
CSE4203: Computer Graphics

Chapter – 7 (part - C)

Viewing

Mohammad Imrul Jubair
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Outline

– Perspective projection matrix
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Homogeneous Coordinates (1/3)
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Homogeneous Coordinates (2/3)
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[x, y, w] → [x/w, y/w, 1]



Homogeneous Coordinates (3/3)
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Key property of perspective

• Size of an object on the screen is proportional 
to 1/z
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Perspective Projection (1/22)
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perspective view volume
(viewing frustum)

orthographic view volume



Perspective Projection (2/22)
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𝑛 𝑓

𝑛 𝑓



Perspective Projection (3/22)
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Perspective Projection (5/22)
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For 1D:
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For 2D:

d

z
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For 3D:

d

z

𝑧 , = 𝑧

There will be always division by z, 
so z’= z is not possible. 
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For 3D:
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Scaling z with a and 
translating it by b.



Perspective Projection (17/22)
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Perspective Projection (20/22)
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n f



Perspective Projection (20/22)
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𝑧 = 𝑛

𝑧 = 𝑓



Perspective Projection (20/22)
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Perspective Projection (20/22)
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Perspective Projection (20/22)
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a = (n+f)

b = -fn

Q: But how?

n f



Perspective Projection (22/22)
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𝑃 =

𝑃 =perspective matrix:

a = (n+f)

b = -fn

d  = ?
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Orthographic view 
volume

Summary (1/6)

pers. view. vol.
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Orthographic view 
volume

Summary (2/6)

Mcam

camera trans.

pers. view. vol.
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Orthographic view 
volume

P

Summary (3/6)

Mcam

Orth. view vol.

camera trans.

pers. view. vol.
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ScreenCan. view vol.

Orthographic view 
volume

P

Mvp

Summary (4/6)

Mcam

Morth

Orth. view vol.

camera trans.

pers. view. vol.
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ScreenCan. view vol.

Orthographic view 
volume

P

Mvp

Summary (5/6)

Mcam

Morth

Orth. view vol.

camera trans.

pers. view. vol.M = ?
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Screen

Orthographic view 
volume

Summary (6/6)

pers. view. vol.
M = Mvp* Morth * P * Mcam

M = Mvp* Mper * Mcam



Perspective Matrix (1/1)
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Perspective Transformation Chain (1/1)

1. Modeling transform: Mm

2. Camera Transformation: Mcam

3. Perspective: P

4. Orthographic projection: Morth

5. Viewport transform: Mvp
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Code: Orth. to Screen v.3 (1/2)

Drawing many 3D lines with endpoints ai and bi:

Construct Mvp

Construct Mper

Construct Mcam

M = Mvp*Mper*Mcam

for each line segment (ai, bi) do:

p = M*ai

q = M*bi

drawline (xp/Wp ,yp/Wp, xq/Wq, yq/Wq)
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Code: Orth. to Screen v.3 (2/2)

Drawing many 3D lines with endpoints ai and bi:

Construct Mvp

Construct Mper

Construct Mcam

M = Mvp*Mper*Mcam

for each line segment (ai, bi) do:

p = M*ai

q = M*bi

drawline (xp/Wp ,yp/Wp, xq/Wq, yq/Wq)
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Field-of-View (1/6)
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Field-of-View (2/6)

M. I. Jubair 35



Field-of-View (3/6)
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Field-of-View (4/6)
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Field-of-View (5/6)
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Field-of-View (6/6)
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Field-of-View (FoV)

t

-t



Practice Problem (1/2)

• Show that, the MOpenGL can be written as follows –

here, aspect = ratio of the width to the height of the view. vol. = ?
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Practice Problem (2/2)

• Derive all the matrices (using your own words):
a) Mvp

b) Morth

c) Mcam

d) P and Mper

• Rotate a camera by -45 degree along x-axis with the eye 
position at 0, 0.5, -4. For a point Pxyz ≡ (0, 0, 3), Puvw ≡ ?

• Exercise: 
– 1, 7, 8, 10
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