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Source: Nayar and Nishino, "Eyes for Relighting”
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Pointers

Useful book (Free too!):

The Elements of Statistical Learning

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

Useful set of data:
@H UCI ML Repository
RIS 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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Recall: B

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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Dark night Indoor lighting Cloudy day Sunny day
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Dark night Indoor lighting Cloudy day Sunny day
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F937688 (Spectroscope) X53ARAIXTE

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

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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F937688 (Spectroscope) X53ARAIXTE

http://www.chemistryland.com/CHM107Lab/Exp7/Spectroscope/Spectroscope.html
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Brady, M. J., & Kersten, D. (2003). Bootstrapped learning of novel objects. J Vis, 3(6), 413-422
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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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ITEVRIES . BERGIE

- 18R E{HRAY (“Computational Photography”)

FBREHER BUK, , BRCK!
(source: 2d3) =EIEEE BE{RAYE!

(credit; Hasinoff et al., SIGGRAPH ASIA 2016)

E&ihe —HEZE
EEE TIEWUE ! (source: Google Research Blog)  (image credit: Hays and Efros)



http://graphics.stanford.edu/papers/hdrp/hasinoff-hdrplus-sigasia16-preprint.pdf
https://research.googleblog.com/2017/10/portrait-mode-on-pixel-2-and-pixel-2-xl.html
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REMIRIR

Source: https://www.diyphotography.net/diy create your own bokeh/



https://www.diyphotography.net/diy_create_your_own_bokeh/

u == A

N

1]




R il L g A
e~y in JEET],  IAIRTS =. 15
1T EN 2010 Bk R IR, BAE B b2 e s
%Ag@%%@,ﬁrﬁﬁ%%ﬁ%ﬂﬁ
FIE AN &
o LERAILAATIAI. .
-E**ﬁ

"1REIDRIRE, FSICISTERE"

\ PattDey X - [X(l) ..... X(gl) ]

IICF%'TJ:E”

Feature




. S B R E AR
s o ERA. E. IRFE

bR 242 N \ \
m= o SO . B M kR

* I ZE. ARER

HEE TS

| |

BRZHBEMERRIRB BiniR
BT = FAS— AR




I

S Y i

e

—J)

08

RIREE AR AES

slide credit: Fei-Fei, Fergus & Torralba



R E o)k



Fre
N/
>
(it
|F
e
SF
te

N iR

« ZRONE
s 3FIAEZRBIRTS
° Ilé\ _/I\EEi;Z,YFEI‘])RJﬁ\ y

i
Wi
ﬁ
T
&k
v
2

\{

o o VAN {552

O4&b
° /é‘%\ % Hb




ITEVRIES . BERGIE

- 18R E{HRAY (“Computational Photography”)

FBREHER BUK, , BRCK!
(source: 2d3) =EIEEE BE{RAYE!

(credit; Hasinoff et al., SIGGRAPH ASIA 2016)

E&ihe —HEZE
EEE TIEWUE ! (source: Google Research Blog)  (image credit: Hays and Efros)



http://graphics.stanford.edu/papers/hdrp/hasinoff-hdrplus-sigasia16-preprint.pdf
https://research.googleblog.com/2017/10/portrait-mode-on-pixel-2-and-pixel-2-xl.html
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Source: Wikipedia
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Demo: http://bigswww.epfl.ch/demo/ip/demos/edgeDetector/

Image credit: Joseph Redmon


http://bigwww.epfl.ch/demo/ip/demos/edgeDetector/
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Non-maximum suppression: IEtRAHDE
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Before Non-max Suppression



After Non-max Suppression
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J. Canny, A Computational Approach To Edge Detection, |IEEE Trans. Pattern
Analysis and Machine Intelligence, 8:679-714, 1986.

