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(57) Abstract: A method of generating a three-dimensional data visualization from multidimensional data includes forming an ar-
rangement of axes in a three dimensional coordinate space such that the axes radiate from a global reference in the three-dimensional
coordinate space where the axes are based on a primary variable in the multi-dimensional data. The method also includes forming a
representation in the three-dimensional coordinate space for local references on each of the axes where each of the representations is
based on a secondary variable in the multi-dimensional data and generating an image pair to include the arrangement and the repres -
entations such that the image pair is displayable to produce the three-dimensional data visualization.
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THREE DIMENSIONAL DATA VISUALIZATION

Background

(00N Data visuslizations may be used © ilustrate relationships between
datasets. These visualizations may organize and present the data in a vaniely
of wavs lo allow a viswer 1o belter understand the data. Visusheations bupically
have practical Bmits regarding the amount of data that can be shown as well as
constraints on the arrangement of data. & visualization thal shows oo much
daty, for example, may bacome visually chullered and diffcult for s viewer (o
process. Smlany, 8 visuslization that includes oo many ditersnt types of dats
may pravert relationships between the different typas from being cbserved by
the viewer.

Sriaf Desonption of the Drawings
{60021 Figure 1 is @ block disgram Hustrating one example of a three-
dimansional {30 data visualization processing environment.
ORO31 Figure 2 s a fowehar! Blusteatng an example of & method for
genarating & 30 dats visushzation.
{0004} Figwre 3 is a schematic diagram ilustrating one example of & 30 data
visualization with axes radiating from & surfacs.
ROUS]  Figurs 4 15 a'schemalic disgram Hustrating ones sxample of 2 30 dais
visughzation with axes radisting from g line.
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WGO0B]  Figwre 5 is 3 schoamatie diagrasm lustrating one axample of & 30 dats
visuatization with axes radiating from & point.

ROGTT Figurs 8 18 a bock diagrar Hustraling 8 pooessing systam
configursd to implement 3 30 dala visualization processing envitonment.

Detaited Dasoription

IODO8T  In the following detailed desoription, reference is madse {o the
accompanying drawings, which form a part hereof, and in which is shown by
waty of Hlustration specilfic embodiments i which the distlosed subjsct matter
may be practiced. It 5 {0 bhe wndersiood thal other embodimenis may be utiized
and structurat or logical changss may e made withowt departing from the scops
b taken in g imiling senss, and the soops of the present dissiosure is defined
by the sppended claims.

10008 As used herain, the e “dispanty” refers o the difference inimage
lecation of an object saan by the et and the rght syes.

[0G10]

(2., siraight, curved, or piecewise near ling} in 3 three-dimensional coordingls
space that is based on a function of the values of the ane oF More primary
yariablag in puilt-dimensional data. The funchion may he the identity function in
sore sxamples,

{0091 The term “global reference” refers (o s planar or 8 non-planar swisce,
a siraight or curved line, or g point in & three-dimensional coordingts space.

[0092]  The tarm “representation” refers to 2 one, two, or thres-dimensions
valuas of the onE OF More seoondary variabies & multi-dimansionsl data. The
funtction may he the identity funclion in some examples.

O3] The termy Noos! referance” rafers fo a point on an axis that
gorasponds o a representation,
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0014]  Thae ters “cormacion” refers 1o g ong, twg, or threedivensional
shape i & three-dimensions! coordinate space that is hased on a function of the
valiaes of the one oF more connsclion varables iy multh-dimansional data. The
functon may de the identity function it some axamples.

iy

{N018] As described herein, 8 thres-dimensional (3D) data visuslization

o

PROCESSING arvirorivent uses disparily as g fundamental vadabde 10 allow muts
dimensional data 1o be visualived with a 30 display system. The savironmant
transfomms the mulldimensional data infe 5 30 coordinate system by forring
an arrangament of axes hased on one o more rimary varialdes in the data
where the axes radiate from @ giobal reference in the 3 coordinate system and
forming representations along the sxes based on ong af more secondary
vanables in the data. The prmery and sscondary variables may overlap i

some examples. The environment fonme the axes and reprasemtations umng
visua! slaments that include dispanty and generaies stersoscopic Mages palrs
that produce & 3D data visualization when displayed by & 30 dispday syatam,

