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Scientific Computing and Imaging Institute, University of Utah
Normal Hip Pressures due to Walking

Simulate Stresses in the Articular Cartilage of Normal and Dysplastic Hips 
During Activities of Daily Living

Hip Biomechanics Pipeline:
• CT Scan
• Segmentation
• Mesh Generation
• FE Simulation
• Visualization and Evaluation



Personalized Medicine: Cardiac Defibrillation
Image-Based Modeling, Simulation, and Visualization Pipeline
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Defibrillation Simulation Results



Atrial Fibrillation Ablation
Nassir Marrouche, M.D.

Director, Comprehensive
 Arrhythmia Research and 

Management Center: CARMA
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Genetics
Often, scientific breakthroughs 
stem from an enabling new 
technology

J.T. Johnson III, M.S. Hansen, I. Wu, L.J. Healy, C.R. Johnson, G.M. Jones, M.R. Capecchi, C. Keller.
 “Virtual Histology of Transgenic Mouse Embryos for High-Throughput Phenotyping,”  
In PLoS Genetics, Vol. 2, No. 1, pp. 471--477. April, 2006.
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Shape, Genetics, and Evolution
Evolution of the Cranial Base
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Shape, Genetics, and Cancer
Brain Tumor Progression
Shape Change: Preneoplastic, Invasion, Biomarker of Rx

Image Courtesy of Charles Keller
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Relating Anatomical Shape to Neuropsychological Measures

! Given a Large collection of anatomical images of 
subjects with detailed Neuropsychological 
assessments how does one relate anatomical 
variation to Neuropsychological variables.

! Driving problem: The ADNI database currently has 
~900 subjects each with detailed 
Neuropsychological evaluations.

! Extract and identify shape deformation patterns in 
brain anatomy that relate to observed clinical 
scores depicting cognitive abilities.
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Changes in anatomy associated with cognitive 
decline in Mild Cognitive Impairment (MCI) 



Statistics of Shape, Connectivity, and Function

Anatomical shape averaging
and variability

Computational Statistics
in Nonlinear Spaces

Diffusion Tensor Image Analysis
Autism project

Combined PET + MRI analysis
Alzheimer’s disease project
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Seg3D - 3D Segmentation

ITK-based
Layers (like 
Photoshop)

Light-weight
Open Source

software.sci.utah.edu
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New Visualization Techniques
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New Visualization Techniques 
“VisTrail” “Dataflow”
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ImageVis3D and Tuvok
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NIH Visible Male
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Visible Human - High Resolution
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 ImageVis3D - Mobile
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ImageVis3D Mobile



Introduction

ImageVis3D Mobile DBS App

Deep Brain Stimulation
DBP: Chris Butson

C. Butson, G. Tamm, S. Jain, T. Fogal and J. Krüger
"Evaluation of Interactive Visualization on Mobile 
Computing Platforms for Selection of Deep Brain 
Stimulation Parameters” IEEE Transactions on 
Visualization and Computer Graphics, 2012 (in 
press).



FluoRender*Ver*2.9

Mouse&hindLimb
&A.&Kelsey&Lewis,&Human&Genetics,&Univ.&of&Utah



341 Sections
90nm thick sections

~32GB/Section
~1000 tiles/section

4096x4096 pixels/tile
2.18 nm/Pixel

16.5 TB after processing



Antony van Leeuwenhoek (1632-1723)

. . . my work, which I've done for a long time, was not pursued in 
order to gain the praise I now enjoy, but chiefly from a craving after 
knowledge, which I notice resides in me more than in most other 
men. And therewithal, whenever I found out anything remarkable, I 
have thought it my duty to put down my discovery on paper, so that 
all ingenious people might be informed thereof. 
Antony van Leeuwenhoek. Letter of June 12, 1716 
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Michelangelos David



University of Utah

ViSUS%Framework%for%Scalable%Data%



University of Utah

The%ViSUS%Parallel%I/O%Infrastructure%(PIDX)
Adopts%a%3–Phase%Data%Transfer%Model

Three-Phase I/O: 
(C).1 Data restructuring among 
processes transforms irregular data 
blocks at processes P0, P1 and P2 to 
regular data blocks at processes P0 
and P2. 
(C).2 HZ encoding of regular blocks 
l e ad i ng t o d en s e and non -
overlapping data buffer. 
(C).3 Data transfer from in-memory 
HZ ordered data to an aggregation 
buffer involving fewer large sized 
data packets.
(C).4 I/O writes from aggregation 
buffer to a IDX file.

One-Phase I/O: 
( A ) . 1 H Z e n c o d i n g o f 
irregular data set leads to 
s p a r s e d a t a b u f f e r s 
interleaved across processes. 
(A).2 I/O writes to underlying 
IDX file by each process, 
leading to a large number of 
small accesses to each file. 

