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1 System and method for user interaction with a volumetric display Field
of the invention The present invention relates to inputting data into a
system including for a volumetric display apparatus, by which is meant an
apparatus which is 5 capable of generating a three-dimensional visual
image within a three- dimensional display space. Background of Invention
With the advancement of technology, volymetric displays similar to the 10
"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 percepyianrafavié wiethsidcto pais inetugriicviis Rlays @ty dapRy
to provide all the depth cues humans require. As a result, this approach
|e'i§i§ﬂ§(¥ﬁ eem\)_.é%%&eir 15 natural physiological mechanisms for depth
pemgprmn%‘g'crrrmrcher understanding of the virtual 3D scene.
Furthermore, the users can view the display from almost any direction

anth @RS MdWEDHR cApl 3t e ipiiliasedatayirto roRyrigy) including for a
INGSRFHRE Y SRA2BISHafeAD Hodalmas heeam 9562t APalsREe which is

for the designers and users, because current displays are limited to 2D.

vélaraRite Bfsgiapstaitrshiy pfblegecipersionakotiisd tomagepraiiein, a three-

budigte SBRAIYIRIRS Wpactotally new kind of interface between man and
machine by a vivid copy of the real 3D world. However, most volumetric

25 displays are within in an enclosed space, due to their operational
pr URG.Q OFbference [1] describes two promising volumetric
display systems: a swept volume display system and a

multiple-planar-screen displa
Wiﬁw t%e advancemenp o¥ 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
chalienge 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
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2 system. The swept volume display system uses a high-definition
projector or an array of lasers to bounce images off a screen that ro'Fates
within a transparent globe sufficiently fast that the human eye perceives
only a 3-D image floating in the space. The multiple-planar-screen display
system is an 5 entirely solid-state design that uses a projector behind a
stack of multiple liquid-crystal screens to.create one solid image from a
rapidly projected series of images. The working principle of both kinds of
systems forbids the user's direct 10 interaction (physical presence) with
the displayed data and normally the display space and the "user space”

areERpArAled e HnsiDAiertisprRYcs, stEMsUS SsCAMIGRIR RSP IFRS tor or

a user-frien%i interaction mechanism between the viewer and the

didpl) 15 VaRTHS e e Al 6 thereiiia wintgspwithin a
betraepdfentigrsbnputfividtly et #RAGRe NHIAR BYRISBHAMILINE 4 3D
"display space”. This kind of method is_not intuitive and reg‘uwes an .
exﬁﬁ?gﬁﬂ)%i'&%ﬁa @%@Pﬁ?&ﬂ& %'9&@@%&7@%%_ iRiaraystem is an
spen&feT%edﬁmmgt% ﬂwgﬁiiﬁm§§|m%fbﬁ'g?tzﬁ%83%‘bﬁ?&%?):gﬁgwble

an several ways were proposed to realize . _
mﬁqr@%%ﬁis}#é{rﬁc%%aﬁ%%?@%iﬂ%&&é&dfﬁaﬁamﬁ%@ew@m preegted series
usef iceatg@s.virtual mappings to correlate coordinates in a 2D/3D user

input space with coordinates in the 3D display space. Specifically,
reference [2] describes 25 two methods of special interest: (1) using a

uséhs fingeking tquiticipie non-tanaienslFuUEs SRR VRILRAIGEISPRAY's direct

apparatus, and mapping the 2D position on the enclosure into the 3D
di Sl%ﬁl%g,acszgg%ePgﬁéﬁg@l_cggﬂ%nﬁ]&h\g&g the displayed data and normally the

display space and the “user space” are separated by a transparent surface.
This is a challenge for designing a user-friendly interaction mechanism
between the viewer and the display.

