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= Cholera map 1854 --- J. Snow
- ERLERELHR “

[Originally from en.Wikipedia, Public Domain,
https://commons.wikimedia.org/w/index.ph
p?curid=403227]

[By John Snow - Map of the book;On the
Mode of Communication of Cholera; by John
Snow, originally published in 1854. Digitally
enhanced version found on the UCLA
Department of Epidemiology website., Public
Domain,
https://commons.wikimedia.org/w/index.php
?curid=2278605]
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= Rose chart 1859 --- F. Nightingale

[By w:Florence Nightingale (1820-1910). - Public Domain,

E_IEE* :l]: IE&,%'EE—E)? . *ﬁ https://commons.wikimedia.org/w/index.php?curid=1474443]
AR

[By Henry Hering
(1814-1893) - National
Portrait Gallery,
London, Public Domain,
https://commons.wiki
media.org/w/index.ph
p?curid=61520366]
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The Areas of the blue, red, & black wedges are eack measured from
the cenire as the commaon verte.

The blue wedges. measured from the cenire of the circle reprosent areas
for area the deaths from- FPreveniible or Mitigable Zymotic diseases; the
red wedges measured from the centre the dealhs from wounds, & the
black wedges measured. from the cenire the deaths from all other cawses.

TTe black line across the ved triangle in Nov! 1854 marks the boundary
o the deaths Trom all other causes diring the monily.

1 October 1854, & April 1855, the black area coincides wrtly the red,
wmdanvary & February 7856 the blie cotncides with the black:.

The enlire areas may be compared by following the blue. the ved & the
black lines enclosury them. .
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» Rl T[4k Scientific visualization (SciVis)
- = B2 o[ ¥4k Information visualization (InfoVis)
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Restructuring

The VIS Restructuring Committee (2016-2018)

The VIS Restr
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al YA Visual Analytics

= Visual analytics is the science of analytical reasoning supported by
interactive visual interfaces.

——[Keim D.A. et al. (2009) Visual Analytics. DOI: 10.1007/978-0-387-39940-9_1122]
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[S. Zachow et al., "Visual Exploration of Nasal Airflow," doi:
10.1109/TVCG.2009.198.]
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[R. Raidou et al. "Bladder Runner: Visual Analytics

for the Exploration of RT-Induced Bladder Toxicity
in a Cohort Study,”. doi:10.1111/cgf.13413]
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2D Symmetric Tensor Field
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From [J. Schreiner, C. E. Scheidegger and C. T. Silva, "High-Quality
Extraction of Isosurfaces from Regular and Irregular Grids," doi:
10.1109/TVCG.2006.149.]
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[T. Ize et al. (2011). Real-Time Ray Tracer for Visualizing Massive Models on a
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Marching cubes
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MARCHING CUBES: A HIGH RESOLUTION
3D SURFACE CONSTRUCTION ALGORITHM

William E. Lorensen
Harvey E. Cline

General Electric Company
Corporate Research and Development
Schenectady, New York 12301

Abstract

We present a new algorithm, called marching cubes, that
creates triangle models of constant density surfaces from 3D
medical data. Using a divide-and-conquer approach to gen-
erate inter-slice connectivity, we create a case table that
defines triangle topology. The algorithm processes the 3D
medical data in scan-line order and calculates triangle vertices
using linear interpolation. We find the gradient of the origi-
nal data, normalize it, and use il as a basis for shading the
models. The detail in images produced from the generated
surface models is the result of maintaining the inter-slice
connectivity, surface data, and gradient information present
in the original 3D data. Results from computed tomography
(CT), magnetic resonance (MR), and single-photon emission
computed tomography (SPECT) illustrate the quality and
functionality of marching cubes. We also discuss improve-
ments that decrease processing time and add solid modeling
capabilities.

CR Categories: 3.3, 3.5

Additional Keywords: computer graphics, medical imaging,
surface reconstruction

1. INTRODUCTION.

Three-dimensional surfaces of the anatomy offer a valu-
able medical tool. Images of these surfaces, constructed
from multiple 2D slices of computed tomography (CT), mag-

acetabular fractures [6], craniofacial abnormalities [17,18],
and intracranial structure [13] illustrate 3D’s potential for the
study of complex bone structures. Applications in radiation
therapy [27,11] and surgical planning [4,5,31] show interac-
tive 3D techniques combined with 3D surface images. Cardi-
ac applications include artery visualization [2,16] and non-
graphic modeling applications to calculate surface area and
volume [21].

Existing 3D algorithms lack detail and sometimes intro-
duce artifacts. We present a new, high-resolution 3D surface
construction algorithm that produces models with unpre-
cedented detail. This new algorithm, called marching cubes,
creates a polygonal representation of constant density sur-
faces from a 3D array of data. The resulting model can be
displayed with conventional graphics-rendering algorithms
implemented in software or hardware.

After describing the information flow for 3D medical ap-
plications, we describe related work and discuss the draw-
backs of that work. Then we describe the algorithm as well
as efficiency and functional enhancements, followed by case
studies using three different medical imaging techniques to il-
lustrate the new algorithm’s capabilities,

2. INFORMATION FLOW FOR 3D MEDICAL
ALGORITHMS.

Medical applications of 3D consist of four steps (Fig-
ure 1). Although one can combine the last three steps into
one algorithm, we logically decompose the process as follows:

[W E. Lorensen and H E. Cline (1987). Marching cubes: A high resolution 3D

I 7 K BRHEBY R BRI R Db

NATIONAL INSTITUTE OF HEALTH DATA SCIENCE AT PEKING UNIVERSITY

surface construction algorithm. DOI:10.1145/37401.37422] © A= Liang Zhou



Figure 2. Early visualization using Marching Cubes. Harvey Cline

A —— (Left), Bill Lorensen (Middle), Sieg Ludke (Right), November 1988. O Liang Zhou
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Marching cubes
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Marching cubes
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T SCIER T (AT 2 H BT asymptotic decider)
« WE I X IER M= AFFIA——Marching tetrahedra

[G M. Nielson and B Hamann (1991). The asymptotic decider: resolving
the ambiguity in marching cubes. doi: 10.5555/949607.949621]
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rre o W ——4KIE L Direct volume rendering

« 2D visualization
slice images
(or multi-planar
reformating MPR)

(or surface-shaded
display SSD)

* Direct
3D visualization
(direct volume
rendering DVR)

-* vW]
) * Indirect
L 3D visualization
isosurfaces

Ae £ HRHEBOT K BRI RO LbE [Source: unknown. Taken from C. R. Johnson] ©A= Liang Zhou
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[D. Jénsson and A. Ynnerman (2017), Correlated Photon Mapping for Interactive Global
lllumination of Time-Varying Volumetric Data. doi:10.1109/TVCG.2016.2598430.] . ; . .
[Martschinke, J. et al.(2019), Adaptive Temporal Sampling for Volumetric
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From [K. Engel et al. (2004). Real-time volume graphics.
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%Z&Tﬁ%ﬁ Ray casting
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Figure 5.1: Volume rendering of an aneurysm data set.

<9

eye

view plane

Figure 5.2: Volume rendering of the CT scan of a carp.

From [K. Engel et al. (2004). Real-time volume graphics. DOI:10.1145/1103900.1103929]
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[J. Kniss et al. (2002), "Multidimensional transfer functions for interactive

volume rendering," doi: 10.1109/TVCG.2002.1021579.]
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- IR & SR EY )% B Z S8 (scattering) = FERICE& (local illumination)

- EAHEHItHR(global illumination)gE KRR S B 3Lk, 1858 R E MALAIREEN
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[D. Jénsson et al. (2012), "Historygrams: Enabling Interactive Global
[lumination in Direct Volume Rendering using Photon Mapping," doi:
10.1109/TVCG.2012.232.]

[M. Ament et al. (2013), "Ambient Volume Scattering,"
doi: 10.1109/TVCG.2013.129.]
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K F4niE B K BYFZ /KNeRF (Neural Radiance Fields)

https://www.richardskarbez.com/nerf-tutorial

Richard (Rick) Skarbez

I 7 K BRHEBY R BRI R Db

NATIONAL INSTITUTE OF HEALTH DATA SCIENCE AT PEKING UNIVERSITY

About Publications Google Scholar

Tutorial at IEEE ISMAR 2023

A Beginner's Guide to Neural
Rendering

You may have heard of NeRFs (Neural Radiance Fields), or neural rendering more generally.
Neural rendering brings together deep learning and computer graphics in order to generate
extremely compelling 3D content from a set of 2D images. In this full-day tutorial, we'll start by
learning the core principles of neural networks, deep learning, and volume rendering in order to
prepare ourselves to scale NeRF Mountain. Later in the day, we’ll dissect the original NeRF
paper in detail, explore extensions to the method and advancements in neural rendering, and see
a lot of cool examples. We'll close with a forward-thinking discussion on the opportunities and
challenges associated with the use of neural rendering in MR. By the end of this tutorial, you
should have a solid grasp of the NeRF method and the underlying technologies, including neural

networks and deep learning.

COF=

Liang Zhou


https://www.richardskarbez.com/nerf-tutorial

2020
NeRF: Representing
Scenes as Neural
Radiance Fields for View
Synthesis

[paper] [demo site] [github]
overview video] [100LoC video] [explainer video]
This is the paper that started the NeRF revolution.
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= Nvidea instant-ngp
= https://github.com/NVlabs/instant-ngp

ttps://github.com/NVlabs/instant-ngp| o & B

= README.md

Instant Neural Graphics Primitives @

Ever wanted to train a NeRF model of a fox in under 5 seconds? Or fly around a scene captured from photos of a

factory robot? Of course you have!

Here you will find an implementation of four neural graphics primitives, being neural radiance fields (NeRF), signed
distance functions (SDFs), neural images, and neural volumes. In each case, we train and render a MLP with
multiresolution hash input encoding using the tiny-cuda-nn framework.

Instant Neural Graphics Primitives with a Multiresolution Hash Encoding
Thomas Miiller, Alex Evans, Christoph Schied, Alexander Keller

ACM Transactions on Graphics (SIGGRAPH), July 2022

Project page / Paper / Video / Presentation / Real-Time Live / BibTeX

For business inquiries, please submit the NVIDIA research licensing form.

Installation

If you have Windows, download one of the following releases corresponding to your graphics card and extract it.

Then, start instant-ngp.exe .

