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ow google works
ow Amazon recommends books

What is digital image processing

ow X-ray CT works
ow to reduce imaging time in MRI
ow Snow is simulated in the movie FROZEN
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 What is digital image processing

* How X-ray CT works

* How to reduce imaging time in MRI

e How Snow is simulated in the movie FROZEN
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How google works

* NEZEH (Crawling)

21725 (Indexing) 60 trillion pages

i

e HEFZ(Search algorithm and page ranking)



Google HYFZ [\ 1l7: PageRank
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o 1998%FM{["IF% 17 T Google /A F] -

Page and Brin in 2003



SOBUGLE  I-Liang

Web Images Videos News Maps More ~ Search tools

About 63,500,000 results (0.33 seconds)

I-Liang Chern - SciCompWiki

www.math.ntu.edu.tw/~chern/ ~

Feb 1, 2015 - I-Liang Chern (B & R ) Professor Department of Mathematics - National
Taiwan University Office: Astro-Math 432. E-Mail: chern@math.ntu.edu.

I-Liang Chern - National Central University Department of ...
www.math.ncu.edu.tw/math/english/teachers/teacher_intro.php?user... ~

[J3] Liren Lin and I-Liang Chern*, \A kinetic energy reduction technique and
characterizations of the ground states of spin-1 Bose-Einstein condensates," ...

I-Liang Chern - Department of Applied Mathematics, NCTU
www.math.nctu.edu.tw/faculty/e_faculty_content.php?S_ID=93...1 ~

Sep 25, 2013 - President of TW SIAM and Director of CMMSC I-Liang Chern.
Contact. Email: chern@math.ntu.edu.tw; Tel: 03-571-2121 ext. 31202; Fax: ...

Chern I-Liang - Google Scholar Citations
scholar.google.com.tw/citations?user=z2s--UUAAAAJ&hl=en ~

Professor of Mathematics, National Taiwan University - math.ntu.edu.tw

Create alert. Cancel. Chern I-Liang. Professor of Mathematics, National Taiwan
University. Partial Differential Equations, Scientific Computing, Image Processing.

The Mathematics Genealogy Project - I-liang Chern
www.genealogy.ams.org/id.php?id=33322 ~

Dissertation: On the Perturbation of a Strong Wave of Systems of Hyperbolic
Conservation Laws in One Space Dimension. Advisor: James G. Glimm.



National Central University
Department of Mathematics

Name
Gender
Rank
Education
Tel
Fax
Office
E-mail
Homepage

Field

Experience

I-Liang Chern
Male

Ph.D., New York University, USA
886-3-4227151 Ext. 65107

Room 415, Hong-Jing Building
ilchern@math.ncu.edu.tw

http://scicomp.math.ntu.edu.tw/wiki/index.php/User:lichern
Scientific Computing » Numerical Partial D ifferential Equations *
Image processing ~ Partial Differential Equations

Professor National Chiao Tung University 2012~2014

Director Center of Mathematical Modeling and Scientific Computing
National Chiao Tung University 2012~2014

Professor National Taiwan University 1991-2012

Chairman (Math. Dept) National Taiwan University 1999-2002
Visiting Professor Chinese University of Hong Kong Jan.-June, 2009
Visiting Professor Nat'l Univ. of Singapore summer, 1998

Visiting Professor U.C. Berkeley 1996-1997

Adjunct assistant Prof. U. of Chicago 1990-1991

Assistant Mathematician Argonne National Lab. 1989-1991
Research Assistant Prof. Courant Institute 1987-1989

Research Associate Fellow Academia Sinica 1983-1987
Post-doctoral Fellow MSRI. Berkelev Feb.-Aua. 1984
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PageRank: 4k

ordered from 1,...,n

@ N,: the number of pages that j is linked to (out-link).
@ Define Q;; = 1/N; if there is a link from j to .

AYA

L

ZQZ-J:L

1/2

1/2

B S AT

e Each page (with inquiry words) a node of a graph and is

1/2 07
1/2 0

0
0

1
0




BrinflIPagely & Bk

@ Let r; > 0: the importance of page 7 to the inquiry.
® Normalized by » ;r; = 1.

@ The importance r; is weighted by

N N
Zﬁj Z iiT3s 1..,N

@ It is an eigenvalue problem!

Qr =r.




b a0 iR ==

@ (ry,--+,r,)" is a distribution of the importance of each

page for a particular inquiry.
e Start from, say r'¥ = (... /1) perform Qr°.

n’

@ We can continue this process
r D) — Qr™).

This is called a random walk.

e Hopefully 7™ converges to r with

Qr =r.