Various methods exist, but all of them utilize 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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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 30 model. 3 Unfortunately, both these methods
have following limitations/disadvantages: 1) the requirement for a
transparent digitization tablet as the enclosure (such tablets are currently
unavailable); 2) the requirement for sensgrs or tracking 5 method to get
the pointing direction; 3) the mapping between the user space and the
display space needs to be calibrated or pre-defined; and 4) the lack of the
solution to specify an arbitrary point along the pointing direction (ray-
casting vector). 10 Reference [4] proposes a manipulating device having a
physical end and a virtual end (in the display s§ace). The mappi

AT iy et e s dn e [ ol Gy hRAIAgyantages:

the peritieyandrasantatientelibgarinsitglendidhaA9eesRandiRGiclosure (such
position and orientation of the virtual end can be determined. This method

hd@HRitREGTEGHY #Ravalablelciandhs SemveMeRb &fe8aBSPEs KO acking

mevemsntiefdbe thlay pisiatipachifciioHse) Backiape BERNERSY BEthRer space
mapping depends on the tracking system performance; and 3) the

mAPHifiEiGRI PO EBRIRNRRAS 1B ESRIDER BT Aridiselfiine trrndidudhe lack of
erds sulLsressagiieaignas wibvibin ojsieanre e PimiALCafbath (ray-

may cause confusion to the user. 20 Reference [5) reviews a number o
ty 58S SRFRic display apparatus, including (in addition to the ones
mentioned above) volumetric display apparatus of a "static volume" type
in.which athge-dimensional volume is coaxed to emit light, for example

\(,:, AEHEs Ag@g%ﬁ&@@rﬂ%@@gg@evice having a physical end and a

virtual end (in the display space). The mapping between the physical end and
the virtual end is fixed. Thus by tracking the position and orientation of the
physical end, the corresponding position and orientation of the virtual end can
be determined. This method has the disadvantages that: 1) a tracking system
is needed 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 orienfation 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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25 infrared beams), "holograms and holographic stereogram"-type display
apparatus, and "highly-multiview 3D displays". 4 Summary or" the

Invention The present invention aims to provide new and useful

techniques and apparatus for interacting with a volumetric display.

Preferred embodiments of the invention may make it possible to interact

with 5 the display in @ more direct and ngtural way using a pointing

device. In general terms, the present invention proposes that a user

manipulates a pointing device which emits an EM wave as a ray which
physically penetrates into the display space defined by a volumetric
digplayrapparate PEBRAE: embedded in the display apparatus are used

to detect the ray, and so 10 determine the orientation of the ray in the f
cogrdinate system of display.space. In one form, the EM wave is a ray o
(e?.%ﬁ%is%"?e% {ght‘%\é%'gfrﬁﬁeoxﬁf Qe Brovidhidads N thsPsihtigghniques and
desiyearahes folumetrsc thepieshepvalatustmayidpragxample, be one of the

kind having a rotational projection surface, or of the kind having Cr}lnultlprlle

L ' ither case, the sensors may, be pla on.the .
T B R A B RS e Rolnferact wi
|oégﬁdﬁ§mycﬁé agrmiedresihglelsumtacel iway sveimy vowingidisplayice.

system or on some (or normally all) of the multiple liquid crystal screens

in B roeiieaT RBRAE; SEE 5T SHEMRYH PYRIRIA- ﬁ@ﬁ%%g%ﬁgsﬁ%ﬂ]ﬁgawpulates a

associated with a respective region of 20 the display space, or

SUPRIBESh IS MR Phopimitt 25UV HMER Ry eabiavhichrabivsisalhapenctrates
anmeeaHy vpwBae iQd@@edWﬁéép%ea%m@{}’m”&%‘;ﬂy@%ﬁ%ﬁ&%. Sensors

allows the user to specify a distance along the pointing directi
poiTBRgAfSAcd U diERIgyniRpaARAts) asalesed to detect the ray, and so

determine the orientation of the ray in the coordinate system of display space.

In one form, the EM wave is a ray of (e.g. visible) light generated by an (e.g.
visible) laser in 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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device on the pointing device. The volumetric display apparatus may

display a 25 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 5 volumetric display apparatus, a 3D position along

the pointing vector can be selected. Furthermore, by combining these two

kinds of information in one or more furthgr steps in which the user makes
selections of directions or distances, all 5 the six DOE (degree of

freedom) in 3D space can be determined. Based on this information, more
complex user interaction models with the 3D data can be derived. Thus,

in gontiastrio drspiyonppFrsiems desyinbabavaCaiRinorMReURneSian be
of the present system have the advantages of: 1) intuitive 10 physical

intﬁ?gec?l% ‘between the user's action and the display space; 2) direct

coordinate input (the input is directly overlapped on the displayed data)

