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Muler-Lyer Illusion
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=] Focal length in practice
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18 135 mm
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Focal length vs. viewpoint

* Telephoto makes it easier to
select background (a small
change in viewpoint is a big
change in background.

Greng angdare 26 men

Lengue tucals 135 mm

Fredo Durand
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APS-C Crop Body Measurement Table

lens  After 1.62

APS-C Sensor (1.62 lens multiplier)
Canon 60D, 7D, 70D, T3i, T4i

5 Hand Positions

 Multiplier

18mm 29.16mm : Three hands wide at full arms length. y, %
i 45.36mm Slightly less than two hands wide at full arms %V 7R
' length. ! !
35mm 56.7mm : One hand + width of one fist at full arms length. [%
50mm 81mm : One hand wide + width of thumb at full arms length. E K
55mm 89.1mm : Slightly less than one hand wide at full arms length. \%
e = Inside. ecuige of thumb to tip of forefinger wide with T
hand in "L" shape, thumb up.
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http://petapixel.com/2013/01/11/how-focal-length-affects-your-subjects-apparent-weight-as-seen-with-a-cat/

Fredo Durand



http://petapixel.com/2013/01/11/how-focal-length-affects-your-subjects-apparent-weight-as-seen-with-a-cat/

BERRE

» SHEE T

R/ LAY 4

Source: F. Durand



BERRE

T (L H T TIZ:%Z L

T — | I — | B /" — |
N 11T T [F-. F---..

) AR Ak ORAF HEAIALACT, T 5 HTE G A LR Rt Al LA
EEFY) LT L) R Al Yy _E Tk A2 i PR A 1) L

o fit Y7 % view camera (lens shifted w.r.t. film)

http://en.wikipedia.org/wiki/Per
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Source: F. Durand


http://en.wikipedia.org/wiki/Perspective_correction_lens
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Distortion-Free Wide-Angle Portraits on Camera Phones

(a) A wide-angle photo with distortions on subjects’ faces. (b) Distortion-free photo by our method.

YiChang Shih, Wei-Sheng Lali, and Chia-Kai Liang, Distortion-Free Wide-Angle
Portraits on Camera Phones, SIGGRAPH 2019
https://people.csail.mit.edu/yichangshih/wide_angle_portrait/



https://people.csail.mit.edu/yichangshih/wide_angle_portrait/
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Radial distortion

Radial Component of the Distortion Model
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* Arrows show motion
of projected points
relative to an ideal
(distortion-free lens)

100
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200
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400
'\l\
450 1 ™
u] 100 200 200 400 500 G000

Fixel arrar = [0.1174, 0.1159]
Focal Length = (B57.203, 657.744) +i- [0.2848, 0.28394]
Frincipal Paoint = (302717, 242 334 +i- [0.5912, 0.5571]
Shew = 0.0004198 +i- 0.0001905
Radial coefficients = (-0.2535, 01187, 0) +i [0.00231, 0.009418, 0]
Tangential coefficients = (-0.0002789, 5.174e-005) +i 00004217, 0.0001208]

[Image credit: J. Bouguet http://www.vision.caltech.edu/bouguetj/calib_doc/htmls/example.html]
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Correcting radial distortion

from Helmut Dersch



https://www.panotools.org/dersch/barrel/barrel.html

Distortion
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APS-C Crop Body Measurement Table

lens  After 1.62

APS-C Sensor (1.62 lens multiplier)
Canon 60D, 7D, 70D, T3i, T4i

5 Hand Positions

 Multiplier

18mm 29.16mm : Three hands wide at full arms length. y, %
i 45.36mm Slightly less than two hands wide at full arms %V 7R
' length. ! !
35mm 56.7mm : One hand + width of one fist at full arms length. [%
50mm 81mm : One hand wide + width of thumb at full arms length. E K
55mm 89.1mm : Slightly less than one hand wide at full arms length. \%
e = Inside. ecuige of thumb to tip of forefinger wide with T
hand in "L" shape, thumb up.
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o fit Y7 % view camera (lens shifted w.r.t. film)

http://en.wikipedia.org/wiki/Per
= spective correction lens

I 1
ey
- B
e

Source: F. Durand
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Muler-Lyer Illusion
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https://en.wikipedia.org/wiki/Mdler-Lyer illusion
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https://en.wikipedia.org/wiki/Müller-Lyer_illusion
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Vermeer’s Music Lesson

Reconstructions by Criminisi et al.
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Horizon Line

' \Vanishing

Figure 23.4
A perspective view of a set of parallel lines in the plane. All of the lines converge to
a single vanishing point.
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Measuring height

vanishing line (horizon)

|

|
\

W
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N\

What if the point on the ground plane b, is not known?
» Here the person is standing on the box, height of box is known
—  Use one side of the box to help find b, as shown above
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St. Jerome in his Study, H. Steenwick

Bringing Pictorial Space to Life: Computer Techniques for the Analysis of Paintings.
Antonio Criminisi, Martin Kemp, Andrew Zisserman. 2002,
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Flagellation, Piero della Francesca
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video by Antonio Criminisi
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Flagellation. Piero della Francesca. c1453.
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Intersect p,qg, with p,q,
v=(p1 X q1) X (p2 X q2)
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Epipolar Geometry: £k L

ST HON. ABRAIIAM LINCOLN, President of United States.

epipolar
lines |
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X, - X, = the disparity of pixel (X, y,)



Disparity = inverse depth

e Te

http://stereo.nypl.org/view/41729

(Or, hold a finger in front of your face and wink each eye in succession.)