2 ) 2 i g = |
PCE PR PN L oo © &= Liang Zhou
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BE B C HINeRF

= https://developer.nvidia.com/blog/getting-started-with-nvidia-instant-
nerfs/

= https://rd.nytimes.com/projects/creating-workflows-for-nerf-portraiture

NVIDIA.DEVELOPER Home Blog Forums Docs ownloads Training
Spatial Journalism

Technical Blog (S Creating Workflows for NeRF
Getting Started with NVIDIA Instant Portraiture

NeRFs

May 12, 2022
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[M. Falk, D. Weiskopf (2008):

Output-Sensitive 3D
Line Integral Convolution
doi:10.1109/TVCG.2008.25]
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https://doi.org/10.1111/cgf.13693

iz o] 4L Flow visualization——SEIG 7 (A ) =5
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https://commons.wikimedia.or

[By BenFrantzDale - Own work,
g/w/index.php?curid

CCBY-SA 3.0,

s IR PRI T g 2000 SIS ) "
——-—-—-——.—-—_......__—..—... - ey em—

21352301]
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[By Gary S. Settles (Settles1) - Own work -- Photograph by Gary S.
Settles using a commercial retro-reflective shadowgraph

instrument manufactured by Floviz inc., CC BY 3.0,
https://commons.wikimedia.org/w/index.php?curid=5254884]

— [By AFLmcgill at English Wikipedia,
w/index.php?curid
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Texture-based (LIC, spot noise)

Direct + geometry-based (hedehogs, glyphs)

Direct + heuristic (magnitude, Laplacian, FTLE)

Physically-based (Schlieren imaging, virtual rheoscopic fluids)

Schlieren imaging

[C. Brownlee et al. (2011), "Physically-Based
Interactive Flow Visualization Based on Schlieren
and Interferometry Experimental Techniques," doi:
10.1109/TVCG.2010.255.]

[Source: D. Weiskopf]

Glyphs
[R.van Pelt et al. (2014), Comparative
Blood Flow Visualization for Cerebral
Aneurysm Treatment Assessment.
doi:10.1111/cgf.12369]

0.2 0.4 0.6 0.8 1 12 1.4 1.6 1.8 2

Finite-time Lyapunov exponents (FTLE)

[Pobitzer A. et al. (2012) Filtering of FTLE for Visualizing Spatial Separation in

. . . . . d low. Doi: 10. -3-642- -
3.:; J’ » %mgﬁkﬁﬁlﬂgm"_{%Dlrect V|sua||zat|on Of Streamllnes Unsteady 3D Flow. Doi: 10.1007/978-3-642-23175-9_16]
T - L — .
NATIONALINST::JTEQFHEALTH DATA SCIENCE AT PEKING uvasRslTv[SOUrce: Zuse |nStitute Berlin] ©J§ ¥ I—Iang Zhou
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EEBIC R
FB &2 /FRIE JE I k& ambient occlusion
- eEE L Ek22 ) illustrative rendering

REBIL B MR IR

% ez X F ey R EdRESmE:  [S. Eichelbaum et al. (2013), "LineAO—Improved Three-
2. W\A-’ NATIONAL INSTITUTE OF HEALTH DATA SCIENCE AT PEKING UNIVERSITY D|mens|ona| L|ne Rendenng'" do| 10 1109/TVCG 2012 142 ]

[M. Hummel et al. (2010), "IRIS: Illustrative

Rendering for Integral Surfaces," doi:

10.1109/TVCG.2010.173.]
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« FF|3F = critical points (fixed points), IKEE periodic orbits, 43574
separatlceSS(Tﬁ S2iE TS =

/

Proper node Saddle Degenerate node

\v )
Z

Singular node Center Spiral or focus

Je £ F BRI KB R OHSEB [Source: D. Weiskopf] ©E= Liang Zhou
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RAIEHHFINDITDER

http://feature.mpi-inf.mpg.de/2012/feature-based-data-analysis]

[Weinkauf: Feature-Based Data Analysis, 2012,

Streamlines

2y = |
At g X ¥ EREIY KBRS b OF= Liang Zhou
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http://feature.mpi-inf.mpg.de/2012/feature-based-data-analysis]

[Weinkauf: Feature-Based Data Analysis, 2012,

Critical points

2y .



RAIEHHFINDITDER

http://feature.mpi-inf.mpg.de/2012/feature-based-data-analysis]

[Weinkauf: Feature-Based Data Analysis, 2012,

Separation lines emanating from saddles
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http://feature.mpi-inf.mpg.de/2012/feature-based-data-analysis]

[Weinkauf: Feature-Based Data Analysis, 2012,

Sectors of different flow behavior
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- [ EFHEET ML https://portsmouth.github.io/fibre/
https://philogb.github.io/page/wind/

« 25 F1 & FHLIC https://github.com/philogh/LIC/

http://philogb.github.io/LIC/dipole.html

https://portsmouth.github.io/fibre/
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[M. Falk, D. Weiskopf (2008):

Output-Sensitive 3D
Line Integral Convolution
doi:10.1109/TVCG.2008.25]
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RENGK = F0DTI

- EFE, SRBGKEWA KD FHEARF AR F MY E(anisotropic diffusion)
- BNEREE 715 M B9 AT 4 R (fiber tracks)

TR, M3 X 375 gxx gxy gxz
. . . . D = Xy vy yz

= Diffusion tensor imaging (DTI)
© g( sz Dyz Dzz

DTI

R —— [http://tensorvis.org/uploads/Main/course
% NATIOﬁLIM;T::JTEOFHEALTHDATASCIENCEATFEKINGUNIVERSITV _material_lb-pdf] ©JEJ'$|L’ I—iang Zhou



/LJ\>\<
[ R EP?%T?I‘T\EMRET | B BETAR

https://www.neurosurgicalatlas.com/neuroanatomy/white-
matter-tracts-of-the-deep-cerebrum
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https://www.neurosurgicalatlas.com/neuroanatomy/m
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- EigenEEEB'BC/
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« 451 F[a) & Eigenvectors
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[http://tensorvis.org/uploads/Main/course

_material_1al.pdf]
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= Color-coding and Glyphs
= Hue-Balls and Lit-Tensors

= Geometry-Based

= Hyperstreamlines, and
tensorlines

» Texture-Based Tensor field lines

= HyperLIC

= Feature-Based

= Segmentation, Topological
Features

Texture Segmentation

[http://tensorvis.org/uploads/Main/course_material_1b.pdf]

1201188]

Tensor lines visualization of DT-MRI [From

Thomas Schultz — Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.p

hp?curid

@
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- E#R(glyphs) e = 4 # B FNF 157 X ——Superquadric glyphs
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x\tvaaa® XNDD29 O
XY\ A6® 2N oo
- FaE——HBEX Superquadric——JEI5 X

[G. KindImann. (2004), “Superquadric tensor glyphs," doi:
10.2312/VisSym/VisSym04/147-154.]

[M. H. Everts et al. (2009), "Depth-Dependent Halos: Illustrative
Rendering of Dense Line Data," doi: 10.1109/TVCG.2009.138.]
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Liang Zhou, Mengjie Fan, Charles Hansen, Chris R. Johnson, Daniel Weiskopf, "A Review of Three-

Dimensional Medical Image Visualization", Health Data Science, vol. 2022, Article
ID 9840519, 19 pages, 2022. https://doi.org/10.34133/2022/9840519

(c)

FIGURE 3: Direct volume rendering of a brain scan using (a) the traditional local illumination model and with (b) the directional occlusion
shading [35] that approximates global illumination to enhance depth perception. ©2009 John Wiley & Sons, Inc. Reprinted, with
permission, from Schott et al. [35]. A more advanced global illumination technique [36] generates the photorealistic rendering of a CT
scan in (c). ©2014 IEEE. Reprinted, with permission, from Ament et al. [36].
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Liang Zhou, Mengjie Fan, Charles Hansen, Chris R. Johnson, Daniel Weiskopf, "A Review of Three-
Dimensional Medical Image Visualization", Health Data Science, vol. 2022, Article
ID 9840519, 19 pages, 2022. https://doi.org/10.34133/2022/9840519

(b)

FIGURE 4: Vector field visualization of medical images. The LIC method is used to visualize (a) a simulation of the bioelectric field of the
heart [41]. ©2008 IEEE. Reprinted, with permission, from Li et al. [41]. Streamlines are visualized as colored lines in bioelectric field
simulations in (b) a torso (reprinted, with permission, from the SCI Institute). The visualization of a brain in (c) applies LIC with
isosurfacing for an MRI scan along with volume rendering of a functional MRI (fMRI) [42]. ©2007 SPIE. Reprinted, with permission,
from Schafhitzel et al. [42].
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==} Liang Zhou, Mengjie Fan, Charles Hansen, Chris R. Johnson, Daniel Weiskopf, "A Review of Three-
Dimensional Medical Image Visualization", Health Data Science, vol. 2022, Article
ID 9840519, 19 pages, 2022. https://doi.org/10.34133/2022/9840519

(b) (c) (d)

F1GURE 5: Visualizations of diffusion tensor medical images with (a) glyphs [63], (b) hybrid voxel-based and tractography method [64], and
(c, d) tractography methods [61, 62]. Different uncertainty-aware glyph encodings are shown in (a), from left to right: ellipsoids,
superquadrics, and fourth-order homogeneous polynomial [63]. A combined rendering of voxel-based visualization of characteristic
curves along with extracted tractography is shown in (b) [64]. For tractography visualizations, extracted fiber tracts of the brain are
visualized as tubes with shadows with (c) ray tracing [62] and are combined into the context of volume rendering of scalar MRI with
unified volume and surface occlusion shading [61] (d). ©2012 IEEE. Reprinted, with permission, from Jiao et al. [63] (a). ©2011 IEEE.
Reprinted, with permission from, Hlawatsch et al. [64] (b). ©2019 John Wiley & Son, Inc. Reprinted, with permission, from Han et al.
[62] (c). ©2013 IEEE. Reprinted, with permission, from Schott et al. [61] (d).
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TaBLE 1: Summary of specialized medical image visualization techniques for diagnosis.

Reference Data type Scale Location Modalities
Lawonn et al. 2016 [87] Scalar Individual Whole body PET+CT
Jung et al. 2013 [88] Scalar Individual Whole body PET+CT
Wiemker et al. 2013 [89] Scalar Individual Lymph nodes, lungs, breast, whole body PET+CT+MR
Termeer et al. 2007 [90] Scalar Individual Heart Perfusion-MR+MR
Qeltze et al. 2006 [91] Scalar Individual Heart Perfusion-MR+CTA
Hennemuth et al. 2008 [92] Scalar Individual Heart MR
Kirisli et al. 2014 [93] Scalar Individual Heart CTA+SPECT
Meyer-Spradow et al. 2008 [94] Scalar Individual Heart SPECT
Williams et al. 2008 [95] Scalar Individual Colon CT
Mirhosseini et al. 2019 [96] Scalar Individual Colon CT
Song et al. 2017 [97] Scalar Individual Chest, abdomen CT
Viola et al. 2008 [98] Scalar Individual Liver US+CT
Zhou and Hansen 2014 [34] Scalar Individual Brain MR
Josson et al. 2020 [99] Scalar Population Brain fMR+MR
Elbaz et al. 2014 [53] Vector Individual Heart PC-MR
Meuschke et al. 2016 [100] Vector Individual Heart PC-MR
Kohler et al. 2013 [52] Vector Individual Heart PC-MR
Born et al. 2013 [55] Vector Individual Heart PC-MR
van Pelt et al. 2010 [101] Vector Individual Heart PC-MR
van Pelt et al. 2011 [49] Vector Individual Heart PC-MR
Zhang et al. 2016 [102] Tensor Population Brain DT
Zhang et al. 2017 [103] Tensor Population Brain DT

Liang Zhou, Mengjie Fan, Charles Hansen, Chris R. Johnson, Daniel Weiskopf, "A Review of Three-
Dimensional Medical Image Visualization", Health Data Science, vol. 2022, Article
ID 9840519, 19 pages, 2022. https://doi.org/10.34133/2022/9840519
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(c)

Fig. 4. Flow ratio into left and right lung during systole. Color-coding represents velocity. (a) Fastest streamlines in the pulmonary outflow tract of a
healthy heart (v,,,. > 90 <*). (b) Flow through upper detected vortex (arrow) directed at the RPA. (c) High-velocity jet (v,,.. > 165 <¢) directed at the
LPA. Abbreviations: RA, right atrium; RV, right ventricle; LPA, left pulmonary artery; RPA, right pulmonary artery.