Two-Phase I/O: 
(B).1 HZ encoding of irregular 
data set leads to sparse data 
buffers inter leaved across 
processes. 
(B).2 Data transfer from in-
memory HZ ordered data to an 
aggregation buffer involving 
large number of small sized data 
packets. 
(B).3 Large sized aligned I/O 
writes from aggregation buffer 
to the IDX file. 
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Uncertainty Visualization

When is the last time youʼve seen an 
error bar in a 3D visualization?
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Uncertainty Visualization
Surfaces imply certainty
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Uncertainty Visualization
Surfaces imply certainty
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Uncertainty Visualization
Surfaces imply certainty
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Uncertainty Visualization

Images Courtesy of Claes Lundström, Patric Ljung, Anders Persson, Anders Ynnerman.
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Uncertainty Visualization

Claes Lundström, Patric Ljung, Anders Persson, Anders Ynnerman.  Uncertainty 
Visualization in Medical Volume Rendering Using Probabilistic Animation, IEEE 
Transactions on Visualization and Computer Graphics, 13(2007): no. 5 
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Visualizing Uncertainty

 

Fuzzy Sensitivity Confidence
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Brain Structure - Fiber Tracks
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White Matter Tracts

Park, Westin, and Kikinis, BWH, Harvard Medical School, 2003
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Diffusion Tensor Visualization
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Fiber Tracking Results

Streamline          Fast Marching         
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iQuantVis



QuizLens:  A Multi-lens approach for 
uncertainty exploration

• Global information 
important for 
qualitative 
evaluation & 
context

• Local information 
necessary for 
quantitative 
understanding

• Interchangeable 
lenses to explore 
various data 
characteristics

Probability Slice

Context High Level Focus Lens

Fuzzy Volume Uncertain Boundary



PROBLEM-DRIVEN 
VISUALIZATION RESEARCH 
for biological data

- target specific biological problems

- close collaboration with biologists

- rapid, iterative prototyping

- focus on genomic and molecular data



!"

!#

!$%
!$&
!$#
!$'
!()
!($
!((
!(*

+$

+$#

,$

+$#,(

+(

+**

,*

+$*

+*)

,"

-

.

+&

+$)

/

0

+(

+$)

1$

!*)

+(#

)2)) $2))

)2)) $2))

!"# !"#"$
3456/5. 5787597 0:.:57-;:4</=

%"&'()*+&"$ %"&,+-$
,7/594<>??

$%

@A2)

B(2#

$&

@%2"

B*2'

$'(

@"2%

B*2*

$')

@"2#

B&2A

$'&

@A2"

BA2)

$'*

@A2(

BA2)

$+,

@%2'

B"2*

$+'

@%2*

B*2#

$++

@A2)

B#2$

$+-

@%2(

B#2$

@%2'

B&2)

@"2'

B&2A

@$2&

B(2"

@(2*

B*2'

@"2$

B"2%

@)2*

BA2)

@%2"

B$2'

@A2#

B(2A

@(2#

B*2)

@"2%

B*2"

@A2A

BA2)

@*2&

B$2&

@*2$

B$2(

@$2'

B#2$

.'

.+

.-

.%

./

.(

.)

.&

.*

.',

.''

.'+

.'-

.'%

0123456" 172884798:7;8<01:125="79>6;2586147?"68<5;@
0123A1# <"2:5;78=":=5"A @0";5"@ ;>:="<10 8=":41#@

M. Meyer et al., EuroVis 2010. Pathline
!"#$%&'()#*+,
-&!./,+./",'(0/1+$- %2$3

%2$4

%2$5

%2$6

%2
$7

%2
$8

%2$
9

%2$:
%2$;

%2$3<

%2$33

%2$34

%2$35

%2$36
%2$37

%2
$3
8

%2
$3
9

%2
$3
:
%2
$3
;

%2
$4
<

%2$43

%2$44

%2$=
%2$>

%2$5

%2$3

%2$
4

%2$5

%2$6

%2
$7

%2
$8

%2$+
%2$?
%2$%
%2$-
%2$@
%2$A
%2$2

!+.#$+./",
B/,&

C D

3<E?

%2$5

A"(."'(

%2$5 %2$5

459386 3689<;886

5:8677 368:7<;8;

"$/&,.+./",'
*+.%2
/,F&$!/",

(/,F&$.

"#. /,

M. Meyer et al., InfoVis 2009.MizBee

!"#$%&'()*+$,-

(.+/

!"#$%&'(.+/

()*+$,-

!"#$%&'(.+/

(012$3

!"#$%&'(.+/

(456$3

.5789+-'(.+/

()*+$,-

!"##$%&'(

)#*%+,-.$/

&:& &:% 3:&
&:;

&:<

3:&
#=>=?@=(A?=>>BA,C;3
="D!EFBA(.+/

GHH!=HG@IFJBA.1K
"=@!I?BA!"#$%&'()*+$,-

&:L,

3:%,
3:%,

&:L,

0"%1'#$/GHH!=HG@IFJAH!FMN ?!=G@=(AH!FMN

5//

2+.O0+

85- +0+ P69 P7Q R7 9S 96S 6K1 T2 O--
!"#$
%&'(

()*+$,-
,3U;

