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Pinhole Camera
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Each scene point contributes to only one sensor pixel
What does the 
image on the 

sensor look like?

Pinhole Camera

[Source: I. Gkioulekas]



real-world 
object

copy of real-world object 
(inverted and scaled)

Pinhole Camera

[Source: I. Gkioulekas]



Pinhole Camera
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Chinese philosopher Mozi 
(470 to 390 BC)

First mention … First camera …

Greek philosopher Aristotle
(384 to 322 BC)

Pinhole Camera
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real-world 
object

focal length 0.5 f

What happens as we change the focal length? object projection is half the size

Pinhole Camera
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real-world 
object
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diameter

Ideal pinhole has infinitesimally small size
• In practice that is impossible.

28

Pinhole Camera
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What happens as we change the pinhole diameter?

Pinhole Camera
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real-world 
object

What happens as we change the pinhole diameter? object projection becomes 
blurrier

Pinhole Camera

[Source: I. Gkioulekas]







Small (ideal) pinhole:
1. Image is sharp.
2. Signal-to-noise ratio is low.

Pinhole Camera

[Source: I. Gkioulekas]



Large pinhole: 
1. Image is blurry.
2. Signal-to-noise ratio is high.

Can we get best of both worlds?

Pinhole Camera

[Source: I. Gkioulekas]



How does this mapping work exactly?Lenses map “bundles” of rays from 
points on the scene to the sensor.

Pinhole Camera

[Source: I. Gkioulekas]



Overview

An analogy to camera

From pinhole to lens

3D projection 

Homogeneous coordinate

Camera intrinsic matrix

Camera extrinsic matrix

Applications



Projection



Projection
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