If so, then the ranking is determined by the order of
magnitudes of r;.
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Gene Golub, Professor at Stanford

Gene Golub, July 2005 by Nick Higham.
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Let P be a stochastic matrix. Let 0 < € < 1. Define

1
A= (1"—e)P eNeeT.

Then A > 0 is an irreducible stochastic matrix. Thus, there
exists a unique r such that Ar = r. Moreover, let

rrtl) .— Ap(®)

r® > 0,[r9L =1,

then r™ — r.
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How Amazon recommends books

o goFEMAA FE]E Amazon.com EEEIF A —Z
A R AN I Ezﬂﬁﬂiwifﬁﬁéﬁ“ﬁgi?
R AE 2 — > ai I EEROLN 19954 -
FRE R S RS S R RS 0 IRAT EUEEZT
a0 [FE A R Y HA = o o EJ%ITDVD AR
BEAE ~ RS ~ BRI - T EMm ~ Kk ~ KA
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Collaborative Filtering

@ Given (incomplete) data of rating

@ Determine whether Albert will like or dislike item 5

Albert 3 4 5 3

Userl 5 2 4 4 3
User2 3 2 2 1 5
User3 2 5 5 3 4
Userd 4 1 3 4 2



Rating by correlation-weights
@ Define similarity between two user a, b by the correlation

Z (Tap )(Tbp — Tb)
\/E Tap — \/Z Top — T

@ Define prediction of rating of user a on item p by

ZbeN sim(a, b) * (rp, — Tp)
ZbeN sim(a, )
| teml | Item2 | Item3 | Item4 | Item5 |

S|mab

pred(a,p) = 74 +

Albert 3 4 5 3 ?

Sim=0.55
Userl 5 2 4 4 3

Sim=0.00
User2 3 2 2 1 5

Sim=0.87
User3 2 5 5 3 a4

Sim=-0.4
User4 4 1 3 4 2

Reproduce from Powerpoint-Slides for Recommender Systems - An Introduction
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* Given less than 1% of books ratings

L

e Goal: predict missing ratings

s1asn o) X Z

v

< >
5 x 10° movies S— 10> queries



Netflix Problem UG

e NetflixE—Z7E[H

R DVDHY I AHSERS -
e 20117F4H > Netflix5 1
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NetflixdZ

o Netflix 2B >K & E*collaboranve ﬁltermg#/ﬁ

’jH& 5 #Hﬁ =B =4

=] K37

N 7724 (Cinematch)%710%.

(root-mean-square-error).

Netflix/>
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NetflixF':ﬁ%_E_

gtz <HP 0 & 0 ForHEA > BE>
SN 4HEE: 99,072,1124%
/NEEE: 1,408,342%
FEEREE: 1,408,344

2009/9/18 Netflix/\ =] 5 41 "BellKor's
Pragmatic Chaos” B|[X 5% -1 Netflix%
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* Given less than 1% of movie ratings

e Goal: predict missing ratings

S19Sn Q| X Z

v

< >
5 x 10° movies S— 10> queries
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Hypothesis: only small number of independent subclasses.

@ Model 1:
ElEEUER
min rank(X) subject to X;; = M;; for (i,j) € E

NP-hard
@ Model 2:

min || X ||« subject to X;; = M;; for (i,5) € E.
| X ||« = Zai(X)(singular values of X).

Convex optimization, easy.
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What is digital Image?

Image Enhancement

» Contrast Enhancement
» Image Denoising

» Image Deblurring
Image Inpainting

Image segmentation
Image registration

Image representation

Image compression

31
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What is a digital image?

IAR?

] : Q — R sampling, quantized

[, {lsisml=<j=<n}—>R 1<k=<l|

A digital image Is an array, or a matrix , of square pixels

(picture elements) arranged in columns and rows.

Binary Image (logical array)

1(i, j)={l or 0}

Chiu-Yen Kao,matlab
32
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RED

GREEN

Intensity Image
8 bit (uint8, 0-255), 16 bit (uint16, 0-65535) and double ([0 1])

MAGENTA CYAN

color Image e
35 0.1294 Blue
RGB:

G2 0.2902 0.0627 0.2902 0.2902 O.
24 bit = 2563 ~ 16 million colors ((.5176 0.1922 0.0627 Green o 1922 0.2588

0.5804 0.0627 0.0627 0.0627 0.2235 0.2588
0.5176 0.1224 0.1608 0.1224 0.1224 0.2588

0.5176 0.1608 0.0627 0.1608 0.1922 0.2588

.5490 0.2235 0.5490 Red 0.7412 0.7765 0.7765
5490 0.3882 0.5176 0.5804 0.5804 0.7765 0.7765
490 0.2588 0.2902 0.2588 0.2235 0.4824 0.2235
0.2235 0.1608 0.2588 0.2588 0.1608 0.2588

588 0 0,27

.1608 0.2588 0.2588 0.2588

s
4

hiu-Yen Kag,matla



& is{EImage Enhancement

1. Image Enhancement c. Deblur

a. Intensity Adjustment

b. Denoise

34
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Chan, Ho, Nikolova L1

70% Salt-and-Pepper

Noise

35



Impulse denoise

@ Impulse noise is Laplace noise. Fidelity function is

|u — 2|11
o Edge preserving prior J(u) = [ |Vul.
@ Denosing by min, F'(u).

