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di mensi onal display space. Background of [|nvent

Wth the advancenment of technol ogy, volunetric «G00002*
di spl ays SI m | ar t(t) t he 10 fI oatl ng_3D dISp| ay .

new di spl ay appar at us generat es true 3D voI umatrl c

[ Ie ating points in a 3D "display space"
rq131 ESOH rh Tgﬂy simul ati ng the perception of

vi ew ng such points. Volunetric displays are thus able

toTrmr pvesimt dhverition ridates todnpatting raeta inedsdigysterdsinéluding for a
res thls approach lets the viewers use their 15

na&CLH'HPtrlﬁ’h ISP ARPArathe c hanWavieh fisrmgapt anp @rpaptus nwhich is
t GalpRblk ff hEREFating a three-dimensional visual image within a three-

dimensional display space.

Background of Invention

With the advancement of technology, volumetric displays similar to the
“floating 3D display” shown in Star Wars have, become reality. This kind of
new display apparatus generates true 3D volumetric images by illuminating
points in a 3D “display space” rather than merely simulating the perception of
viewing such points. Volumetric displays are thus able to provide all the depth
cues humans require. As a result, this approach lets the viewers use their
natural physiological mechanisms for depth perception to gain a richer
understanding of the virtual 3D scene. Furthermore, the users can view the
display from almost any direction and multiple individuals can view it
simultaneously.

Formerly, interaction with 3D data (e.g. CAD models) has been a great
challenge for the designers and users, because current displays are limited to
2D. Volumetric displays not only provide a possible solution to this problem,
but also opportunities for a totally new kind of interface between man and
machine by a vivid copy of the real 3D world. However, most volumetric
displays are within in an enclosed space, due to their operational principles.

For example, reference [1] describes two promising volumetric display
systems: a swept volume display system and a multiple-planar-screen display



10

15

20

25

30

under standi ng of the virtual 3D scene. Furthernore,
the users can view the display from al nost any
direction and nultiple individuals can view it

si mul taneously. 20 Fornerly, interaction with 3D data
(e.g. CAD nodels) has been a great challenge for the
desi gners and users, because cyrrent displays are
limted to 2D. Volunetric disfplays not only provide a
possi bl e solution to this problem but also
opportunities for a totally new kind of interface
between man and machine by a vivid copy of the rea
3BYataMdTheswepkyolumssdispley gystem uses advsmd@ﬁsnt@n@rmector or
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di spl ay O%ISt em and anar -screen display 2

syBege flopag dnths SD%CFQJ rﬁlwyblpgﬁ;rpwgfﬁmams@ay system is an
h'&ﬁlé%l?fér?gh ts‘télgf@sgrgﬁaggﬁ% A &?Blre?: cgtfﬁeéhﬂ{\ﬂ %\%f%c{ksoftrﬂultlple

t rlmlm&panystal sgiemms towrdatei e solidf inslget frarh d Fapidiy projected series
per.ceives only a 3-D image floating in the space. The

mﬂft'mﬁgespl anar-screen display systemis an 5 entirely
solid-state design that uses a projector behind a

stack of multiple |liquid-crystal screens to create

onknes avoringnpgacipleo rof abathpkidkdy of siystenesd fedidse the ofiser's direct

¢ dpthration, fiiice PreBenes) Wi Mia fsleved Fasdyafd cpormally the
Prpseag abavk tahd ﬂ'fé qiseplspued” drd Separatdl byl 'trién%ﬁ&r;;nt surface.

di spl ay space and the "user space" are separated
trﬁhsplér anchaligrigec dor designing a usestfriendjy interaction mechanism

fri nteracti on nmechani sm
b?ﬁgﬁﬂmgv@mdéﬁg%ﬁ% splay. 15 Various net hods
exist, but all of them utilize a mappi ng between the

u input in the "user space" and the system i nput
i f}?qrﬁys pnedhadsy exish daut aliref dhemnutilize a mapping between the user

input in the “user space” and the system input in the “display space”. This kind
of method is not intuitive and requires an expensive tracking system to track
the user's movement in the real 3D space. The mapping may also need
calibration and re-calibrations.

In references [2] and [3] several ways were proposed to realize interaction
with a volumetric display system in a user-friendly manner. Mainly they use
certain virtual mappings to correlate coordinates in a 2D/3D user input space
with coordinates in the 3D display space. Specifically, reference [2] describes
two methods of special interest: (1) using a user’s finger to touch the non-
planar enclosure of the volumetric display apparatus, and mapping the 2D
position on the enclosure into the 3D display space by a ray-casting method;
and (2) using a digital stylus to specify both a 2D coordinate on the non-planar
surface and to specify tilt information to enhance the ray-casting pointer input
model.
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of method is not intuitive and requires an expensive
tracking systemto track the user's novenent in the
real 3D space. The mapping may al so need calibration
and re-calibrations. 20 In references [2] and [ 3]
several ways were proposed to realize interaction
with a volunmetric display systemin a user-friendly
manner. Mainly they use certaPn virtual mappi ngs to
correlate coordinates in a 2D/ 3D user input space

wi th coordinates in the 3D display space.
Specifically, reference [2] describes 25 two net hods
of special interest: (1) using a user's finger to
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SR oot hE 5 AL e 5 Foelifod Bt Huser space
meiritp@e disay sphtewesds o Bbicalibrited d E%iuéﬂﬁé’cﬂ%d 4)1r}1e lack of

t he rec]w reman? for a transparent digitization tab
aghengolelien 4a uspecify uam arbiliene toinir alobgr thenpoipting dlrectlon (ray-

u%\éahég’%ﬂn)et 2) the requirenent for sensors or

trac hod to get the pointing direction; 3)
t he mappi ng between the user space and the displ ay

ce needs_to be calibrated or pre- deflned and 4
ﬁgefpggqpedﬁ] PEQP@S%IW?‘BWUHW‘QMW%/ awnaradmmq} end and a