S. Born, M. Pfeie, M. Markl, M. Gutberlet, and G. Scheuermann, “Visual analysis of cardiac 4D MRI
blood flow using line predicates,” IEEE Transactions on Visualization and Computer Graphics
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0 vorticty 0 speed(cm/s) 100

Fig. 1. Interactive virtual probe with flow visualization approaches, enabling exploration of cardiovascular 4D MRI blood-flow data.
Color in the leftmost rendition encodes the blood-flow vorticity, while color in other renditions conveys the local blood-flow speed.

R. van Pelt, J. Olivan Bescos, M. Breeuwer et al., “Interactive virtual probing of 4D MRI
blood-flow,” IEEE Transactions on Visualization and Computer Graphics
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(a) Tender glyphs on a coronal slice. (b) Superposition of tensor glyphs. (c) Superposition of normalized tensor glyphs.
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(d) Tender glyphs with single hue colormap. (e) Tender glyphs with dual hue colormap.  (f) Tender glyphs in the view-aligned visual style
with the first and second normalized eigenvalues.

Fig. 11.The application of the Tender glyphs to compare two DTI datasets acquired with different b-values.

C. Zhang, T. Schultz, K. Lawonn, E. Eisemann, and A. Vilanova, “Glyph-based comparative visualization
for diffusion tensor fields,” IEEE Transactions on Visualization and Computer Graphics
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TaBLE 2: Summary of specialized medical image visualization techniques for treatment.

Reference Data type Scale Location Modalities
Rieder et al. 2008 [104] Scalar Individual Brain MR
Weiler et al. 2011 [105] Scalar Individual Brain MR
Khlebnikov et al. 2011 [106] Scalar Individual Abdomen CT
Beyer et al. 2007 [107] Scalar Individual Brain MR
Dick et al. 2011 [108] Scalar Individual Bone CT
Lundstrom et al. 2011 [109] Scalar Individual Bone CT

Smit et al. 2007 [110] Scalar Individual Pelvic MR
Butson et al. 2013 [111] Scalar Individual Brain MR
Vorwerk et al. 2020 [112] Scalar Individual Brain MR
Bock et al. 2013 [113] Scalar Individual Brain MR
Athwale et al. 2019 [114] Scalar Individual Brain MR
Blaas et al. 2007 [115] Tensor Individual Brain fMR+MR+DT
Born et al. 2009 [116] Tensor Individual Brain fMR+MR+DT
Diepenbrock et al. 2011 [117] Tensor Individual Brain fMR+MR+DT
Joshi et al. 2008 [118] Tensor Individual Brain fMR+MR+DT
Rieder et al. 2008 [119] Tensor Individual Brain fMR+MR+DT
Dick et al. 2009 [120] Tensor Individual Bone CT+sim
Note: sim: simulation. Liang Zhou, Mengjie Fan, Charles Hansen, Chris R. Johnson, Daniel Weiskopf, "A Review of Three-

Dimensional Medical Image Visualization", Health Data Science, vol. 2022, Article
ID 9840519, 19 pages, 2022. https://doi.org/10.34133/2022/9840519
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Teaser Figure: Left: Brain, visualized using silhouettes, the lesion’s spatial depth is displayed using a ring. Center: Combined
rendering of brain tissue, skull and fiber tracts using a cutting plane. Right: The virtual path (cyan) from the entry point to the
region of interest. The two crossed lines represent the diameter of the virtual cylinder.
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Fig. 3. Different options for the comparative visualization of the stress distribution after a simulated implant surgery and the physiological stress

distribution (red = increase, yellow = decrease). Left: Change of normal stresses, tension only. Middle left: Change of normal stresses, compression
only. Middle right: Change of normal stresses, both tension and compression. Right: Change of shear stresses.

implant planning in orthopedics,” IEEE Transactions on Visualization and Computer Graphics

C. Dick, J. Georgii, R. Burgkart, and R. Westermann, “Stress tensor field visualization for
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TasLE 3: Summary of specialized medical image visualization techniques for prognosis.

Reference Data type Scale Location Modalities

Raidou et al. 2016 [127] Scalar Population Prostate MR

Karall et al. 2018 [128] Scalar Population Breast MR

Raidou et al. 2018 [129] Scalar Population Bladder CT
" # 3 . 2021 [130] Scalar Population Prostate, bladder, rectum CT

TaBLE 4: Techniques with potential health science applications.

Reference Scale Location Modalities Features

Zachow et al. 2009 [131] Individual Nose CT+sim Fluid dynamics: speed, pressure, humidity, temperature

Gasteiger et al. 2012 [56] Individual Brain CTA+sim Fluid dynamics: inflow jet and impingement zone

Meuschke et al. 2019 [132] Individual Brain CTA+sim Fluid dynamics: vortex, blood flows

Rosen et al. 2016 [133] Individual Heart MR+DT+sim Bioelectric fields

Meuschke et al. 2017 [134] Individual Brain Sim Rupture risk of aneurysms, stress tensor

Zhou et al. 2021 [135] Population Brain, heart MR+sim Quantitative comparison of scalar medical images

Note: sim: simulation.

Liang Zhou, Mengjie Fan, Charles Hansen, Chris R. Johnson, Daniel Weiskopf, "A Review of Three-
Dimensional Medical Image Visualization", Health Data Science, vol. 2022, Article
ID 9840519, 19 pages, 2022. https://doi.org/10.34133/2022/9840519
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0.024 0.037 (m)

Fig. 5. Visualization of flow quantities: Relative humidity for an exhalation state (a), flow velocity within the nasal cavity (b) during inhalation (top)
and exhalation (bottom), inspiratory flow velocity of up to 15 m/s with color coded stream lines (c), illuminated streamlines with color coded planar
LIC visualization (d), and particle visualization along field lines with discrimination of left and right side (e).

S. Zachow, P. Muigg, T. Hildebrandt, H. Doleisch, and H.-C. Hege, “Visual exploration of
nasal airflow,” IEEE Transactions on Visualization and Computer Graphics
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TaBLE 5: Medical image visualization tools.

Name Data types Features

ParaView Scalar, vector, tensor Analysis, large datasets, parallel/super computing
Voreen Scalar, vector Rapid prototype

Inviwo Scalar, vector Rapid prototype

MegaMol Scalar, vector Particles, rapid prototype

SCIRun Scalar, vector, tensor Modeling, simulation, analysis

3D Slicer Scalar Al, segmentation

Seg3D Scalar Segmentation

ImageVis3D Scalar Large datasets

FluoRenderer Scalar Confocal microscopy data

PR PR RIS ¢ ATEL g5
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Liang Zhou, Mengjie Fan, Charles Hansen, Chris R. Johnson, Daniel Weiskopf, "A Review of Three-
Dimensional Medical Image Visualization", Health Data Science, vol. 2022, Article
ID 9840519, 19 pages, 2022. https://doi.org/10.34133/2022/9840519
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Number of data classes: |3 Vv Il howto use updates downloads credits

Nature of your data: i
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Pick a color scheme:
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Only show: i | 3-class RdYIBu
O colorblind safe @ X 4 o
m] print friendly HEX +

O photocopy safe
B #ceaso
Context: i
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color transparency
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© Cynthia Brewer, Mark Harrower and The Pennsylvania State University
) Source code and feedback & axismaps

Back to Flash version
Back to ColorBrewer 1.0

https://colorbrewer2.org/
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= Diverging
= Qualitative
- A MR E =B RS T E T E L
- ERTANES DEBBEMIFHIE: JavaScript, R, Python, Matlab-
- WBIT G FTEMEER: colorbrewer2.org
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Colorbrewer scales

YIGn YIGnBu | | GnBu BuGn PuBuGn | PuBu BuPu RdPu PuRd OrRd YIOrRd | | YIOrBr = Purples | | Blues Greens | Oranges | | Reds
Paired
PuOr BrBG PRGn | | PiYG RdBu RdGy RdYIBu | | Spectral | RdYIGn
Greys Pastel1 Set1
Accent | Dark2 Pastel2 Set2
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Color Sequences for Univariate Maps: Theory,
Experiments, and Principles

Colin Ware
University of New Brunswick

ZH#NE, ERFHE

http://ccom.unh.edu/sites/default/files/publications/Ware_1988_CGA_Color_sequences_univariate_maps.pdf

[C. Ware, "Color sequences for univariate maps: theory, experiments and principles,", doi:
10.1109/38.7760.]
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- {5 R RAEUE (metric)
- R EEBRRTES(form)

Metric comprehension Form comprehension

[C. Ware, "Color sequences for univariate maps: theory, experiments and principles,"”, doi:
10.1109/38.7760.]

e 75 F BRI KEARE DI ©F= Liang Zhou

NATIONAL INSTITUTE OF HEALTH DATA SCIENCE AT PEKING UNIVERSITY



E Z T HNER

aa=t

= Visualizing Science: How Color Determines What We See
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Scientists use data visualization to quantify, interpret, evaluate, and communicate information. Recent research into the ways that people see and
interpret colors is improving tools to convey visual data clearly and accurately. This image shows a comparison of the same data set displayed using

the traditional rainbow colormap (left), a cool-warm colormap (middle), and a “wave” colormap, illustrating how visible detail can change when data
are portrayed with different color gradients. Credit: Graphic created by Francesca Samsel with data processed and provided by M. Petersen, Los
Alamos National Laboratory (LANL), using MPAS-Ocean

[https://eos.org/features/visualizing -science-how-color-determines-what-we-see]
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[F. Samsel, S. Klaassen and D. H. Rogers, "ColorMoves: Real-time Interactive
Colormap Construction for Scientific Visualization,", doi:
10.1109/MCG.2018.011461525.]
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A Survey of Colormaps in Visualization

Liang Zhou and Charles D. Hansen, Fellow, IEEE

Abstract—Colormaps are a vital method for users to gain insights into data in a visualization. With a good choice of colormaps,
users are able to acguire information in the data more effectively and efficiently. In this survey, we attempt to provide readers
with a comprehensive review of colormap generation technigues and provide readers a taxonomy which is helpful for finding
appropriate techniques to use for their data and applications. Specifically, we first briefly introduce the basics of color spaces
including color appearance models. In the core of our paper, we survey colormap generation technigques, including the latest
advances in the field by grouping these technigues into four classes: procedural methods, user-study based methods, rule-based
methods, and data-driven methods; we also include a section on methods that are beyond pure data comprehension purposes.
We then classify colormapping technigues into a taxonomy for readers to quickly identify the appropriate technigues they might
use. Furthermore, a representative set of visualization techniques that explicitly discuss the use of colormaps is reviewed and
classified based on the nature of the data in these applications. Our paper is also intended to be a reference of colormap choices

for readers when they are faced with similar data and/or tasks.

