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Course announcements

A Homework3 is out.
- Due Octobef 1t
- Covers bilateral filtering and gradiesddmain processing for flash/dash.
- Any questions?

A Any comments on homewog@
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A Leftover from last lecture.
A Quick reminder: pinhole vs lens cameras.
A Focal stack.
A Confocal stereo.
A Lightfield
A Measurindightfields
A Plenopticcamera.

A Images fromightfields

A Some notes on (autfocusing.



Slide credits

Many of these slides were adapted from:

A FredoDurand (MIT).
A GordonWetzstein(Stanford).
A MarcLevoy(Stanford).



Pinhole vs lens cameras



Pinhole camera

A Everything is in focus.
A Very light inefficient.



Lens camera

focus plane:

A Only one plane is in focus.
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AR Very light efficient. How can we get an all-focus image”



Focal stack



Focal stack
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A Capture images focused at multiple planes. Analogous to what we did in HDR
A Merge them into a single all-facus image. A Focal stack instead of exposure stack



Homeworkb: focal stack imaging




Focal stack imaging

1. Capture a focal stack

2. Merge into an all Hiocus image



Focal stack imaging

1. Capture a focal stack

2. Merge into an all Hiocus image



How do you capture a focal stack?

lens focal
length f

lens aperture
fl#
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Which of these parameters would you change (and how)?



How do you capture a focal stack?
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Which of these parameters would you change (and how would you achieve that)?



How do you capture a focal stack?
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Which of these parameters would you change (and how would you achieve that)?



Capturing a focal stack

In-focus plane in each stack image




Focal stack imaging

1. Capture a focal stack

2. Merge into an all Hiocus image



How do you merge a focal stack?




How do you merge a focal stack?

1. Alignimages
2. AssignpetJA ESt gSAIKIF2NBEENB ASYIAY T aAY
3. Compute image average




How do you merge a focal stack?

1. Alignimages
2. AssignpetJA ESt gSAIKIF2NBEENB ASYOIAYy T AaAY
3. Compute image average




Image alignment

Why do we need to align the images?



Image alignment

Why do we need to align the images?
A When we change focus distance, we also change field of view (magnification).
A Also, scene may not be static (but we will be ignoring this for now).
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Image alignment




Image alignment




Image alignment

Why do we need to align the images?

A When we change focus distance, we also change field of view (magnification).
A Also, scene may not be static (but we will be ignoring this for now).
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A How do can we align the images?
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Image alignment

Why do we need to align the images?
A When we change focus distance, we also change field of view (magnification).
A Also, scene may not be static (but we will be ignoring this for now).
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How do you merge a focal stack?

1. Align images )
2. AssignpetJA ESE gSATKIF2MBERNB aSY i Ay I aAy
3. Compute image average




Weight assignment

| 26 R2 6S YSI adEBRDdZg SYdXKK LAESE A 3aK



Weight assignment
| 26 R2 6S YSI adEBRDdZg SYdXKK LAESE A 3aK

A Measure local sharpness.
A This is also how aufocus works.

How do we measure local sharpness?



Weight assignment

| 26 R2 6S YSI adEBRDdZg SYdXKK LAESE A 3aK
A Measure local sharpness.
A This is also how aufocus works.

run Laplacian operator do some Gaussian blurring (why?)



Weight assignment

| 26 R2 6S YSI adEBRDdZg SYdXKK LAESE A 3aK
A Measure local sharpness.
A This is also how aufocus works.

run Laplacian operator do some Gaussian blurring (so that nearby

Just one example, many alternatives possible. pixels have similar weights)



How do you merge a focal stack?

1. Alignimages
2. AssignpetJA ESt gSAIKIF2NBEENB ASYIAY I aAY
3. Compute image averace




Focal stack merging

and divide
by sum of
weights




Some results

example image from stack all infocus image



Another example

Focal stacking is very useful in macrophotography, where depths of field are very shall




Another example

middle image from stack all infocus image




Another look at the mixing weights

What do the mixing
weights look like?

p/ M//z//é////




Another look at the mixing weights

Depth from defocus
determining sharpest
pixel in focal stack




Depth from defocus on a mobile phone

Use focal stack from autofocus

Depth map

Focal stack All-in-focus

[Suwajanakoret al., CVPR0O1H



Another look at the mixing weights

What is a problem of
these depth maps?

p/ M//z//é////




Another look at the mixing weights

What is a problem of
these depth maps?
A Blurry because we t

process entire
neighborhoods to
compute sharpness
A Can we use any ex
iInformation to get

per-pixeldepth?




Confocal stereo



Confocal stereo

apture a 2D stack by varylmgh focus and aperture
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