WIH&N%% Eféedlgﬁl'agtgp%?}j'fh%%b@@lngr@éfwegﬁ%% ﬂﬂ&smal end and

vector) feren r opos
ddhe virtuad endds fixehyFiusaby tracking dhepositioh aad arightdtion of the

di spl a ace LN ween t he si cal
o RnEIeat e B o ssp OB ARGO Oheard SrieRtalgn o Mavidgal end can
t e @eehhirRd. TR PRI Rdd PR (ﬂ§ac‘]\;h€hta§’é‘§’ﬁ1a@31) &ﬂgcmhg Qystem
caorrespondi ng position and orientatioh of thée virt
erig neaded to track the movement of the physical end in the user space; 2) the
accuracy of the mapping depends on the tracking system performance; and 3)
the mapping might not be intuitive (for example, the orientation of the virtual
end is not necessarily aligned with the orientation of the physical end) and

may cause confusion to the user.

Reference [5] reviews a number of types of volumetric display apparatus,
including (in addition to the ones mentioned above) volumetric display
apparatus of a “static volume” type (in which a three-dimensional volume is
coaxed to emit light, for example when doped glass is excited by intersecting
infrared beams), “holograms and holographic stereogram”-type display
apparatus, and “highly-multiview 3D displays”.
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be determ ned. This nmethod has the di sadvantages that:
1) a tracking system 15 is needed to track the
novenent of the physical end in the user space; 2) the
accuracy of the mappi ng depends on the tracking system
performance; and 3) the mapping m ght not be
intuitive (for exanple, the orientation of the virtua
end i s not necessarily aligned4mﬁth the orientation of
t he physical end) and nmay cause confusion to the
user. 20 Reference [5] reviews a nunber of types of
volunetric display apparatus, including (in addition
tdﬂunﬂﬁmngtﬂnEMMgnmam above) vol unetric display
apparatus of a "static volune" type (|n whi ch a

et e TR HEE 1o Pefi et aff istlCfoonniies and
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stereogram -type di spl ay appar atus, and

mul tiview 3D displays". 4 Summary of the
% }/%eﬂ‘}*n’é’dﬂ'ﬂ@%@rﬁf thavevantion meKmake Brassside denteract with

) e, e

t he |nvent|on may nmake it possible to interact with 5
t He gerepalaterins, mmmreseﬁtriav:dmtmndprmmsealthaaa usdarnganipulates a

" RAHTE Ao e SrHE A @55%.apt'?ﬁ%a%@aorhvifwvm@e"ates

dQNﬂoCmeWHIs‘bTayeﬁPéée HefiRdH VY @ Sluthetdy ddpISY pgg{atus Sensors

physi cal penetrates into the display space
bys edﬂe.%@m rthe displayappppisdusitare. usathdor deteshitbedeay, and so

il 8 YA e P BB ok e Ry space

coordi nate system of display space. In one form the
ENh wmecfors, ﬁher BM ofaveds @ rayi off el ®)visibie) ligeegenaiatst By an (e.g.

aws(lble?laser in th ) eglntllr?gsgéwlcg the pointing device.
The volumetric display apparatus may, for example, be one of the kind having
a rotational projection surface, or of the kind having multiple LCD display
layers. In either case, the sensors may be placed on the display surfaces. For
example, the sensors may be positioned at known locations on the rotational
single surface in a swept volume display system or on some (or normally all)
of the multiple liquid crystal screens in a multiple-planar-screen display
system. Each of the sensors may be associated with a respective region of
the display space, or of the surface on which it is mounted, such that the

. together the regions span an area or volume in the display space.

Optionally, the pointing device allows the user to specify a distance along the
pointing direction of the pointing device using a (e.g. mechanical) data entry
device on the pointing device. The volumetric display apparatus may display a
point at this specified distance along the pointing direction. In this case, using

both the user’s input on the pointing device and visual feedback using the
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The vol unetric display apparatus may, for exanple, be

one of the kind having a rotational projection

surface, or of the kind having multiple LCD display 15

| ayers. In either case, the sensors may be placed on

the di splay surfaces. For exanple, the sensors may be
positioned at known | ocations gg the rotationa

single surface in a swept volu di spl ay system or on

some (or norrmally all) of the nultiple liquid crystal
screens in a nultiple-planar-screen display system

Each of the sensors nmay be associated with a

r soproelricedisplgy appairates, ahdD giosjticayalopgdhe pmintify véxetor can be
surface,on which it is nmounted, such that the

tcﬂﬂﬁ %Q'the regi ons span an area or volunme in the

di spl ay space. Optionally, the pointing device allows
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direction of the pointing device using a (e.
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dithiedhfopmatibn, hrioré coagslex usenthteretibn trhéde!s avitrstHeN8Dtdata can
on the pojnting device and visual feedback using the 5
v&q}?@?‘fqde di spl ay apparatus, a 3D position along the

poi nting vector can be selected. Furthernore, by

COffRigN t iands: Pf Al f L ODy ok Q)i ;
nor es’ fﬁ?t%ﬂﬁ%s%{c eE)&s) ilﬂr? Sﬁ?’oghatrge%g%bé ngﬁggléggec ?Voer’ls certain
ofenabedineints ©f dhed prgsent exystexh | have Itlee sadvab@gdsdefir ¢ intuitive

© RYSERf Bibraclion BeReT tinisets Sdion a0 it o Sebe 2 direct
Widobrdingte3inpiAt @hé aRpud§s Afifdctf dovellpped BnCHY Iislayed data)

the prior art s&tems descri bed above, certain

e][vgimutréhe qiesd fofeanyr mappings yanced) e abilite tamntfyagm; arbitrary
o Doimwiltlire by TaBRERb iR QoiBAS s8Bygip ren e

coordinate input (the input is directly overl apped on
t Aidedingehtiyrethayaieapxpressed as a volumetric display system comprising a

volumetric display apparatus, a pointing device and a (typically) separate
processor, which may be a PC or other computing device. The invention may
alternatively be expressed as a method for entering data into such a
volumetric display system.