Index Terms—Color, colormap, visualization, perception, survey

1 INTRODUCTION

Color vision is an important and fast channel for
humans to acquire information. A colormap is a
mapping from data values to colors that generates
visual structures for the data [27]. Colormaps are com-
monly used in many domains in computer sciences,
e.g., computer graphics, visualization, computer vi-
sion and image processing. In this paper, we focus on
colormap generation techniques and applications in
the visualization domain.

Colormaps play an important role in visualization
as they are able to improve the efficiency and ef-

the topic of colormapping in visualization, in which
they briefly review colormap papers and provide
guidelines for using those techniques. An extended
survey [90] from Silva et al. is more comprehensive.
They summarize factors to be considered in colormap-
ping, e.g., data types, tasks, spatial frequency, and
audience, and survey techniques indicating different
design guidelines. Furthermore, they introduce exist-
ing colormapping tools that help the design of col-
ormaps. Reviews of colormapping techniques can also
be found in the book by Ware [109], in which color
theories, perception issues are discussed, and col-

1 1

[L. Zhou and C. D. Hansen, "A Survey of Colormaps in Visualization,", doi:

10.1109/TVCG.2015.2489649.]
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Fig. 9. A taxonomy of colormap generation papers.
[L. Zhou and C. D. Hansen, "A Survey of Colormaps in Visualization,", doi:

10.1109/TVCG.2015.2489649.]
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The Good, the Bad, and the Ugly: A Theoretical Framework for the
Assessment of Continuous Colormaps

Roxana Bujack* Terece L. Turton® Francesca Samsel* Colin Ware$
Los Alamos National Laboratory University of Texas at Austin University of Texas at Austin University of New Hampshire
David H. Rogers! James Ahrens|
Los Alamos National Laboratory Los Alamos National Laboratory

= T

(a) Greyscale. Constant (b) Half greyscale. Const. (c) Flat greyscale. Con- (d) Cool/warm divergent. (e) Rainbow. High speed (f) Viridis. Low variations
speed between each pair speed in each half, drops stant grey in [0.2,0.8] re- Const. speed in each half, around blue, low around in speed result in its uni-
of points. to zero across the halves.  sults in a speed of zero. but not across halves. green. form appearance.

[R. Bujack, T. L. Turton, F. Samsel, C. Ware, D. H. Rogers and J. Ahrens, "The Good, the Bad, and the Ugly: A
Theoretical Framework for the Assessment of Continuous Colormaps,", doi: 10.1109/TVCG.2017.2743978.]
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= Rainbow Color Map (still) considered harmful.

= Rainbow Colormaps Are Not All Bad FIGURE 2. Three popular rainbow colormaps. Top: The classic
HSV Rainbow. Middle: The Paraview Blue-Red Rainbow has

no magenta. Bottom: Jet adds dark ends.

EDITOR: Ther Marie Rhyne, ther yne@gmail.com

DEPARTMENT: VISUALIZATION VIEWPOINTS

Editor:
Theresa-Marie Rhyne

Rainbow Colormaps Are Not All Bad

Colin Ware ®, University of New Hampshire, Durham, NH, 03824, USA
Maureen Stone, Tableau Research, Seattle, WA, 98103, USA
Danielle Albers Szafir, University of North Carolina at Chapel Hill, Chapel Hill, NC, 27599, USA

Rainbow Color Map (Still) Considered Harmful

R esearch has shown that the rainbow color map is

mercials, weather forecasts, and even the IEEE

David Borland rarely the optimal choice when displaying data  Visualization Conference 2006 call for papers, just to

and Russell M. with a pseudocolor map. The rainbow color map con-  name a few. The problem with this wide use of the rain- Some 15 years ago, Visualization Viewpoints published an influential article
Taylor IT fuses viewers through its lack of perceptual ordering, bow color map is that research shows that it is rarely, if . . . .

University of obscures data through its uncontrolled luminance vari- ~ ever, the optimal color map for a given visualization.'® titled Rainbow Color Map (Stlll) Considered Harmful (Borland and Tay’or' 2007).
North Carolina ation, and actively misleads interpretation through the  Here we will discuss the rainbow color map's charac- The paper argued that the “rainbow colormﬂp’s characteristics Of confusing the
at Chapel Hill introduction of non-data-dependent gradients. teristics of confusing the viewer, obscuring data, and

Despite much published research on its deficiencies,
the rainbow color map is prevalent in the visualization
community. We present survey results showing that the
rainbow color map continues to appear in more than
half of the relevant papers in IEEE Visualization
Conference proceedings; for example, it appeared on
61 pages in 2005. Its use is encouraged by its selection
as the default color map used in most visualization
toolkits that we inspected. The visualization communi-
ty must do better.

In this article, we reiterate the characteristics that
make the rainbow color map a poor choice, provide

PR PR RIS ¢ ATEL g5

NATIONAL INSTITUTE OF HEALTH DATA SCIENCE AT PEKING UNIVERSITY

actively misleading interpretation.

Confusing

For all tasks that involve comparing relative values,
the color map used should exhibit perceptual ordering.
Asimple example of a perceptually ordered color map is
the gray-scale color map. Increasing luminance from
black to white is a strong perceptual cue that indicates
values mapped to darker shades of gray are lower in
value than values mapped to lighter shades of gray. This
mapping is natural and intuitive.

The rainbow color map is certainly ordered—from a

viewer, obscuring the data and actively misleading interpretation make it a
poor choice for visualization.” Subsequent articles often repeat and extend
these arguments, so much so that avoiding rainbow colormaps, along with their
derivatives, has become dogma in the visualization community. Despite this
loud and persistent recommendation, scientists continue to use rainbow
colormaps. Have we failed to communicate our message, or do rainbow
colormaps offer advantages that have not been fully appreciated? We argue
that rainbow colormaps have properties that are underappreciated by existing
design conventions. We explore key critiques of the rainbow in the context of
recent research to understand where and how rainbows might be
misunderstood. Choosing a colormap is a complex task, and rainbow colormaps

can be useful for selected applications.
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» https://blog.datawrapper.de/beautifulcolors/
How to pick more beautiful
colors for your data
visualizations

Choosing good colors for your charts is hard. This article
tries to make it easier.

Lisa Charlotte Muth

i k¥ I



QeI EE BN ¢

- g
- RGB B RXEH
- HSV RiT&EH
- CIELab fcl?aaa_kjw g2l
= CIEXYZ 3 Bl Ak A 2 B AN
- CMYK $TEN& & A
YUV RO=RE Y?FDH?@“H@_L
- YCbCr X = EYFMEMEEIE

- BB (A Z [E] R R

o g e .
) 2t 74 F BB K BARIAK B O Liang Zhou
JA\ % NATIONAL INSTITUTE OF HEALTH DATA SCIENCE AT PEKING UNIVERSITY



QeI EE BN ¢

- HSVE &2 = )
* Hue & 48
- Saturation {EF1E
« Value/Brightness =&

» Hue ranges from 0° to 360°...that’s your typical color wheel: @@@®
« Saturation ranges from 0% (grey) to 100% (super duper colorful'!): ®@@®

« Brightness/Value ranges from 0% (black) to 100% (the actual color):
000
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[By Jacob Rus - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=9445469]
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Broaden your understanding of colors

NOT IDEAL BETTER

https://blog.datawrapper.de/beautifulcolors/
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Don’t dance all over the color wheel

NOT IDEAL BETTER

https://blog.datawrapper.de/beautifulcolors/
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= HARMONY

tetradic

Lots of these tools let you choose different harmonies. One of them is
called “square” or “tetradic”. Don't use it. It will result in too many hues —
and we're on a mission to avoid that.

If the distance becomes small enough, you're basically using
complementary colors. And that's a great choice! Lots of complementary
color pairs work fantastic together. If in doubt, use complementary colors
and their neighbors.

https://blog.datawrapper.de/beautifulcolors
/
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Use saturation and lightness to make your hues work

NOT IDEAL BETTER

Saturation and brightness are as important as hue. In fact, you can create
new colors when you just change the saturation and brightness. Here are
two color pairs with the same hue, just different saturation and lightness:
@ / ©@. (If you change the hue just a tiny bit, you'll achieve even better
results: @© / ©@.)

https://blog.datawrapper.de/beautifulcolors
/
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[Eﬂ'f,;l JEN El'l] 7;'?5[3}'}% Information visualization focuses on data sets lacking

inherent 2D or 3D semantics and therefore also lacking a standard mapping of the abstract data onto the

physical screen space. -- D. Keim
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IEEE TRANSACTIONS ON VISUALIZATION AND COMPUTER GRAPHICS, VOL.8, NO.1, JANUARY-MARCH 2002

Information Visualization and
Visual Data Mining

Daniel A. Keim, Member, IEEE Computer Society

Abstract—Never before in history has data been generated at such high volumes as it is today. Exploring and analyzing the vast
volumes of data is becoming increasingly difficult. Information visualization and visual data mining can help to deal with the flood of
information. The advantage of visual data exploration is that the user is directly involved in the data mining process. There are a large
number of information visualization techniques which have been developed over the last decade to support the exploration of large
data sets. In this paper, we propose a classification of information visualization and visual data mmmg techmques which is based on
the data type to be visualized, the visualization technique, and the interaction and distortion ique. We ify the i ion
using a few examples, most of them referring to techniques and systems presented in this special secton.

Index Terms—Information visualization, visual data mining, visual data exploration, classification.

+

[D. A. Keim, (2002), "Information visualization and visual data
mining," doi: 10.1109/2945.981847.]

NATIONAL INSTITUTE OF HEALTH DATA SCIENCE AT PEKING UNIVERSITY

@ A X F BENEBT KRR PR

https://observablehg.com/@d3/gallery

Analysis

D3 is for more than visualization; it includes tools for quantitative analysis, such as
data transformation, random number generation, hexagonal binning, and contours
via marching squares.

= |
W | tLA
: p b /\
Moving average Bolinger bands Box plot Histogram Kernel density estimation
1
J !;J i : 2 g
b
Density contours Contours " Hexbin Hexbin (area) Hexbin map
/ /
Q-Q plot Normal quantile plot Paralel sefs
Hierarchies
D3 supports hierarchical data, too, with popular layouts such as treemaps, tidy trees,

and packed circles. And you retain complete control over how the data is displayed.

ot ne-t

Treemap Cascaded treemap Nested treemap Circle packing Circle packing (monochrome)
Indented tree Tidy tree Radial tidy tree Cluster dendrogram Radial dendrogram
D, W > E

R\ =

RUTTRRRLE

[J. Heer et al. (2010). A Tour through the Visualization Zoo: A survey of
powerful visualization techniques, from the obvious to the obscure. DOI:
10.1145/1794514.1805128 ~ .
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Revenue by Music Format, 1973-2018
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Change-over-Time

Give emphas

to changing trends. These <an be short (intra-day) movements or extended series traversing decades or centuries: Choosing the correct time period is important to provide suitable context for the reader

Line Column Column + line timeline Slope
The standard way to show a changing time series. I data are iregular, consider Columns work well for time - A gaod way of o time bt G data as long as the data can be simpiffied into 2 or 3
markers to represent data points.

