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Lenses











(Recall) Extreme Case:  Infinite Pinhole

Resulting Image



Problems with Pinholes
• Pinhole size (aperture) must be “very small” to 

obtain clear images
• If aperture size is large, images will be blurry

• But if pinhole is made smaller, less light is 
received by the image plane

• If pinhole is as small as the wavelength of light … 
DIFFRACTION blurs the image!

• Thumb rule for sharp images:

Pinhole diameter 𝑑𝑑 = 2 𝑓𝑓′𝜆𝜆 

Example: If 𝑓𝑓′ = 50𝑚𝑚𝑚𝑚; 𝜆𝜆𝑟𝑟𝑟𝑟𝑟𝑟 =  600𝑛𝑛𝑛𝑛

  then 𝑑𝑑 = 0.36𝑚𝑚𝑚𝑚



Ok. Pinholes are Cute and Simple.

But they have problems …

Solution?



Ok. Pinholes are Cute and Simple.

But they have problems …

Solution?

Lenses!



Lenses are 
Cool



Lenses are 
Cool



Best of Both Worlds?







Can we verify the thin lens model?



Exercise: Derive Relationship between  𝒔𝒔𝒐𝒐 , 𝒔𝒔𝐢𝐢 , 𝐟𝐟 



Hint: Similar Triangles

Exercise: Derive Relationship between  𝒔𝒔𝒐𝒐 , 𝒔𝒔𝐢𝐢 , 𝐟𝐟 





Depth of Field (effect of varying aperture diameter)

Smaller aperture → larger DoF



Field of View



Field of View (effect of varying focal length)

Smaller f  larger DoF



Microscopes?



Same Mechanism



Your Eyes?



The Eye is a “Camera”

• Iris
• colored annulus 

with radial muscles

• Pupil
• the hole (aperture) 
• size is controlled by 

the iris







Digital Images



What is Color?



Subjective terms to describe color

Hue
Name of the color
(yellow,  red, blue, green, . . . )

Value/Lightness/Brightness
How light or dark a color is.

Saturation/Chroma/Color Purity
How “strong” or “pure” a color is.

Image from Benjamin Salley. Munsell Student Color Set

Hue

Chroma

Va
lu

e



What is Color?

Light waves with different wavelengths 
have different color



Recall:  Basics of Waves



Recall:  Basics of Waves



What is Color?

Light waves with different wavelengths 
have different color



A very small range of electromagnetic radiation

Generally, wavelengths from 380 to 720nm are visible to most humans



Biology of color sensations
• Our eye has three receptors (cone cells) that respond to visible 

light and give the sensation of color

Eye

Short,Medium,
Long Cones Retina

Optical nerve



Spectral power distribution (SPD)
• We rarely see monochromatic light 

in real world scenes

• Instead, objects reflect a wide 
range of wavelengths. 

• This can be described by a 
spectral power distribution (SPD) 

• The SPD plot shows the relative 
amount of each wavelength 
reflected over the visible 
spectrum.



Tristimulus color theory (Grassman’s Law)
Source color can be matched by a linear combination of three independent “primaries”.

=
Source light #1

R1* + G1* + B1*

=
Source light #2

R2* + G2* + B2*

If we combined source lights 1
& 2 to get a new source light 3

The amount of each primary needed to match the new light #3
is the sum of the weights that matched lights sources #1 & #2.

= (R1+ R2)*

Source light #3

+ (G1+ G2 )* + (B1+B2)*
This may seem obvious now, but 
discovering that “light obeys the 
laws of linear algebra" was a 
huge achievement.



RGB 
in 
Cameras



RGB in Cameras – Bayer Pattern

25% pixels see Red
25% pixels see Blue
50% pixels see Green 



RGB in Cameras – Bayer Pattern

Then how do we get 
all colors at all pixels? 



RGB in Cameras – 
Debayering / Demosaicing

How?   Interpolation !

Method 1: nearest-neighbor interpolation
• For each pixel, for the missing channel, 

assign the value of the closest pixel with that 
channel available

Method 2: Bi-Linear Interpolation
• Red-value of a non-red pixel 

 = avg of 2 or 4 adjacent reds
• Similar for green and blue

More Advanced Methods …

Original
(High 

Resolution)

Bayer (120x80) 
Intensities

Bayer 
Color-Coded

After 
Interpolation



Finally ! 
Digital RGB images!

What we see

What the camera stores



Computer Vision
“understanding” the visual world by processing (RGB) images



Point Processing vs Image Filtering











Point Processing vs Image Filtering



Next class:  Filtering and Convolution
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