wifhiortin ehenoese dofp rcanmy itapginige sadidp thandbility tofepacifyoan iarkitrargr more
fnoig}gw&hs %gll I%éﬁgclﬁ)n Slsor}%g&cpﬁo'snetlg gnrﬁ%géﬁ%iﬁégféa\s/%%“ {s]tances, all

e expressed as a volumetric display sy
votbeneir dHiSplaleg rararai fse edoomting R specan dam (typidaity) reepad at@ased on

preces i e [ computing device. The invention
e R BB Ut P e i et can
vohgigrivatisplay system. Brief Description of The Figures 20 Preferred

features of the invention will now be described, for the sake of illustration
onisYéth fefesergsde the falowinigsliourss wbinh: il isialRde, certain
volumetric display system which'is a first
embodiments of the present system have the advantages of: 1) intuitive
physical interaction between the user’s action and the display space; 2) direct
coordinate input (the input is directly overlapped on the displayed data)
without the need for any mapping; and 3) the ability to specify an arbitrary

point with the display region along the pointing direction.

The invention may be expressed 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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embodiment of the invention; Fig. 2 illustrates the interaction between an
EM wave and a projection 25 screen in the first embodiment; Fig. 3 is a
flow diagram of the process used to determine a line equation in the first
embodiment; 6 Fig. 4 illustrates the trace of the interaction between the

EM wave and the projection screen in the first embodiment; Fig. 5 is a

flow diagram of a process used to specifg a point along a pointing

direction in the first embodiment; 5 Fig. 6 illustrates a volumetric display
system which is a second embodiment of the invention; Fig. 7, which is
composed of Figs. 7(a) and 7(b), shows projections onto bottom and side
planes fatig. taitie sthalysitia Bace brIheeH teeErianobdheystem of Righvk and
a ﬁ 10 F;g. 8 illustrates .iné?h%rzggcti\g/%vi w the fitted 3-D line in the

e;{ SIRRIGEIRRSEIS oF BnmiEhR Pﬁﬁm‘?m’the embodiments 15
ReferringfiysdyiseRigwldagehenatcriwsl asaiumelsischisplayBysiRifg a
which is firgt embodiment ftpegi\%\g)e tion }1'8 shown. It includes a

vﬁ&ﬂéﬂ% H%%?QV é%ﬁ&?aﬁﬂ% it é!]m?g sparent enclosure 1 mounted

on a baskig, Tiediese 2 fwiersippaithmprojetsanshitade 3 sacbnd
contains,. hfa#%ism ZOP]:ﬁr rotation the projection surface 3 about the

amec _
verie ?%Wseéﬁ & UbiEM&Hc display apparatus further includes a
projectorHigo7sivavich ferqaneipotiag ofiftiges atpdhe Pojeetiowsysfaretons
The volumetric diapla&/ system 1}urther . .
onto bottom and'side B’Ianes or a trace analysis in an enhanced version of
the system of Fig. 1; and
Fig. 8 illustrates in perspective view the fitted 3-D line in the

enhancement of Fig. 7.

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 enclbsure 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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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.
25 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 embpdiment of Fig. 1 the user
interacts 30 with the display system using a pointing device 6 which emits
an EM wave 7 7 as a ray that can penetrate the surface of the
transparent enclosure 1 of the display system and reach the rotational

prajeetialy shafacan /blé}mn@hdh;@e BOINEDG Sﬁw@t?ﬁﬁﬁfgf@tﬁ%ﬁ@@%gat%f the
in Fia. 1 with the ray along,its long, axis, this need not be the e, the

o RS B P EnTI G IAL9RY R e P vh D ugdhe
shapetiipeleisptais divite s appitatiydtarid-Figldi Avipluralita pfsengats long
for detecti e E ave 7 are prpvided on the rotational projection
e T e B e e e Y e ray
sehsatheathsense tirkUEMitavehZriearEmeittiéshleomitvicpdntngplesigerand-
Fq{geréample, the pointing device 6 may be a laser pointer generating a

visible

laser ray 6, and the EM sensors may be respective photo diodes.
15 The signals from the EM sensors are transmitted from the display