Series of data ata time and a rate (ine)
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Area chart Candlestick Fan chart (projections)
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Vertical timeline Seismogram Streamgraph
o0 forshaving i rote vl of v sz s ol g 00 resents time 1 he Y ais. Goe o dsplying detaed e series tha work

Another alternative to the circle timeline for showing series where there are big

earthquakes by contintent) varitions in the data

A type of area chart; use when seeing changes in propartions over time is more

‘especially well when scrolling on mobile important than individual values
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[By Pratap Vardhan,
https://gramener.github.io/visual-vocabulary-vega/]
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Line chart
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https://observablehg.com/@d3/multi-line-chart
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[By Probe-meteo.com - Probe-meteo.com, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=260

[By M. Bostock]
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Distribution

Show values in a dataset and how often they occur. The shape (or skew) of a distribution can be a memorable way of highlighting the lack of uniformity or equality in the data

Histogram it pot plot Dot strip plot
The standard way to show a statistical distribution - keep the gaps A simple way of showing the range (min/max) of data across multiple Good for showing individual values in a distribution, can be a
between columns small to highlight the ‘shape’ of the data. categories. problem when too many dots have the same value
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Barcode plot Boxplot

Violin plot
Similar to a box plot but more effective with complex distributions
(data that cannot be summarised with simple average).

Like dot strip plots, good for displaying all the data in a table,they

Summarise multiple distributions by showing the median (centre) and
work best when highlighting individual values.

range of the data
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[By Pratap Vardhan,
https://gramener.github.io/visual-vocabulary-vega/]
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= Box-and-Whisker plot

IQR
Ql Q3
Ql —-1.5 xIQR Q3+ 15 xIQR
Median
40 -30. -20 ~-lo 0o 1o 20 30 40
-2.6980 -0.67450 0.67450 2.6980
24.65% 50% 24.65%
—tlla —I30 —I2cr —Ilo Ola lla 2Io 3Ia 4Io
15.73% 68.27% 15.73%
—40 —30 —20 -1lo 0o lo 20 30 40
[By Jhguch at en.wikipedia, CC BY-SA 2.5,

https://commons.wikimedia.org/w/index.php?curid=14524285]
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[By Ever.chae - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=84823719]
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= [&] Dot plot
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Dotplot of Random Values
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[By Mdd4696 / Evercat - Public Domain,
https://commons.wikimedia.org/w/index.php?curid=12466272]
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[N. Rodrigues and D. Weiskopf (2018), "Nonlinear Dot Plots," doi:
10.1109/TVCG.2017.2744018.]
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M Pantson fire! [l False  Mostly false ~ Half true ] Mostly true [l True

Revenue by Music Format, 1973-2018

— More falsehoods More truths — Data: RIAA
70% 6% s0% 40% 30% 20% 10% 0 10% 0% 30% 40% 50% 6% 70% 80%
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W s - Track B co single B Ringtones & Ringbacks [l Other Ad-Supported Streaming

Kamala Harris _ W Cassette SACD I Download Music Video [ soundExchange Distributions
[ Cassette Single M ovD Audie Other Digital Limited Tier Paid Subscription

Joe Biden - Other Tapes. Music Video (Physical) I Synchronization

22 = Revenue (billions, adj.)

Pete Buttigieg .
Beto O'Rourke -
Elizabeth Warren -
serie sancers [

wichaet scorters [
Amy Klobuchar -

https://observablehq.com/@d3/diverging-stacked-bar-chart
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Change-over-Time

Give emphasis to changing trends. These can be short (intra-day) movements or extended series traversing decades or centuries: Chaosing the carrect time period is important to provide suitable context for the reader

Line Column Column + line timeline Slope
The standard way to show a changing time series. If data are irregular, consider Columns work well for showing change over time - but usually best with only ane A good way of showing the relationship over time between an amount {columns) Good for showing changing data as long s the data can be simplified into 2 or 3
markers to represent data points serles of data at a time and a rate (line) points without missing a key part of story
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Area chart Candlestick Fan chart (projections)
Use with care, These are good at showing changes to total, but seeing change in components can be very difficult, Usually focused on day-to-day activity, these charts show opening/clesing and hiflow points of each day Use to show the uncertainty in future projections - usually this grows the further forward to projection
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Connected scatterplot Calendar heatmap

Priestley timeline

A good way of showing changing data for two variables whenever there is a relatively clear pattern of progression, A great way of showing temporal patterns (daily, weekly, monthly), at the expense of showing precision in quantity
o

2011

]
1m7

Great when date and duration are key elements of the story in the data

ot0-

o03-

ais 020 025 030

2012 2014 2015 2017 208

1880 1900 1920 130
Circle timeline Vertical timeline

Seismogram
Good far showing discrete values of varying size across multiple categories teg Presents time on the Y axis. Good for displaying detailed time series that work
earthquakes by contintent)

especially well when scrolling on mobile

Streamgraph
Another altemative to the circle timeline for showing series where there are big A type of area chart; use when seeing changes in proportions over time is more
variations in the data important than individual values
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[By Probe-meteo.com - Probe-meteo.com, CC BY-SA 3.0,

https://commons.wikimedia.org/w/index.php?curid=2604
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Distribution

Show values in a dataset and how often they occur. The shape (or skew) of a distribution can be a memorable way of highlighting the lack of uniformity or equality in the data

Histogram Edit Dot plot Dot strip plot
The standard way to show a statistical distribution - keep the gaps A simple way of showing the range (min/max) of data across multiple Good for showing individual values in a distribution, can be a
between columns small to highlight the 'shape’ of the data. categories. problem when too many dots have the same value
140 Supplies @ —@
130 January- @) @I@9 © ® @50
120+ Storage - *—0—e
110
100-] Paper - P S S Y February- @I@® @)® ® @
90+ Label re
80 abels 7 March- €@) G895 © & €0 © L o o L J
70+ Fasteners — »
60 -| April- @0} 0® @ € o @
50+ Envelopes - [ B4
40
30 Binders - [ — May- (@& oeMee @ e o0
20|
10- Art— e June- @@®  €@I@® O O & © ®
- i - I 1 1 1 1 I I 1 1
30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 Appliances = 459 ,000 7,000 ® 11,000 ok sk 10k 15k 20k 25k 30k 35k 40k
Barcode plot Boxplot Violin plot
Like dot strip plots, good for displaying all the data in a table they Summarise multiple distributions by showing the median (centre) and Similar to a box plot but more effective with complex distributions
work best when highlighting individual values. range of the data (data that cannot be summarised with simple average).
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[By Pratap Vardhan,
https://gramener.github.io/visual-vocabulary-vega/]
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*E 2 & Boxplot

= Box-and-Whisker plot
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[By Jhguch at en.wikipedia, CC BY-SA 2.5,
https://commons.wikimedia.org/w/index.php?curid=14524285]
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Example with Outliers
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[By Ever.chae - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=84823719]
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Dotplot of Random Values
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Random Values

[By Mdd4696 / Evercat - Public Domain,
https://commons.wikimedia.org/w/index.php?curid=12466272]
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[N. Rodrigues and D. Weiskopf (2018), "Nonlinear Dot Plots," doi:
10.1109/TVCG.2017.2744018.]
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Nils Rodrigues and Daniel Weiskopf, Member, IEEE Computer Society

Nonlinear Dot Plots
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[N. Rodrigues and D. Weiskopf, "Nonlinear Dot Plots," in IEEE Transactions on
Visualization and Computer Graphics, doi: 10.1109/TVCG.2017.2744018.]
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(b) Strip dot plot (root plot with s = 1)
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(c) Logarithmic histogram

TR gy rereey kw11 0179 1111111 00000 0000 0 00 Iulluxlmlmlh il l!luII;H||l'n|l|||‘||“l“|lll“Ml"""hhl’l

30

(a) Linear dot plot

[N. Rodrigues and D. Weiskopf, "Nonlinear Dot Plots," in IEEE Transactions on
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[N. Rodrigues and D. Weiskopf, "Nonlinear Dot Plots," in IEEE Transactions on
Visualization and Computer Graphics, doi: 10.1109/TVCG.2017.2744018.]
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Relaxed Dot Plots:
Faithful Visualization of Samples and Their Distribution

Nils Rodrigues, Christoph Schulz, Séren Ddring, Daniel Baumgartner, Tim Krake, and Daniel Weiskopf

Fig. 2: A column-based linear layout (left), a nonlinear layout (middle),
and our relaxed layout, constrained to a more faithful envelope with
locally equidistant dot spacing (right).

[N. Rodrigues, C. Schulz, S. Doring, D. Baumgartner, T. Krake and D. Weiskopf, "Relaxed Dot Plots: Faithful
Visualization of Samples and Their Distribution," in IEEE Transactions on Visualization and Computer
Graphics, 1912, doi: 10.1109/TVCG.2022.3209429.]
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Kernel

sweep frequency vertical relaxation
(X' s X)) T — — > EE——
12°°°2*n/ layout estimation scaling
input start frequency o —
data diameter distribution envelope initial positions relaxed layout
Envelope Computation Dot Placement

Nonlinear dot plot (NDP) [21]

Our relaxed dot plot (RDP) MSE = 0.4347

MSE ~ 0.0212

[N. Rodrigues, C. Schulz, S. Doring, D. Baumgartner, T. Krake and D. Weiskopf, "Relaxed Dot Plots: Faithful
Visualization of Samples and Their Distribution," in IEEE Transactions on Visualization and Computer
Graphics, 1912, doi: 10.1109/TVCG.2022.3209429.]
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Error Bars Considered Harmful:
Exploring Alternate Encodings for Mean and Error

Michael Correll Student Member, IEEE, and Michael Gleicher Member, IEEE
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(a) Bar chart with error bars: the (b) Modified box plot: The whiskers are  (¢) Gradient plot: the transparency (d) Vielin plot: the width of the col-
height of the bars encodes the sample the 95% t-confidence interval, the box is of the colored region corresponds to ored region corresponds to the probabil-
mean, and the whiskers encode a 95% t-  a 50% t-confidence interval. the cumulative density function of a t- ity density function of a t-distribution.
confidence interval. distribution.

Fig. 1. Four encodings for mean and error evaluated in this work. Each prioritizes a different aspect of mean and
uncertainty, and results in different patterns of judgment and comprehension for tasks requiring statistical inferences.

[M. Correll and M. Gleicher, "Error Bars Considered Harmful: Exploring Alternate Encodings for Mean and Error,"
in IEEE Transactions on Visualization and Computer Graphics, doi: 10.1109/TVCG.2014.2346298.]

I 7 K BRHEBY R BRI R Db © &= Liang Zhou
=T

NATIONAL INSTITUTE OF HEALTH DATA SCIENCE AT PEKING UNIVERSITY



Looks Good To Me: Visualizations As Sanity Checks

Michael Correll, Mingwei Li, Gordon Kindlmann, and Carlos Scheidegger

o Wnln - - -

dddde
dddds

A A
A A
A A
A A
A A

) (b)

Fig. 1: Example lineups from our evaluation. Both Fig. 1a and 1b show the same univariate datasets. 19 of these charts are “innocent™
random samples from a Gaussian. One “guilty” chart is mostly random draws, but 20% of samples have an identical value (an
extraneous mode). The oversmoothed density plot makes this abnormality difficult to see (participants were only 35% accurate at

picking out the correct density plot). Low opacity dot plots, however, make the dark black dot of the mode easier to detect (85%
accuracy). See §5.1 for the right answer.