Brief Description of The Figures

Preferred features of the invention will now be described, for the sake of
illustration only, with reference to the following figures in which:

Fig. 1 illustrates a volumetric display system which is a first
embodiment of the invention;

Fig. 2 illustrates the interaction between an EM wave and a projection
screen in the first embodiment;

Fig. 3 is a flow diagram of the process used to determine a line
equation in the first embodiment;
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wi t hout the need for any mapping; and 3) the ability
to specify an arbitrary point wth the display region
along the pointing direction. The invention nmay be
expressed as a volunetric display system conprising a
15 volunetric display apparatus, a pointing device and
a (typically) separate processQr, which nmay be a PC or
ot her conputing device. The inVention nay
alternatively be expressed as a nethod for entering
data into such a volunetric display system Brief

Description of The Figures 20 Preferred features of
the i a4 dlusteates the aseqfébemtemtuonchetween ek EMbwave and

¢ tht PLUBMIO et in g st BriboBIREPhS & Vol trecr | o
dl spl aflgySIﬁTIbﬂl dllbgl;ﬂam af élp”rééessQMb@@clwfa pAlRt along a

i nventi on; ustrates the interacti on between
ammﬂﬂa@'éecélﬁﬂ 'ﬁﬂpﬁ BystembodimeBt;screen in the first

ocd 18 0k Wiafaed A Follulck B EpRY S hiiFh L8 6883

ergmtshdimeint ofthe igvertiod;| ustrates the trace of the
[ nteracgl on between the EM wave and the S)rOj ection
scr een filg 1.8ieh isseorapgser pEhRigs. F(a).and 1(®).shawsyprojections

di45 BBHEM %&’%lﬂ%ﬁﬁiﬁr}]&f’ﬁg aftPacﬁeOgr‘fé ngé* a?n Hﬂ'é?\'hgﬁkgﬂ‘ %@slon of

pointing direc
i Itheisystetresf Bigvd] andit ri ¢ di spl ay systemwhich is a

second _.enpadi nent of the invention, Fig. Z . whichis
conposédd :)g) @1'535"“357 t”a‘?erﬁﬁﬁc"*?"(eo‘f'ewﬁﬁ\ﬂfstea r%ﬁé@ﬁ 'Bﬁg
ordnhaReémeft 8NFigsivde planes for a trace analysis in an
enhanced ver si on of the systemof Fig. 1; and

Detailed Description of the embodiments

Referring firstly to Fig. 1, a schematic view of a volumetric display system
which is first embodiment of the invention is shown. It includes a volumetric
display apparatus having a transparent enclosure 1 mounted on a base 2.
The base 2 further supports a projection surface 3 and contains a mechanism
for rotation the projection surface 3 about the vertical axis OP. The volumetric
display apparatus further includes a projector (not shown) for projecting
images onto the projection surface 3. The volumetric display system further
comprises a PC 4 (or other computing system) to transmit control signals
encoding 3-D data to the volumetric display apparatus along signal path 5.
These control signals control the operation of the projector.

All these features of the volumetric display system are in common with the

swept volume display system of reference [1] described above. However, in
contrast to the known system, in the embodiment of Fig. 1 the user interacts
with the display system using a pointing device 6 which emits an EM wave 7
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10 Fig. 8 illustrates in perspective viewthe fitted
3-Dline in the enhancenent of Fig. 7. Detailed
Description of the enbodiments 15 Referring firstly to
Fig. 1, a schematic view of a volunetric display
system which is first enbodi nent of the invention is
shown. It includes a volunetri9 di spl ay appar at us
having a transparent enclosure’'l nounted on a base 2.
The base 2 further supports a projection surface 3 and
contains a nmechanism 20 for rotation the projection
surface 3 about the vertical axis OP. The volunetric
diaspd &3y thad eantpesetrate ther surfasiewrfdbe drapsparent enclosute 1 of the

< 8l sGbtel hd EoaitEinel B R BlTeds BRI AcR; AlsRBugh the
C qramtirkpdevicé’is Muét@étedtd@éloﬁgﬂé%ll”% BWRheRd ré;ﬁalong its long

transmt control signals encodin D data to th

vcﬁ&méhﬁu neegl @qﬂhﬂ/thgma@eam%pqnbm@ devigagioinga by esmlﬂmg the ray
TR MAby SRRAEARIRL oY FBHAD: Btyb iy hana-

dlltqjdiay system are in conmon with the swept volune
di spl ay system of reference [1] described above.
However, in contrast to the known system in the

er@gﬁgy tof%énézérg foFdét'é%tlHiﬁ’fe EW WE%WS%%SQ{NﬁQ d?-[etge

ystem usin devi Ce

arrota\‘/lonal/proYeclloassmfaca)attrés;bectn&e preskabnat lecationsson frecsurface.
of .t he ansparent enclo he di.s system
e SRBOSan Sanes s EMousYe  Kamsited TRt lnsuapnting
t Rfevideos 't ordk ek Cthel ﬁolhﬂlrﬁ%‘éé\héé 8dnay bel andserdifter
Fi g. 1W|ththerayaon on axis, this nee
nggengating:a yisile lages rpwﬁnandghei sengysmay be respective photo
rH %ég]g the ray 5 7, rather than by virtue of its

éé) The display device 6 is typically hand- held. A

pI urality of sensors for detecting the EM wave 7 are

provided on the
The signals from the EM sensors are transmitted from the display system to

the PC 4 along signal path 8, and the PC 4 combines the sensor information
with timing information of the display system indicating the rotational position
of the rotational projection surface 3 at the time that the EM wave was
detected. Using these two sets of data, the PC 4 can determine the 3D
pointing vector in the display space (i.e. the trajectory of the ray 7).