Syst ; R ' he PC 4 combines the
se% sﬁ oﬂ% In Ict)y]n(?;t?c% r?%v?/}l t%qtgi rrrsﬁ % %ﬁ%ﬁ?ﬁn@f&k@%ﬁﬁ% %'S?s}{gr%dltr? di ctg'tleng
théofetinivalepenism st tiasenbliesd pivie pliorksoracie Gatibtredintbehairface.

e MNP Rs etk e ngdage S HASBBing

determine the 3D (2)O pomt%g%%gﬁ)er n t%g%%;g@%ﬁﬁﬁ 8éehf? né1 %é?e%%?;‘/”g

of dR¥iegyB7-or example, the pointing device 6 may be a laser pointer
generating a visible laser ray 6, and the EM sensors may be respective photo

diodes.

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 poiht 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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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
25 (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 sefect such a point within the
display volume. The calculation of incoming direction (i.e. pointing
direction set by the user) 30 will now be discussed with reference to Figs.
2, and the flow diagram of Figs. 5 3 showing the processes for estimating

th@@hminﬁﬁ@eﬂhﬁﬁ@hdﬁ?ﬁbﬁégﬁi@r@fﬂﬁ%ﬁ?@hﬁ L@r%»%dfﬂtdm? thgs';]%td
the rotgtional projection surface 3 is planar (it is straightforward to ex
tne MRS ChRsiHeEr i Lo frseRte sirlae se ignAbRealasigouBlaTace 3

helicalauafaciesy. Sruridieimor ercﬁt@mmfﬁi@ @gsgué%ﬁt&m léﬁ@?ﬁlﬂﬂés of
ned.that the rotational projection, surface 3 is rectangular in shape
oo R SRR SR Bohe B Bilansondceiamore.
cangafaiftingicily bécﬁstmmtdtﬁ@)meduﬁé@gﬁemlﬂﬁﬁ%t}(projection
h | t otational projection surface 3 makes one rotation .
e e I A B e e Al e ofet o i
pleirig. 3! at e tsivite dio diffémantdncsttivight Binere direbalwaks-aed to projection
intgm&@@ '% QP}% %%ge of the projection surface 3 which
?%O%e?ﬁ‘i%s ang

correspond ndfast intersection of the surface 3 with the EM
wave in one rotation. These are 15 denoted by Pi and P3 in,Fig. 2. If EM

e B . e SRR e T chienehe

PIcght #Rxiv kY thiheddd viave wibjettmecswiticthegmrbje cisaineshd Beat a

SRS BRYifferRatURo RS PREFP g%oalways two intersection points on the
edge of the projection surface 3 which correspond to the first and last
intersection of the surface 3 with the EM wave in one rotation. These are
denoted by P4 and P3 in Fig. 2. If EM sensors are placed along the edge of
the projection surface 3 (they only need be provided on one side), the
intersection times and the positions P4 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 P in a cylindrical coordinate system as (R, «t,,4,) and (R, aty,h,), Where

R is the half-width of the projection surface, w is the angular rotational speed
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diodes with nanosecond response, of the kind available in the market; in

this 20 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 25
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,(ot"h,) and (R,wt"h,), where R is the half-width of the

projection surface, w is the angular rotational speed 30 of the projection
susi@eeianditrargrifelne fRIANes shat h_Mnvayesarerd H@tgﬁ&@%ﬁfr% two
and P3 respectively, and h, and h, are the heights of the two intersection
pdmﬁpebtm@'hytSLI@le@amts coordinates, instep 20, the PC uses
this data to obtain the 5 equation of the 3D line segment equation

including the points P, and P3. Firstly, the coordinates can be

transfogrnee it Sapeeidinabeidinaties ARittheoRgnuses dnd datrigo obtain the
copridasyinthasefiine cyinderco {@mﬁwaw e s, 20 ),

respectively: X, =Rcos(wt,), VY, Rsm wt,) and z

ey cogrd F@ﬁiﬁ%@@)"dﬁﬁ ransionppdrings @x@ﬂmmgmnam(thh

3 I
AR SIS e
20Eqns. ( )and (2% respectively:
= Rcos(awt,), y, = Rsin(et,) and z, = h, (1
x, = Rcos(awt,), y, = Rsin(at;) and z, = h, (2)

Then the line segment in the 3D space can be formulated as Eqn. (3).