O8] The use of dsparity i thse 3D data visushzations described harsin
sxploits human beings’ innate binoculay vision and stersopsis o allow viewsrs
o perceive diffevences in dapth bebween the axes and / or representations in
the visualizations. These diferences provids both focus and context fo the
vigwer within the visualization so that he viewsr may more readily recognize
features in e dala {g.g., patlems, trends, outhers, and comer cases), ubian
insights o the data, and idantily areas for hurther nvestigation in the data.
The use of disparity along with other visus! elements also sifows 3 large amowt
of data o be inclided in the visyalizalions and sesn hy the vigwser gl &l ones
presentation of dats in 3D may aisa hm‘*ﬁii‘i the recogrnition v;:s’? data co-
pootirrences through the use of focal 30 spatial pattems,

071 Figure 1 is @ Blogk disgram Husirating one exampie of 8 three-
dimensional {30 data visualization processing snveonmant 10, Environment
1 indudes 8 30 dats visualizer S0 that processes mult-dimensional dale 30, 2

primary variable selection 42, g secondary variable selection 44, a referance



WO 2014/130044 PCT/US2013/027525

saedection 48, and viewpoint inputs 48 o genersle @ set 56 of stersoscopin
Image pairs SO{-BMA, where N 18 an integer that is greater than o equal i
ane, displayable o produce a three-dimansional dats visualization of sslected
partions of multi-dimensionat data 30, Enviroament 10 may be implamentsd
LRING ONa OF MDR PrOCESSInG systems (&g, & processing system 100 shawn in

Figure 8 and descrbed in additiona! datail below).

O8] 30 dats visualzer 20 receives multi-dimensions! data 30, & primary
variabie seiaction 42, 3 secondary vanable salection 44, a reference salaction
46, and viewpoit! inputs 48, Multi-dimensional data 30 s g struclursd and o
unstructured datase! that ncludes & last b vanabies. RFamary variable
selaction 43 s an inpu that dentfies a set of one o Mo primary vanables in
rudti-ditnensional data 30 for forming axes. For sxample, primary variable
salection 42 may entify absolite or relative time as g primary vanable and
axas may be formed bassed on ahsolute or relative time, Primaty vanable
selecton 42 may aiso weniify one of more functions 1o be applied o the values
of the set of prmary variables to form the axes,

[0019]  Ssecondary variabie sslection 44 is an input that eniifies a set of one
SF more secondary veriahiss in mult-dimensional data 30 for forming
reprasentations slong the axes. Secondary variable selection 44 may siso
identify one or more funclions to be apphad (o the set of secondary variables fo
form the representations.  Sscondary varisbls selection 44 may further ’entity
QNS OF MOrS conmechion vaniables in mull-dimensional data 30 that may ba used
in generating connections betwaen corresponding representalions of secondary
variakdes as described in additional detall betow, Secondary variable selaction

44 may also identify ong of more funclions 1o be applied 1o the connection

varables 1o foo e representalions.

00207 Reference ssfection 48 is an input that identifies a global reference in
a threa-dimensional coordinate space for mapping axes. Raferance selaction
48 may identfy the gicbal reference as 3 planar or a non-planar surface, 8
straight or curved ling, or 8 point in the thres-dimensional coordinale spags.

Heference salecton 48 may also ety one or more arrangament vanables in
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sutii-cdirnensional data 30 that may be used i generating an arangement of
the axes gs desoribed in addiional detail helow. Reference selection 46 may
further wWentify one or more funclions 1o be applied o e set of arangement

variables to form an arangameant,

031 30 dale wisualizer 20 includes av axis arrangement unit 22, 8
secondary varlable representation unit 24, and & viewpoint gensratar 26, The
functions of axis arvangement unit 22, secondary variable reprasentation unit
24, and viewpoiy generator 286 will be deacnbed with referance to Fgure 2,
which is a flowehan Blustrating an sxample of @ method for genarsting 8 30 data
visuglization,

