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“The seam carving removes the best ‘column’ to
resize an image in 2D I(x, ). In Vis., we work on 3D
images from medical imaging and all kinds of scien-
tific simulations. It will be handy to have a tool like
this, as we will instead need to find the best ‘plane’

to carve with.”
April 2015



Introduction



Introduction

Why?

Track 1: Volume data reduction

Higher-resolution volumes, storage/rendering challenges;

calls for reduced-size volumes.

Will seam carving do a good job?

Track 2: Topological analysis (data understanding)

What happens to isosurfaces when volume is “seam carved”
— does the “content-aware” seam carving also preserve topo-

logical features?



Introduction

Why?

Track 1: Volume data reduction

Higher-resolution volumes, storage/rendering challenges;

calls for reduced-size volumes.

Will How would seam carving de-a—geed-job perform?

Track 2: Topological analysis (data understanding)

What happens to isosurfaces when volume is “seam carved”
— dees-the“content-aware” How does seam carving alse-preserve

affect topological features?



Introduction

Volumetric image

Volumetric image | 3D image refers to the digitalized,
three-dimensional image in the form of a three-dimensional

array of (usually) scalars in computer memory.

By acqusition: Computed Tomography (CT), Magnetic Reso-

nance Imaging (MRI), Ultrasound Imaging, scientific simulations.

Analysis goal: (1) prepare for visualization; (2) geometric
alignment; (3) automatic structure extraction; (4) data under-

standing: segmentation, labeling, feature detection.



Introduction

Volumetric image: visualization

Slicing Isosurfacing volume rendering



Seam Carving



Crop Scale Content-aware









Seam Carving

WIDTH -= 1

Ariel Shamir “The Vision
of Image”, TEDx talk



2D image:
1= {I(m,y) | z € 0,w),y€ [O,h)}

Energy function (Li-norm of gradient):
0] 0
er(z,y) = ‘a—xf(m,y)‘Jr‘@—yI(r,y)‘

Vertical seam / x-seam:

st. jeZ, 1<j<h, and

Vi, |2(j) —2(j -] <1



Seam Carving

Optimal x-seam:

h
s** = min E €1<S:-U>
o j

i=1

Solved using dynamic programming
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Proposal: Shai Avidan and Airel Shamir, Seam carving for content-aware

image retargeting ACM Transactions on Graphics, 26(3), 2007.

It is:
e an image retargeting approach

a discrete approach

content-aware

improved and extended to retarget videos

(spatial-temporal volumes)



Seam Carving

Seam Carving for Content-Aware Image Resizing

2007

o appear i the ACMSIGGRAPH

Improved Seam Carving for Video Retargeting

Nt

Abstract

1 Introduction

2008
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Related work on seam carving:
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Volumetric Seam Carving



Volumetric Seam Carving: Pipeline

//« L
| 7 e
= X
voxels = vertices // 7
energy = arc weights solve for minimum cut =

— A

Vv
cut
s/t network X
volume / (a set of arcs)
left end-vertices
comesponding voxels~ *
sheet

(rendered as quad mesh) (a set of vertices)



Volumetric Seam Carving: Removing a “Sheet”




Volumetric Seam Carving: Graph Cut

Graph cut in an s/t network




Volumetric Seam Carving: Graph Cut

Graph cut in an s/t network




Volumetric Seam Carving: Graph Cut

Graph cut in an s/t network

Direct outcome: a partitioning of vertices into two disjoint subsets.



Volumetric Seam Carving: Definitions

I :
Hase 1= {I(m,y, z) |z €[0,w),y €[0,h),z €0, d)}

Energy function:

0
$I<‘Z~ y,z)

0
+ ‘%I(I~y7z)

"

d
€1 (90’1172) = ‘%I(x,y, 2)

x-sheet: =) = {(s00. )

st. j,ke€eZ, 1<j<h, 1<k<d, and

s* satisfies both monoticity and connectivity [RSA08]

Optimal x-sheet: h

= 33 ()

j=1k=1



Volumetric Seam Carving: Workflow

(1) Compute energy function field (volume)

Using the Li-norm of gradient definition of energy, compute at each

voxel position the energy value (a scalar). Takes O(n) for both time and

memory space where n = w - h -d.

(2) Construct graph (from voxels of the volume)




Volumetric Seam Carving: Workflow

Adding non-terminal arcs

‘OO .
ey(z,y+1,20)

—

volume XY slice at z =z

adding one node/arc =~ constant time; m ~n

totaling O(n) for graph construction (time and memory)



Volumetric Seam Carving: Workflow

(3) Solve for the minimum cut

Yuri Boykov and Vladimir Kolmogorov. An experimental comparison of min-cut/max-
flow algorithms for energy minimization in vision. IEEE transactions on pattern anal-

ysis and machine intelligence, 26(9):1124-1137, 2004.

e Algorithm with worst-case complexity O(mn2 |IC |)

e “Significantly outperforms” other standard algorithms in practice

e C++ library written and shared by the author



Optimization:

Forward vs. backward energy



Volumetric Seam Carving: Forward Energy

Issue: joining two sides after seam removal

Pitjt| Pi1j | Pitjer || Pitjt | Pigg | Pitjst | | Praja | Piej |Prtjer
|
Pijr | Pij | Pijsr || Pipt | Pip | Piga || Pig | Pig | Pijst
Pitj | Prtje1 Pij1 | Prjsr Pivj1 | Piaj
Pij1 | Pijs1 Pij1 | Pijs1 Pij1 | Pij1




Volumetric Seam Carving: Forward Energy




Volumetric Seam Carving: Forward Energy




Volumetric Seam Carving: Forward Energy




Volumetric Seam Carving: Forward Energy




Volumetric Seam Carving: Isosurface Protection

Protect certain isosurface(s) as the volume “sheet carved”

Many of the isosurfaces contain interesting and impor-
tant features of the dataset. When downsizing a volume,
we’d like to persist those features by finding a way to let
the operator protect certain isosurface(s) of interest.