X Xy X3 X
=y l+k y,—y, |, with 0<k <1 (3)
z Zl Z3—Zl

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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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 20 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 linejgquation is sufficiently similar to

that described here that a skilled reader will be able to obtain it without
difficulty. 25 It is also interesting to examine the whole locus of the

intersection points within the projection plane, as illustrated in Fig. 4. It

camshe showmpdisaidhe tdooys imfoseatind aissutcthvendetbrmined ty im@rove the
pointingadire tion of the EM 10 wave. It is picsible to us%inform%%g{}ibuﬁng EM

abaOCUCtutheC)O\l%O o|nting direction estimation; ﬁ}llso?%%igﬁn Ogﬁe%%

€ locus to Improve the accur
estenation all s eathbepdojretiyrdstribotnt ih senborsrall sider itheeeded) and

projection surf in, only, one side.is heeded) and usi ve fitti
A S SR R BB R A8 s
distractahdiglisatisdion, disedesiils, offithigistetodarthjgutirethed Apenmik. in  the
O%(g(ijg}%&oordinates of the line segment P1P3 are known, a user is able

e one or more data input devices on the pointing device 6 (such as
buttons 10 and/or sliding bars) and a visual feedback from the display

sy, {0.S itrar | ithip.this e s is.pr.
S A e pR Iy U PIE S Sod LR able to
the SDoNfesegeiEntiaiguanth dritepontthy aretinm deteedisiagh as buttons

?Q%?&/&ngﬂiﬂﬁt%éys‘{)‘%ﬁdoé"ﬁw %&%&ﬁtwrpiﬁégd%?\%f%{r&eﬁﬁ% select
p 50) the volumetric display 15 system generates an image of a point
aléfigaritiy swifiesithin Skip oarregmenprddiestsoaess snilkstrated in the
PO ASYIEFHV RRY 5 INAREIREIRA P WUNes as its input the 3D line segment
equation of the pointing direction in the display space coordinate system
obtained 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 exampie, 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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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 20 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 25 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 Eneosegrnent{byothentadthods i Bigs). Srand fasianddheatietetingane
axis of rotation by selecting,another line segment through this voxel
R P B S RGHT S  ibyBE F S Pl ch e
3P awEbE caa g Epetifiedifyuttio @lodvearee tuod (B3R tdordintite: 14 fof the user
paint plus the orientation. of an axis). This basic information farms the
e g, SN e T R e T frapan =
passitil e@ratag| &y ftkerietutting ¢figsore aoinp)dr mdirmatmadsdqltne that
user jo.us Tgéae%?ﬁrgge f Fig. 3 twice to select two non-parallel lines

g% a gn ecte

throu point se ‘by the method of Figs. 3 and 5, to define/select
a plane that contains these two lines. Turning to Fig. 6, a volumetric

d'sf%l%ns%' ?%e@l%wg'cg %ﬁﬁ\%ﬁﬂ@%@%\ggqg ?erh Q/{/ﬁrllc ipsv%rgie%r(l)isd embodiment
illustrated. In this case, the volumetric display apparatus includes
maftibie ipeeraticinisditrysaieseledhés O itthia achamspacatispleciamperatus

1Qcides @é@%’srﬁg%qfiwg@! Js@f‘e%ﬁ@%%svﬂﬂ% SQF&%@

image data asignal p to the volumetric display app r%{%s,i

wisiRpleRIEe the ldafa fS-c@iteshet ram 1R Thigaitd @bineolsntiils data
encoding 3D image data along a signal path 105 to the volumetric display
apparatus, which uses the data to control screens 103. This data controls the
screens 103 in turn to become “diffusive” and to display a two-dimensional
image; when one of the screens 103 is diffusive, the others are transparent.
These features of the volumetric display system are the same as 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 systefn 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 multipie
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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screens 103 in turn to become "diffusive” and to display a two-dimensional
15 image; when one of the screens 103 is diffusive, the others are
transparent. These features of the volumetric display system are the
same as in the multiple-planar-screen display system of ref. [1]
mentioned above. However, in contrast to the known system, the user of
the present 20 embodiment interacts witluthe 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,

allTbet mmmmmm@ transpatent & WR@@O?@IE%W%@%! path
interce h of the ree 25 d nn the cy Each screen is
prﬁl%e Wi Bl(&r%f}@ &F &t §8P§‘ @%%@H@%ﬂ)ogrm theusergen are
erdbmtded;ewm mprémjemmedxmmumha:a;@eﬁmﬂ bhese §@ﬁ§@fwﬁm

(% L—‘[g% wave 107 transm!tte fro the 0|nt|n ca] e 106. One
examp e’ls

e 309 fhser A ff(ﬁ@ ﬁ?ﬁ'gﬂd
pmﬂtpdmﬂiieslaskhémmdhgiéﬂ@lalaifberearm)tamﬂm SPBsIils ésreen.

peie el i e e SO e

of The Intersection of the ray the Screanca
cﬂﬁﬁﬁe@@r?ﬁhdt%mdﬁtmmmﬁm WDlpbltdﬂ’igotedimemaheahdgilw space

I recti rpen lar t ultp

o B T B L3RG Thtihia snsors
ar&ﬁlﬁﬂﬁglfﬁﬁ)tﬂmﬁmmfhhé@limmeqamm !ﬂmﬂé@et,()éltmnad&t@wmhe 3D line
th s pracess shown,in Fi
leﬂ?dp%r%ﬁe only %{e@%%%t%lsgﬁ (ﬁ%ﬁ Fvﬁ\%ﬁer%gugﬁegrequwed 2 SpR R the
th@tﬁ!ﬁm@@huaﬂﬁﬁ However, alternatively, the 3D line

Furthermore, the pointing device 106 is provided with data input devices such
as buttons which generate data which is transmitted to the PC 104 along the
signal path 109. By a method as shown in Fig. 5, the user is able to select a
point along the selected line, using display feedback 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].



10

15

20

25

10 equation can be estimated using LMS method using more than two of
the intersection points. Furthermore, the pointing device 106 is provided
with data input devices such as buttons which generate data which is
transmitted to the PC 104 along the 15 signal path 109. By a method as
shown in Fig. 5, the user is able to select a point along the selected line,
using display feedback in which the PC 1@4 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]. 20 Although only two
enfagdiaesds of the invention have been described in detail, many
va;rriations ?gre ossible within the scope of the invention as will be clear to
a

K SEREEF S RPN NehiR BRENGRBEUIRTHRORRARE igEett ifuts entirety.
kniovn votu@neg%m m'@@.@t[acs@@ra?@w %ﬁ@léy@@fdﬁluﬁr@@f, diéelﬂf)ea@\lmost
apparatus.ma sed in their place, for example the other types o
volt 8??@8&%@%%&@@?%@%&% Kpaaingider-2e8he
disglosure 8fibeefal®wiRgeferences is incorporated herein in its entirety.

[1]1 Alan Sullivan, 3-Deep: New Displays Render Images You Can Almost
Riﬁ:h o) X%%@%ﬁ‘?%%ﬁé‘s‘é)&&%%%%m"}&g’ri?%(%%j&] (yartenbach.
paltkatrdte G847 B2 VAl Rexiic Batphsighmar GeongeVr Filagaainise\indh

G Kurtenbach. User Interface for Volumetric Displays. IEEE

Computer Magazine. March 2001. [4] US patent 6,765,566 B1.
[4] US patent 6,765,566 B1.

[5] “Volumetric 3D displays and Application Infrastructure”, Computer
Magazine, p 37, August 2005, published by the IEEE Computer Society.

Appendix: A curve fitting method for 3D line estimation with the full locus
detected.

