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Proj2

Looks like the evaluation function changed in
converting to Python, and 80% on Notre Dame |

more tricky to reach.
We will tweak the percentages.

Leaderboard Gradescopeés up.



Extra Credit

Please tell us which extra credit you attempted
In Its own section of your writeup.

LQJS | Y Switeup.tiBxtoimidks this
explicit.



Alternative Textbook
Concise Computer Visiollette, 2014

_._Find & Borrow Articles, Journals, & Databases Research Help Hours, Locations, & Events Ask a Question Now Of
@E BROWN UNIVERSITY LIBRARY

Search Home Catalog Reserves Feedback Bookmarks My History Classic Josia

Concise computer vision an introduction into theory and algorithms

Reinhard Klette. B
London : Springer, [2014] ©2014. y—

"Many textbooks on computer vision can be unwieldy and intimidating in their coverage of this extensive Jeees—
discipline. This textbook addresses the need for a concise overview of the fundamentals of this field. con(ise
Concise Computer Vision provides an accessible general introduction to the essential topics in computer computer
vision, highlighting the role of important algorithms and mathematical concepts. Classroom-tested Vision

programming exercises and review questions are also supplied at the end of each chapter. This concise P
and easy to read textbook/reference is ideal for an introductory course at third- or fourth-year levelin an g

undergraduate computer science or engineering programme."

Availability (P gk

Online Resources

.‘ € Springer

e Full text available from SpringerLINK ebooks - Computer Science (2014)
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Slide source: Seitz
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Idea 1. Put a sensor in front of an object
Do we get a reasonable image?

world sensor
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ldea 2: Add a barrier to block most rays
I Pinhole in barrier

I Only sense light from one direction.
AReduces blurring.

I In most cameras, thigperture can vary in size.

world barrier sensor

»
-

Slide source: Seitz



Pinhole camera model

i

plane % NN
M pinhole 7 ity al Real

tmhage object

C
=

f = Focal length
c = Optical center of the camera

Figure from Forsyth



Projection: world coordinate® image coordinates

\

Image
center

(Ugs Vo)

Camera

Center
AU — (0,0, 0) —rt
=8
g\/H U:_X*i V=—Y*i
Z Z

p = distance from
image center

What is the effect if f and Z are equal?



Camera Obscura

Camera ObscutaGemma Frisius, 1558

Solis delignivm . Aano Christi 1544
Die 24 gpm j - Lopaniy '

The first camera

A Known to Aristotle
A Depth of the room is the effective focal length




Home-made pinhole camera



http://www.debevec.org/Pinhole/35mm-pinhole-camera.jpg
http://www.debevec.org/Pinhole/

Shrinking the aperture

Integrate over fewer angles

0.6mm 0.35 mm / /

Less light gets through @ =

[Steve Seitz]



Shrinking the aperture

0.6mm 0.35 mm

Less light gets through

Why not make the aperture as small as possible?

A Less light gets through
ADiffraction effectsé

[Steve Seitz]



Shrinking the aperture - diffraction

I mm

0.6mm 0.35 mm

LUZ

OFTICA

FOTOAUmMAY &

N m———

0.15S mm 0.07 mm

Light diffracts as wavelength of aperture equals wavelength of light



The reason for lenses

Slide by Steve Seitz



Focus and Defocus

world lens sensor
—
T
\'\ﬁcircle of
confusiono
or coma
A lens focuses light onto the film
AThere is a specific distance at whi
fother points project to a nci

the image

A Changing the shape of the lens changes this distance
Slide by Steve Seitz



Thin lenses

Cibject

il )

Thin lens equation: i

1_1 p P P
do_l_dq;_f N0 Q

Any object point satisfying this equation is in focus
What is the shape of the focus region?
How can we change the focus region?

Thin lens applet: https://sites.google.com/site/marclevoylectures/applets/operation-of-a-thin-lens
(by Andrew Adams, Nora Willett, Marc Levoy)

Slide by Steve Seitz


https://sites.google.com/site/marclevoylectures/applets/operation-of-a-thin-lens

Beyond Pinholes: Real apertures

Bokeh:

[Rushifc Wikipedia]



Depth Of Field



Depth of Field




Depth of Field

DEFTH OF FIELD

DEPTH OF FIELD

DEPTH OF FIELD

http://www.cambridgeincolour.com/tutorials/depth-of-field.htm



Aperture controls Depth of Field

A

Changing the aperture size affects depth of
field

A A smaller aperture increases the range in which the object
IS approximately in focus

