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Source: “80 million tiny images” by Torralba, et al.
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Edge detection 34 %l
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Image derivatives: &

o WA EEFIX YN “REER” 2
— Option 1: FEFE#H N ESL KA f

— Option 2: i &5 &k B discrete derivative (finite difference)
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Source: S. Seitz



Image gradient: EGEEE

o PGB 5 S vi=9L9
IR UL 2 Fi R L7 1) R = R A R B AR A

I Vi =[50 l . vs =[5k 5]

o 1A R 5 S T M I
Of\2 Of\2
IV Al = /D) + (&)
FRATAT LB 1 )y 1
_ —i [EF ;8F
f = tan (a—y/%)

o BEEERITT R AT LR N7 T, AT A A 98 AR e

8

Source: Steve Seitz
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Convolution
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Image with Edge Edge Location

Derivatives detect Smoothed derivative removes
edge and noise noise, but blurs edge

Image + Noise
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 Derivative of Gaussian (DoG)
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Source: Wikipedia
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Demo: http://bigwww.epfl.ch/demo/ip/demos/edgeDetector/

Image credit: Joseph Redmon


http://bigwww.epfl.ch/demo/ip/demos/edgeDetector/
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theta = atan2(gy, gx)
360

Gradient orientation angle



Image with Edge Edge Location

Derivatives detect Smoothed derivative removes
edge and noise noise, but blurs edge

Image + Noise



Non-maximum suppression: JEf&AFNH
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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’) Can nyﬁ%ﬁ‘mﬂ
1. {1 DoGXt 4 Fil ik 2

2. TRETRE B AT [A)
3. Non-maximum suppression

4, ERIL%G:
o EXEEKHANEIME, 152591025310 2%
. Fjﬂé%ﬁ%ﬂ"ﬁ?ﬂﬂﬁﬁiﬂ%, FH 5510 25 3% f v
71

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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first derivative peaks

larger O
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Gaussian filtered signal
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1/8 (4x zoom)

Source: S. Seitz
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Aliasing: YB¥E
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o WIRMEEANE E IR, A2 SECKERE EA N
« SFERINMES IR FRAME) S8 alias /274
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* “But what is the Fourier Transform? A visual introduction.”
https://www.youtube.com/watch?v=spUNpyF58BY
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https://www.youtube.com/watch?v=spUNpyF58BY
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Wagon-wheel effect

https://en.wikipedia.org/wiki/\WWagon-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):

DDDRPB

frame 0 frame 1 frame 2 frame 3 frame 4
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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Gaussian 1/2
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Source: S. Seitz
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Source: S. Seitz



1/2 1/4 (2x zoom) 1/8 (4x zoom)

Source: S. Seitz
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Level 4

Blurand & 1/16 resolution
subsample i Level 3
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1/4 resolution

Blur and
subsample
& / LevelI 1‘
&
Blur and ~ 1/2 resolution
subsample

Level O
Original
image



Gaussian pyramids [Burt and Adelson, 1983]

Idea: Represent NxN image as a “pyramid” of
1x1, 2x2, 4x4,..., 2*x2Ximages (assuming N=2%)

level k (= | pixe IQ\

Y v .
|
ol 7 | 3
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R /i

level kl/ / /
B ,
/ ! . 4 ‘:,
L2 ‘

AT L K g AF
* mip map [Williams, 1983] SCH LG FSGEFE I EAR . B T —RIIFUeTHE AT
11%5’].1% T UG AR A SR Gn SR — A T REERRAS

o wavelet transform 7=/ /G412 i 0 FIA [d (7 B 195 e

level 0 (= original image)

BATARF LS FHE R IX N FIELE R Source: S. Seitz



Gaussian pyramids [Burt and Adelson, 1983]

Idea: Represent NxN image as a “pyramid” of
1x1, 2x2, 4x4,..., 2*x2Ximages (assuming N=2%)

level k (= 1 pixel
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level k-2 / / / /Y
7 7 7
e B
! .
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level 0 (= original image)
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Source: S. Seitz



Gaussian pyramid
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Nawe subsampling

Proper prefiltering
(“antialiasing”)
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* What should happen when you make the
checkerboard smaller and smaller?

Image turns grey!
(Average of black and
white squares,
because each pixel
contains both.)

Proper prefiltering
(“antialiasing”)

Nawe subsampling



Upsampling _E¥#
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Flx]

1 2 3 4 5>
BRI AR ZELAE 51 “EN”
Flz,y] = quantize{ f(zd, yd)}

o B RARIESHE T LN EHCRT
o AT AT LUK EIE SR A PR 2 ?

Adapted from: S. Seitz
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1 2 3 4 5>
BRI AR ZELAE 51 “EN”
Flz,y] = quantize{ f(zd, yd)}

o B RARIESHE T LN EHCRT
o AT AT LUK EIE SR A PR 2 ?

Adapted from: S. Seitz
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1 d =1 in this

example
A |
1 2 25 3 4

o HWATARIE £ 1B
o FE-MNEUEE: f
o MKAR AT CLRIERE B 2R i
- BF HWNiESIRE, RHE %ﬁééﬁzﬁﬁﬁ{a
fr(z) = F(;) when % is an integer, 0 otherwise

. /@ﬁﬁéﬁ’?’fﬁﬁjﬁﬁﬁﬁffﬁ7ﬁ TN RSLTY, Ry IR
f=hxfr

Adapted from: S. Seitz



gauss(x) ]
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Nearest-neighbor
interpolation
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Linear interpolation
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Gaussian reconstruction
=

Source: B. Curless
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h(m/\ h(z,y)

performs (tent function) performs —
linear interpolation bilinear interpolation

BT eI e A B A1 AR
« Bicubic — e i T ik £
o THEEE BUE M AR T RER S BARAN S

(12-98-6C)|x| =(-18+12B+6C)|x +(6-28) |x[<1
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otherwise

Cubic reconstruction filter
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Nearest-neighbor interpolation
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Bilinear interpolation

WL NMATE

Bicubic interpolation
W= R AdE
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3D view


file:///c:/snavely/bin/snoop
file:///c:/snavely/bin/snoop.exe
file:///C:/snavely/work/teaching/09Sp-CS1114/lectures/lec2/t100.ply
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g (xy) =f(xy)+20 g (xy) =f(-xy)
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Source: L. Zhang
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Source: L. Zhang



Cross-correlation HAH3E

F. B& H . 1@ (ﬁxj\ 2k+1 x 2k-G), . HHE

Gli, 7] = Z Z Hlu,v]F[i + u, 7 + v]

u=-kv=-%k

X542 cross-correlation AR :
G=HQXF
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Mean filtering -
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Source: D. Lowe
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Source: K. Grauman
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https://www.flickr.com/photos/geezaweezer/16089096376/
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Source: Fergus, ef al. “Removing Camera Shake from a Single Photograph”, SIGGRAPH 2006
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Source: https://www.diyphotography.net/diy_create_your_own_bokeh/



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

y;Ep=y wRlll



David Marr

Stages of Visual Representation, David Marr, 1970s

Input image

@

Input
Image

Edge image

Primal
Sketch

Perceived
intensities
QEIIIEEN D)

“CTHEYET

Zero crossings,
blobs, edges,

"1 Dbars, ends, virtual

lines, groups,
curves
boundaries

2D sketch

3-D model
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Sketch Representation
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(@ Original picture

(b) Differentiated picture (c) Feature points selected
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Lawrence Gilman Roberts, “Machine Perception of Three-Dimensional Solids”, 1963



