED_REPEAT);
glUniform1f(userData->offsetLoc, 0.7f);
glDrawElements GL_TRIANGLES, 6, GL_UNSIGNED_SHORT, indices);

In Figure 9-4, the quad on the far left is rendered using GL_REPEAT mode. 
In this mode, the texture simply repeats outside of the range [0, 1] result-
ing in a tiling pattern of the image. The quad in the center is rendered 
with GL_CLAMP_TO_EDGE mode. As you can see, when the texture coordi-
nates go outside the range [0, 1], the texture coordinates get clamped to 
sample from the edge of the texture. The quad on the right is rendered 
with GL_MIRRORED_REPEAT, which mirrors and then repeats the image 
when the texture coordinates are outside [0, 1].  



Using Texture in 
Shaders
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Using Textures in the Fragment Shader

Now that we have covered the basics of setting up texturing, let’s take a look 
at some sample shader code. The vertex–fragment shader pair in Example 
9-3 from the Simple_Texture2D sample demonstrates the basics of how 2D 
texturing is done in a shader.

Example 9-3 Vertex and Fragment Shader for Performing 2D Texturing

GLbyte vShaderStr[] =  
   "attribute vec4 a_position;   \n"
   "attribute vec2 a_texCoord;   \n"
   "varying vec2 v_texCoord;     \n"
   "void main()                  \n"
   "{                            \n"
   "   gl_Position = a_position; \n"
   "   v_texCoord = a_texCoord;  \n"
   "}                            \n";
   
GLbyte fShaderStr[] =  
   "precision mediump float;                           \n"
   "varying vec2 v_texCoord;                           \n"
   "uniform sampler2D s_texture;                       \n"
   "void main()                                        \n"
   "{                                                  \n"
   "  gl_FragColor = texture2D(s_texture, v_texCoord); \n"
   "}                                                  \n";

The vertex shader takes in a two-component texture coordinate as a vertex 
attribute and passes it through as a varying to the fragment shader. The frag-
ment shader consumes that varying and will use it as a texture coordinate for 
the texture fetch. The fragment shader declares a uniform variable of type 
sampler2D called s_texture. A sampler is a special type of uniform variable 
that is used to fetch from a texture map. The sampler uniform will be loaded 
with a value specifying the texture unit to which the texture is bound; for 
example, specifying that a sampler with a value of 0 says to fetch from unit 
GL_TEXTURE0, and a value of 1 from GL_TEXTURE1, and so on. The way that 
textures get bound to texture units is using the glActiveTexture function.

void   glActiveTexture(GLenum texture)

texture the texture unit to make active, GL_TEXTURE0, GL_TEXTURE1,
… , GL_TEXTURE31



Using Texture in 
Shaders

‣ Sampler is not the texture id, but the 
texture unit to which the texture is bound.

‣ Texture unit is set by glActiveTexture

‣ Texture value is fetched in the shader by 
the built-in texture2D/textureCube 
(currently texture)

‣ Six cube images need to be loaded for 
cubemap

https://www.khronos.org/opengles/sdk/docs/man/xhtml/glActiveTexture.xml
https://www.khronos.org/opengles/sdk/docs/man/xhtml/glActiveTexture.xml
https://www.khronos.org/opengles/sdk/docs/manglsl/xhtml/texture.xml
https://www.khronos.org/opengles/sdk/docs/manglsl/xhtml/texture.xml


Compressed Textures
‣ Why?

• To reduce memory footprint

• To save memory bandwidth when fetching 
textures in a shader

• To reduce app size

‣ Optional

‣ No format defined --> HW-dependent

‣ glCompressedTexImage2D



Texture Subimage 
Specification

‣ glTexSubImage2D

‣ glCompressedTexSubImage2D

https://www.khronos.org/opengles/sdk/docs/man/xhtml/glTexSubImage2D.xml
https://www.khronos.org/opengles/sdk/docs/man/xhtml/glTexSubImage2D.xml


Copying Tex Data from 
the Color Buffer

‣ To use rendered image as a texture

‣ RTT (Render-to-texture) using FBO is 
faster

‣ Copying from back buffer/pbuffer/FBO

‣ glCopyTexImage2D, glCopyTexSubImage2D

‣ Copying to fewer channel is allowed, but 
not to more channel



Optional Extensions

‣ 3D textures

‣ floating-point textures

‣ Ericsson texture compression (ETC)

‣ non-power-of-2 (npot) textures -- 
restrictions on wrapping & filtering

https://en.wikipedia.org/wiki/Ericsson_Texture_Compression
https://en.wikipedia.org/wiki/Ericsson_Texture_Compression

