Recap of Filtering

A Linear filtering is dot product at
each position
I Not a matrix multiplication

I Can smooth, sharpen, translate
(among many other uses)

A We can use the Fourier transform
to represent images in the i ,y"
frequency domain. .4,,,|||Iﬁ ~
I Filtering in the spatial domain is nar gt

multiplication in the frequency
domain.




This lecture

A Image Formation
A Biological Vision
A Light and Color



From the 3D to 2D
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3D world
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Image Formation

Digital Camera
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A Absorption

A Diffusion

A Reflection

A Transparency

A Refraction

A Fluorescence

A Subsurface scattering
A Phosphorescence

A Interreflection
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A Refraction
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A Subsurface scattering
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A Phosphorescence
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light source

(Specular Interreflection)

A Interreflection



Lambertian Reflectance

A In computer vision, the complexity of light transport is mostly
ignored.

A Surfaces are often assumed to be ideal diffuse reflectors with
no dependence on viewing direction.
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https://en.wikipedia.org/wiki/Lambertian_reflectance



Digital camera

A A digital camera replaces film with a sensor
array

i Each cell in the array is lighénsitive diode that converts photons to electrons
I Two common types

A Charge Coupled Device (CCD)

A CMOS
T http://electronics.howstuffworks.com/digitatamera.htm

Slide by Steve Seitz


http://electronics.howstuffworks.com/digital-camera.htm

Sensor Array
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FIGURE 2.17 (a) Continuos image projected onto a sensor array. (b) Result of image
sampling and quantization.



Sampling and Quantization
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FIGURE 2.16 Generating a digital image. (a) Continuous image. (b) A scan line from A to B in the continuous image,
used toillustrate the concepts of sampling and quantization. (¢) Sampling and quantization. (d) Digital scan line.



Interlace vs. progressive scan

[
1=t field: Odd field 2nd field: Even field One complete frame
uzing interlaced scanning

Orne complete frame
Using progressive scanning

http://www.axis.com/products/video/camera/progressive_scan.htm Slide by Steve Seitz



http://www.axis.com/products/video/camera/progressive_scan.htm

Progressive scan or Global shutter
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http://www.axis.com/products/video/camera/progressive_scan.htm Slide by Steve Seitz



http://www.axis.com/products/video/camera/progressive_scan.htm

Interlaced

http://.axis.com/products1video/camera/proqressive scan.htm Slide by Steve Seitz



http://www.axis.com/products/video/camera/progressive_scan.htm

Rolling Shutter




The Eye

Conjunctiva
Iris

Cornea

Visual axis —_

Aqueous

Choroid

Sclera

A The human eye is a cameral!

I IrIS - colored annulus with radial muscles

I PUpil - the hole (aperture) whose size is controlled by the iris
i 2KFEGQa 0KS aFAfYEK
I photoreceptor cells (rods and cones) in the retina

Slide by Steve Seitz



Aside: why do we care about human vision in
this class?
A2S R2yQUYX ySOS&aal NAfe&o



Ornithopters




Why do we care about human vision?

A2S R2yQUYX ySOS&aal NAfe&o
A But cameras necessarily imitate the frequency

response of the human eye, so we should know that
much.

Al £t 422 O2YLMzi SN OAaAzy LINRPOLI O
scrutiny If biological vision (especially human vision)
KIRY QO LINPOYOSR OGKIFIG AG 61 a L2
judgements from 2d images.
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"Can machines fly?" The answer Is yes, because
airplanes fly.

"Can machines swim?" The answer IS no,
because submarines don't swim.

"Can machines think?" Is this question like the
first, or like the second?

Source: Norvig



The Retina

Cross-section of eye Cross section of retina

Pigmented
epithelium

Bipolar cell layer

Receptor layer