MATLAB: edge (image, ‘canny’)  CannyilI4iG
1. {5 FADoGXT B R T Ab 28

2. HEIBRENEEMT

3. Non-maximum suppression

4. EEINZ:
» EXSEAPNEIE, F25EASMENLK

- PEARIELELSE, ABLREEN
1<

Source: D. Lowe, L. Fei-Fei, J. Redmon


http://ieeexplore.ieee.org/xpls/abs_all.jsp?isnumber=4767846&arnumber=4767851&count=16&index=4
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Source: S. Seitz
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Sub-sampling T~ X4+

1/8

[B—1TlR—3E—FHER
- B& T~ X 4% image sub-sampling

Source: S. Seitz
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e “But what is the Fourier Transform? A visual introduction.”

https://www.youtube.com/watch?v=spUNpyF58BY

- NTHEERIRE:
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i

- WEER, &

BEAZE DK

o B/INEHERBIFEFIRANyquist rate

RHYZEH

Source: L. Zhang


https://www.youtube.com/watch?v=spUNpyF58BY
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Wagon-wheel effect

https://en.wikipedia.org/wiki/Wagon-wheel effect



https://en.wikipedia.org/wiki/Wagon-wheel_effect

Wagon-wheel effect

Imagine a spoked wheel moving to the right (rotating clockwise).
Mark wheel with dot so we can see what’s happening.

[f camera shutter 1s only open for a fraction of a frame time (frame
time = 1/30 sec. for video, 1/24 sec. for film):

DDDROB

frame O frame 1 frame 2 frame 3 frame 4
il ] ] I 1.
shutter open time

Without dot, wheel appears to be rotating slowly backwards!
(counterclockwise)

(See http://www.michaelbach.de/ot/mot-wagonWheel/index.html) Source: L. Zhang



http://www.michaelbach.de/ot/mot-wagonWheel/index.html
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Source: S. Seitz
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Gaussian pyramids [Burt and Adelson, 1983]

e mip map [Williams, 1983] ZBEM IR EFFMTA, EBE T —RIIFNEITERNFE
MER, S EBREERIBSEEN— D TRIEERA.

o wavelet transform 7 [/ HE ik 77 FAS [ 7 E H9 507 T4

FIRFAEASHIBE X NS FIELER Source: S. Seitz



Gaussian pyramids [Burt and Adelson, 1983]
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Gaussian pyramid
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Naive subsampling Proper prefiltering
(“antialiasing”)



Upsampling E3XtF

c NEE1EAN/NT

» BRAREWMKRTE?
=3 kﬁ- =] E/J ﬁ/h
Sy -E=rREsll

S
/

I11|

* (“Nearest neighbor

interpolation”)
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s BANZETMUAXENERRZENRE

Adapted from: S. Seitz
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Adapted from: S. Seitz
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Adapted from: S. Seitz
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Nearest-neighbor
interpolation

BRI B IE{E

Linear interpolation

2 M Ih1E

Gaussian reconstruction

SHEE

Source: B. Curless
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linear interpolation bilinear interpolation
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Cubic reconstruction filter
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EH: x 10
Nearest-neighbor interpolation Bilinear interpolation Bicubic interpolation
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Non-maximum suppression: IEtRAHDE
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J. Canny, A Computational Approach To Edge Detection, |IEEE Trans. Pattern
Analysis and Machine Intelligence, 8:679-714, 1986.

MATLAB: edge (image, ‘canny’)  CannyilI4iG
1. {5 FADoGXT B R T Ab 28

2. HEIBRENEEMT

3. Non-maximum suppression

4. EEINZ:
» EXSEAPNEIE, F25EASMENLK

- PEARIELELSE, ABLREEN
1<

Source: D. Lowe, L. Fei-Fei, J. Redmon


http://ieeexplore.ieee.org/xpls/abs_all.jsp?isnumber=4767846&arnumber=4767851&count=16&index=4
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Nearest-neighbor
interpolation

BRI B IE{E

Linear interpolation
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Gaussian reconstruction

SHEE

Source: B. Curless
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EH: x 10
Nearest-neighbor interpolation Bilinear interpolation Bicubic interpolation
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Rollout Photographs © Justin Kerr
http://research.famsi.org/kerrmaya.html

Also known as “cyclographs”, “peripheral images”


http://research.famsi.org/kerrmaya.html
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Credit: Matt Brown
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RIFH: Visual SLAM (Simultaneous Localization and Mapping)
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ElRITE

by Diva Sian

by swashford



http://www.flickr.com/photos/diaphanus/136915456/
http://www.flickr.com/photos/swashford/428567562/