The pointing device 6 is preferably provided with one or more data input
devices (e.g. buttons and/or rollers). The user is able to manipulate these
devices to enter data, which is transmitted to the PC 4 along a data path 9
(which may be wireless). By combining this data with the 3D pointing vector,
the PC is able to determine a specific point along the pointing direction. In
other words, the user can select such a point within the display volume.

The calculation of incoming direction (i.e. pointing direction set by the user)
will now be discussed with reference to Figs. 2, and the flow diagram of Figs.
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rotational projection surface at respective pre-known
| ocations on the surface. 10 These EM sensors can
sense the EMwave 7 transmtted fromthe pointing
device 6. For exanple, the pointing device 6 nay be a
| aser pointer generating a visible |laser ray 6, and
the EM sensors may be respectiée photo diodes. 15 The
signals fromthe EM sensors are transmtted fromthe
di splay systemto the PC 4 along signal path 8, and
the PC 4 conbines the sensor information wth timng
information of the display systemindicating the

r it showingdithe psecassas forf estineating thei I pointingjdikection. For

it crted Sedt, 1 G Rl DB grtoce
t he pRinar 2@ @@tratgmmnuemt t@rext@nd thé dissussion vater kindd. of
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T,
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i $urfaaes‘m|'streekdmgolarhresﬁ‘&‘peﬂf(raitmm@stanﬂlatlyﬂseml-blr&ﬂaﬁas shown in

l.e i ni this data with .
{30, BB IS ecisuon san stiigTervardlt pe axde rRTRIecoN
S%%ﬁ'aﬁéQ oP8ftliradl SHipel e pointing direction. In other

words, the user ‘can select such a point within the
di spl ay volunme. The cal cul ation of i ncom ng direction

by th 30 will
L VEea TR Bithfichlrsigrlioh stdhen S ekes 3% totafion Srauns(ine
dickatranagb GP dhe EMIVAROWINAtrSEct NiRFBRSH8jdclbn pIane 3ata

estimating the 3D pointing direction. For sinplicit
ofseaescmﬂ esant lpeatlcarzs dbetarere aknaysHworintesseasioal points on the

SUSRE108 PrEeGTEE tuebf PuRMiochiebpala 1 fish pBRIRY,
sumtbmlonsofghe batfacaB with theuBllewda inconie FotatiGE Shese are
urt her )ﬂl% 5 again for si Rgllmty of discussion, it

deng b eRd Enie Fig: 41 If EVhsenssp ase plasedalena the edge of
'Sgrrlé Sﬁj?ﬁﬁ% ?urgé&sﬁgl&%?ic#&?ﬁeéd‘ B8t loh one side), the
intersection times and the positions P1 and P3 along the edge of the projection
surface can be obtained. The sensors may, for example, be laser photo
diodes with nanosecond response, of the kind available in the market; in this
case they are fast enough to operate when the surface 3 rotates at the
common rotational speed of 25 rotations per second.

In step 10 of Fig. 3, the PC receives and collects the data discussed above:
the positions of the sensors which detected the EM wave and the times at
which these signals were received.

Given this data, it is straightforward to obtain the two intersection points P,
and P3 in a cylindrical coordinate system as (R,wr,,4) and (R,wt,,h,), where
R is the half-width of the projection surface, @ is the angular rotational speed

of the projection surface, ¢, and ¢, are the time instances that EM waves are
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Fig. 1), but this discussion can straightforwardly be
extended to projection surfaces of arbitrary shape.
10 When the rotational projection surface 3 nakes one
rotation around the central axis OR the EM wave w ||
intersect with the projection plane 3 at a series of
different | ocations. There are_ always two intersection
points on the edge of the proyection surface 3 which
correspond to the first and last intersection of the
surface 3 with the EMwave in one rotation. These are
15 denoted by P, and P3 in Fig. 2. If EM sensors are
pldetectedlad Py andeP sragpectively, lmdph oared 4, @ne shes heigats3of the two
(they only need be provided on one side), the

i notersastiongeints vespentivetyhe positions P, and P3 al ong
the edge of the projection surface can be obtai ned.
The sensors nmay, for exanple, be |aser photo diodes

Willding) e pofts'tiordinatseinstdp bbethsi Pd udeaithidiata tdobiafh the
market; in this 20 case they are fast enough to

ofSiuatien whihe 8Rdine segmentequatian dcluding tbe peivebn and Ps.

SRR ccRA o Pod BAbioPieg i €45808h cbBh 4R i
dicsigirs a0 arftbx-axis ddieciges withahat offthe ylisderssucdinatecSystem) as
d. ect Ed the EM wave and the tinmes at 25 which these

Si i

and(2) sespedvelys ven this data, it is

strai ghtforward,to obtain _the | Nt ersection points
b1 “and Pa 10 R eSiBhor vem S 4 & EEteman (R ()

we, o P and LReoftBy N pUAERe) dRai s Lhe hal f-width )

of the projéection sur co Is’the angul-ar

rotational speed 30 of the projection surface, t, and

t3 are the tinme instances that EM waves are 9 detected
atThen thadinpsegegddn theeBD spase can kenformeilated astzan. (3).

hei ghts of the two intersection points respectively.

Using two points' coordinates, instep 20, the PC uses

this data t btain the. _5 squation of the 3D line

segnent equatijon| i'ncl wding'tihe_points P, and P3.
Yy =ty |+ky;=» |,with0<k <1 (3)

Z 2, Zy— 2

This 3D line equation is the output of step 20.