00221 Relerming o Figures 1 and 2, sxis srangement unid 32 forns an
arrangement of axes in & three-dimensional covrdinate space such that the
axes radiste froamy & global referance identified by reference selaction 48, in the
three-gdimansional coordinate space as ndicated in a block 82, Axis
arrangemeant unit 22 forms the axes basead on the et of primary variables and
any functions of the primary variables identified by primary variable sslection 43,
For sxample, axis arangement unit 22 may form axes based on absolute or
relative time, Axig arrangement unit 22 forms the srangament by mapping the
position and orientation of the axes in the three-dimensionst coordinata space.
Axis grrangement unit 32 does so such that each axis radiates from the global
reference and either interseats or could be extendsd toitersect the global
referencs, Accordingly, sixis srrsngement wat &2 may spaaify the position and
angritation of each axis based on the sctual or theorelfical intersection with the
ginbal referencs and & dirsction of the axis with respect 1o the aotuat or

arvangement unil 32 will be desonbed below with refersnce fo Figures 338

{00E3] Axds arrangement unit 22 may form the arangement based onone or
more arangement vanabies and any funclions of the arangement variables
specified by reforence selection 48, Axis arrangement unit 22 sefects the
position and onentation of each axis in the three-dimensional ceordinale gpace

using the arvangement vanables and any functions. For example, the
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arangement vanabies may be pngiude and latitude or Cities, and axis
srangement unit 22 may place axes in the arangement such that the axes
correspontd to longitude and latitude or citfes. In some examples, axis
arrgngement il 33 may distribude the axes in the trea-dimensional coordinats
space based on the results of an analylic funclion (8.9, & dimansion reduction]

of & clustenny funchon that identifies relationships betwesn the axes.

W0024]  In forming the arrangament, Sxis srrangement unit 32 uses dispanty
as an integral variable o athow & viewer of 5 30D dais visualization that includes
the arrangament o perceive differsnces v depth between the axss, Axis
srrangsment unit 22 may g0 yze ime vaning dispaity o sliow viewers o
move through the 30 data visusdization amphasizing differsnt depths. Axis
arvangement unit &2 may perform a 30 data analysis by forming the
arvangemant to determing an optimal amount of disparity to inchude i the
arrangement. The 3D data analysis svaluates the type, size, and J or data
ranges of the primary variables for the axes as well as extemal factors such as
dispiay size and resolution and viewsy distance from the display soreen. Based
on the analysis, s arrangameant unil 22 may selsct and optimize tha visual
slements used o fonm the arrangement including the position and for
orentation of the global refersncs in the thres-dimensional coordinate space
and {or the number, length, position, otentation, color, thickness, tfﬁnsgaremy{.
and § or data range of eachaxis. By doing so, axis srrangement umnt 22 selects
the combination of visual slemants for fhe arrangement 1o minimizs
gyerorowding i the visualization and maxdmize the sxploiation of human
binocular vision and stereopsis.

[D025] Secondary vanable representation unit 24 forms respective
reprasendations in the three-dimensional coordinale space for each secondary
referance an each of the axes as indicatad in 8 Mock 34,

variable at gach locat
Secondary variable represeniation unit 24 selscts the lons! refersnces on each
of the axes where a representation of g sscondary variahie is (o be included.
Secondary vanable representiation wnit 24 forms the repressntations bassd on
the set of secondary variables and any funclions of the secondary vanables
identfied by secondary variahle selacton 44, From sach selacted oot



WO 2014/130044 PCT/US2013/027525

referances, secondary vanable representation unit 34 maps the position and

arigntation of the representations it the three-dimensional coordinate space.

ROJET Secondary vanabls representation und 24 forms sach reprasentaiion
a8 @ ong, fwo, or thres-dimengional shape based on the secondary vanabies
and any functions of the sscondary variables using visual elements such as
size, colar, transparancy, position, onantation, data rangs, snd £ oo motion.
Secondary varlable representation unit 24 may select the visus! slements based
an the magnitude of the walues of one of more of e sscondary variabies, Far
sxample, sscondary vanable representation it 24 may form 3 reprasaniation
A5 an shipsoid whars the size of the slipsoid depands on the magnituds of the
values of one of more of the secondary vanalies. As another sxample,
ssoeondary variable represeniation unit 24 may form g representation (o include
an offshoot that radiates af 8 selected angle from a locsl reference whare tha
size of the offshoot or ancther shape at the end of the offshoot depends on the
magnitude of the values of one or mave of the secondary variakies. The ngth
of an offshogt, the codor of an offshoat, the shape at the and of the offshont, snd
the magnitude of the shaps st the end of the offshoot may all corrsspond o
different secondary variahles in one specilfic axample. Recondary vanalds
ragrasentation unt 24 may also changs represantions over ime to reprasent an
additional secondary vanabie, Motion-based and / or ime varying
reprasentations may be particuladdy uselud because of the sensifivity of the

human wsual system o molion.