INAERE: MAZEL

by Diva Sian

by scgbt


http://www.flickr.com/photos/diaphanus/136915456/
http://www.flickr.com/photos/scpgt/328570837/
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NASA Mars Rover images
with SIFT feature matches
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1) %0 Detection: #3)E ks S

2) fRFE Description: xiesmmeans 7
fiF
3) PLHC Matching: {RiEm MIA RaEE
T ULA? — )

Kristen Grauman
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Snoop demo
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Credit: S. Seitz, D. Frolova, D. Simakov
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“flat” 18 X 35: “edge” 1 %x: “corner” fm.:
FrE 718k xR N XERE T HEENTTEER R
RN RAHYZL

Credit: S. Seitz, D. Frolova, D. Simakov



Harris fi =2fSil: 212 E N

BEFENAZEEOW BT (y,v)

o HMHMLLBINNERE, THEBEER, FHKH,

summing up the squared differences (SSD) (u,
o SSD & X A E(u,v): I
E,)= Y [I(@+uy+v)—I(,y)]
(z,y)eW

 SSDMRSHHES L M —"

Chris Harris and Mike Stephens (1988). "A Combined Corner and
Edge Detector". Alvey Vision Conference.
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Harris fi =2fSil: 212 E N

REBAIZEREOWBE T (4v)

o HMHMLLBINNERE, THEBEER, FHKH,

summing up the squared differences (SSD) (u,
o SSD & X A E(u,v): I
E,)= Y [I(@+uy+v)—I(,y)]
(z,y)eW

o SSDik S HFL itk ME—"

e MEHNIENEO. FMBF(UVESEITE,
N<EbiRg

Chris Harris and Mike Stephens (1988). "A Combined Corner and
Edge Detector". Alvey Vision Conference.



Small motion assumption: “JVEEHERIS”
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Harris fi =2fSil: 212 E N

1%

E(u,v)

ﬁ'ﬂ\]%ug\% W iEsls (u,v)
SSD E(u,v):
= Y [a+uy+v)—I(z.y)

(u,

(x,y)eW

Z I(x,y)+ Lyu+ T, — Iz, )]
(z,y)eW

Y [Lu+ L)

(z,y)eW

X

X




Harris fi =2fSil: 212 E N
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Harris fi =2fSil: 212 E N
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Visualizing M

Slide credit: S. Lazebnik



Visualizing M

Slide credit: S. Lazebnik
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Technical note: M is often best
visualized by first taking

inverse, so long edge of ellipse
goes along edge
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Harris f = f5:

IR
o TEESITRNBE
o XNTEMRE:

o RIFBEBEITEH

o TERFIHE

o RIFPHEHXRL AR (A, >threshold)
o EF A, NEBERXENR AFIER




Harris f = f5:

IR
o TEEITRNBE

o XNTEMRE:

o RIFBEBEITEH

o TERFIHE

o RIFPHEHXRL AR (A, >threshold)
o EF A, NEBERXENR AFIER




The Harris operator: Harris §-F

“Harris operator” ${iF R I BN AU KA i,

O A1AD
= A1+ Ao
_ determinant(H)
- trace(H)

1k trace(H) = hy; + h,,
o 53N, B, BEEREBEITEEE /N

o A
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Harris Detector [Harris88]
« M1E [ 5B PE
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2 FAHarris&F

5. Non-maxima suppression JEB &R s ANl




Harris f = f5:



f value (red high, blue low)



BERIE (f > value)



f BERERA{E (non-max suppression)
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Harris f = f5:

IR
o TEESITRNBE
o XNTEMRE:

o RIFBEBEITEH

o TERFIHE

o RIFPHEHXRL AR (A, >threshold)
o EF A, NEBERXENR AFIER




IREBRHMFHIE= (in red): EBAIIAZEM=TA?
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« The Laplacian (Z7-&2¢) of Gaussian (LoG)
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Gaussian Derivatives

15t Deriv 2"d Deriv
Gaussian 0 EY:
dy 92y Y
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Laplacian of Gaussian (LoG)

82 %‘g | 62)19

b
, J

9%x?