F(u) = BJ(u) + ||[u — 2|11



7 AEEHDenoising

Chan, Ho, Nikolova

70% Salt-and-Pepper
37 Noise



i fEImage Inpainting

“Image
Inpainting :

An Overview”,
Guillermo Sapiro

“Fast Digital

Image

Inpainting”,

Manuel M.

Oliveira,

Brian Bowen,

Richard McKenna
and Yu-ShitgYen Kao



S BIEA

@ z: observed image, D missing inpainting domain

@ Energy functional:

E(u, D) :7Ep—|—/ lu — 2z|*
O\D
@ Prior functional:

TV: E,= |, |Vul
Elastica: E, = |, ¢(x)|Vul

where

o(s) = a + Bs?, nzv-[w]

|Vl



EsrEImage Segmentation

) . N
What is Image Segmentation? _ _ .,
s X= R, RNR, =0 fori#j

Identify objects from background i=1

Partition an image domain into disjoint regions of interest

%

%

;

Segmentation Principles: discontinuity and similarity
*Chiu-Yen Kao

40



e irImage Registration

-

-

(a) (b)

Fi1c. 4.1. 3D CT images of lungs. Branch points are marked by green dots. (a) is at TLC
(total lung capacity), (b) at FRC (functional residual capacity). The lungs, the airway tree, and the
vessel tree are marked by cyan, red, and purple, respectively

P Chen, CL Lin, IL Chern, APERFECT MATCH CONDITION FOR POINT-SET MATCHING PROBLEMS
USING THE OPTIMAL MASS TRANSPORT APPROACH, SIAM J. Image Sciences 2013. 41
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Image Representation

* Multi-scale representation (wavelets)

Origin Graph

<
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iR BRYEImage Compression

1:1 23:1
144:1

JPEG: Discrete Cosine Transform (Wiki)
43
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Stanley Osher Tony F Chan David Mumford

Some Applied Mathematicians in Image Processing
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Z }a?aag-/Tomography

(a4
A

Basic principle of tomography: superposition free tomographic cross sections
S1 and S2
compared with the projected image P

46



X-ray source

47



X-ray Computed Tomograph




Image Reconstruction

* Tomographic reconstruction :
*Radon transform

Rf(6,r) = ff(x)dx, oeS'

x-0=r

*lmaging model

z=Ru+n

*lmage reconstruction

G1ven z, reconstruct u

49



images by CT

Reconstructed




Nobel winners for CT (1979)

Godfrey Allan McLeod Cormack
Hounsfield

51



SOEIE

11

B

How google works

How Amazon recommends books

What is digital image processing

ow X-ray CT works
ow to reduce imaging time in MRI
ow Snow is simulated in the movie FROZEN



Magnetic Resonance Imaging
(MRI)

MRI Scanner Cutaway

Radio
Frequency
oil




MRI images

Typical resolution: 256 x 256 or 512 x 512



MRI history

¥ The Nobel Prize in Physiology or

48 The Nobel Prize in Physics 1952 Medicine 2003

"for their development of new methods for nuclear magnetic
precision measurements and discoveries in connection
therewith"

Paul C. Lauterbur Sir Peter Mansfield
Felix Bloch Edward Mills Purcell @ 1/2 of the prize @ 1/2 of the prize
@ 1/2 of the prize @ 1/2 of the prize . .
USA United Kingdom
USA USA ) ) o ) ) )
University of Illincis University of Nottingham,
Stanford University Harvard University Urbana, IL, USA ?chccl of Physics and
Stanford, CA, USA Cambridge, MA, USA Astronomy

Nottingham, United
Kingdom
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o BATHNZERY: BR4E B &I (Compressive Sensing)




BR 4 SR

@ In MRI, we want to reconstruct an N x N image [ from

~

f(w) defined by

f(w) _ Z f(t)e—Qmiwt/N
teZ?,
with w € Q with #Q << N2
@ Suppose N = 512. We choose (2 consisting 22 radial

lines with 512 uniform sample points on each line.
@ The reconstruction can be exact if f is sparse.

