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• Overview

• Texture data

• Texture filtering

• Applications

• OpenGL implementation
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Overview

• The sample program Texture demonstrates how to create 
an OpenGL texture and bind it to shader

• The program, Texture, is very similar to the previous 
sample program, Shading

• In the shader, the output color is determined by per-vertex 
lighting multiplied by per-fragment texture color

• The way OpenGL 1.1 combines textures and lighting
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Overview (cont.)

• In OpenGL 2.0 and after, the correct way to handle 
texture is to use the texture color as diffuse coefficients 
(Kd)

• This needs per-fragment lighting, which is part of your 
HW2/HW3
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Additional Library for Loading Images

• OpenCV: Open Source Computer Vision Library (link)

• A cross-platform open-source C/C++ library for 
computer vision and image processing applications

• We use it for loading image textures
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https://opencv.org/


Data Structure: ImageTexture
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• Defined in imagetexture.h / imagetexture.cpp

pixel data (2D array)

OpenGL texture object (ID)



Data Structure: ImageTexture (cont.)
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flip image vertically (OpenCV’s API)

load an image and store data in a cv::Mat 
(OpenCV’s API)

3 for RGB images
4 for RGBA images



OpenCV Image Format
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OpenGL texture coordinate

(0, 0)

(0, 1) (1, 1)

(1, 0)

OpenCV image coordinate

(0, 0)

(w, h)



Data Structure: ImageTexture (cont.)
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generate an OpenGL texture object (ID)

bind the texture object for follow-up operations

set image data to texture

OpenCV stores images in BGR/BGRA format



Data Structure: ImageTexture (cont.)
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unbind texture

generate mipmap

setup texture sampling and  filtering mode



Texture Related APIs
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• Set image data to texture (ref: https://reurl.cc/NGG805)
void glTexImage2D (

 GLenum target,

 GLint level,

 GLint internalformat,

 GLsizei width,

 GLsizei height,

 GLint border,

 GLenum format,

 GLenum type,

 const void * data

);

GL_TEXTURE_2D, 
GL_TEXTURE_CUBE_MAP_POSITIVE_X, … etc.

level of details, usually set to 0

the internal format of the texture
GL_RED, GL_RG, GL_RGB, GL_RGBA,
GL_DEPTH_COMPONENT … etc.

must be 0

the format of the image data
GL_RED, GL_RG, GL_RGB, GL_RGBA … etc.

the data type of the pixel data
GL_UNSIGNED_BYTE, GL_FLOAT … etc.

a pointer to the image data in memory

https://reurl.cc/NGG805


Texture Related APIs (cont.)
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• Set the sampling and filtering mode of the bound 
texture (ref: https://reurl.cc/911AMv)

void glTexParameteri(f) (

 GLenum target,

 GLenum pname,

 GLint (GLfloat) param

);

Specifies the symbolic name of a single-
valued texture parameter, such as
GL_TEXTURE_MIN_FILTER
GL_TEXTURE_MAG_FILTER
GL_TEXTURE_WRAP_S (T) … etc.

parameter value
GL_LINEAR, GL_LINEAR_MIPMAP_LINEAR
GL_CLAMP_TO_EDGE, GL_REPEAT … etc. 

https://reurl.cc/911AMv


Recap: Texture Filtering

• Strategies

• Nearest neighbor

• Bilinear interpolation
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nearest neighbor bilinear interpolation

P3 is closest
Use P3’s pixel value

(1-a)(1-b)P1 + (a)(1-b)P2 + 
(1-a)(b)P3 + (a)(b)P4

a

b



Recap: Mipmap

• Mipmap provides a clever way to solve this problem

• Pre-process

• Build a hierarchical representation of the texture image

• Each level has a half resolution of its previous level 
(generated by linearly interpolated)

• Take at most 1/3 more memory 

15

Computer Graphics 2023



Texture Related APIs (cont.)
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• Mipmap off v.s. on

off on



Texture Related APIs (cont.)
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• Texture clamping mode

• Determine what will happen when the texture 
coordinates do not locate within [0, 1]



Data Structure: ImageTexture (cont.)
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the nth texture in the shader



Shader
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vertex shader

fragment shader

interpolated texture coordinate

sample the texture 
using texture coordinate



Adding TexCoord in Vertex Buffer 
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P1 N1 T1 P2 N2 T2

stride = 32

the byte offset of 
the first element 

of the attribute 



Data Structure: ShaderProgram
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new private data new public method

get variable location

• Modify the GouraudShadingDemoShaderProg class in 
ShaderProg.h / ShaderProgram.cpp



Main Program
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global variable

modified SceneObject

SetupScene

ReleaseResource



Main Program (cont.)
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• RenderSceneCB



Result
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Practice:
Combine your TriangleMesh 
class in HW2
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