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SLR view finder

• Reflex (R in SLR) means that we see through the same lens 
used to take the image. 

• Not the case for compact cameras
• Pros and cons?
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SLR view finder

lens

Mirror 
(when viewing)

Mirror 
(flipped for exposure)

Film/sensor

Prism Your eye

Light from scene
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SLR view finder
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SLR anatomy
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Shutter

• Most of the time, the film/sensor is protected from light
• When we take a picture, the shutter opens and closes, 

thereby exposing the film. 
• Exposure is proportional to 

the time the shutter is open
• Expressed in fraction of a second 

(1/60s, 1/125s, 1/250s, 1/500s, etc.)
shutter

Two types of shutter
The two-blind system (right) 
is most common
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Mirror and camera shake

• http://www.photozone.de/3Technology/camtec2.htm
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Questions?
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Focal length: pinhole optics

• What happens when the film is half the size?
• Application:

– Real film is 36x24mm 
– On the 20D, the sensor is 22.5 x 15.0 mm
– Conversion factor on the 20D?
– On the SD500, it is 1/1.8 " (7.18 x 5.32 mm) 
– What is the 7.7-23.1mm zoom on the SD500?

pinhole

Film/
sensor scene

f d

½ s

2f
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Sensor size

• Similar to cropping

source: canon red book
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Smaller sensors

Kodak/Olympus 4/3

Full frame 35mm
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http://www.photozone.de/3Technology/digital_1.htm
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Pixel size
• http://www.photozone.de/3Technology/digital_2.htm
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Megapixel & print size

• http://www.photozone.de/3Technology/digital_4.htm
• (pessimistic IMHO)
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Sensor size does matter

• Perspective (hard to make a wide angle)
• Noise
• Dynamic range
• Depth of field
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Depth of field

• It’s all about the size of the lens aperture

lenssensor

Point in focus

Object with texture

lens

sensor Point in focus

Object with texture
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http://www.outbackphoto.com/workshop/
phototechnique/essay07/essay.html

D2X (1.5x) 1DsMkII (full frame)



Frédo Durand  — MIT Computer Science and Artificial Intelligence Laboratory - fredo@mit.edu

Special lenses

• Note that small sensors on DSLRs don't use the periphery of 
lenses

• And because of the conversion factor, it's hard to get wide 
angle

• This is why manufacturers have designed special lenses
– Project a smaller image circle
– Can go further back because the mirror is smaller
– EFS for Canon, XXXX for Nikon
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source: canon red book
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Questions?
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Thin lens optics

• Simplification of geometrical optics for well-behaved lenses
• All parallel rays converge to one point on a plane located at 

the focal lens

• All rays going through the center are not deviated
– Hence same perspective as pinhole
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How to trace rays

• Start by rays through the center
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How to trace rays

• Start by rays through the center
• Choose focal length, trace parallels
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How to trace rays

• Start by rays through the center
• Choose focal length, trace parallels
• You get the focus plane for a given scene plane

– All rays coming from points on a plane parallel to the lens are focused 
on another plane parallel to the lens
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How to trace rays

• Start by rays through the center
• Choose focal length, trace parallels
• You get the focus plane for a given scene plane
• Add more rays
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Field of view & focusing

• What happens to the field of view when one focuses closer?
– It's reduced

film 
focused 
at 
infinity

film 
focused 
close
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Field of view & aperture

• Does the aperture change the field of view?
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Field of view & aperture

• Does the aperture change the field of view?
– No!
– However, the blurry background uses more slanted rays
– Similar to the boundary issue in blurring
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Zoom & focusing

• I replace the lens by one with longer focal length
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Zoom & focusing

• I replace the lens by one with longer focal length
– need to move much further to focus, esp. for close focusing distance
– Basic zooms don't stay focused when you soom in/out!
– Modern zooms do
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Questions?
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Lens quality varies!

source: the luminous landscape
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source: the luminous landscape
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Lens quality

• MTF
• Sharpness 
• Contrast 
• Bokeh
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Why are lenses so complicated?

• Chromatic aberration
– Dispersion!

