A Tangi bl e User Interface and a System Thereof Field of the Invention 5The
present invention relates to a tangible user interface (TU ) and a system
conprising a plurality of the TUls. Background of the Invention 10 To date,
many i nterconmnuni cating devi ces and products have been invented for use in
for exafl @13AK&3% i el d of human conputer interaction oFCIHGEPREPIE
conputing. A list of conputational devi ces that intercomunicate is
detailed in a fairly conprehensive survey by Schwei kardt and G oss

(Schwei kardt, 2007). 15 An exanple of an intercomunicating conputationa
device is the cube-shaped intercomuni cating TU . Cube-shaped .

i nt er conmuni cati ng GERYE (hids@da i 2 l+abihons. For exanpl e,

t hey have been used-wrér:-vY UQE?b vggaﬁdW§ s@ﬁﬂ:ﬁ IE'.bf..)ted bel ow. 20There
i s convincing evidence that significant changes occur in the brain during
the.earlyF&ﬁﬁQﬁiﬁg!ﬁiéﬁﬂd d and during this period, much of the cognitive,
soci al an vel opnent of the child are nurtured through an

envi ronnment of constructive play and exploration. For exanple, many aspects

of traditipnal edycatiognal blocks are known to facili e functional and
oymboly o payeRPanITeR ePaks sereie oab e ees (hEharda e 2001).
The educa@@mgaﬁ;inggqﬁ&ﬂaﬁ@ difihs el educat i onal bl ocks have | ong been

hi ghl i ght ed by educators such as Frederick Froebel (Frobel, 1887), and

early kindergarten refornmers such as Patty Smith H Il (Fow kes, 1984) and

Mari a angggﬁﬂdurm' ShuR9hvbABYS ' Pink tower' building bl ocks (Mntessori,

1964). In own that there 30 is a positive correlation
bet ween pre-school bl ock play performance and nmat h achievenents in US high

h VA . | : [ .. ,
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eﬂyrgt ijon@lr Lfslet)iulésr [?'?](Hmpﬁe,ithe f@TIwWoumm%tiF@'ﬂ@ﬁomaﬂirib@at’:_ﬁ%ght to a
| uri n ay., ..1no e _.pot.e | a or, olr1c . representall] on usin
She. tr adi 4RGN A SRt Shrapln B o SRS s B o R AR R A edpe of
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interconmmunicating TU's serve as effective and fl exible play-based
pedagogi es for young children. In providing such enbedded technol ogy

suppoys f Ghil  /Si %@m - Y e Ly i S b tant to
real |Olzste tﬁgteﬁeégg%%rﬂng\?g%ﬂ%ueﬁfvﬁg ye rgﬁlﬁﬂ{réglégp Igl?g%jéqéa{:?%éng and rely
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wor | d ar aehildrarhetoyé s adavs atetiTa3gw.

20 There is convincing evidence that significant changes 6ccur in the brain during
fhe early years of a chiid and during this period, much of the cognitive, social
and emotional development of the child are nurtured through an environment of
constructive play and exploration. For example, many aspects of traditional
educational blocks are known to facilitate functional and symboiic play in earty

25 childhood (Gura, 1892; Wellhouse & Kieff, 2001). The educational benefits of
such educational biocks have long been highiighted by educators such as
Frederick Froebel (Frobel, 1887), and early Kindergarien reformers such as
Patty Smith Hili (Fowlkes, 1984) and Maria Montessori with her famous ‘pink
tower’ building blocks (Montessori, 1864). In fact, studies have shown that there

30  is a positive correlation between pre-school block play performance and math
achievements in US high schoof and 7" grade (Wolfgang, et al., 2001).



Figs. 1(a) and (b) show two comercially avail able toys based on stackable
cube-shaped intercommunicating TIM 15 In particular, Fig. 1(a) shows a toy
called "Cube World". In Cube Wrld, each cube-shaped interconmuni cating TU
is associated with an ani mated virtual character and conprises a LCD

di spl aywsh20a#e6d3? its faces. Wien different TU s are nBHRSGCREEOPE22GNd

el ectrically connected, the LCD displ ays of these TUs 20 show how their
associated animated virtual characters relate to one another. Fig. 1(b)
shows a nusic-making toy called "CuBees". CuBees uses a plurality of
cube-shaped i ntercomruni cating TUs with each TU associated with a sound