00271 I forming the representations, secondary varable representation unit
24 yses disparty as an integral varisble  sllow 8 viewsr of a 3D data
visualization that includes the reprasentaticns 1o perceive differenves in dapth
betwesn the representations. Sscondary variable representalion unit 24 may
perfonm & 30 data analysis in forming the arrangament 1o detarming an optimal
amount of dispsnty © inchude for the reprasantations. The 30 dala anglysis
evaluaias the type, size, and 7 or data ranges of the secondary variabies for the
axes. Bassd on the snalysie, seoondany variable representation unit & may

select and optimize the visusl slements used to form the repraseniations

por
54,

noluding the shaps, size, position, ovantation, motion, ang { or data rangs of
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aach represeniation. By doing so, secondary varable representation unit 24
selects the combination of visus! elements for e representations 1o minimize
overorowding it the visuglization and maxinize the sxploitgtion of human
mnooular vision and stereopss.

peeray

{0381 Where connection variables are specified by secondary variable
sedaction 44, secondary vanalie reprasentation unit 24 forms sonnechions in the

threp-dunensional coordinate space bebween reprasentations on differant axes.
Secondary variable represeniation unit 24 forms sach connection 88 8 ong, twg,
or thres-dimansionst shaps bassed on the connection varisbles and any
functions of the connection variabes using visus! slements such as sizg, color,
franspaency, postion, onentation, motion and { or date range. Secandary
variable repressntation unit 24 maps the positon and orientation of the

connections iy the three-dimansional coondinate space.

W2ET  In forming the connactions, secondary variable repragentation unit 24
uses disparity as an nlegral variabdle o allow 8 viewer of 8 30 dats visuglization
that includes the connections {o peroeive differences in depth betwesn the
connections and { or repressniations. Secondary vanable representation unit
24 gy parform & 30 data snalysis iy forming the srrangement 1o delenming an
optimal amourtt of disparity toinclude for the connectiong. The 30 data analysis
evaluates the type, size, and { or data ranges of the secondary varisbies for the
axes. Based on the analysis, secondary vanable represantation unit 24 may
safect and optimize the visual slements used to fonm the conngctions ncluding
the shape, size, position, orientation, mation, and { or data range of each
reprasantaton. By doing so, secandary variable repressntation wmt 24 selects

he counbination e visugl eleumients for e conpashions 1o minimize

pyverorowding i the visuslization and maximize the exploitation of human
binocular vision and stersopsis,

100301 The weimary and secondary variables described above provide first
and second levsls of dala representations using the global and lncal refersnnes,
respectively, Any number of additionsal levels of data representations {8.g..
Based on tertiary and quatemnary variabley, oo ) may also be adiad fo 8 3D
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data visuslization by defining successive lsvels of eferences based o g
previous level of reference. For example, a third level referance may be definad
based on g locs! reference (Le., 8 second level referance) and reprasentgtions
may be formed based onteriiary vanables and mapped relative o the third level
reference in the thres-dimensional coordinate spacs. A representation unit (not
representations may selectively include or excluds all or povtions of the
addiionsl levels of dala represantstions in 8 3D dats visuslization based an g
30 dals analysis as described above.

(0031 Viewpoint generator 26 generates one or more image palrs 50 to
include the arrangerent of akes, representations along the axes, and
comnections between the representations as ndicated i a3 Dlock 56§, Vigwooint
generator 26 generates each nage pair 30 to include left and right images that
are displayable by a 30 dispday system to produce 3 30 viewpoint of the 30
data visualization. Viewpoint generator 28 may generate sach image pair 50
vased on the fype, size, and configuration of the 30 display system. Differant
images pairs 50 may be gensrated to produce differant 30D viswpodnts with the
same 30 display system simultanaeously. Different images pairs 50 may be
generated o produce g succession of 30 viewpoints with the same 3D display
system. This change in view point may help provide motion paratiax as an
additional depth cue {0 enhance the 30 effect § done in such 8 way o avold
vigwer side affsals.