Note that there are other cases for how the intersection may happen. For
example, one intersection point may be on the top edge of the surface 3 while
and the other one is on the side edge. Also the projection surface 3 might not
be a rectangle, but a circular plate; or it might not even be planar, but a 3D
shape, such as a helical or double-helical shape. However, the process to get
the 3D line equation is sufficiently similar to that described here that a skilled
reader will be able to obtain it without difficulty.

It is also interesting to examine the whole locus of the intersection points
within the projection plane, as illustrated in Fig. 4. It can be shown that the
locus is a second order curve determined by the pointing direction of the EM
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Firstly, the coordinates can be transforned into

Cartesian coordinates (wwth origin at 0 and z-axi s

coincides with that of the cylinder coordinate system

as Egns. (1) and (2) respectively: X, = R cos(w,),

y, = Rsin(w,) and z, = h, (1) 10 x3 =R cos(wt3) ,

y3 = Rsin(wt3) and z3 = h3 ( Then the |ine segnent

in the 3D space can be formul ated as Eqn. (3). y =,

+k y3-y, J,with O<k<l z z, Z3 - Z, 15 This 3D line

equation is the output of step 20. (3) Note that there

are other cases for how the intersection may happen.

Favaveshisppessiadoi ugecinfermation abouit theawhole loous ite improve the
f.t rface 3. while .and-the other,one

¢ oyl Bglting Aectil tatEpari gniesh BBeicby Aistihyting EM

2%eh§ofs sl olan e prdjeétion §uﬂfé‘éé dgdth 2681y e bfdemsg’ﬂéeded) and

not even be planar, "but a 3D shape, such as a helical

orusingLerve fiing retkorspe. . HMSY with lnfeénqaﬁnoF@@@ut theywhole locus.
R, it B RS G0 d Il r R [RlbG b byt i the

oppemdi®. without difficulty. 25 It is also
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intersection points wthin the projection plane, a

s
s fHd & dap 35"?98& ?Q/ee Vihe m nejﬂ%rﬁr\a{ovmea us8F i able to

is a secon
diuseaineoor mbre IdatiMpl:O delam:es okﬁtheqoqmumg bévacé@ (Lweh as buttons

nf or mat.j on e whol e | gcu ve t he

L IOt BRI anes el feestback: TorathBrdieRiaYy SVetem.de select

d a 0

p?@fz“é‘%“r%ksé‘ﬂ??gﬁégmﬁ"ﬂé Vet ThiscHBesbts lustrated in the

arﬂ@w uéuag@rmnf\Fegst ifhegne‘lblouotake$ asgits i)t thet3D Ime segment
Not to distr

ot B ybBaRD b Sl e BBhdtn svetem
t lobtained in the method of Fig. 3. In a first step (step 50) the volumetric display
system generates an image of a point along the line segment. In step 60 the
user presses buttons on the pointing device to “move” the selected point
forward or backward along the 3D line segment. For example, two buttons or
a sliding bar can be used to move one voxel forward or backward along the
line (the line may be “locked” in the display when doing this operation) and the
exact coordinate of current selection can be inferred and displayed as a
feedback. In step 70, the user can press another button to “confirm” the

selection.

Note that the processes of Figs. 3 and 5 may be also combined, or performed
multiple times, to input more complex information. For example, in one
selection process a user and display system may firstly select a certain voxel
by specifying a point on a first line segment (by the methods of Figs. 3 and 5),
and then selecting an axis of rotation by selecting another line segment
through this voxel (by the method of Fig. 3). Thus, the full six DOF (degree of
freedom) in a 3D space can be specified by the above method (3D coordinate
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Appendi x. Once the coordi nates of the |ine segnent
P1P3 are known, a user is able to use one or nore
data i nput devices on the pointing device 6 (such as
buttons 10 and/or sliding bars) and a visual feedback
fromthe display system to select an arbitrary point
within this line segnent. This, process is illustrated
in the flow diagramof Fig. 5'" The nethod takes as
its input the 3D line segnent equation of the
pointing direction in the display space coordinate
system obtained in the nethod of Fig. 3. In a first
stazfpa peintplusdhe orientationraftani axishi. I pisalyaslﬁira‘glsmainn forms the

PUEETH B8 ot ProyRcliSn B he SRuiraSine dpiay T trer
debds%fblé @xambve?of t‘h@q Dﬁ@t‘tlﬁgt&%@@'d&npléﬁf%ﬁﬁa n s for the user

backward al ong 1 ne segnment. For exanple
bietuseshe rmetaoslqu cﬁlg@ tdee tmﬁelbet hraemm«paraﬂedahmthrough a

558 O LS, 54 B

O[INtdine testivd lires20 exact coordi nate of current
sel ection can be inferred and di spl ayed as a

feedback. In step 70, the user can press another

DUy 5814 Ol BB kb grocamens
pe:rfftlwe ira@ntidn |smlll.|*siratleel in thiscade the poluniatrie dispiy &pparatus

t F one sel ection process a
ué’éﬁc’iu | O t.lfﬁ? g{a@@aﬁm w%tgﬁ sereens 198 \w&hm% teansparent

t
(SR se‘”%é?ﬁﬁ PO @ et Uhipihgiuciice) 104 fendifBRta
arengodingo3D nmageldalta blonged signhahpataridiShtertheivotumelgicehisplay

:%%%8? th| oxel &égl%@iah meth :jsgof Fi‘PQC}]sf)éﬁ%gQus’ rols the
C%&r&ﬂwssmﬁ fues td’beéé‘rﬁeaBmglvﬁebHQ% il Q’hﬁb%@néﬂanal

of a point plus the orientation of an axis
bd¥agei whenane ofthe seraenshtd3 isdifusive, theroéhererageéuansparent

| A RIAGE LR bF the' MSuMBtIEBEPa§ SThiih B tHe LML in the

multiple-planar-screen display system of ref. [1] mentioned above.

