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http://graphics.cs.cmu.edu/people/efros/research/EfrosLeung.html

““Texture Synthesis by Non-parametric Sampling"
Alexei A. Efros and Thomas K. Leung
IEEE International Conference on Computer Vision (ICCV'99),


http://www.cs.berkeley.edu/~efros
http://www.cs.berkeley.edu/~leungt

Stochastic texture synthesis
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L-shape window

SSD(ws,ys;we.y) = Y Y LShape(l,¢) (Ts[rs + ¢, ys + 1] = Tefwe + ¢, ye + ])?

(Ts,Ys) = argmin, ,yo1 . SSD(z, y; 74, yt).

Fast nearest neighbor queries in high dimensions



Ball tree data structures for
nearest neighbor search

Compute a k-means on S with k=2
Split S into S1 and S2 according to the two centroids
Perform recursion on S1, and S2 until |S1|<n0 and |S2|<n0



Nearest neighbor queries using ball trees

Pruning some of the nodes:
Let NN(q) denote the current best nearest neighbor of g

if [|g-c||-rg> rc then PRUNE (do not explore the subtree)

At leaves, perform the
naive linear search,
and potentially update NN(q




Careful seeding for k-means:
Perform just a careful initialization!!!

Interpolate between the two methods:

Let /)(x) be the distance between x and the nearest
cluster center. Sample proportionally to (D(x))” = D (x)

Original Lloyd's: « =0

Furthest Point. & = o0
k-means++: o —2
la. Choose an initial center ¢y uniformly at random
from A.
1b. Choose the next center ¢;, selecting ¢; = 2/ € X
D(;I:’)Q
rex D(@)?”
lc. Repeat Step 1b until we have chosen a total of £
centers.
Theorem: k-means++ is O(log k) approximate in expectation

with probability 5=



21x21 patches.

Vp-trees worked best (=fastest) for image patches....
[ECCV'08]



Vantage point trees (or vp-trees)

Partition the data according to a vantage point and a distance threshold

Relative distances are thus used.
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First split

. Split from a vantage point:
571 Inner part
—=_ Outer part

do split recursion



Vantage point trees: Pruning condition

If d(q.p) > r, + r prune the inner branch
If d(q.p) < r, — r prune the outer branch

For r, — r < d(q.p) < r, + r we have to inspect both
branches

Prune outer Prune inner Cannot prune



Many ways to partition the point sets

(d) vp-Tree

(c) Ball Tree

(b) PCA Tree

(a) kd-Tree
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GPGPU: General Purpose GPU

GPU cores

Tracking
ROls

(region of interest) ™=

Descripteur | Dimension | ANN-C++ | BE-CUDA || Gain
C 3 1m 33s 53s 1.8
cr 5 2m 05s Im 05s 1.9
CG 5 2m 35s Im 07s 2.3
cGr 7 4m 27s Im 19s 3.3
Cs 11 6m 40s Im 17s 5.2
CsP 13 5m 43s Im 12s 4.8

Distance au k=2 plus proche voisin

C: couleur (YUV)
C3: 3x3 neighinY
G: gradient

P: position

k=3



Log-Polar coordinates

= log /72 +y p=log\/ (2 —2,)2+ (y — yo)2,
L Y—Yo
0 = ar Ctan = 6 = arctan .




Log-Polar coordinates

Scales and rotations become translations

Sex = (sz, sy) — (logs + p(x), 0(x)),

Ryx = (zcosd + ysing,ycosp — rsing) — (p(x), ¢ + 6(x)).

Data reduction for retinal images...



Spherical coordinates

cospsind |
sin @

cos ¢ cos 6

Point on a sphere

(]

T .
f# = arctan — and ¢ = arctan

z




S p h e ri ca | COO rd | N ate g High Resolution Full Spherical Videos
Frank Nielsen, ITCC'02




Cylindrical coordinates

x Y
6 = arctan —, s =

o

Panoramic image stitching:

Align by a translation into the
cylindrical coordinate map...



Environment maps

Equirectangular, mirror ball, cubic, etc.



Environment maps: Mirror ball

v 4 Sphere Map Texture Image
............... e ol f
il : Orthographic
i Projection
¢ Unused
: . o Chrome . .
i portion Ball (Camers)
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Environment maps for reflections

Blinn, 1976

1982

Interface, 1985
Lance Williams

http://www.debevec.org/ReflectionMapping/



Environment maps for reflections

Abyss, Terminator 2 (1991)




Transformations and their invariants

/ Lmee Cross- I‘ELT]DS\
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Scaling
Translation [dentity i |
[sotropic Scaling Shear
Rotation o
. Rigid | | | Feflection
| | Similitude
— Linear
—_— Affine [ _
Homography

Projective




Taxonomy of projections:

_—1Isometric

Orthographic
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Multiple centers of projections (MCOP)

At

P' Qa {:h cameras
. curve

! ﬂ__1 l:l ﬁ+1 mmn

multiple-center-of-projeciion image

Reconstruction from a single MCOP images
Generalizes epipolar geometry
Resolution dependent
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Multiple centers of projections (MCOP)

Difficult to obtain in practice...
Localization



Multiple centers of projections (MCOP)

“* perspective

The art of depiction...



Stereo cyclographs...
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Image backward vs forward mapping

FORWARDMAPPING(L;, f) BACKWARDMAPPING(I;, f)
1. < Create a warped image I; by forward mapping 1. < Destination image I; of dimension wyg x hg >
2. < f: warping function 2. forv—1to hy
3. Initialize an empty image I, 3 do for u — 1 to wy
4. <« for all image lines 4. do (z,y) = g(u,v)
5. for y— 1 to h, 5 <4 Backward mapping requires resampling
6. do < for all column pixels > 6 I;[u,v] = RESAMPLE(L,, =, )
7. for r — 1 to wy,
8. do <9 Compute the source-to-destination mapping
9. (u,0) — f(2,y)
10. <4 Round coordinates to integers >
11. < (no interpolation required) 1
12. (ur, vr) — ([u], [v])

13. < Should check index bounds Resam pl | ng
H taltr ] = L] Interpolation



Image Blending: Alpha channel

I[i.7] = ali,j]F[i.j] + (1 — ali. j])Bl. j].