0032]  Formullivview and continuous 3D display systems, viewpoint
generaior 28 may generate additional views for sach image pair 300 providse

Ong OF Hore Images for sach view.

D033 30 data visualzer 20 receives viewpaint inguls 48 and genarales
images pairs 50 based on viewpoind inputs 48, Viewpoint inputs 48 dentify one
or more updates o g 30 dats visuglization thel aliow & viewer {o select, control,
and masipulate data or e onentation of the 3D data visualization. The
salection of daty may cause one of more levels of dala representations to be

added or removed from a 30 data visuslization, for example. Viewpoint inputs
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a

48 may be received from any stilable wuser interface devioe and may ake the
fore of 30 gestures or sther input modalitiss. Responsive o receling
viewpoint ingits 48, 30 data visuglizer 20 wpdates the arrangament of axes,
repraseriations slong the axes, and J or connections among the regrasantations
based on viswpoint inputs 48 and generates updated images pairs 50 that

reflect viewpoint inputs 48

WO In some examples, 3D data visuahzer 30 may add one, two, or three-
dimensional visust guides o 2 30 data visualizstion o assixt & vigwear with
selecting or highlighting data in the visualization, For example, partially
fransparant ineg, swytsces, or shapes may be used I highlight data ranges in
CRANGLS vistslizations,

{0358 Iy some sxamples, 30 data visualizer 20 may make the axes,
representations, and { o connactions fims vaning by generais g serjas of
mags pairs 50 for successive dispiay o form a e varying 30D dats
visualization, Additional information such as visually warbling items,
ascilations, fow indicators and vaper frall effects may be used to highlight
changes of sslected dala over ims.

D038 Examples of 3D dats visuslizations will now be shown and desoribed

with reference to Figuras 35

IODA7] Figure 3 is a schematic diagram Hustrating ons exampls of 2 30 data

visuaiization 80 with gxes 8401 1-84{0) radiating from a glohsi refersncs thatis @
surface 62 i the x-v plans in 3 three-dimsnsional coordinate space 61,
Visushization 80 is based on g “som-field” model where axes 8401848 based
o One OF ore primarny varables radiate from surface 82 in paratisl in the =
dirsction. Axes S40118402) and 84{4)-84{8) originate at surface 82 and, thus,
intersect swrface B2, Axis B3{R) is offset from surface 62 {La,, does not interseqt
swifacs 62) butwould interssct surface 82 H axtended oward surface 82 as
indicated by a dashed fine 87, 3D mpresentations 88 are formed at vanious
iocad references (e, poinis) slong sach axis 84{1)1-84{8) where 3 size ofeach
30 mmpresentation 986 comresponds 1o a magnituds of one of more values of ong
of mare secondary vanables. iy addition, 8 connection 88{1) s formsd betwasn
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represantations 68 on axes 84 T-84{3), and & connection 88{2) is formed
betwaen represerdations 58 on axes 84{3184{4). Connsctions sy also be
formed betwaen points on gxes &4 that do not inoluds 8 reprasentation 64 (inud
shown) of belween 3 representation 86 on one axis 64 and g point st doss not

include g representation on another sdis 84 (not shownd

10038} “E“ha.as*rangﬁamﬁni of sxes fﬁaizjn B48Y i visualization 80 may reflsct a

K

any associsted fincticos of the amanpement vanshies, For e:(ampie,_ sxes

8407 OB} may be plotisd i the x-y plans based on the amangsment vanaiies,

Ag ancther example, the grouping of axes B84{18403) and axes B4{41-84{8} into
clusters i the Ly plane may be based on s clustering or other data analysis

function,

00381 Figwe 4 s g schamatic aséagram Hustrating ons exampde of 3 20 dais

visughization 70 with axes T41374{3} radiating from a globs! referancs thatis a
line 72 that extends in the x dirsction in & Hree-dimensional courdinate sp