()*+$,-
,;&,

()*+$,-
,;&;

()*+$,-
,3<V

()*+$,-
,;&L

()*+$,-
,3,C

()*+$,-
,;,C

()*+$,-
,3U,

85- +0+ P69 P7Q R7 9S 96S 6K1 T2 O--

3:&

&:&

&:;V &:,V
&:<U

&:UU ;:U%

3:3&

.+7218A05/W+;:C

3:3

M. Meyer et al., InfoVis 2010.MulteeSum

!"#$%&'%(

!"#$%

!"$&&'
!"$&&(
!"$&&)
!"$&&*
!"$&&+
!"$&&,
!"$&&-
!"$&&.

)#('*(+,'-

'//012

%#3456'

%#3456(

%#3456)

%#3456*

%#3456+

%#3456'

%#3456(

%#3456)

%#3456*

%#3456+

.'$#/%-

InSite



!"#$%&'()*+%,-&./%,
0&!*+1/*+"1'(2&*$/"0"1 %3$4

%3$44

%3$444

%3$45

%3$46

%3
$5

%3
$5
4

%3
$5
44

%3
$54
44

%3$6

%3$64%3$644

%3$6444

%3$645

%3$646

%3$65

%3$6
5
4

%3$6
5
44

%3
$6
5
44
4

%3
$6
6

%3
$6
64

%3$7
1

%3$45

%3$8

%3$9

%3
$:

%3
$;

%3
$<

%3$
=

%3$>
%3$?%3$@

%3$8A

%3$88

%3$89

%3$8:

%3
$8
;

%3
$8
<
%3
$8
=

%3
$8
>

%3$
8?

%3$8@

%3$9A

%3$98

!/*#$/*+"1
-+1&

B C

8AD.

%3$45

E"(*"'(

%3$45 %3$8?

=9?8; ==A?===

?=>@9 ==9<?=<

"$+&1*/*+"1'
F/*%3
+1G&$!+"1

(+1G&$*



!"#$%&'()*+%,-&./%,
0&!*+1/*+"1'(2&*$/"0"1 %3$4

%3$44

%3$444

%3$45

%3$46

%3
$5

%3
$5
4

%3
$5
44

%3
$54
44

%3$6

%3$64%3$644

%3$6444

%3$645

%3$646

%3$65

%3$6
5
4

%3$6
5
44

%3
$6
5
44
4

%3
$6
6

%3
$6
64

%3$7
1

%3$45

%3$8

%3$9

%3
$:

%3
$;

%3
$<

%3$
=

%3$>
%3$?%3$@

%3$8A

%3$88

%3$89

%3$8:

%3
$8
;

%3
$8
<
%3
$8
=

%3
$8
>

%3$
8?

%3$8@

%3$9A

%3$98

!/*#$/*+"1
-+1&

B C

8AD.

%3$45

E"(*"'(

%3$45 %3$8?

=9?8; ==A?===

?=>@9 ==9<?=<

"$+&1*/*+"1'
F/*%3
+1G&$!+"1

(+1G&$*



!"#$%&'()*+%,-&./%,
0&!*+1/*+"1'(2&*$/"0"1 %3$4

%3$44

%3$444

%3$45

%3$46

%3
$5

%3
$5
4

%3
$5
44

%3
$54
44

%3$6

%3$64%3$644

%3$6444

%3$645

%3$646

%3$65

%3$6
5
4

%3$6
5
44

%3
$6
5
44
4

%3
$6
6

%3
$6
64

%3$7
1

%3$45

%3$8

%3$9

%3
$:

%3
$;

%3
$<

%3$
=

%3$>
%3$?%3$@

%3$8A

%3$88

%3$89

%3$8:

%3
$8
;

%3
$8
<
%3
$8
=

%3
$8
>

%3$
8?

%3$8@

%3$9A

%3$98

!/*#$/*+"1
-+1&

B C

8AD.

%3$45

E"(*"'(

%3$45 %3$8

@AAA9= <:>8?A9

88?A=?= <=8?A=9

"$+&1*/*+"1'
F/*%3
+1G&$!+"1

(+1G&$*

"#* +1

Genome-wide synteny 
through highly sensitive 
sequence alignment: Satsuma
M. Grabherr, et al. 
Bioinformatics (2010) 26 (9): 
1145-1151.



The SCI Institute



Acknowledgments 
NIH/NIGMS Center for Integrative
Biomedical Computing

Center&for&Extreme&Data&Management,
Analysis,&and&Visualiza:on

CEDMAV

Utah&Center&for&Neuroimage&Analysis

Scalable&Data&Management,&Analysis
and&Visualiza:on

NIH NAMIC

IAMCS
Institute for Applied Mathematics
and Computational Science



More Information

www.sci.utah.edu

crj@sci.utah.edu