2 2
Slight detail: for technical reasons, you need to scale the Laplacian of vz 2 d d
Gaussian if you want to compare across sigmas. norm=— 0 axz g + a zy g



Laplacian of Gaussian (LoG)

« “Blob" detector BE4& M
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image Laplacian
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characteristic scale

T. Lindeberg (1998). "Feature detection with automatic scale selection."
International Journal of Computer Vision 30 (2): pp 77--116.



https://people.kth.se/~tony/papers/cvap198.pdf
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characteristic scale

T. Lindeberg (1998). "Feature detection with automatic scale selection."

International Journal of Computer Vision 30 (2): pp 77--116.


https://people.kth.se/~tony/papers/cvap198.pdf
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Picture credit: S. Lazebnik. Paper: David G. Lowe. "Distinctive image features from scale-invariant keypoints.” /JCV 60 (2), pp. 91-
110, 2004.



http://www.cs.ubc.ca/~lowe/papers/ijcv04.pdf
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Picture credit: S. Lazebnik. Paper: David G. Lowe. "Distinctive image features from scale-invariant keypoints.” /JCV 60 (2), pp. 91-

110, 2004.


http://www.cs.ubc.ca/~lowe/papers/ijcv04.pdf
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T. Lindeberg (1998). "Feature detection with automatic scale selection."
International Journal of Computer Vision 30 (2): pp 77--116.
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Next few slides adapted from Li, Fergus, & Torralba’s
excellent short course on category and object recognition



http://people.csail.mit.edu/torralba/shortCourseRLOC/index.html
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bestDist, prediction = Inf, None
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InPEE

2D Datapoints
(colors = labels)

¢ -"{-. o ® e

o .t: :. ¢ @

g

LI 'I-'.:'
ve -'. & *
® ;- a'q'.'

o ®

H I Ala) L2

2D Predictions
(colors = labels)

. \?
O, "G &

Diagram Credit: Wikipedia




PEIRTKI B,

2D Datapoints
(colors = labels)

®
5] @ 9]
"":'-l ° s ® ® e 4 C"ﬁ ®
.. .. o OOOOD
s @ ®
o, ® 0
"‘ 3 O%OO%
oo
® foe
o ®
) o @
®
o
®
& e @
e o %o o®
* se -' - @
s O {l.
.gia'
- ®
Ty

s—HLHEH =Sl A
f&m?ﬂ%/ﬁxz TN

2D Predictions
(colors = labels)

Diagram Credit: Wikipedia










How to Define Distance Between Images

Slides from Andrej Karpathy and Fei-Fei Li http://vision.stanford.edu/teaching/cs231n/



Choice of distance metric

* Hyperparameter

-
o

Slide composited from Andrej Karpathy and Fei-Fei Li http://vision.stanford.edu/teaching/cs231n/



Demo: http://vision.stanford.edu/teaching/cs231n-demos/knn/
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https://www.cs.cornell.edu/courses/cs4780/2018fa/lectures/lecturenote02_kNN.html
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Rifkin, Yeo, Poggio. Regularized Least Squares Classification (http://cbcl.mit.edu/publications/ps/rlsc.pdf)

2003
Redmon, Divvala, Girshick, Farhadi. You Only Look Once: Unified, Real-Time Object Detection. CVPR 2016


http://cbcl.mit.edu/publications/ps/rlsc.pdf
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Softmax
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Cat score | -0.9 09 0.41 0.11 | P(cat)

Dog score | (.4 exp(x) =| e%4 1.49 |41 Norm — | 0.40 |P(dog)

Hippo score | (0.6 e0-6 1.82 0.49 | P(hippo)
5=3.72
exp((Wx)
P(class j): p(( )])

Zk exp((Wx)g)
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P(correct) = 0.05:
3.0 penalty

P(correct) = 0.5:
0.11 penalty

P(correct) = 0.9:
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O 00 P(correct) = 1:
No penalty!
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HEWTET (%): argmax (Wix)y GRS B E HT—%)
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(score function)
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wO = initialize() #initialize
for iter in range(numlters):

g =V, L(w) #eval gradient

W = W + -stepsize(iter)*g #update w
return w
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