71 Visualization 70 & based on a3 "ube” model where axes 74{1 '}~?-%{j3} based

on ohe oF mone primany variables radiate from ne 72 Invanous yand ©

dirpctions. Axes 7401 -7400) originate st line 72 and, thus, inlersedt line 72, In

cther sxamples, aiher axes may be offset from ine 72 {iLe., may nol intersedt

e 72 but would intersedt ling 72 i extended toward line 72 {(not shown},

0T Inthe exampls of Figure &, 30 representations 76 are formed at
vanous local refersnces {Le., points) along sach s T4{1 7430 o nclude
offshoots 77 that radiate from the local references af defined angles in a
corresponding plane {or in theee dimansions in other axampdes not showr) that
s grihoponal 1o the corresponding axis 74{174(3). The defined angles may
sorregpond o different anes of the secondary vanables. The snds of sach
offshiont 77 indudes g further reprasantation 78 where g size ot the
regresentation 78 corresponds toa magnitude of one or more values of ane or
more secondary vanables. In uther examples, the length, orientation, and for
cotor of each offshoot 77 miay each correspand 1o 3 magnitude of one or more

valiies of ong of more secondary varabiles.
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e

eSS Thie srangament of s V407403 n visualization 70 may rellect g
mapping of axes T4{1-743) based on one or more arrangement vanables and

any sssocated funchions of the arangement variatijes. For sxampls, axss

FA{1 743} may be plotted along ling 72 and at radigting divections from line 72

based on the avangement varialiles. As anothey soample, 7401 783 may be

grouped o clusters slong line 72 and f or at similar radiating directions from

fine 72 based on a clustering or other data analysis fusclion.

ot

WOO4R]  Figure 5 is a schamstic diagram iusiraling one gxample of & 3D data
visuatization 80 with axes 84{1 844} radiating rom a global referenve thatis a
point 82 in a thres-dimensional coordinate space 81, Visualization 80 is based
o & “starburst” of "dandelion” muds! where axes 84{1 1844} basad on ana oy
mave primary vaniables radiate from point 82 in various x, v, and 3 dirsclions.
Axes B4{11-84{4} originate af point 82 and, thus, infersect point 82, In other
axamplas, other axes may he offset from paint 82 {La., may nol idersect point
821 but woudd infersect point 83 # extendsd toward g@sismi B2 {ret shownd. 30
represariations 85 ane formed at varous local references {ie., points) along
sach axis 84{1)1-84{4 ) where 3 size of each 30 repressntation 86 corresponds 1o
o magntude of one ormorg values of one oF morg secondary varshies in the
sxample of Figure & In other sxamplas, offshodts may be used 8t sach gl
reference to Hustrate addiional secondary varables.

100431  The Bustrations of Figures 3-8 ave shown by way of sxampls whate
many variations on the arangements of axss, reprasentations, andfor
gannachons may be used,

{0044]  Figuss § is a block diagram Hustrating 8 processing system 100
configured o implament 30 dats visuglization processing environment 10
{shown i Fligurs 1), Processing systam 100 fcludes & set of oneg or more
proceseors 102 and any auitable number of input 7/ output devdces 108, display
gdevices 108, and { or cormmunication devices 110, Frocessors 102, memory
system 104, input/ output devices 108, display devices 108, angd
communication devices 110 communicate using 3 set of interaonnections 112
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that inchudes any suitable type, number, and { or configuration of contraliers,
buses, inferfaces, and / or other wired or wireless commections.

NG} Processing system 10U reprasents any suilable processing devics, of
partion of 3 distribuled procsssing device, configuned 1o implement the functions
of 30 date visualzer 20 a8 desanbed sbove. A procsssing device may be a
aptop compiter, 8 tabiet computer, & desktop compulen, 8 server, or another
suitable type of compuler systam. A processing device may also be 8 mobie
talephong with pracessing capabildies {Le,, & smad phongl, 8 digits! still and { oy
Video camers, a parsonat digital assistant {(PUAL, an sudioivides device, or
another suilable type of slectronic device with processing capsbiliies.
Provcessing capabiiities refer o the abilty of a device o sxsouts shuckons
stored in g memory 104 with at least one procsssor 102,

W0048]  Each processar 104 18 configired 1 atcess and execule instrutions
stored v memaory systen 104, Bach processor 102 may sxacuts tha
instructons i conjuncian with of I responze 1 infrmation receivaed fom npu
fondput devices 108, display devices 108, and { or communication devices 110
Each processer 102 is also configured fo access and siore dala in memory
systam 104,

D047 Meamory systam 184 inciudes any suifable type, number, and
corfiguration of volatile o norevoiatile machinereadabie storage media
configurad 1o sters instructions and data. Examples of machins-readabis
storags madia in memary systsm 104 inchude hard disk drives, ramdom acoess
memory (RAl), read only memory {ROM), Hash memaorny drives and cards, and
ather sutable types of magnedic and { or optical disks. The maching-readabls
storage medig are conaidered 1o be part of an article or article of manufaciure.
An article o grticle of manufacture refers o one oF mors manufachunsd

componants.