E. Candes, J. Romberg, T. Tao 2006
David Donoho 2006



Compressive sensing

(a)

(d)

Fig. I. Example of a simple recovery problem. (a) The Logan-Shepp phantom test image. (b) Sampling domain U} in the frequency plane; Fourier cocfficients are
sampled along 22 approximately radial lines. (¢) Minimum encrgy reconstruction obtained by setting unobserved Fourier coefficients to zero. (d) Reconstruction

obtained by minimizing the total variation, as in (1.1). The reconstruction is an exact replica of the image in (a).
Candes,Romberg,Tao 2006



Compressive sensing in Fourier space

@ The result of filtered backprojection is poor if €2 is sparse.

@ The result of TV regularization is exact if f is sparse:

flw),w e Q.

min ||Vu||; subject to 4(w)
u



Compressive Sensing (2004)

David Donoho

Emmanual Candes Terence Chi-Shen Tao

Michael Lustig

Candes, Romberg, Tao, Robust uncertainty principles: Exact signal reconstruction from
highly incomplete frequency information, IEEE TRANSACTIONS ON INFORMATION
THEORY, VOL. 52, NO. 2, FEBRUARY 2006 cited 4894

DL Donoho, Compressed sensing, Information Theory, IEEE Transactions on, 2006 ,
cited 6716
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A material point method for snow simulation

Alexey Stomakhin*'  Craig Schroeder’ Lawrence Chai* Joseph Teran*’  Andrew Selle*

University of California Los Angeles *Walt Disney Animation Studios

Abstract

Snow is a challenging natural phenomenon to visually simulate.
While the graphics community has previously considered accumu-
lation and rendering of snow, animation of snow dynamics has
not been fully addressed. Additionally, existing techniques for
solids and fluids have difficulty producing convincing snow re-
sults. Specifically, wet or dense snow that has both solid- and
fluid-like properties is difficult to handle. Consequently, this pa-
per presents a novel snow simulation method utilizing a user-
controllable elasto-plastic constitutive model integrated with a hy-
brid Eulerian/Lagrangian Material Point Method. The method is
continuum based and its hybrid nature allows us to use a regular
Cartesian grid to automate treatment of self-collision and fracture.
It also naturally allows us to derive a grid-based semi-implicit in-
tegration scheme that has conditioning independent of the number
of Lagrangian particles. We demonstrate the power of our method
with a variety of snow phenomena including complex character in-
teractions.

CR Categories: 1.3.7 [Computer Graphics]: Three-Dimensional
Graphics and Realism—Animation [.6.8 [Simulation and Model-
ing|: Types of Simulation—Animation

Keywords: material point, snow simulation, physically-based
modeling

<3 ".. s E i 0
Figure 1: Rolling snowball. As the snowball moves down the
hill, compressed snow sticks, demonstrating that we can handle so-
1 Introduction called packing snow effect. ©Disney.

Links: ©DL T PDF % Wes



Particle Domain (Lagrangian)

)
“w - e @ = ~
- | 8 .. o N . ‘\:t
v %{ - o, * | ' -> o
S
Particle Particle Updated deformation  Particle velocities  Collided particles Updated positions
states volumes l gradients T
O T O O O O

F_—> jF_+ r_—> lr/é—) L
Grid velocitiesWGrid velocities Collided Implicitly Materia' POint

and mass (RHS) grid velocities solved

Grid View (Eulerian) woiies  Method Overview

(©Disney.

Frame 80

Frame 12 | Frame 25

Disney's Frozen - A Material Point Method For Snhow Simulation




SOE I

1))

Bt

How google works

How Amazon recommends books

What is digital image processing

Fn
S

ow X-ray CT works
ow to reduce imaging time in MRI
ow Snow is simulated in the movie FROZEN

nf

il FHHVEER: - RIE G T B4R




HrHEC B4 R

(R EEATRTIR CEA R E
* SBTHYNE A ER R T S BT R A A
— RIERETPERIE T ~ BRI E R
- ZEAREBESE o ER - fEEESE Y
fEH -
— Bk ~ B EIEA T Y E A
- FEIH s BESGRTEARBIE ~ (L EREES T T F A AT HIE
— WO IR ~ IRt AR ~ B~ RAREE e HeE
T FURIER A AR T H
— PR giET s MR hFUEEHEN TR




iR

A

o Z%PEREIE

.« GEBE(E T

* e

. 5

HYBR Y

om|
aliny
2
&m
1]
~—
2
I I/
=N
Bl &
Im/
N mﬁ
2t
o S
R
el

X



1)

—{E/INISLE

+ EEERE AR ST

— Taiwan R User group and Data Mining
— http://www.meetup.com/Taiwan-R/

— Python, Git

R <& H FiE4LHY Open Source 4518ES » M H > AR EENEHLR
HIAEET IR E KER > Bl » ¥ TE{THY Machine Learning %D
Data Mining FEF 201N S » R VAR EENEF 1 - AL -
o] DR RV AER 2 F % #8E Machine Learning HYFZ T3 404

f"Be T —2%Data Mining /\ 5] -
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