A But small aperture reduces amount of light i need to
Increase exposure



Varying the aperture

Large aperture = small DOF Small aperture = large DOF
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Accidental Cameras

Accidental Pinhole anBinspeckCameras
Revealing the scene outside the picture.
Antonio Torralbg William T. Freeman



Accidental Cameras
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DSLR 1 Digital Single Lens Reflex Camera




NGO RWDNE

DSLR i1 Digital Single Lens Reflex Camera

nNSee what t

Objective (main) lens
Mirror

Shutter

Sensor

Mirror in raised position
Viewfinder focusing lens
Prism

Eye prescription lens

h e

The
world

mai n

| ens

seesoO




Shutters

2500Fps
100X SLOWER

[The Slo-Mo Guys]



Shutters

10,000FPS e
400X SLOWER s ——

[The Slo-Mo Guys]



Shutters

[The Slo-Mo Guys]



Sensors: Rolling shutter vs. global shutter

Most modern cameras have purely digital shutters.

[Reddit i r/educationalgifs 1
u/Mass1m01973]



Sensor ISO

ISO = old film terminology
= sensitivity to light

ISO 200 is twice as sensitive as ISO 100.

Digital Photography:
| SO = 6gaind or amplification of



[Don Pettit]



[Don Pettit]



Field of View (Zoom)



Field of View (Zoom)

1000 mm ) 295°
500 mm 5
300 mm &
135 mm 1w
V7mm 28mm
85 mm 20
50 mm a7
28 men 75
17 nm e a5mm
Cl

From London and Upton



Field of View (Zoom) = Cropping

1000 mm ) 2%
500 mm 5
300 mm K ]3-
135 mm %
85 mm | 28°
50 mm “ ar
28 mn 75
17 s 104*
]

From London and Upton



FOV depends of Focal Length

/

Size of field of view governed by size of the camera retina:

_t _
an” ( f)

Smaller FOV = larger Focal Length



weak perspective

perspective

focal length

mcereasing

tance from camera

dis

mcreasing

From Zisserman & Hartley



Field of View / Focal Length

Large FOV, small f Small FOV, large f
Camera close to car Camera far from the car



Fun with Focal Length (Jim Sherwood)

|

Figure 5.2


http://www.hash.com/users/jsherwood/tutes/focal/Zoomin.mov

Lens Flaws



Lens Flaws: Chromatic Aberration

Dispersion: wavelength-dependent refractive index
A (enables prism to spread white light beam into rainbow)

Modifies ray-bending and lens focal length: (I )

Color fringes near edges of image
Corrections: add 6doubl etd |l ens of f



Chromatic Aberration

Near Lens Quter Edge

Near Lens Center




Radial Distortion (e.g.o0barrel cuamdooapin

Straight lines curve around the image center




Radial Distortion

[ I N | Ml

No distortion Pin cushion Barrel

Radial distortion of the image

A Caused by imperfect lenses

A Deviations are most noticeable for rays
that pass through the edge of the lens

Corrected Barrel Distortion

Image from Martin Habbecke



Vignetting

Optical system occludes ray:
entering at obtuseangles.

Causes darkening atiges.

WhYRRDGWHY?

Computeraided lens design
(optimization) and
manufacturing made
removing (all) these flaws
__much_ easier.




I K202y Qa fAFTS O
A Absorption

A Diffusion

A Reflection

A Transparency

A Refraction

A Fluorescence

A Subsurface scattering
A Phosphorescence

A Interreflection

light source
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James Hays



 LIK202y Qa

A Absorption

A Diffusion

A Reflection

A Transparency

A Refraction

A Fluorescence

A Subsurface scattering
A Phosphorescence

A Interreflection

f AFTS O

light source

James Hays
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I LIK202yQa tAFS O

A Diffuse Reflection

light source

James Hays
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I LIK202yQa tAFS O

light source

A SpeculaReflection

James Hays



I LIK202yQa tAFS O

A Absorption

A Diffusion

A Reflection

A Transparency >
A Refraction

A Fluorescence

A Subsurface scattering
A Phosphorescence

A Interreflection

light source

James Hays



I LIK202yQa tAFS O

A Absorption

A Diffusion

A Reflection

A Transparency >
A Refraction

A Fluorescence

A Subsurface scattering ,

A Phosphorescence

A Interreflection

light source

James Hays



I LIK202yQa tAFS O

A Absorption

A Diffusion

A Reflection

A Transparency 2
A Refraction

A Fluorescence

A Subsurface scattering
A Phosphorescence

A Interreflection

light source

James Hays
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I LIK202yQa tAFS O

light source
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A Subsurface scattering