W48 Memory system 104 stores 30 data vistglizer 20, mui-aimsnsional
data 30, primary varisbls selection 42, secorddary varabie seiscton 44,
referance selachion 48, viswpoint inpufs 48, and mags pairs 50 3D dats
visughizer 20 inchudes istructians that, when sxsouled by processors 102,
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causes processars 102 o parfarm the funclions described above with referenos

to Figures -5 to gengrate 3D data visualizations,

DoAY Inputd oulput devices 108 include any suitahie type, numbser, and
conbguration of input ¢ oulput devices conhigursd to input instructions and / or
data from @ user 1o processing sysiem 100 and culput instructions and for data
from processing syatem 100 fo the user. Examples of input § oulpt devices 108
include a fouchscresn, buttong, dinls, knobs, switches, a kevhoard, 8 mouss, 8

touchpad, and a 30 gesture control systen.

N

ot

O80T Dusplay devices 108 inchade any suitable tyge, number, and
configuration of display devines configured 1o cutpul image, xiusl, andf o
graphical information 1 & ussr of processing sysiemn 100, Bxamples of display
devices 108 include 3 display screen, 8§ monior, and 3 projector. Display
devices 108 may fonm a 3D display systam in some embodiments to display
image pairs 50 o produce the 30 dats wvisualizations,

00581] Communications devices 110 include any sultable type, number, aad !
or configuration of cormmunications devices configured 1o allow processing
gystem 100 to communicate aCross one or more wired or wireless networks,

NS Communications devices 110 may be used by procassing systerm 100
{0 provide imags pairs 50 toons of more & 30 display systams (ool shown)y in
soms exampes. For sxample, imags pairs 50 may be provided o 8 largs scalg,
high resolution, soalable 30 display system ihat moludes tvo o mors projactors
and & display surface. In one particular example, the display screen may be
iifeesire (2.0, 11 fest wide by 6 fest tall) and include fous corynodity.offdhe.
shelf projectars driven by g workstation. A contend gysterm that forms
processing system YO0 derives and renders the differant slersosoopic
visualizations m side-by-side format for the display. This plathorm can soale the
oulput to differsnt resolubions and sizes, The interaction cortrol soltware,
including possible gesturing and viewpoint mavipulation, runs o the same
cantant system. The size, resolution, gnd aspect ratio of the 3D display system
s acaiable and dependant an the application. For instance, § may be desirabls
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to viswy the S0 dats visualizations on & doubleawide ZxHD (3840x 1080 38
display soreen 1o provide sufficient resolution {0 see content side-by-side.
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1§

CLAIAS

What in claimed is:

1. & method of genarating & rea-dimensional data visuslization fram mull-
dimansional data performad by a processing system, the method compnsing:

farming an srsongsmant of first and sscond axes i 8 thres-dimensionsl
coordinate space such that the fivst and the sscond axes radiate from a glabal
reference in the three-dimensionsl coordinate spacs, the first and the second
axes based on § primary vaniable i the mult-dimensions! data;

forming respective st representations in the threa-dimensional
courdinate space for first and second local referencas on sach of the first and
the second axes, sach of the first represeniations based on o first secondary
variable o the muticdimensional data; and

generaling an mags pair o include the grrangsment and the first
regrasentations such that the mage pairis displayable o produce the three.

dimsnsional data visualization,

2. The method of claim {1 wherein the global reference is one of @ poit, 8

ling, or & surface it the thrse-dimensional conrdinate space.

3. The meathod of alaim 1 wherain the fivst and the second axes ame bassd
on1 & funchion of valuss of the primary variable,

%, Tha method of olaim 1 further comprising:

forming the arangemant of the first angd the second axes based on an

grrangemesnt variable i the muii-dimensionst data.