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 P4 and P3 respectively. These projections are shown

respectively in Figs. 7(a) and 7(b).
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Appendix: A curve fitting method for 3D line estimation with the full locus
detected. 15 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 llustrated in Fig. 2. This method
requires the EM sensors only to be deployed on the edge of the
projection surface 3. However, there is 20 another option of using more
sensors to achieve better estimation results. The idea is to distribute

SERZNIB @Ilaoy@rsm@tﬂ@evcém@f Preiesting sifreetRapty Artechiing fivd
locus oft ?ﬂﬁiﬂon omfs of EM wave 7 and the surface 3. To obtain

SIS for YEPIRLIBEP IS PRI Bf thersTpswyaofily «
are helgful ua(gche ﬁ@alyss One is the projection onto the bottom plane
r{cf‘tﬁeEOﬂTerTgthé pRIECHEhaE mhiorbaHedary ine asiiansedgds are
containing P1 and P3 respectively. These projections are shown
respEiRgatergi e dyaine phyition cighe ﬂmmtbﬂgslpm:ﬁiwehdéﬁbafﬁhee. As
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> SRR M ST, PSR MR, e
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is not change ese values are e varia
delatipnaniyy. thy anateibticrasdisisi eao Ed@eolu‘hataadtthai(wnh a
constant angular velocity, this is a simple linear

sin(«)
10 = e ]
sin(a + 6) @
sin(€)
=h, =h + h, —h
Y =t S @ysin@ s o) T )
Using Egns. (4) and (5), it is not difficult to find the equation for the locus in
the Cartesian coordinate system as:
15 2.2 2 2 h +h3 2
(hy =) x* —4cos” aR*(y ———2)* = R*sin” a(h, — h,)’ (6)
Egn. (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.
20

Denoting the detected points on the locus as: (x,,y,,7,), 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 Eqn. (6). With a

25 curve fitting technique, we can obtain the features of the hyperbola and



relationship). By geometric analysis, it can be obtained that: 10 x = sin(a)

R (4) sin(a-!- B) ==sin(B) h hl) (5) Y 2 cos(a) sin(a + B) ) () Using

Egns. (4) and (5), it is not difficult to find the equation for the locus in the
Cartesian coordinate system as: 15 (h3-hi)3x3-4cos' aR2(y-

h h3)2=R2sin2a(h3-h1)2 2 (6) Eqgn. (6) is a standard hyperbola curve,

which is uniquely determined by the 3D-ppsition 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. 20

Denoting the detected points on the locus as: (x" y"t,) , where (x"y,) are

the 2D coorci'nates on the projection surface 3 where the EM wave 7 is

deteEr I%egﬁéta%%témftm@ oBfective (@10 tisk tARGnformation 44s0, by an
estimate the 3D line equation. As shown above, the 2D coordinates will
fol[BRTEQALICE). VORHNQR5 difvechin§indcHhiguérangitapointain(they,) and the
features ofgtge hyperbola and 15 consequently get estimation of a, (h3
-hSERPRIES! ﬁﬁeiﬁmﬁfft?%fii@an%tﬁbd, we can find the trough point

(x,,,y,) and the corresponding time t, (refer to Fig. 4). 5 The estimated 3D

line equation will then naturally be based on the center point of the line

5 sepmeeséfnriahamNikLrgusRH will then naturally be based on the center

point of the line segment P as shown in Fig. 8 as:

X Xp
y|=| vy |+ EV (7)
z Zp
10 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,

z, is estimated by h thy

. x, and y, can be estimated as: x, cos(at,) and

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

Xp X, cos(awt, )
Vp | =] X, sin(ex,) (8)
z, hy +

2

15

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

The z component of 7 is firstly estimated as (hy = k). Then the x and vy

component  can be estimated as 2Rcosacos(a)t0+——72£) and

20 2Rcosasin(ax, +-;€). This is because of the fact that O'P" corresponds to the



xXP Py, FkV (7) 10 where (Xx,, Y,,zp) is the 3D Cartesian coordinate of F
and V is a direction vector in 3D space. They can be both extracted from
the fitting results. Firstly, z is estimated b h +hy Z- . xP and yP can be
estimated as: x cos(wi,) and X" sin(wt~,) respectively, Thus, we have: X1,
X, cos(0)1,) x,sin(wt,) (8) z~, C 17 + h 2) 15 The estimation of r is based
on the geometry analysis illustrated in Fig; 8. The z component of V is
firstly estimated as (h; -h,). Then the x and y component can be estimated
as 2Rcosacos(wt,+') and 2 20 2R cosa sin(wt" +5) . This is because of
the fact that O P corresponds to the 16 time instance t, and is actually
PESRRNGAGHARCEO theplang R&ddNy: SN deouid s WINeRAS: 273698 &pys 77
cos(wto + V= 2Rcos asin(rnt,;+f) (g) h h With Eqns. (7), (8) and (9),’the
3dinkl dguatitierisasbtained using the curve 5 fitting method and it is easy
to see that k in Eqn. (7) should fall in the region of [--,-]. This curve fitting

method may r@%gg&%@%r +a§_()‘L racy than
2

V =| 2Rcosasin(awr, + %) (9)
ha - hx

With Egns. (7), (8) and (9), the 3D line equation is obtained using the curve
fitting method and it is easy to see that £ in Egn. (7) should fall in the region