http://stereo.nypl.org/view/41729

Depth from disparity: #idZ R iHE K

c  baseline =Ca

: o ; __ baselinexf
disparity = xr — x' = ~
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Nomad robot searches for meteorites in Antartica



http://www.cs.cmu.edu/~meteorite/
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Li Zhang’s one-shot stereo

camera 1 __ camera 1

projector -—< -} .
camera 2

o« WSO FT . GG E %@J%ﬁi%%T
. ﬁﬁ%%ﬂ%ﬁiﬁj‘é SRl BRAR TSR HE W A 1) = 4 55 74
e Kinect, iPhone X (using IR)Z& & £5-MIVE L 1 T Bk

projector




https://ios.gadgethacks.com/news/watch-iphone-xs-30k-ir-dots-scan-your-face-0180944/
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Multi-view stereo
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reference view neighbor views

Source: Y. Furukawa
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reference view neighbor views

Source: Y. Furukawa



Z L ANLE

reference view neighbor views

Source: Y. Furukawa
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reference view neighbor views

Source: Y. Furukawa
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Virtual Reality Video

Broxton, et al. Immersive Light Field Video
a Layered Mesh Representation. SIGGRAPH
2020.
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Photometric Stereo:

Input
(1 of 12)

Normals (RGB
colormap)

FARR IR TT i

Normals (vectors)

Shaded 3D
rendering

Textured 3D
rendering



T
I

E E
Hj /R

o« NEFRMALNIGTHE

X
/ ! 4
A

BHR

« A, mEHHASA

—

« AR

NS ST/ KuN Rl S

. !E/\?HJ\@'?ﬁﬁﬁa
LRSI g

X

~

Rthe, ZJaMFEK

&~
-« NI — A,

=K

A G
Fro BLRZFIAATLES, A4

 AJLLEATE CH PRAEAH ST @l H

o WBPATIEM, FEALZEI

JE T Bk 220 A2

HBHEE



£ 1=\ 9
JECH
MJUARAS A T 1L A0] JE B A AR S A7 B e 28 IR R 7

2 Grit A FF B o A A Se i HE IR A AR A



AR E I 1) 2 H s

« Forensics: HUilF
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Source: Nayar and Nishino, “Eyes for Relighting”



Source: Nayar and
Nishino, “Eyes for
Relighting”




Source: Nayar and Nishino, “Eyes for Relighting”



https://www.bilibili.com/bangumi/play/ep28950?t=717
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https://www.bilibili.com/bangumi/play/ep28950?t=717

JEN 5 i

https://www.bilibili.com/video/BV1EV411y7094

(FRIIRE % 70 )


https://www.bilibili.com/video/BV1EV411y7g4

Pointers

Useful book (Free too!):

The Elements of Statistical Learning

Hastie, Tibshirani, Friedman
https://web.stanford.edu/~hastie/ElemStatL earn/

Useful set of data:

J UCI ML Repository

https://archive.ics.uci.edu/ml/datasets.html



https://web.stanford.edu/~hastie/ElemStatLearn/
https://archive.ics.uci.edu/ml/datasets.html
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With left eye shut, look at the cross on the left. At the right distance, the
circle on the right should disappear (Glassner, 1.8).
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Spectrum
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Relative power
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Recall: 7H 2K

With left eye shut, look at the cross on the left. At the right distance, the
circle on the right should disappear (Glassner, 1.8).
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The light in our lives

Even the brightest indoor spaces are dim compared with the outdoors in daylight

Light intensity

(lux)
. . _100,000 o
Direct sunshine
. 10000 .
Daylight - Operating theatres
Overcast day ‘ —— 1000 1 3 Supermarkets
2
100 — L Offices

L.aboratories

Very dark day ‘ =

Wi Classrooms
Deep twilight Waiting rooms
Full moon O Homes
Theatres
Warehouses
Quarter moon (
Starlight

Overcast night ‘

SOURCE: NATIONAL OPTICAL ASTRONOMY OBSERVATORY

https://threader.app/thread/1134003178515701762



https://threader.app/thread/1134003178515701762

Dark night Indoor lighting Cloudy day Sunny day
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Dark night Indoor lighting Cloudy day Sunny day

Dark night Indoor lighting Cloudy day Sunny day
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incandescent bulbs

fluorescent bulbs

http://www.chemistryland.com/CHM107L ab/Exp7/Spectroscope/Spectroscope.html



http://www.chemistryland.com/CHM107Lab/Exp7/Spectroscope/Spectroscope.html

Warm Cool
illumination illumination

Blue&black
material

White&gold
material

e

Current Biology
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Fraction of light abscroed

Wavelength



1 [A] RIER £




AR RIBR AT A B 7




MR %

- Bayer filter Z/xjE# 53 ANHE
PG, Foum Ne. s —

NMlE. FMMERA A ﬁl‘éf‘iji,i H

— RN e e, ey p”
E]%/?/J t/\@“ﬁ‘:}% N\ ﬁbﬂz‘%ﬂ ﬁljfﬁﬁ ‘b_nx Bayer filter pattern in front of sensor

« “demosaicked” color image:fiti 11
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What the camera sees Demosaicked image
https://en.wikipedia.org/wiki/Bayer_filter (“raw” image)



https://en.wikipedia.org/wiki/Bayer_filter
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Combined color image (1911)
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Dark night Indoor lighting Cloudy day Sunny day
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Dark night Indoor lighting Cloudy day Sunny day

Dark night Indoor lighting Cloudy day Sunny day
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