However, in contrast to the known system, the user of the present
embodiment interacts with the display system using a pointing device 106
which emits an EM wave 107 (e.g. laser ray) which can penetrate the surface
of transparent enclosure 101 of the display system and reach the multiple
screens 103. Since, during a display cycle, all but one of the screens are
transparent at any time, the EM wave 107 intercepts each of the screens
during the cycle. Each screen is provided with a plurality of EM wave sensors
(not shown) provided (e.g. embedded) with a pre-defined distribution pattern.
These sensors can sense the EM wave 107 transmitted from the pointing
device 106. One example is the use of a laser pointer as the pointing device
107 and photo diodes as the sensors.
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possi bl e exanpl e of the inputting of nore conpl ex
information is for the user to use the nethod of Fig.
3 twice to select two non-parallel lines through a 5
poi nt selected by the nethod of Figs. 3 and 5, to
define/ sel ect a plane that contains these two |ines.
Turning to Fig. 6, a volunetrlfécﬂsplay system whi ch
is a second enbodi nent of th nvention is
illustrated. In this case, the volunetric display
apparatus 10 includes multiple planar |iquid crystal
screens 103 within a transparent enclosure 101. A PC
( ofheoutput obtheusensgrslistransmitted to the G 184 dlong the signal path

vof Girdth 2 spBR SR o o5 RiCteBolin? BBy "(Qroia B poren are

cafutemhingdifyehe 219 doortiidtes 8hana10streeh of it serfor Wfish
103 in turn to beconme "diffusive" and to display a

t vileterted ibe 6awl anththermyive (e rthe mesiiontinghe direetion 103
: . . T
¢ efbendiBlA to PR PiefafsbisS 8 R spaclie Sieotame
as{)ombtrﬂwg thisisengdranformation Sntamingiisrmaticy of tHe @l‘sﬂlay
i oned above. However, in contrast tot
rﬁy\ﬁérﬁy@"?é:né dcandsterminerthe 3Lk peinting yestas dutheedisplay space
;H\ffhécﬁfggé\éévﬁhé\pﬁ Il’gF I3""}’n @Hl\ﬁc\%\g@ Uﬁwﬂ?%@tgg@@? two sensors
r &g regiicdéd traobnaafnﬁterfﬂb dane lequatioh ddewevér, aitanmtigelynthe 3D line
RATPD bt S L8 Bl Yt Al ot e

a'lhtefﬁéécti%ﬂg)cﬁﬁtst he screens are transparent at any
time M wave 107 intercepts each of the screens

25 during the cycle. Each screen is provided with a

e RN 455214 R HREUR B R s sucn

p@tg [itfons whiehgeneraterdats ahiceizSfarndisittelte@vePEt0Y04 along the
transmtted fromthe pointing device 106. One exanple

i Signal padlz 109. By pawethogasshawnin Fige Spthenwserds abla toeselect a
106ift4loRy HiPs LRSI UL AENSH fedbiek in which the PC 104

modifies the image displayed by the screens 103 to show the selected point

along the selected line segment. Note that interpolation may be applied to
increase the z-direction resolution, as introduced in [1].

Although only two embodiments of the invention have been described in
detail, many variations are possible within the scope of the invention as will be
clear to a skilled reader. For example, while the embodiments make use of
two known volumetric display apparatus, other types of volumetric display
apparatus may be used in their place, for example the other types of
volumetric display apparatus reviewed in [5].
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12 The output of the sensors is transmtted to the PC
104 along the signal path 105. The 3D coordi nates of
the intersection of the ray 107 with a screen are
determ ned by the 2D coordi nates on that screen of the
sensor which detected the ray, and the z value (i.e
the position in the direction i per pendi cul ar to the
mul ti pl e planar screens) of th 3 speci fic screen.

Conbi ning this sensor information and tim ng
informati on of the display system the PC 104 can
determ ne the 3D pointing vector in the display space
byRefeseneescess shown in Fig. 3. In principle, only the

SbFY BCLRER: bR P Erb A MBS 8RR s entrty
10[1¢quatianrSultvarh - BeépﬂNéwdjluplalyg Révidertinages YouGan Almost
nore than two _of the__iIntersection points

FuReaeh (st andiTipuche (GREE r&fqgéruntMagaglmes Apflb%%d Wit h

in as buttons which generate
dZﬁzz V\,hllgg ﬂgﬂﬁ?gﬁ%%ﬁ?&% to the PC 104 along the 15

si [Bhal Ravin Baﬂ@kné%ynm rGedrge \Ws FRADBritd ahtd GordontKifitenbach.
ﬁ is. a o‘I j}j poi nt al ong the sel ected
Ser lptsageoCMPlimetac dsblevs riERE CAmAiEeridageaine. March

m)gb(j es the image displayed by the screens 103 to
show the selected point along the selected |ine
se[direntUSI‘nat@'Itt&%S,iSBSEB‘bol ation may be applied to

1191 55 VRl Re i AP Bain bt catihd Epsthetiigh, CRmmster
haMﬁgbﬁiﬁé ﬁ@?CAU?QQt 2005, pebshed FRMe MAEE @dn‘?ﬁlﬁef‘ﬁ‘égety

possible within the scope of the 1nvention as
clear to a skilled reader. For exan‘pl e, while the

eppﬁq%a@mﬁsgﬁ@gﬁ Qthod 15, 4340 ¢ With e 10l eus

apdeteeteds may be used in thelr place for exanple the
ot her types of volunetric display apparatus revi ewed
in [5].

As described in the previous discussion, the 3D line estimation can be

successfully done in the embodiment of Fig. 1 with the detection of only two
boundary points as illustrated in Fig. 2. This method requires the EM sensors
only to be deployed on the edge of the projection surface 3. However, there is
another option of using more sensors to achieve better estimation results. The
idea is to distribute sensors all over one side of the projection surface 3 and to
detect the full locus of the intersection points of EM wave 7 and the surface 3.

To obtain the exact formulation for the locus, two projections of the 3D
geometry are helpful in the analysis. One is the projection onto the bottom
plane and the other is the projection on the plane formed by two vertical
edges containing Py and P3 respectively. These projections are shown
respectively in Figs. 7(a) and 7(b).
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formulation for the |locus, two projections of the 3D

25 geonetry are hel pful in the analysis. One is the

proj ectiongpho the bottom plane and the other is the

proj ecX ¥
cont ai ni SP®T Bnd P3 respectively. These proj ections
are shown

pl ane forned by two vertical edged)

sin(8)
2cos(a)sin(a + )

y=hy=h+ Y (5)

Using Eqns. (4) and (5), it is not difficult to find the equation for the locus in
the Cartesian coordinate system as:

(hy —h)*x* ~4cos’ aR*(y - B +h) = R*sin’ a(h, - h,)? (6)

Eqn. (6) is a standard hyperbola curve, which is uniquely determined by the
3D position of the line. On the other hand, with the whole locus on the
projection plane detected by sensors distributed on it, the 3D equation of the
line can be determined.

Denoting the detected points on the locus as: (x;,y,,,), where (x,,y,) are the
2D coordinates on the projection surface 3 where the EM wave 7 is detected
at time instance ¢,, the objective is to use this information to estimate the 3D

line equation. As shown above, the 2D coordinates will follow Eqgn. (6). With a
curve fitting technique, we can obtain the features of the hyperbola and
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respectively in Figs. 7(a) and 7(b). 14 Fig. 8 is a
perspective view of the interaction of the EM wave 7
with the surface 3. The half-width of the projection
plane Ris pre-known. Angle a 7CwWt3 - t, ) (a =2 -
2 ) and the heights of two boundary intersections
h,,h3 are wuniquely deterrn'ned1 y the position of the
pointing line in the 3D space. 5 long as the
pointing line is not changed, these values are fixed.
Here the variable is 8, which is determ ned by the
rotati onal mechanismand the instant tine (wth a

constant apgular velocity, .this is Si ehl +pear
re‘F%ﬁ%H?Hﬁg)Q&B 53 pr ok 8’nal(f75‘r2x) iQn’P‘{:ah'I—yef - Also, by an
obtained that: 10 x = sin(a) R sin(a + 0) sin(QO vy =
hZintdrpelationosfethodi 'wea ¢af) fili3 the htroliglh 4poir®) (HSiyNp and the
Egns. (4) and (5), it is not difficult to find the
eqeatespontong time 7, ¢rafer foFigt 4 Cartesian coordinate

system as: 15 (h3-h,)2x2-4cos' aR2(y-hi 2h3)2

=R2si n2a(h3-h, X 2 (6) Egqn. (6) is a standard hyperbol a
curve, which is uniquely determ ned by the 3D

poEhe estimafed 32 linereguation Wik therheatutsllythe baddd dbhéhe center
whol.e Ifotgui. on the g;owl‘eﬁti on pl ane detected by

s RIBt & e dingisegment 5nas showpdn Big. &@%it i on of the

| ine can be determ ned. 20 Denoting the detected

points on the locus as: (x;,y;,t;), where (x;,y;) are

t he X Xp

YI=| Ve +kV (7)
z) \z,

where (x,,y,,z,) is the 3D Cartesian coordinate of P and 7 is a direction

vector in 3D space. They can be both extracted from the fitting results. Firstly,

. . h +h
z, is estimated by - 5 . x, and y, can be estimated as: x, cos(wt,) and

x, sin(awt,) respectively. Thus, we have:

Xp x, cos(wt,)
Yo | =] %o sin(at,) (8)
z) | hth

The estimation of 7 is based on the geometry analysis illustrated in Fig. 8.

The z component of 7 is firstly estimated as (hy—h)). Then the x and y

component can be estimated as 2R cosacos(ar, + %) and

2R cos o sin(at, +%). This is because of the fact that O'P' corresponds to the



2D coordinates on the projection surface 3 where the

EM wave 7 is detected at tinme instance t, , the
objective is to use this information to estimate the
3D |ine equation. As shown above, the 2D coordi nates

will follow Egn. (6). Wth a 25 curve fitting
t echni que, we can obtain the fféatures of the hyperbol a
and 15 consequently get estimatton of a, (h3 -h,) and
h, 2 +h 3 Also, by an interpolation nmethod, we can
find the trough point (xo,yo) and the corresponding
time to (refer to Fig. 4). 5 The estimated 3D li ne
eqtirati instanice! ¢t Sed |§1@ictlfailly|FP’ erbendisbRe t@nthbhﬁlaﬁénPQfP Thus
p0| nt of the I'ine segnent as shown in Fig. z)
coyld bewiitter( @3: 10 where (xp,yp,zp) is the 3D
Cartesi an coordl nate of P and Vis a direction vector
in 3D spacg h%y n berPoth extracted fromthe
fitting restf¢Sqes r*y2) zP is estimated by h, 2 h3
. XP and y|P._can be estinpatied as: xo cos(wo) and x0
Si n(\MoY?e%@e@StdSl@Ga% Eﬁ s, we have: XP yP ~ZP) 15 (9)
(8) The esfti rratl based on the geonetry
anal ysi s |IIustrdte in Fijg. 8. The z conponent of P
is firstly\estimated as (Hs -h,). Then the x and y
onent can be estimted as 2R cos a cos(wto + 2)
an ithd=gns. €6 (8) @ (W the3D line equation is obtained using the curve

5 fitting method and it is easy to see that & in Eqn. (7) should fall in the region

