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Course announcements

ÅHomework 1 is out.
- Due September 13th. 
- Make sure to sign up for a camera if you need one.
- Drop by YannisΩ ƻŦŦƛŎŜ ǘƻ ǇƛŎƪ ǳǇ ŎŀƳŜǊŀǎ ŀƴȅ ǘƛƳŜΦ

ÅOffice hours for the semester:
- Tiancheng: Tuesdays 5-7 pm, Smith Hall graphics lounge.
- Yannis: Fridays 5-7 pm, Smith Hall graphics lounge.



hǾŜǊǾƛŜǿ ƻŦ ǘƻŘŀȅΩǎ ƭŜŎǘǳǊŜ

ÅLeftover from lecture 2: thoughts on the image processing pipeline.
ÅSome motivational imaging experiments.
ÅPinhole camera.
ÅAccidental pinholes.
ÅThe thin lens model.
ÅLens camera and pinhole camera.
ÅPerspective.
ÅField of view.
ÅOrthographic camera and telecentric lenses.



Slide credits

Many of these slides were adapted from:

ÅKris Kitani(15-463, Fall 2016).

ÅFredoDurand (MIT).

ÅGordon Wetzstein(Stanford).



The modern photography pipeline

post-capture processing 
(lectures 5-10)

optics and 
optical controls

(lectures 2-3, 11-20)

sensor, analog 
front-end, and 

color filter array

(lectures 2, 23)

in-camera image 
processing 
pipeline

(lecture 2)



Some motivational imaging experiments



[ŜǘΩǎ ǎŀȅ ǿŜ ƘŀǾŜ ŀ ǎŜƴǎƻǊΧ

digital sensor 
(CCD or CMOS)



Χ ŀƴŘ ŀƴ ƻōƧŜŎǘ ǿŜ ƭƛƪŜ ǘƻ ǇƘƻǘƻƎǊŀǇƘ

digital sensor 
(CCD or CMOS)

real-world 
object

What would an image taken like this look like?



Bare-sensor imaging

digital sensor 
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real-world 
object



Bare-sensor imaging
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Bare-sensor imaging

digital sensor 
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real-world 
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Bare-sensor imaging

digital sensor 
(CCD or CMOS)

real-world 
object

All scene points contribute to all sensor pixels
What does the 
image on the 

sensor look like?



Bare-sensor imaging

All scene points contribute to all sensor pixels



What can we do to make our image look better?

digital sensor 
(CCD or CMOS)

real-world 
object



[ŜǘΩǎ ŀŘŘ ǎƻƳŜǘƘƛƴƎ ǘƻ ǘƘƛǎ ǎŎŜƴŜ

digital sensor 
(CCD or CMOS)

real-world 
object

barrier (diaphragm)

pinhole 
(aperture)

What would an image taken like this look like?



Pinhole imaging

digital sensor 
(CCD or CMOS)

real-world 
object

most rays 
are blocked

one makes 
it through



Pinhole imaging

digital sensor 
(CCD or CMOS)

real-world 
object

most rays 
are blocked

one makes 
it through



Pinhole imaging

digital sensor 
(CCD or CMOS)

real-world 
object

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

sensor look like?



Pinhole imaging

real-world 
object

copy of real-world object 
(inverted and scaled)



Pinhole camera



Pinhole camera a.k.a. camera obscura



Chinese philosopher Mozi 
(470 to 390 BC)

CƛǊǎǘ ƳŜƴǘƛƻƴ Χ CƛǊǎǘ ŎŀƳŜǊŀ Χ

Greek philosopher Aristotle
(384 to 322 BC)

Pinhole camera a.k.a. camera obscura



Pinhole camera terms

digital sensor 
(CCD or CMOS)

real-world 
object

barrier (diaphragm)

pinhole 
(aperture)



Pinhole camera terms

digital sensor 
(CCD or CMOS)

real-world 
object

barrier (diaphragm)

pinhole 
(aperture)

image plane

camera center 
(center of projection)



Focal length

real-world 
object

focal length f



Focal length

real-world 
object

focal length 0.5 f

What happens as we change the focal length?