James Hays
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I LIK202yQa tAFS O

light source

A Phosphorescence

James Hays



I LIK202yQa tAFS O

A Absorption

A Diffusion

A Reflection

A Transparency >
A Refraction

A Fluorescence -

A Subsurface scattering =

A Phosphorescence
A Interreflection

light source

O
IR

(Specular Interreflection)

James Hays



Lambertian Reflectance

A In computer vision, surfaces are often
assumed to be ideal diffuse reflectors with no
dependence on viewing direction.

James Hays



Grayscale intensity

S |
00 philgBmit,edu




Color

COPUPISNE 2000 philgBnit.edu

James Hays



Images in PythohNumpy

b E a

wDImé A Yl IS
I 1m[0,0,0] = topleft pixel value in Rhannel
i Im[x, y, b] = x pixels to right, y pixels down in tfechannel
I Im[N-1, M-1, 3] = bottomright pixel in Bchannel

1 4

a

Column >
ROW 0.92 | 093] 094]| 097|062 037|085] 097] 093] 0,92 0.99 | R
095|089 082 089 056 031]075]092]081]0.95]0.91]
0.89| 072 | 0.51 | 0.55| 0.51 | 0.42 | 0.57 | 0.41 | 0.49 | 0.91 | 0.92 "o ==T"o55 G
0.96 | 0.95| 0.88 | 0.94 | 0.56 | 0.46 | 0.91 | 0.87 | 0.90 | 0.97 | 0.95 I~ "= T o1
071 | 0.81| 081 087]| 057|037 080| 0.88| 0.89| 0.79| 0.85 |— :
0.91 | 0.92
0.49 | 0.62 | 0.60 | 0.58 | 0.50 | 0.60 | 0.58 | 0.50 | 0.61 | 0.45 | 0.33 I~ "0~ o5 0.92 | 0.99
0.86| 0.84| 074 | 058 | 051 | 039 0.73| 0.92| 091 | 0.49 | 0.74 0'79 0'85 0.95| 091
096 | 0.67| 054 | 0.85| 0.48 | 0.37| 0.88| 0.90| 0.94 | 0.82 | 0.93 0'45 0'33 0.91 [ 0.92
069 | 049| 056 | 066 | 0.43| 042 | 0.77| 0.73| 0.71 | 0.90 | 0.99 0'49 0'74 0.97 | 0.95
0.79| 0.73| 090 | 067 | 0.33| 061 | 0.69 | 0.79| 0.73| 0.93 | 0.97 0'82 0'93 0.79 | 0.85
4 091 094 089] 049| 041 0.78] 0.78 | 0.77| 0.89 | 0.99 | 0.93 — —10.45 | 0.33
P e e : 0.90 | 0.99 049 | 072
0.79| 0.73| 090 | 067 | 0.33| 061 | 0.69 | 0.79| 0.73 | 0.93 | 0.97 0'82 0'93
091 094 089] 049 041 0.78] 0.78 | 0.77] 0.89 | 0.99 | 0.93 | = :
T e T T e T e oere—=o===n 0.90 | 0.99
| 079 073] 090 | 067] 0.33] 061] 0.69| 0.79] 0.73 [ 0.93] 0.97
091 094[089]049] 041|078 078]077] 089/ 0.99] 0.93

James Hays




But what is color?

ANATOMY



The Eye

Conjunctiva
Iris

Cornea

Visual axis —__

Aqueous

Choroid

Sclera

A The human eye is a camera

I IFIS - colored annulus with radial muscles

I Pupil - the hole (aperture) whose size is controlled by the iris
i 2KIFIiQa GKS &aSyazNK
I photoreceptor cells (rods and cones) in the retina

Slide by Steve Seitz



The Retina

Cross-section of eye

Ganglion axons
Ganglion cell layer

Bipolar cell layer

Receptor layer

Cross section of retina

Pigmented
epithelium

@ 1998 Sinauer Associates, Inc.




Walit, the blood vessels are In
front of the photoreceptors??

https://www.youtube.com/watch?v=L_W-1XqoxHA
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Human eyes can reflect a tiny
bit and blood in the retina
makes this reflection red.

James Hay:



