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Review

How far should a point be from a lens to produce parallel rays on the other
side?

What is the diopter of the human eye? By how much can the ciliary muscle
increase the diopter of the eye?



Optical Distortion
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Do you
notice
problems?
Blur?
Color?
Shape?

Put the Oculus Rift lens 40mm away from the paper. Look through the lens and
see which grid “appears” to be the least distorted. Mark your result!



Lens Focal Length, FOV trade-off

FOCAL LENGTH AND ANGLE OFVIEW
The illustration and sequence of photographs belo
which are all aken from the same viewpoint, show
that as camera lens focal length increases so the
angle of view decreases.

Trade-offs:

Hsheye lens

Extreme wide-angle lenses
o 6-8Smm are known as
fisheyes. They record a

of view. The resulting
image is very distorted,
with vertical and
horizontzl lines bowed.

Wide-angle len
Wide-angle lenses of
18-35mm have more
general applications than
fisheye lenses, Angles of
view are generous and
depth of field at 2
apertures is e

distortion tow
of the image.

Standard lens

A standard 50mm len.

fined on most 35mr s,
Useful for most types of
subject, it often has a wide
maxim: aperture,
making it good in low
light. It does not show the
same distortion as 2 wide
or long lens, and its angle
of view is similar to that of
the human eye.

Long-focus lens

Angles of view of long-
Beus len of 80-400mm
start to diminish rapidly.
With so linle of the scene
filling the frame, the
asbject is shown very
kirge, making 2 long lens
ideal for distan hjects or
cerailed close-ups. Depth
of field decreases as the
lens gets longer.

Extreme long-focus lens
Focal lengths above
400mm are speci: <
and are not usually found
on standard 2
use of a tripod
the lens is essential
because of its relatively
heavy weight. A long
shallow depth
of field and 2 small
maximum aperture.

Size

Weight

Focal length
Field of view
Distortion

Cost of materials
Ease of
manufacturing



e Lessin the center

e More on the
periphery (for
wide FOV)
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Optical Distortion Correction
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! Barrel

Distortion

Pincushion
Distortion

e

\

Optical engineering challenges:
e Approximate lens distortion parameters
e Approximate the barrel-pincushion annihilation parameters
e How do you test the result? Do you trust your perception of parallel
lines?



Spherical Aberrations

Spherical surfaces are the cheapest to manufacture!
Solution: aspheres

No Aberration Spherical Aberration




Astigmatism
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Coma

No Aberration




One More Issue
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Electromagnetic vs. Visible Spectrum
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Spectral Power of a Light Source

is like a histogram of
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Spectral Power of a Light Source

is like a histogram of

Daylight Incandescent Fluorescent
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Spectral Reflectance of Material
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Perceiving Color of an Object

white

in red light

in white light




Spectral Power Models




Chromatic Aberration
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No Aberration Chromatic Aberration




Chromatic Aberration Correction

e Find and use material with a high Abbe number (Refractive index
does not depend

Crown on wavelength)

Achromatic doublet



Chromatic Aberration



https://docs.google.com/file/d/1ImmPwhe-f9GbY9bDE_8yIMqYhuAo_jvU/preview

Reducing Weight and Cost: Fresnel Lens

I f

Principal focal
length




Imaging System Inside of a Human Eye

Output pixels: RGB Input pixels: Photoreceptors

centralis
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How Does Our Brain Piece Images Together?


https://docs.google.com/file/d/1Df-qNwCiILTb3UbdnIGQleprd_xEE5h9/preview

How Does Our Brain Piece Images Together?



https://docs.google.com/file/d/14CbUBzgQJHZUO3arnSgquysqpRhx-z-b/preview

How Does Our Brain Piece Images Together?
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https://docs.google.com/file/d/1Mclc1-CdXA2TZj4-hfeuQhbhU0HMa0Ei/preview

How Does Our Brain Piece Images Together?



https://docs.google.com/file/d/1WMIZf1gfSWXlA9y5K-yBh7shorPkseaz/preview

Peripheral Vision

oplic
nerve

centralis




Review

What are the two main types of optical distortion?

How can these two types of optical distortions be corrected: through hardware
or software?

Think about light rays in 3 dimensions. If the rays are off-axis in one
dimension, but aligned in another, then what type of optical aberration will
result?

What is the main cause of Chromatic Aberration? (Why does it happen?)



Announcements

e MP 4 due March 26th - but start early!
o Takes along time to do & lab will be full closer to due

date so start now! Read LaValle, Chapter 4, 5
e From now on, you will have mandatory weekly final : . ‘® *x
project meetings - TA for your project will contact you * . o

g ’IRTUAL REALITY

Steven M. LaValle

e Your attendance will be logged and work you
completed will be kept track of. You could get a lower

grade than the rest of your team if you don’t
contribute equally to the final project




