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ADynamic programming
c-1 C c+1l
AJnary term  : cost of removing pixel,
saliency ( Avidan and Shamir 2007)

KContact term  : cost of bringing pixels
iInto contact (Rubinstein et al. 2008)
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Motivation

A Could seam carving be better?

Pros cons
A Simple A Distortion of lines and
A Processing efficient structure
A Memory efficient A Greedy optimization
A Produces range of Y Han etal. 2009
retarget sizes A Seam carving with contact

term does not optimize an
energy defined directly
between input and output
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Visibility map
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Input Visibility
Image map
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Visibility map

Input Visibility Output
Image map Image
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Seam carving

Crop
Rubinstein et al. 2008

Improved
Down sample seam carving
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Energy model

Visibility map X, .| {03}

EX)=Y ¢, (X)+ > ol (X)+ D ). . (X)

r,c1<cCy r>1.,c,,cq
Unary terms Higher order cligues
(X)) = Ep Xy e #0) Sparse structure

[.] Is indicator function
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Higher order cligues

Horizontal contactter m

EY X, ~1,X, =0
H — 7,C1,Cy 7 7,{01,Cr} ! Ts{cl+1:"-rcr 1}
wv‘,chcr (XTECU te JXT‘,Cr) - { 0’ OthGI’WiSQ
Vi

12,5 Ef. .. only a function of visibility map row r
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Higher order cligues
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Higher order cligues

C

Ohepoc
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Horizontal contactter m

Ef X, =1. X, =20
H ey <3 {e,ep} s A de+1,..,0,—1}
Urepen(Xrers oy Xoe,) = {0, otherwise

E.,‘ffcbcr only a function of visibility map row r

Vertical contactter m

wycu cd(X’f‘*l Tyeees Xﬁ' 1CMX7’:17"'7X7",Cd):

\V4 Cu—l L cq—1
Eqr CusCa X’r—l,cu 1 X? Cd — =1 Z 7‘ l,e — Zc:l X’r‘:c
0, otherwise

EY. ¢, only a function of visibility map rows
r—1andr
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Energy terms

Unary term

E‘?:(

Avidan and

)nU Unary term of
Shamir 2007
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Energy terms

EH

T,C1,Cy

EV

. Cu,Cd
Distortion terms
1. Magn|tUde DHI_?},(_‘T = HI|7'~C1 - |I|T\f1~|nD
dIStance D-}-:r_:“.c'd = HI|J'*1.(:“ - |I|r-cd ‘”D
DY, . = TSR o
2_' RGB 1‘€{§3.B} .
distance DYi= S |y I
z€{R.G.B}
. D}tlc'l.c = I?’(‘l 71;&(’1—— |ﬂD
3. Relative ..,-e{;;lm 1
RGB distance py, . - S -1,
+€{R,G.,B}
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Energy terms

el =D . +SH

T,C1,Cr T, C1;Cy T,€1,Cr
EY, .. =D . +5
T Cu,Cd T, CusCd T,Cu,Cd

Seam terms

1. Repeat S Regularize spatial
cost Srowes = (=& = DDroucy distribution of
seams to prevent

H _ U A I A
2. Average rae =G - - @+ ) +1 ZH B oclumpingo
unary cost SV (en—ca—1)DY
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Energy model

Unary terms

. (XT,C) — Egc[Xr,c + O]

r,C

:Zw’;UC( + Z w’r .Cl, CI _|_ Z wmu Cd

r.c1<Cyp l r>1.,cy,cq l

Non-zero value Non-zero value

H V
Er GG Er GGy

Sparse higher order cliques
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Optimization

A Higher order cliques built over pixels on
one or two rows

Creel

H
T
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Optimization

A Higher order cliques built over pixels on
one or two rows

A Non -zero values of cligues depend on
visibility map of same one or two rows

EquCr only function of visibility map row r

ErVCqu only function of visibility map rows rand r-1
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Optimization

A Higher order cliques built over pixels on
one or two rows

A Non - zero values of cligues depend on
visibility map of one or two rows

AY can optimize with dynamic
programming for seam to remove that
minimizes this energy
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Refinement

Inputimage  Visibility map

Find
seam
q q
Relabel
o1

Visibility map  Output image

A Same algorithm, but labelling to 1 (visible)
iInstead of labelling to O (non -visible)

Remove

Image
width C

Image

optimal width C -1

seam

Without refinement
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Refinement

Inputimage  Visibility map

Find L
sedam
q q
Relabel
tol

Visibility map  Output image

A Same algorithm, but labelling to 1 (visible)
iInstead of labelling to O (non -visible)

Yes

Add i
Image Remove Optim'gl Remove Energy Image
idth optimal Seam optimal reduced idth
width C — rofon) ceam ? width C -1

With refinement
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Datas

et r‘

A 100 images from  flickr

A Will be available online
www.vision.ee.ethz.ch/~mansfiea/improvingsc/

A Performed tests with 288 parameter combinations
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