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Today’s	Topic

• Rendering	Pipeline
• Modeling	transformation
• Viewing	transformation
• Projection	transformation

• Library	hierarchy



Rendering	Pipeline
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What	are the transformations	for	each	step?
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Modeling	transformations:	
Function choices

• Use OpenGL
• glTranslate[f,d](x,y,z)
• glRotate[f,d](angle,x,y,z)
• glScale[f,d](x,y,z)

• Write your own M: T, R, S
• glLoadMatrix[f,d](M)
• glMultiMatrix[f,d](M)



Use	OpenGL	functions
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• How?
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Write	your	own	S,	T,	R

• Scaling	(S)



Write	your	own	S,	T,	R	(cont.)

• Translation	(T)



Write	your	own	S,	T,	R	(cont.)

• Rotation	(R)

What are	the	
corresponding	
OpenGL	functions?



Write	your	own	S,	T,	R	(cont.)

• Rotation	(R)

What are	the	
corresponding	
OpenGL	functions?

glRotatef(𝜃 + 180/𝜋,	0,	0,	1)



Other	affine	transformations

• Reflection

• Shearing
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Matrix stack: load, push, and pop

• glLoadMatrix(M) replaces	the	current	matrix	with	the	one	whose	elements	
are	specified	byM.	The	current	matrix	is	the	projection	matrix,	modelview
matrix,	or	texture	matrix,	depending	on	the	current	matrix	mode



Matrix stack: load, push, and pop
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Viewing	Transformation:	gluLookAt()



If	no	gluLookAt is	specified	…

• The	viewing	transformation	matrix	is	identity	matrix
(i.e.	eye	coordinate	system	 ==	world	coordinate	system)
• Eye	is	at	______	of	world	space
• Looking	down	the	______________	of	world	space
• Up	vector	is	______________	

origin
negative	z	axis

positive	y	axis



Summary	of	Modelview Transformation



Projection	Transformation

• Specified	by	the	OpenGL	commands	such	as	gluOrtho2D,	glOrtho,	
glFrustum,	and	gluPerspective.

• Perspective projection: glFrustum(GLdouble left,	GLdouble right,	GLdouble
bottom,	GLdouble top,	GLdouble zNear,	GLdouble zFar)

It’s symmetric, so equivalently we can use …?
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Projection	Transformation	(cont.)

• Parallel	Projection:	glOrtho(GLdouble left,	GLdouble right,	GLdouble
bottom,	GLdouble top,	GLdouble zNear,	GLdouble zFar)



OpenGL	Hierarchy



Q&A