1 . - . .
of [—5,—;—] . This curve fitting method may result in a higher accuracy than

using only the information of the two boundary points.
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) . This is because of the fact that O P corresponds
to the 16 tine instance to and is actually

per pendi cul ar to the plane P, P3P3. Thus V could be
witten as: 2R cos a cos(wo + V = 2R cos a sin(wo +
~) (9) h3 -hi Wth Eqns. (7), (8) and (9), the 3D
line equation is obtained usinﬁ7the curve 5 fitting
nmethod and it is easy to see that k in Eqn. (7) should
fall in the region of [- 2, 2] . This curve fitting
method may result in a higher accuracy than wusing

only the information of the two boundary points. 17
c@laims 1. A volunetric display systemconprising: a
di spl ay apparatus which generates a three-di nensi ona

i eb ' i ' ints within a
tHﬁge-d%%Ehg+%€%3ﬁ%#£gF@%egbéﬁangng'pointing devi ce
for transmtting an EM wave as a ray which propagates

througf‘atmwldysaﬂmrawsamichagéheﬂa@éé tay tieesim@PBRNal image by
ay. space for_ detecti %he EM wave; and

within in display s . .
a 'Iiv'atr@é@erpwgtﬁ withie aihraergimensionaljdisniay spage;t he EM
wave fromthe 10 output of the sensors. A

vol unety i Goiftise! A¥viey Sfo?”ir@ﬁ%gﬁr:x@gaﬁ OEfA .£Qe1 4 ray which

2.
! "w a
whi ch the pointing device IS ser pointing devic

f opropgagaiestthrayghdhe displapspaces a | aser ray. 3. A
vol unetric display systemaccording to claim2 which

the Tasghifriity'of seRsdrswithifs in dRplay Ssce for detecting the EM wave:
and

a processor for determining the trajectory of the EM wave from the
output of the sensors.

2. A volumetric display system according to claim 1 in which the pointing
device is a laser pointing device for generating said EM wave as a laser ray.

3. A volumetric display system according to claim 2 which the laser ray is
a visible laser ray.

4, A volumetric display system according to any preceding claim in which
the display system comprises a screen member including a screen, a drive
mechanism for moving the screen member, and a projector for projecting an
image onto the moving screen, the plurality of sensors comprising sensors
mounted on the screen.

5. A volumetric display system according to claim 4 in which the screen
member is arranged to rotate around an axis, the drive mechanism being
arranged to rotate the screen member around the axis.
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15 4. A volunetric display systemaccording to any
preceding claimin which the display system conprises
a screen nmenber including a screen, a drive nechanism
for noving the screen nenber, and a projector for
projecting an inmage onto the noving screen, the
plurality of sensors conprising sensors nounted on
the screen. 20 5. A volunetric display system
according to claim4 in which the screen nenber is
arranged to rotate around an axis, the drive nechani sm
being arranged to rotate the screen nenber around the
afi.s. ¥B8velumettioldisplay systerrspt:egrdmgstOedam&oinoWhi@httbe plurality

which th of se rs co
o1 Rety e Mblck BrauRit, PhstrisarS RO GRGE oBr it RBbe 3 s screen
MeR&eber.7- A volunetric display systen1accord|ng to
any of clainms 1 to 3 in which 5 the display apparatus
conprlses mul tiple display |ayers, the processor being
arf- angdM velimatrie disnlay systernacsardingdorany obelaives Aite 3 ih which

d'tﬁ@'cﬁ’é&l%ﬁ%@?ﬁ?éﬂ@s %Rﬁi\;ﬁ‘sés r{w@l‘h féolal‘ésgf%g;lhggrss‘?g%‘ pPbcdsi6r being

ispla
acarmrrgedgotgbnérabemﬂd transiitdb thé @olimetet idisplaypbpparatus signals

nsor s ri ses respecti ve set of one or nore
ﬂ%%‘?’grﬁrﬁﬁ%h gﬁ%eltﬁsgglgw,axﬁrs{ he plurality of the
d| splay layers. 8. A volunetric di spI ay ‘system

aggor diQgol Pty o g&f@gét@np 8Hdi iﬂn 7tihe\?lhich the plurality

p0|nt|ng device co S a ataetry eV|ce
r &fi Senspry1gompsisee @ respectivel sebyf tdme as Brare Bendors mounted on

WS plsSfl B s BB G Pl 000 1o recel ve oata
indicative of the user's interaction with the data

erg.ry devoluemetdodisplaylsystem accordipgi totargnprieltéding claim in which
trajectory of the EM wave based on the data.
the pointing device comprises a data entry device for registering a selection

made by the user.

9. A volumetric display system according to claim 8 in which the
processor is arranged to receive data indicative of the user's interaction with
the data entry device, and to determine a point on the trajectory of the EM
wave based on the data.

10. A volumetric display system according to claim 9 in which the
processor is arranged to transmit data indicative of said point to the display
apparatus for display by the display apparatus, whereby the user can view an
image of the determined point while operating the data entry device.

11. A method of entering data into a volumetric display system comprising
a display apparatus which generates a three-dimensional image by
illuminating points within a three-dimensional display space; the method
comprising:



10. A volunetric display systemaccording to claim?9

in which the processor is arranged to transmt data

i ndicative of said point to the display 20 apparatus

for display by the display apparatus, whereby the user

can view an image of the determ ned point while

operating the data entry device, 11. A nethod of

entering data into a vqunEtrilchsplay system

conprising a display apparatus which generates a

t hree-di nensi onal image by illumnating points within

a three-di nensional display space; the nethod 25

conpr i sa nger manipulating apointingadeviae for prainsmittiog devEbewave as a
for transmtting ap EMwave as a ray which propagates

t HAYYHCR 950%953?%&@&5%'& e digBlaySPASEe of a plurality

of sensors within in display space detecting the EM

vave; and or d@rsrdnmﬁrm@am%ftseas@rst Rithinoih diSslafzdparkedetecting

fromthe output of the sensors.
the EM wave; and

determining the trajectory of the EM wave from the output of the

Sensors.