• vignetting
• Flare

• Sharpness
• Bokeh
• Contrast
• MTF
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Lenses are complex

source: canon red book
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Lens buzzwords

• UD
• Fluorite
• DO
• Aspherical
• Coating
• Apochromatic
• FTMF
• USM, HSM, Supersonic
• IS
• L series
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Factors for optical quality

• Max aperture: hard to focus all rays
• Min aperture: diffraction
• Zoom range

– Some zooms might be better at wide angle, some at the long end
• Light in the frame

– Flare, reflection
• Center vs. periphery

– Lenses are usually better in the center
• Focusing distance
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•http://www.outbackphoto.
com/the_bag/uwe_lenses_
canon_135f2/essay.html
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• http://www.outbackphoto.com/the_bag/uwe_lenses_canon_
135f2/essay.html

source: digital outback
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• http://www.photo.net/equipment/canon/70-300do_2/
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• http://www.photo.net/equipment/canon/70-300do_2/
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• http://www.photo.net/equipment/canon/70-300do_2/
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• http://www.photo.net/equipment/canon/70-300do_2/
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• http://www.photo.net/equipment/canon/70-300do_2/
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• http://www.photo.net/equipment/canon/70-300do_2/
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Power of lenses

source: canon red book
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Copy variation

• Left: Addy's 100-400; Right: Frédo's
• (full aperture, 135mm)



Frédo Durand  — MIT Computer Science and Artificial Intelligence Laboratory - fredo@mit.edu

Lens quality characteristics

• Sharpness
• Contrast, color
• Uniformity center/periphery
• Flare, reflection
• Geometric distortion
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Impulse response problems

• Focusing light
– focus along 3D+wavelength
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Color aberration

source: canon red book
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Lens design, 
ray tracing

source: canon red book
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Spherical aberration

source: canon red book
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Comatic aberration

source: canon red book
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Astigmatism

source: canon red book
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Aspherical lenses

source: canon red book
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Aspherical lenses

source: canon red book
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Chromatic aberration

source: canon red book
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Apochromatic glass
APO" elements (UD, SUD, CaF2, LD, SLD, 
ED etc.) improve contrast and sharpness 
by reducing chromatic aberration (color 
defects) that usually occur in tele lenses. 
These elements are able to focus 
different wave lengths of one light ray in 
one point (see picture below). These 
elements are quite expensive and usually 
not used for cheaper lenses. The 
problem is however that the quality of 
these special elements varies heavily so 
the effect is often downgraded to a 
marketing gag - this is especially true for 
some third-party manufacturers! 
As a rule-of-thumbs a good long tele lens 
will always feature two or more of these 
special elements. Recently the first ultra-
wide and wide-angle lenses emerged 
using APO elements besides aspericals
in order to reduce problems with lateral 
color shifts. 

http://www.photozone.de/3Technology/lens
tec8.htm
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Fluorite

source: canon red book
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Fluorite

source: canon red book
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DO

source: canon red book
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DO

source: canon red book
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source: canon red book
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Defects

source: canon red book
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Curvature of field

source: canon red book
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Bokeh
• http://www.luminous-landscape.com/columns/sm-04-04-04.shtml
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Bokeh

• Shape of out of focus kernel
• http://www.kenrockwell.com/tech/bokeh.htm
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http://www.luminous-
landscape.com/essays/bokeh.shtml
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http://www.luminous-
landscape.com/essays/bokeh.shtml
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catadioptric (mirror)

• http://www.digit-life.com/articles2/rubinar/

• http://www.telescopes.net/HOW_TO_-_Cat_Animation.gif
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500mm vivitar ($100)
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500mm Canon (5k)
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Mirror lens
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http://www.digit-life.com/articles2/rubinar/
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Geometric distortion



Frédo Durand  — MIT Computer Science and Artificial Intelligence Laboratory - fredo@mit.edu

Barrel/Pincushion

source: canon red book
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source digital outback
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source digital outback
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Flare, reflection, vignetting

• Use a hood!
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Flare and Ghosting

source: canon red book
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Fighting reflections

source: canon red book
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Coating

source: canon red book
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Flare/ghosting special to digital

source: canon red book
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Coating for digital

source: canon red book
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Vignetting

source: canon red book
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Vignetting