[M. Correll, M. Li, G. Kindlmann and C. Scheidegger, "Looks Good To Me: Visualizations As Sanity Checks," in IEEE
Transactions on Visualization and Computer Graphics, doi: 10.1109/TVCG.2018.2864907.]
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Fig. 2: The C(_)mn_'lutativF diagrul_n in this ﬁgurt? provides a way to

evaluate visualizations of population samples. If a change & occurs
in the population distribution (for instance, the introduction of a flaw
such as a region of missing values), we expect to see a proportionally
large change in the visualization @. However, the data to be encoded
is often a sample of this unknown distribution: this sampling s can
also introduce visual changes in the resulting mapping from data to
visualization v. [M. Correll, M. Li, G. Kindimann and C. Scheidegger, "Looks Good To Me: Visualizations As Sanity Checks," in IEEE
Transactions on Visualization and Computer Graphics, doi: 10.1109/TVCG.2018.2864907.]
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(c) Spike Detection by Visualization
[M. Correll, M. Li, G. Kindlmann and C. Scheidegger, "Looks Good To Me: Visualizations As Sanity Checks," in IEEE
Transactions on Visualization and Computer Graphics, doi: 10.1109/TVCG.2018.2864907.]
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[By Anscombe.svg: Schutz(label using subscripts): Avenue - Anscombe.svg, CC
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SATMAFRAR Parallel coordinates

R R XM, B
T XM s

Fixed pH Volatile  Citric Acid Chlorides  Sulphates Free Sulfur Total Sulfur  Density Alcohol Residual

Aciditv Aciditv Dioxide Dioxide \ Suear

—
density l \I

chlorldes | " ¥ _—
’ 3 alcohol |

% sulphates ”‘;, g i
b, by ol y residual
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[L. Zhou and D. Weiskopf (2017), “Indexed-Points Parallel Coordinates Visualization of Multivariate
Correlations,” doi: 10.1109/TVCG.2017.2698041.]
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[R. Bian et al., “Implicit Multidimensional Projection of Local
Subspaces," doi: 10.1109/TVCG.2020.3030368.]
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Tangled tree visualization

https://observablehq.com/@d3/gallery
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F & Treemaps
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[J. ). Van Wijk and H. Van de Wetering (1999), "Cushion
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https://observablehq.com/@d3/treemap [By M. Bostock]
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[J. Gortler et al. (2018), "Bubble Treemaps for Uncertainty Visualization,"
[By M. Bostock] 4. 10.1109/TVCG.2017.2743959.]
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Kol # 4, Graph visualization
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= 5 [a & directed graph

- B2l graph drawing

[By User:AzaToth - Image:6n-graf.png simlar input data, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=820489]
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LA 4P Edge bundling
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Figures from [D. Holten and J. J. van Wijk (2009), "Force-Directed
Edge Bundling for Graph Visualization," doi: 10.1111/j.1467-
8659.2009.01450.x.]

No bundling Force-based edge bundling

[D. Holten and J. J. van Wijk (2009), "Force-Directed Edge Bundling
for Graph Visualization," doi: 10.1111/j.1467-8659.2009.01450.x.]

Geometry-based edge clufstering

[W. Cui et al. (2008), "Geometry-Based Edge Clustering for Graph
Visualization," doi: 10.1109/TVCG.2008.135.]
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The Euler and the Venn diagram of those sets are:

Euler diagram Venn diagram

[https://en.wikipedia.org/wiki/Venn_diagram]

[C. Collins et al., "Bubble Sets: Revealing Set
Relations with Isocontours over Existing
Visualizations," doi: 10.1109/TVCG.2009.122.]
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[Y. Wang et al. (2020), "ShapeWordle: Tailoring Wordles using Shape-aware
Archimedean Spirals," doi: 10.1109/TVCG.2019.2934783.]
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188 Word tree
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if love be blind, bllnd love cannot hit the mark

it best agrees with night

it best agrees with night

Control-click bow boy’s butt - shaft: and is he a man
on “blind”

[M. Wattenberg and F. B. Viégas, (2008), "The Word Tree, an Interactive Visual
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[Y. Tanahashi and K. Ma (2012), "Design Considerations for Optimizing
Storyline Visualizations," doi: 10.1109/TVCG.2012.212.]
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[S. Liu et al. (2013), "StoryFlow: Tracking the Evolution of Stories," doi:
10.1109/TVCG.2013.196.]
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[D. Oelke et al. (2014): Comparative Exploration of Document Collections
doi: 10.1111/cgf.12376]

: a Visual Analytics Approach,
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https://commons.wikimedia.org/w/index.php?curid=664
67590]

[By Strebe - Own work, CC BY-SA 3.0,

> https://commons.wikimedia.org/w/index.
e 7 XY BT KBRSk = |
% NATIO{AL INSTITUTE OF HEALTH DATA SCIENCE AT PEKING UNIVERSITY php?cu rid=16115375] © JE J'T'L, I—Iang Zhou
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. L. hou et al. (2020), "Photographic High-Dynamic-Range
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éﬂ?’\]?ﬁ t *Hiiﬁg'fi%%ﬂ% Scalar Visualization,” DOI: 10.1109/TVCG.2020.2970522]
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2% 251 TI& Choropleth map
= Baron Pierre Charles Dupin, 1826, “cartes teintées” (coloured map)
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[L. Zhou et al. (2020), "Photographic High-Dynamic-Range
Scalar Visualization,” DOI: 10.1109/TVCG.2020.2970522] © &= Liang Zhou
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& ¥R O] F 14X, Trajectory visualization
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=
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Rotterelam

L /'"

— B 10log #vessels

[R. Scheepens et al. (2011), "Interactive visualization of multivariate

trajectory data with density maps," doi:
[C. Tominski et al. (2012), "Stacking-Based Visualization of Trajectory  10.1109/PACIFICVIS.2011.5742384.]

Attribute Data," doi: 10.1109/TVCG.2012.265.]
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DOI:10.1145/2133806.2133821
= User Interaction B X H | [
: . . > a v A taxonomy of tools that support the fluent
- BFUSh I ng d nd Im kl ng %E%E%ﬁ and flexible use of visualizations.
- |_| N ked Vi ews ;éﬂéé;{(jﬂb BY JEFFREY HEER AND BEN SHNEIDERMAN

Focus + context BREE 0 T 3K InteraCtive
Dynamics
for Visual
Analysis

THE INCREASING SCALE and availability of digital data
provides an extraordinary resource for informing

public policy, scientific discovery, business strategy,

and even our personal lives. To get the most out of such
data, however, users must be able to make sense of it:

To pursue questions, uncover patterns of interest, and

At 7 K F BEREBT KBRS ©E= Liang Zhou

NATIONAL INSTITUTE OF HEALTH DATA SCIENCE AT PEKING UNIVERSITY

[Jeffrey Heer and Ben Shneiderman. 2012.

Interactive dynamics for visual analysis.
Commun. ACM 55, 4 (April 2012), 45-54.

DOI:10.1145/2133806.2133821]
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Taxonomy of interactive dynamics for visual analysis.

Data and View Specification Visualize data by choosing visual encodings.

SETIOL R E

Filter out data to focus on relevant items.
Sort items to expose patterns.
Derive values or models from source data.

View Manipulation
L EIZR I

Select items to highlight, filter, or manipulate them.
Navigate to examine high-level patterns and low-level detail.
Coordinate views for linked, multidimensional exploration.

Organize multiple windows and workspaces.

Process and Provenance

AT FNIC 3%

Record analysis histories for revisitation, review, and sharing.
Annotate patterns to document findings.
Share views and annotations to enable collaboration.

Guide users through analysis tasks or stories.

@ M F S BB BRI R
NATIONAL INSTITUTE OF HEALTH DATA SCIENCE AT PEKING UNIVERSITY

[Jeffrey Heer and Ben Shneiderman. 2012. Interactive dynamics for visual analysis.
Commun. ACM 55, 4 (April 2012), 45-54. DOI:10.1145/2133806.2133821]
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Taxonomy of interactive dynamics for visual analysis.

[Jeffrey Heer and Ben Shneiderman. 2012.

Data and View Specification Visualize data by choosing visual encodings. Interactive dynamics for visual analysis.
Filter out data to focus on relevant items. Commun. ACM 55, 4 (April 2012), 45-54.
Sort items to expose patterns. DOI:10.1145/2133806.2133821]

Derive values or models from source data.

View Manipulation Select items to highlight, filter, or manipulate them.
Navigate to examine high-level patterns and low-level detail.
Coordinate views for linked, multidimensional exploration.

Organize multiple windows and workspaces.

Process and Provenance Record analysis histories for revisitation, review, and sharing.
Annotate patterns to document findings.
Share views and annotations to enable collaboration.

Guide users through analysis tasks or stories.
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https://observablehg.com/@jerdak/parallel-coordinates-d3-v4
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Sortable Bar Chart AT FRRZE T query
Use the dropdown menu to change the sort order.

0.13-

0.12-
o1 -
0.10-
0.09 -
0.08-
007~
0.06 =
0.05-
004~
003-
002-

https://observablehq.com/@d3/sortable-bar-chart
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Brushing and Linking < BX 88 37

- E— LB R XS E B TIEE (brushing), AEHMAE P B REHH
(linking)

og(1+Sa‘lary)| 7 =

o'

—_—

[ TPesition [,ﬂ e NI Pesition

D[\JD]DHDLw

Flgure 9. Brushing and linking of baseball statistics in GGobi.

Source: [Jeffrey Heer and Ben Shneiderman. 2012. Interactive dynamics for visual
analysis. Commun. ACM 55, 4 (April 2012), 45-54. DOI:10.1145/2133806.2133821]
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[L. Zhou and C. Hansen (2013),
“Transfer function design based on user
selected samples for intuitive
multivariate volume exploration,”, doi:
10.1109/PacificVis.2013.6596130.]

(2) Volume Rendering View (3) Projection View
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(1) Multi-Panel View (4) High-Dimensional Transfer Function View |
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[R. KrUger et al. (2013), TrajectoryLenses - A Set-based Filtering and
Exploration Technique for Long-term Trajectory Data.
doi:10.1111/cgf.12132]
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Linked Views < BEx#) &

Transfer Function Design based on
User Selected Samples for Intuitive
| Multlvarlat Volumexploratlon

PacificVis Submission #136

[L. Zhou and C. Hansen (2013), “Transfer function design
based on user selected samples for intuitive multivariate

@ At 7K P R K BIREIF DR volume exploration,”, doi: 10.1109/PacificVis.2013.6596130.] OF= Liang Zhou
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Focus + Context BREEFN AN

B RBX 15 (focus), 1R 7R & B2k (context)

[R. Krueger et al. (2014), "Visual Analysis of Movement Behavior Using Web Data
for Context Enrichment," doi: 10.1109/PacificVis.2014.57.]