11 . "
of [—«5,5]. This curve fitting method may result in a higher accuracy than

using only the information of the two boundary points.
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using only the information of the two boundary points. LLOYD WISE' 17
Claims 1 A volumetric display system comprising: a display apparatus
which generates a three-dimensional image by illuminating points within a
three-dimensional display space; 5 a pointing device for transmitting an
EM wave as a ray which propagates through the display space; a plurélifyYP WISE
of sensors within the display space for détecting the EM wave; and a
processor for determining the trajectory of the EM wave from the 10
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
EM3URe as a laser ray. 3. A volumetric display system according to
claim 2 in which the laser ray is a visible laser ray. 15 4. A volumetric

display systenmastratding keyaysiecesingriliaign in which the display
system comprises a screen member including a screen, a drive

mechanism,f ' reen me d lector for projectin

2 magh b e fana 2o R ERErRE 3 S RS Mage by
sdhuviratingupeiate wiiirserfuaeatirsensionandisidalsspagsystem

according to claim 4 in which the screen member is arranged to rotate

around an gumtihg @ dBeEBANRIRNRIRM ATEINIEf tasqlte 88 SCTRRN which
member around the axis. LLOYD WISE
propagates through the display space;

a plurality of sensors within the display space 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 in 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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18 6. A volumetric display system according to claim 5 in which the
plurality of sensors comprise a plurality of sensors provided on an edge of
the screen member. 7. A volumetric display system according to any %[11 §
claims 1 to 3 in which 5 the display apparatus comprises multiple disp ‘)QYD WISE
layers, the processor being arranged to generate and transmit to the

volumetric display apparatus signals for&ontrolling each of the display

layers. 8. A volumetric display system according to claim 7 in which the

plurality of sensors comprises a respective set of one or more sensors

mounted on 10 each of the plurality of the display layers. 9. A volumetric

d@play dysteirastipdifptavapysiratadingreiagnnalairond tinevsoiehinbe plurality
deyise R UsaRRisea SRINHUPYESRLERYISIBIRR A SRICHTIUSDMRY screen

the user. 10. A volumetric display system according to claim 9 in which the
19"'61‘89§§sor 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 wandupastrit afisihieydaigtdi Accoldingtric display Sesiesnt to 3 in which

a%glorain lto claim 10 in which the pro%e SOr. IS rrageg/ed to transmit data , .
ISR Y b RS B M SR (A b Reseor being
displayssuptr gfeseraterahy theneset tatheiewlamdiriaghspldiyeapparatus signals
d?t%?%irﬂ?gllﬂwoéné %ngfqggrg%rgg]aifadata entry device. 12. A method of

en [

ering data mto a volumetric ay%g/ss:tem comprising a display
apparatus which generates a three-dimensional image by illuminating
p6ints withi® bl fReSBCAHisBIRoPEtaRpRECEHEE; i€ lmiBihdn aghich the plurality

COMBERLs comprises a respective set of one or more sensors mounted on

each of the plurality of the display layers.

9. A volumetric display system according to any preceding claim in which
the pointing device comprises a data entry device for registering a selection

made by the user.

10. A volumetric display system according to claim 9 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.

11. A volumetric display system according to claim 10 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.

12. 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:



LLOYD WISE 19 a user manipulating a pointing device for transmitting an

EM wave as a ray which propagates through the display space; two or

more of a plurality of sensors within the display space detecting the EM LLOYD w3
wave; and 5 determining the trajectory of the EM wave from the output of

the sensors.
19

a user manipulating a pointing device for transmitting an EM wave as a

ray which propagates through the display space;

two or more of a plurality of sensors within the display space detecting

the EM wave; and

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

sensors.