• http://www.photozone.de/3Technology/lenstec3.htm
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Lens design, focusing, zooming
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Lens shapes

source: canon red book
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Multi group construction

source: canon red book
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Short zoom construction

source: canon red book
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• http://www.photozon
e.de/3Technology/len
stec7.htm
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Rear and inner focus

source: canon red book
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Floating elements

• On of the most underestimated 
effect on image quality is the 
performance deterioration towards 
closer focus distances. Curvature of 
field becomes significantly 
pronounced here and reduce the 
sharpness towards the image 
borders. The same goes for large 
aperture lenses that suffer from 
increased spherical aberrations
here. Normal lenses shift just a 
single group of elements for 
focusing. Additional floating 
elements (see picture below) can 
improve the close-focus 
performance significantly. However, 
the vast majority of all lenses does 
not feature this mechanism. Many 
ultra-wide and virtually all true 
macro lenses (e.g. 50/2.8macro, 
100/2.8macro, 200/4macro) have FEs
though. http://www.photozone.de/3Technology/lenstec7.htm
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Floating elements

source: canon red book
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Lens electronics
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source: canon red book
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Active autofocus

• Compact cameras
• http://electronics.howstuffworks.com/autofocus2.htm
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• http://electronics.howstuffworks.com/autofocus3.htm
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Autofocus
• http://www.fredmiranda.com/forum/topic/241524
• When you half-press the shutter release, the activated AF sensor "looks" 

at the image projected by the lens from two different directions (each 
line of pixels in the array looks from the opposite direction of the other) 
and identifies the phase difference of the light from each direction. In 
one "look," it calculates the distance and direction the lens must be 
moved to cancel the phase differences. It then commands the lens to 
move the appropriate distance and direction and stops. It does not 
"hunt" for a best focus, nor does it take a second look after the lens has 
moved (it is an "open loop" system).

If the starting point is so far out of focus that the sensor can't identify a 
phase difference, the camera racks the lens once forward and once 
backward to find a detectable difference. If it can't find a detectable 
difference during that motion, it stops.

Although the camera does not take a "second look" to see if the 
intended focus has been achieved, the lens does take a "second look" to 
ensure it has moved the direction and distance commanded by the 
camera (it is a "closed loop" system). This second look corrects for any 
slippage or backlash in the lens mechanism, and can often be detected 
as a small "correction" movement at the end of the longer initial 
movements. 
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compute phase difference, 
deduce distance
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source arthur morris
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Lens actuators

source: canon red book
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USM

source: canon red book
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Image stabilization

source: canon red book
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Image stabilization

source: canon red book
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Image stabilization

source: canon red book
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1000mm, 1/100s, monopod, IS
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70mm 1/25s IS (iso 1600, f/5)
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70mm 1/25s IS (iso 1600, f/5)
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MTF

• MTF

source: canon red book
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New blur index based on Photoshop!

• 100 macro: 
http://www.slrgear.com/reviews/showproduct.php/product/157/sort/2/cat
/10/page/1

• 50mm f/1.4 
http://www.slrgear.com/reviews/showproduct.php/product/140/sort/2/cat
/10/page/2

• 16-35mm 
http://www.slrgear.com/reviews/showproduct.php/product/142/sort/2/cat
/11/page/1

• 55-200 
http://www.slrgear.com/reviews/showproduct.php/product/141/sort/2/cat
/11/page/1

• 28-135 
http://www.slrgear.com/reviews/showproduct.php/product/139/sort/2/cat
/11/page/1

• 18-55 
http://www.slrgear.com/reviews/showproduct.php/product/137/sort/2/cat
/11/page/1

• 17-85 
http://www.slrgear.com/reviews/showproduct.php/product/136/sort/2/cat
/11/page/1

• 10-22 
http://www.slrgear.com/reviews/showproduct.php/product/135/sort/2/cat
/11/page/1
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Bottom line

• http://www.photozone.de/3Technology/lenstec4.htm
• Yes, you can get a cheap & razor sharp high-quality lens: 

look for a prime in the 35-100mm range
– e.g. Canon 85mm f/1.8, 50mm f/1.8
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