[J. Kruger et al. (2006), "ClearView: An Interactive Context Preserving
Hotspot Visualization Technique," doi: 10.1109/TVCG.2006.124.]
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IEEE VAST 2013

Visual Traffic Jam Analysis based on Trajectory Data

Zuchao Wang?!, Min Lu*?, Xiaoru Yuan'2, Junping Zhang?, Huub van de Wetering®

[Z. Wang et al. (2013), "Visual Traffic Jam

1) Key Laboratory of Machine Perception (Ministry of Education), Analysis Based on Trajectory Data," doi:
School of EECS, Peking University 10.1109/TVCG.2013.228.]
2) Center for Computational Science and Engineering, Peking University
3) Shanghai Key Laboratory of Intelligent Information Processing,
and School of Computer Science, Fudan University
4) Department of Mathematics and Computer Science,
Technische Universiteit Eindhoven
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Interactive Visual Discovering of Movement Patterns
from Sparse Sampling Geo-tagged Socail Media

Siming Chen?, Xiaoru Yuan?, Zhenhuang Wang®, Cong Guo?, Jie Liang?,

Zuchao Wang!, Xiaolong (Luke) Zhang?, Jiawan Zhang?

Key Laboratory of Machine Perception (Ministry of Education), School of EECS, Peking University
Pennsylvania State University

*Tianjin University
Contact: xiaoru.yuan@pku.edu.cn
S @ http://vis.pku.edu.cn

[S. Chen et al. (2016), "Interactive Visual Discovering of
Movement Patterns from Sparsely Sampled Geo-tagged Social
2 2 ) b ERREpEYY e Media Data," doi: 10.1109/TVCG.2015.2467619.] L
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DIADUER®unnen
Visual Analytics for the Exploration of

RT-Induced Bladder Toxicity
in a Cohort Study
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[R. Raidou et al. "Bladder Runner: Visual Analytics for the
Exploration of RT-Induced Bladder Toxicity in a Cohort Study,”.

doi:10.1111/cgf.13413] ©E= Liang Zhou
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hemoExplorer
A Dashboard for the Visual Analysis of

Chemotherapy Response in Breast Cancer Patients

R - N. Karall, M.E. Gréller, R.G. Raidou

[N. Karall, et al. “"ChemoExplorer: A Dashboard for the Visual
Analysis of Chemotherapy Response in Breast Cancer Patients,”.
doi:10.2312/eurovisshort.20181077] © &= Liang Zhou
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= ParaView https://www.paraview.org/

- SCl Institutef§ & T &
https://www.sci.utah.edu/sci-software/visualization.html s 1K
= Inviwo https://inviwo.org/

= Voreen https://www.uni-muenster.de/Voreen/index.html
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= Tableau https://www.tableau.com/
= Power Bl https://powerbi.microsoft.com/

—IM%EMCFJ?E
= VTK https://vtk.org/

= D3 https://d3js.org/
* ALK AT AL AT R A
- RIEEE:
C++ JavaScript, Python, R......

?SE
XEF‘?E (Ul) ZwIE——Qt, Vue,js...... o
- B4 FE——O0penGL, WebGL % =

- B4 IEEE (GPU) ZgFE——Shaders, CUDA

ez XY fﬁﬁl’ﬁﬁkﬁﬁuﬁﬂh"l‘ﬁ ©Jﬂﬁ=— Liang Zhou
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT =T


https://www.paraview.org/
https://www.sci.utah.edu/sci-software/visualization.html
https://inviwo.org/
https://www.uni-muenster.de/Voreen/index.html
https://www.tableau.com/
https://powerbi.microsoft.com/
https://vtk.org/
https://d3js.org/

Paraview

- BlEoT . TR, BIELE
- THREE, ERVIKE, STHANREEE

Pipeline Browser

B builtin:
@ =@ bad_rbc.000*
i |~ PlotDatal
@ @ continuum.000*
z =) StreamTracerl
@ @ Tubel
®
» =+ particles.000*
@ MaskPoints1

@
@ @ rbc.000*

Properties
Properties

Information

= Properties (Slicel)
Slice Type Plane
Plane Parameters
Show Plane
Origin |20.268640518188 0
Normal 1 0
to the closest
X Normal
Y Normal
Z Normal
Reset Camera to Normal
Reset to Data Bounds

Offset o

Crinkle slice

v Triangulate the slice
Value Range: [-24.3334, 24.3334]

1|-17
285

20

'] % Delete

-~

RIDEIE

4.2915344238281
o

Note: Use 'P' to pick 'Origin' on mesh or 'Ctri+P' to snap
mesh point

Camera Normal

PR PR eS¢ e g

NATIONAL INSTITUTE OF HEALTH DATA SCIENCE AT PEKING

UNIVERSITY

a®

O Layout #1 ®

» )

it View Sources Filters Tools alyst

pPEBE MO P2 IR KA>PDPMES
o 0 S St fe| o Velocity ~ || Magnituc ~ | Surface
VPRI OELE 3 02 & OF 8K

= B

ParaView

0 |%/(maxis 9)

\ »RenderViewl @ B 0O |

b5 I SO LOPS S SR AR

C2-29-g7b25328 6

Velodity Magritide

029

043
LT

5.740801

Showing rbc.000*

Point ID
0 o
1 1
2 2
3 3
4 4
5 5
- e

12,97
12.87
12.56
11.81
1219

11.74

15 a3

Array 0x48e8940
4.02539

445314
3.98759
4.58842
5.01124

4.82927

237373

197151
1.62474
157154
0.363016
0.337676

-0.0652181

3 aanea

~ Attribute: Point Data ~ Precision: 6 5

-0.618608
-0.545101
-0.740404
-0.718644
-0.556874

-0.648788

nenETy

https://www.paraview.org/

> N

B (<

Velocity_Magnitude
é
Normals
0.308582 0.722566
0.524181 0.654293
0.215272 0.636757
0.453617 0.52705
0.743904 0.369456
0.715937 0.257892

naceans

nercane

&

L

BUG13929 BUG14804a

0.500466

0.508512
0.49828

0.499956
0.486585

0.495815

nennnnz

ParallelCoordinatesviewl @B 0O @

SpreadSheetviewl @0 B 0O

Velocity
0.0254211

0.03509
0.0171987
0.00931914
0.00438975

0.0150577

anr31014

BUG14804b ShowAllArrays berk  extractBlocks

Aray 0x54754e0_Magnit

0.0579423
0.0538552
0.0556895
0.0288415
0.0334749

0.0266566

A nannna

3 [ ®

generate_statics link_center_of_rotation

Color Map Editor @2

o
L3

Array Name: Velocity
Lock Data Range
Interpret Values As Categories
Rescale On Visibility Change
Mapping Data

Data:

Use log scale when mapping data to colors
Enable opacity mapping for surfaces
Color Mapping Parameters

Color Space HSV -
@ Nan Color
Color Discretization
v Discretize
c:lr::ser Of Table _ 256
2 | 2 &+

© &= Liang Zhou


https://www.paraview.org/

SCl Institute NS5 T B
R A TR T 2

BREERIEEBR. BG4, JUERRER, & 9]

SCIHome Thelnstitute @ Research @ Centers @ Media Publications @  Software @ People @  Opportunities Internal  Search

The

Scientific Computing
and Imaging Institute

SCI Software

Scientific Software Environments

Software at the SCI Institute is developed in close collaboration with application users to satisfy real needs within their research communities. We use a robust,
yet agile software process that is fully open-source to produce software environments that integrate leading-edge algorithms in image processing, scientific
visualization, and scientific computing. Software products developed at the SCI Institute can be categorized in the following ways: Problem Solving
Environments (Integrated Modeling, Simulation, and Visualization), Image Analysis, Geometric and Shape Modeling, Simulation, and Visualization

Problem Solving Environments | Image Analysis | Geometric and Shape Modeling | Simulation | Visualization

Problem Solving Environments (Integrated Modeling, Simulation, and Visualization)
FEBio

FEBio is a nonlinear finite element solver that is specifically designed for biomechanical applications. It offers modeling scenarios, constitutive models and
boundary conditions that are relevant to many research areas in biomechanics. All features can be used together seamlessly, giving the user a powerful tool for

solving 3D problems in computational biomechanics. The software is open-source, and pre-compiled executables for Windows, Mac 0S X and Linux platforms

are available.
1 and links to d

More inforr

PreView

PreView is a Finite Element (FE) preprocessor that has been designed specifically to set up FE problems for FEBio. It allows the user to specify the boundary
conditions and material properties in a user-friendly graphical environment

More information and links to downloads

PostView

Postview is a finite element post-processor that is designed to visualize and analyze results from an FE analysis. It can import the FEBio extendible plot file
format (XPLT), as well as several other data formats (e.g. LSDYNA Keyword, LSDYNA binary database, VTK), It also offers a way to add additional data to an
already loaded model

More information and links to down

https://www.sci.utah.edu/sci-software/visualization.html

I 7 K BRHEBY R BRI R Db
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Seg3D

Segmentation Image Processing

Seg3D

Segmentation |

Seg3D is a volume segmentation and processing tool developed by the NIH Center
for Integrative Biomedical Computing. It combines a flexible manual segmentation
interface with powerful higher-dimensional image processing and segmentation
algorithms from the Insight Toolkit

Download,

ious Releases

Overview  User D« Developer D FAQ Support  Seg3D Data

Overview

a free volume segmentation and processing tool developed by the NIH Center for

egrative Biomedical Computin 0 of Utah Scienti uting and Imaging
(SCI) Institute. S

dimensional image

ce with powerful higher
t Toolkit. Users can

ing volume rendering an lmxnmaw\r.

ng and segmen

explore and label image volumes u: w windows

D ataglance

« Fully terface with multip

« Automati

segmentation in
Dt

https //www Sci. utah edu/software/seg3d.html

qrated with manual contouring

‘olume rendering with nsfer fi in real-time

tion vvamm\a

ImageVis3D

Simple Scalable Interactive

ImageVis3D is a new volume rendering program developed by the NiH/NIGMS Center
for Integrative Biomedical Computing. The main design goals are simplicity,
scalability, and interactivity.

Download

Source Code

Overview  User D Developer D Support  Data

Overview

ImageVis3D is a new volume rendering program developed by the NIH/NIGMS Center for Integrative Biomedical

Computing (CIBC). The main design goals of ImageVis3D are: simplicity, scalability, and interactivity. Simplicity

is achie:

ith a new user interface that gives an unprecedented level of flexibility. Scalability and interactivity
mean that users can interactively explore terabyte-sized data sets on hardware ranging from mobile devices to
high-end graphics workstations. Finally, the open source nature as well as the strict component-by-component

design allow developers not only to extend ImageVis3D itself but also reuse parts of it, such as the rendering
core. This rendering core for instance is planned to replace the volume rendering subsystems in many

applications at the SCI Institute and with our collaborators.

ImageVis3D Mobile for the iPhone and
iPad is now available from

iTunes App store.

https://www.sci.utah.edu/software/imagevis3d.html
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volume rendering engine
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About Voreen

Voreen is an open source rapid application
development framework for the interactive
visualization and analysis of multi-modal
volumetric data sets. It provides GPU-based
volume rendering and data analysis
techniques and offers high flexibility when
developing new analysis workflows in
collaboration with domain experts. The
Voreen framework consists of a multi-
platform C++ library, which can be easily integrated into existing applications,
and a Qt-based stand-alone application. It is licensed under the terms of the GNU
General Public License.