Extracting an isosurface I7(c) from 3D grid data:

Marching Cubes, 1987 by Lorensen and Cline



Volumetric Seam Carving: Isosurface Protection

2D grid: Marching Squares

I"Y(c) ¢=100

DA\

70 100
_/



Volumetric Seam Carving: Isosurface Protection




Volumetric Seam Carving: Isosurface Protection

00

protect 171(20)




Volumetric Seam Carving: Isosurface Protection

00

protect 171(20)




Volumetric Seam Carving: Isosurface Protection

Two-line algorithm:

PENALIZE-WEIGHT (c, E)
For each arc e in F do:
If (c — I(e.left)) : (c — I(e.m’ght)) < 0 do:

Set weight of arc e to oo



Encoding Opacity Transfer Function



Volumetric Seam Carving: Encoding Opacity

e Main technique of visualization: volume rendering.

e Spatial perception, interactive control of visual representation.

o The center of volume rendering is transfer function design,

especially the opacity transfer function.



Volumetric Seam Carving: Encoding Opacity

Actual data <« mismatch — viewed data



Volumetric Seam Carving: Encoding Opacity

To encode opacity transfer function into volumetric seam carving,

Notation Range Actual range Meaning
t R—R [0,255] — [0,1]  opacity transfer function
I R* > R R® — [0,255]  scalar field (function) of the image
tol R? - R R? — [0,1] t compose I

(t o I) -1 R3 - R R? — [0, 255] scalar field, weighted values

e R3 =R — energy function

What we see is £ (t OI) -1

Options: (1) e(tOI); (2) e((tol)-l)



Experimental Results



Experimental Results

Comprehensive test: 16 datasets

Tier  Nume  Width Height Depth N Description MRbrain 189 199 99 3723489 MRI scan of human brain.
Sinalation of the two-body T 1o cylinders of an engine
distribuion probability of a muclecn in 3 engme 157 128 agwogee L scam ol twoevlinders of o engine

meon 41 41 A1 68921 the atowic wucleus "0 if 1 second block
A :’,“i‘”" » f;"“";"" to be positioned at golball 163 166 171 1626918 CT scan of a golf ball.
sicum 64 M 8 73,084 Sinsulation of a silictum grid Boston- CT scan of the SIGGRAPH 1959
a1 139 178 962822 teapot with a small version of the AVS
Simalation of fucl injection into a Teapot ey
M6 3 a6 82044 combustion chamber. The higher the
density value, the less presence of air. bonsai 181 221 256 10,240,256 CT scan of a bonsai tree.
weie G0 B B M i ot s o b . Retationel b-plane 2.ray soan of the
: Dotential protein motecule ¢ arterics of the right half of a human
- . aneurim 216 226 241 11464656 head. A contrast agent was injected
e Smation of the spatial probabiliy into the blood and an ancurism is
gndtom 128104104 L3SLHS y drogen atom, residing in a strong present
N magnatic feld Rotational b-plane a-ray scan of a
hewt 131 104 104 7508 MRI scan of human heast foot 231 256 256 15138816 human foot. Tissue and hone are
stateLes 166 220 98 84ILT9S T scan of a log of n bronze statue present in the dataset.
. Rotational brplane z-ray scan of
wy 5 sy CT soan of a lobster contained in o o 256 256 56 6777216 » ¥
fobster 253 253 56 3584504 il > 0 B6 TTAG ntom of a hman skull

block of resin.




Experimental Results

Task: reduce 1/3 of width (x-dimension) for all volumes.

Two other trival methods for comparison:

e Volumetric seam carving (forward energy, opacity encoded)
e Scaling with bilinear interpolation

e “Best slice”: find and remove among the w YZ-slices the
one with lowest total energy.



Experimental Results

Criteria of success: visual quality

1. Local shapes (e.g. tail fins of the lobster)

2. Global shape: persist content in the original image.



Volumetric seam carving outperf




Volumetric seam carving is outperformed
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No “overall” advantage among three




No “overall” advantage among three




Experimental Results

e(t o I) versus e((t ol)- I) — “BostonTeapot”

MG@@@@

Width: 95% 90%



Conclusion



Conclusion: What We Learned

e Flexibility in encoding various information,
in order to enhance performance and match
user’s need — most-important advantage of graph
cut formulation, volumetric seam carving

e Encoding opacity: e(t o I) instead of e((t ol)- I)



Conclusion:

1. Cropping: subset selection, can be manual or automatic
(e.g. “best slice” approach)

2. Specification of transfer function(s): user-driven,
central to the task of volume rendering (e.g. semi-automatic
generation of transfer functions, G. Kindlmann 1998

3. Sheet removals exterior to object: as long as the
sheet wraps but does not go through the object.

4. Sheet removals intersect with object: forward energy,
isosurface protection turned on.

Stopping criteria: when loss of important structures is un-

available. Level of reduction applied should vary across datasets.



Conclusion:

e Biggest limitation: lacking a well-defined and

application oriented evaluation metric.

e Keeping track of topological features using the Contour
Trees, to observe the change as volume is sheet carved,

and finally encode this information into the operator.

e Segmentation along with distance fields, which may be
useful in surgical planning where a sheet provides a
partitioning of a subset of the volume.



Software System (demo)
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Wilhelm Rontgen took this
radiograph of his wife’s left
hand, shortly after his dis-
covery of X-rays.

— December 22, 1895

Thank you

dachaos@g.clemson.edu
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