A, The meathad of claim 1 wherain sach of the first representations s bassd
o & funchon of values of the first secondary variabde.
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e

8, The method of daim 1 further comprising:

forming @ second reprasetation in he tvee-dimensional coordinate
space for the first and the second local refarences on each of the fisst and the
saoord axes, sach of the second reprasentations besed O 3 second sscondany
yatahie in the muitbdinensional date and offset from coresponding ones of the
fivst representations in the three-dimansional coondinate space; and

generaiing the imsge palr fo includs the srrangament and ihe fest and
the second reprasentations such that the image pair is displayabls (o produce
the thres-dimensional data visualizalion

i The method of clabry 1 Rurther comprising:

farming & cormection in the Hiree-dimensional coordinate space belweaen
the first local reference on the first axis and the second lacal referance onthe
ssoond axis based on a connschion vanabie i the mulli-dimensional data.

B. The method of cdaim 1 further compriging:

gpdating the mage palt in response 10 receiving 8 viswpoint input.

4. An article comprising ot least one machine-readable storage medium
sioring inslructions thal, when sxecuted by 8 processing system, causs the
grocassing sysiem

sedact first and second pluralites of oal referances i respective first
and second axes, the first and the second sxes radiating from a global
referancs in & threa-dimensional coordinate spacs and hased on & primary
variaide in multi-dimensionsl data;

form & respeciive first Hres-dimensional representation in the twes-
dimansional courdinats space for sach of the first and the sscond pluralitiss of
secondary local references, each of the first three-dimensional repraseniations
based on a first secondary variabie i the muli-dimensional deta; and
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generale an image pair to include the first thres-dimensionst
representations along the first and the second axes such that theimage palr is
displayable {o produce s three-dimensionsl data visualization

13, The article of claim 8, wherein each of the Sret represeniastions i based
o & magniuds of a corresponding value of the st secondary vadabls.

1. The article of claim 8, whersin each of the first three-dimensional
mps‘es@nﬁaﬁaﬁs ncludes corresponding first offshoots that radiate from

12, The articls of claim 11, wherein the instructions, when executed by the
TOCRsRg systam, Cause the processinng system s

form 3 sscond thres-dimensional reprasendation in the threedimensional
coordinate space for pach of the first and the sscongd plursiities of secondary
local references, sach of the sscond theps-dimensional representations based
an & second sscondary variabla in the mulli-dimansional data, and sach of the
second three-dimensionagl representations including coresponding second
offshaots that radiate from corresponding local references st corresponding
seoond angles thal differ from the corresponding finst angles,

13, Amsthod of gensvating & three-dimansional date visualization from mult-
dimsensional data performed by a processing system, the method comprising:

pardfarming & Hree<dimansional analysia on a8 set of one of mare pamary
variaides and & set of one or mure secondarny variablas of he multi-dimansional
data with referencs {0 & threslimensions! coordinate spacs;

forming an srangemeant of fivsd and sscond axes in 8 thees-dimengionst
coordinste space based on the three-dmensicna! analysss such that the first
and the second axes radiale from g global reference in ihe Yres-dimensional
cocrdinate space, the first and the second sxes sach based on the sei of

primgry varighles:
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fanming respective represantations in the three-dimensionat coordinate
space for first and second local referencss oy sach of the first and the second
axes based on the rsa-dimensiona! analvsis, sach of the representations
Dased on the set of secondary varables; and

ganerating an mage par o include the grrangament and the
reprasantations such that the imags pair is simullaneously displayabls fo
producs the thees-dimansiona! dats visustization,

4. The method of clawm 13 further comprising

forming the arvangement of the first and the second axes in the thves-
dimengional coordinate space based on the thresdimensional analysis using
dispanty 10 sliow a8 viewsr of the 3D data visualization to perceive differances in
depth between the first and the second axss.

1§ The meathod of claim 13 further comprising:

forming the represantation i the hree-dimensional coordinats space for
the first and the ssoond local refersnces on sach of the first and the seoond
axes based on the three-dimensional analysis using disparity o aliowe 8 viewsry
of the 3D data visuskization o perceive differances in depth between

reprasaniations on the frst and the second axes
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