[=aF+(1— «a)B,

CoCo0O0000O0
iiiiiiii
CoCOoO00000
iiiiiiii
Coo00o000
iiiiiiii
o000 000
iiiiiiii

Full semitransparent coverage Partial opaque coverage Blending two colors e x

(a=1)
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Interpretation at the
microscopic level...



Image sampling/reconstruction

_ 5 Reconstruction
Discrepancy /

Continuous func )[1{)11‘-«,-14—!- Discrete images
(Analog world) » (Digital devices)

r
.
"

Aliasing

Sampling

Rate 7




Zone plate: Aliasing/ringing effect

1024x1024 256x256
downsampled
using bilinear interpolation



Continuous versus discrete convolutions

(8. 9]

(f & g)(x) = / T flhgle —t)ydi = / g(t)f(x — t)dt = (g % f) ().

f=—oc f=—oc0

Cli,jl=A2B=>Y » Ak IB[i —k,j—1].
k [

104 7 4 1
L4016 26 16 4
G=— |7 26 41 26 7
21304 16 26 16 4
14 7T 4 1




Fourier analysis

fla+1) = f(x)
Fourier discovered that all periodic signals can be represented as
a sum (eventually infinite) of sinusoidal waves: sin(-) functions, the basis

functions.

Let f(-) denote the continuous function in the spatial domain and F()
denote the dual complex function, also called s pe ctral function.

Euler formula (period 2pi)
exp(ir) = cosx + isinx

exp(ir) = cosx + isinx = cos(x + 2m) + isin(x + 27) = exp(i(z + 27))



Fourier analysis: Duality spatial/spectral domain

Spatial domain

= / / | F(u,v)exp (27 (ux 4+ vy)) dudv.
U=—oo Juv=—00

Spectral domain
(1, v) f / y)exp (—i2w (uxr + vy)) dady.
—oo Jy=—oc

F('L'Z._. 'I-’) — A('L'l-_. 'I-’) + iB("EL? "E;)



Fourier analysis: Phase/amplitude

F(u,v) = A(u,v) + iB(u,v) Frequency magnitudes

Polar coordinates: |
P(u,v) = A%(u,v) + B*(u,v)

F(u,v) = |F(u,v)|exp(ip(u,v)) Power spectrum

B(u,v)
A(u,v)

|F'(u,v) o(u,v) = arctan

Amplitude Phase



Fourier analysis: Convolution theorem

Convolution in spatial domain is a multiplication in Fourier domain

F(f®g)=V2m(Ff)x (Fg) = V2rF x G

Convolution in frequency domain is a multiplication in spatial domair

F&G=V2rF(f xg)



Fourier analysis: Discrete transformations

1 n—1 "
fi==> wxpexp(=2 Tit), Y0<j<n—1
mn

j | 1D

n—1 J}i
Irp = exp(2mi—
k ij p(27 " )

w—1 h—

T W CC L)

2D B |

w—1 h—

ZZFILE exp (2 (Z—“jt‘;;))

u=0 v=




Interpolation/reconstruction filters

Bilinear interpolation

cry = (1—=2" )y cijrita’y'cipi i+ (1—2") 1=y )eij+2" (1 -y )eiy1

C, r
Cijt1 i+1,7+1
® o
v Cay
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|

L

Y

|
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Interpolation/reconstruction filters

Sinc (Lanczos) is ideal low-pass filter (infinite support)l

Fourier transform

< >

|deal low-pass filter

Fourier domain

Resize/Resample image ﬁ
Some standard dimenzions;

Current size: 1280 « 200 Pixels Hal ] [ Double ]
Mew size: 1280 « 200 Pixels ]

) 640 % 480 Pixels
@) Set new size: (7) 800 % GO0 Pixels
Width, 1280 Height: 500 (21024 » 768 Pivels
Uitz @ pisels ® cm © inches -:- 1280 » 960 Pixels

(0 1600 % 1200 Pixels
() Set new zize az percentage of onginal; ) Best fit to desktop
Wfidth: | 100 4 Height: | 100 k4 () Desktop size [ho aspect ratio)

Size method:
Preserve azpect ratio @ Reszample [better quality)
[T] &pply sharpen after Resample Hzseuple i
[Lanczus filker [glovest] -

DRI 95 __Hermite filker [fastest]

T Triangle filter

Mitchel filker
O g Bell filker
| L ca Spline f

H

N\/\/\l\/\/\/\/\:

The sinc function
S117Tr

sinc(z) =
T

Spatial domain

Windowed sinc



Low/high frequency perception
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Phase correlation

Stitch by 2D translation
two images

(b)

fz(ma y) — fl('T + T, Y + yt)
e

Peak

Fy(u,v) = Fi(u,v) exp(=2mi(uz; + vy))

le(“‘:I U)F’; (u: U)
JFI(H:' U)F’; (u: U)L

g

Cross-power spectrum FFT can be computed
in O(nlog n) time

F* is the conjugate function

= exp(2mi(uxs + vye))




Phase correlation: Detecting the peak

Sub-pixel accuracy if we fit a quadratic function

image + noise Translated Image + noise Phase Correlation
. - ' —

50 of 50
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50 100 150 200 250 50 100 150 200 250
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Clairvoyance system
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