The Voreen project has been initiated and was originally maintained by the
Visualization & Computer Graphics Research Group at the & University of Miinster
as part of the collaborative research center & SFB 656 MoBil (& Project Z1,

A Project O).

Since 2018, Voreen is collaboratively developed by the & Pattern Recognition and
Image Analysis (PRIA) Research Group and the & VISualization & graphIX
(VISIX) Research Group.

If you use Voreen in your research, please (& cite it in your publications.

Main Features

= Visualization

Direct volume rendering (DVR), isosurface rendering, maximum
intensity projection (MIP)

Support of different illumination models (Phong reflection model,
Non-photorealistic rendering/toon shading, ambient occlusion)

Large (out-of-core) data visualization (using an OpenCL octree
raycaster)

Streamline-based vector field visualization

Multimodal volume rendering

A"\ sese
“’ MoBil

SEARCH £

§ B

NEWS

Voreen 5.1.1 is available
-01/17/2020

Voreen 5.1.1 is now
available and fixes several
issues in the previous
release. Notably, OpenCL
support for the
RandomWalker processor
was reenabled and the
usability of the template
feature-
vesselnetworkanalysis
workspace was greatly
improved. You can find an
overview of the changes in
the

changelog

You can find the current
release in the
B download section

Voreen 5.1.0 is available
-12/12/2019

Voreen 5.1.0 is now
available and includes two
new modules (Big Data
Image Processing and
Vessel Network Analysis)
for processing and analysis
of very large volumes, as
well as several other
improvements and bug
fixes. You can find an

https://www.uni-muenster.de/Voreen/index.html

© &= Liang Zhou



Tableau

SR L. TR 4T

MV R 1

- B ER
Marks iii Columns Longitude (generated)
$% Automatic v = Rows Latitude (generated)

$||o| m

coor | sze e Corn Production by Climate Zones

090 Q ------

Detail  Tooltip jo, Spain N

B COLLECT(Geo.. +
M Climate Zones alaeria Ubvara |
¢x S =gypt Saudi

India

v
Climate Zones: Semi-Arid
Brazil
© OpenStreetMap contributors ﬂ
> % s - el . . )
e &% BT KBRS Scb https://www.tableau.com ©B% Liang Zhou


https://www.tableau.com/

Power Bl

SETUL. TR
e Ml R 44

File

=5

Edit
interactions

ol
G

£5th

PR PR eS¢ e g

Home

Apply drilling to

Entire page

Interactions

Insert Modeling View Help Format

th I ol BHE

Bring Send  Selection Align Group
forward v backward v v v

Arrange

TOP 3000

VIDEO GAMES

RELEASES FROM 1985 TO 2018

PLATFORM

1.18K

Microsoft Sales

3Ds Ds GameBoy Gamesoy
4 Advance
NA Sales by Year and Company
Company @ Atari @Bandai @Microsoft @ Nintendo @ PC @Sega @ Somy

N

2 &H "
] .jwnw
_--!Illl-dgﬁﬁﬂgalﬁllll — iiiii‘;i

JP Sales by Year and Type

Type @Console @Handheld ®@PC
40

JP Sales

Data / Drill

H

i
GameClibe >

'

201.93

PC Sales

2.60K

Nintendo Sales

EU Sales, NA Sales, JP Sales and Other Sales by Year

@ U Sales @NA Sales ®JP Sales @Other Sales

EU Sales, NA Sales, JP Sales and Other Sales

NATIONAL INSTITUTE OF HEALTH DATA SCIENCE AT PEKING UNIVERSITY

45.46

Seaqa Sales

2.98K

Sony Sales

100%
80%
20%

https://powerbi.microsoft.com/

© &= Liang Zhou


https://powerbi.microsoft.com/

VTK——The Visualization Toolkit
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Overview

The Visualization Toolkit (VTK) is an open-source, freely available software system for 3D computer graphics, modeling, image processing, volume rendering, scientific
visualization, and 2D plotting. It supports a wide variety of visualization algorithms and advanced modeling techniques, and it takes advantage of both threaded and
distributed memory parallel processing for speed and scalability, respectively.

VTK is designed to be platform agnostic. This means that it runs just about anywhere, including on Linux, Windows, and Mac; on the Web; and on mobile devices.

Wi

Generating triangle strips from a polygonal data set. On the left, the original laser range data is stripped; on the right, an unstructured mesh (after decimation) is stripped.

VTK employs Kitware’s quality software process, which includes CMake, CTest, CDash, and CPack to build, test, and package the system. Combined with a strong
distributed developer community, the result is very high-quality, robust code. The core functionality of VTK is written in C++ to maximize efficiency. This functionality
is wrapped into other language bindings to expose it to a wider audience. Interoperability with Python is particularly well-refined.

As open source software, VTK is free to use for any purpose. Technically, VTK has a BSD-style license, which imposes minimal restrictions for both open and closed
source applications.

For statistics on VTK, please refer to its Open Hub page.
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Like visualization and creative coding? Try interactive JavaScript notebooks in Observable!
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Design Develop Deploy Product Why Qt? Resources Q @

One framework. One
codebase. Any platform.

Everything you need for your entire software development life
cycle. Qt is the fastest and smartest way to produce industry-
leading software that users love.

DESIGN DEVELOP ) DEPLOY

L2 Create beautiful fJ Code using powerful < Build for all
interfaces tools platforms

Designing and prototyping with Qt Coding and testing with Qt Deploying and maintaining with Qt
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What is Vue.js?

Guide
Essentials

Installation

Introduction

. . Vue (pronounced /vju:/, like view) is a progressive framework for building user interfaces. Unlike other
What is Vue.js?

monolithic frameworks, Vue is designed from the ground up to be incrementally adoptable. The core

Getting Started library is focused on the view layer only, and is easy to pick up and integrate with other libraries or
Declarative Rendering existing projects. On the other hand, Vue is also perfectly capable of powering sophisticated Single-
Conditionals and Loops Page Applications when used in combination with modern tooling and supporting libraries.

Handling User Input If you'd like to learn more about Vue before diving in, we created a video walking through the core

Composing with Components principles and a sample project.

Relation to Custom Elements .
If you are an experienced frontend developer and want to know how Vue compares to other
Ready for More? libraries/frameworks, check out the Comparison with Other Frameworks.

The Vue Instance

Template Syntax ° Watch a free video course on Vue Mastery

Computed Properties and Watchers

Class and Style Bindings .
o ) Getting Started

Conditional Rendering

List Rendering

et tandine m

Form Input Bindings

JefkF ERHEBEIT KRR KD https://vuejs.org/ © A= Liang Zhou

NATIONAL INSTITUTE OF HEALTH DATA SCIENCE AT PEKING UNIVERSITY



https://vuejs.org/

R

45 F2 ——O0penGL, WebGL

- B SEAINEEREC
= OpenGL: BH NV, WebGL: M H

Je Z X R K BRI R B b

NATIONAL INSTITUTE OF HEALTH DATA SCIENCE AT PEKING UNIVERSITY

=]
FABIRERRKLCPU+GPU; RIDERK, BFHEE

penGL.

Documentation

Coding Resources Wiki Forums

OpenGL Headline News

About OpenGL

NVIDIA provides OpenGL-accelerated Remote Desktop for
GeForce

In these days of social distancing, game developers and content creators all over the world are
working from home and asking for help using Windows Remote Desktop streaming with the OpenGL
tools they use. NVIDIA has created a special tool for GeForce GPUs to accelerate Windows Remote
Deskiop streaming with GeForce drivers R440 or later. Download and run the executable
(nvidiaopenglrdp.exe) from the DesignWorks website as Administrator on the remote Windows PC
where your OpenGL application will run. A dialog will confirm that OpenGL acceleration is enabled for
Remote Desktop and if a reboot is required.

Apr 07, 2020 | Read article... | Permalink

Mesa 20.0 Now Defaults To The New Intel Gallium3D Driver For
Faster OpenGL

After missing their original target of transitioning to Intel Gallium3D by default for Mesa 19.3 as the
preferred OpenGL Linux driver on Intel graphics hardware, this milestone has now been reached for
Mesa 20.0.

Jan 24, 2020 | Read article... | Permalink

Khronos Group Releases Vulkan 1.2

The Khronos Group announces the release of the Vulkan 1.2 specification for GPU acceleration. This
release integrates 23 proven extensions into the core Vulkan AP, bringing significant developer-
requested access to new hardware functionality, improved application performance, and enhanced
API usability. Multiple GPU vendors have certified conformant implementations, and significant open
source tooling is expected during January 2020. Vulkan continues to evolve by listening to developer
needs, shipping new functionality as extensions, and then consolidating extensions that receive
positive developer feedback into a unified core AP specification. Khronos and the Vulkan community
will support Vulkan 1.2 in a wide range of open source compilers, tools, and debuggers by the end of
January 2020. Driver release updates will be posted on the Vulkan Public Release Tracker.

Find more information on the Vulkan 1.2 specification and associated tests and tools at:

https://www.opengl.org/

ITE R
[ o ]

ENHANCED BY Google

The Industry's Foundation for High Performance Graphics
FROM GAMES TO VIRTUAL REALITY, MOBILE PHONES TO SUPERCOMPUTERS

CrenGL.

Download OpenGL

Getting Started with OpenGL
Official OpenGL 4.6 feedback thread
OpenGL Reference Cards

OpenGL Registry

OpenGL Conformant Products

(Vu kan.

Getting Started with Vulkan
Vulkan Reference Cards

CoenGLEES.

Getting Started with OpenGL ES
OpenGL ES Reference Cards

@evoL.

Getting Started with WebGL
WebGL 2.0 Specification
WebGL 1.0 Specification
WebGL Public Wiki

WebGL Reference Cards
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CUDA Toolkit

Develop, Optimize and Deploy GPU-Accelerated Apps

The NVIDIA® CUDA® Toolkit provides a development environment for creating high performance GPU-accelerated
applications. With the CUDA Toolkit, you can develop, optimize, and deploy your applications on GPU-accelerated embedded
systems, desktop workstations, enterprise data centers, cloud-based platforms and HPC supercomputers. The toolkit
includes GPU-accelerated libraries, debugging and optimization tools, a C/C++ co mml r, and a runtime library to build and
deploy your application on major architectures including x86, Arm and POWER
Using built-in capabilities for distributing computations across multi-GPU configurations, scientists and researchers can

develop applications that scale from single GPU workstations to cloud installations with thousands of GPUs

Download Now

CUDA 11 Features

NVIDIA CUDA 11\,<

Features

CUDA 11 introduces support for the NVIDIA Ampere architecture, Arm server processors, performance-optimized libraries, and new developer tool capabilities.

Support for the NVIDIA Ampere architecture includes next generation Tens es, mixed precision modes, Multi-Instance GPU [MIG), advanced memory management, and

rtran parallel language constructs.

@ de k% SRS BBEE https://developer.nvidia.com/cuda-toolkit ©/A= Liang Zhou
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