A ronst G Re LERE NG ARy (PRARALNA0R MM IiCelibad © 25

stacked ont ey are plraced alongsi one’ anot her,
di f f er ent cpneepteabatdesh tesiacght audi osidodstnl et Hkhaganite psteatialaioed wi t h

the This are played. In CuBees, different TU s _ar ssociated with -
G Tt er ent CKORRIGISHRSTHRION G0 1 ReSHAn e At Cosps Sevarbh il ca
concepts pHghg@FcHYRePE Uitkadd BHcRE s Hiehalsiyd.tOR angbisled haieNdube-
arrangenents of the This. 30 basic elements. |n partjcular, different

rel at i dnasharemhittewemmynisaling d&lls isaiviyasusiiaglive RNEriawDbIg pRlay-Brsed
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(ot o1t S0 RGO G e A Buiobelibsdy i P aidifiearik bRIhER ) 1ur i s
associ at edisuilt findh abditdrg pRreamioh. in\acuding moeptige dBetheodRsiMorebesrent s are

depicted in the formof pictures and texts. on small col ored LCD di | a of
Cho' Tifls. By WRAGVRIFATTSSHIR Take et BRENYSER e SerpComenenges s Lol o

to defi netdjfofrrfneér?Mddré’chﬂ&ih?@ﬁm@@ohéta)ﬁ@tﬁm fhiaen Dasadovdd, aweRy.s associ at ed
with the This. Once a relafionship is defined, correspondi ng audi o-vi sual

responses may 15 be produced.
Figs. 1(a) and {b) show two commercially available toys based on stackable

cube-shaped intercommunicating TUls.
15 '
In particular, Fig. 1(a) shows a toy called “Cube World". In Cube World, each
cube-shaped intercommunicating TU! is associated with an animated virtual
character and comprises a LCD display on one of its faces. When different TUls
are magnetically and electrically connected, the LCD displays of these TUls
20 show how their associated animated virtual characters refate 1o one anoiner.

Fig. 1{b) shows a music-making toy called “CuBees". CuBees uses a plurality of
cube-shaped intercommunicating TUls with each TUi associated with a sound
and constructed to resemble an animal. Depending on how the TUls are
25 stacked on top of one another or how they are placed alongside one another,
different pre-recorded musical audios based on the sounds associated with the
TUis are played. in CuBees, different TUls are associated with different sounds
and thus, children can be taught io appreciaie musical concepts such as
synchronization and hierarchy through different arrangements of the TUls.
30
Cube-shaped intercommunicating TUls have also been used to provide users
with a physical means to specify {or program) relational semantics between



Fig. 2(b) shows a systeminvented by Sony's Interaction Lab called

"Bl ockj aml' whereas Fig. 2(c) shows a systeminvented by Bert Schiettecatte
cal |l ed "Audi oCubes". Both Bl ockj am and Audi oCubes provi de the sanme physi cal
20 spatial programmability function as Siftables but are applied

speci f i 8&b p§a3ec18bund el enents such as sound gener at or FCEWPAR/WPROat or s
(e.g. for additive or subtractive opérations between sounds) and sound
transforners (e.g. for controlling the volune, distortions, nodul ations,
etc). 25A limtation of existing cube-shaped interconmunicating TU S is
that it is only possible to determne the spatial relationship between the

TU s al on . sl.ngl I . Ther ef . e . rfo hei
functions ?)a%f?eéi?%legtsg (lerﬂ Bgﬂﬁ,‘ ggesifgfeg‘rji éé@(t%rﬁ%lnsge-l:\%r@[cﬁg'pgf 8 leaS[?§C&‘II%§ rgyex anpl e,
the TU s shyinwn difierdritospatib( @rrangeentainf ahé youies-sitamdce thtadcongnianivativigi cal

pl ane V\he(rﬁjs the TU s shown in Figs. 2(a) 30 - (c) can only be arranged

al ong a hort'fontal plane. WD 2013/ 006139PCT/ SG2012/ 000220 4 Sunmary of the
| nvention The present invention ains to provide a new and useful TUu, for-
use as one_of a set of This. 5 A first aspect of the invention proposes, in
gener af t é1igs 2ehat{Chshew sxampleh gs h§@n@&%s%ﬁp@aﬂﬁef§ﬂmn‘ﬂ@@%@§§@gr

and the o3y Dy o] R RpeRhit Flptdiy sk bR e B and the ot her
TU's (i.e. their relative angular position about a |ine 10 connecting the
Cen o ool B4l REBAIER blaph FubhegoR RSFAT MedBL A AR, o

"Siftables” (Merrill 2007). in Siftables, each cube-shaped intercommunicating

10  TU! is associated with a basic element, Visual concepts of the basic elements

are depicted in the form of pictures and texts on small colored LCD displays of |

the TUls. By changing the spatial relationship of the TUls, a user is able to

define different relationships between the basic eilements associated with the

TUls. Once a relationship is defined, correspondin'g audio-visual responses may

15 be produced.

Fig. 2(b) shows a system invented by Sony's Interaction Lab called “Blockjam”
whereas Fig. 2(c) shows a system invented by Bert Schiettecatte called
“AudioCubes”. Both Block}am and AudioCubes provide the same physical
20 spatial programmabiiity function as Siftabies bui are applied épeciﬁcaliy to
- sound elements such as souna generators, sound operators (e.g. for additive or
subtractive operations beiween sounds) and sound transformers (e.g. for

controfiing the volume, distortions, modulations, etc).

25 A limitation of existing cube-shaped intercommunicating TUls is that it is only
possible to determiné the spatial relationship between the TUIs along a single
plane. Therefore, for the TUIs to perform their functions, the TUls can only be
arranged along a single plane. For example, the TUIs shown in Figs. 1(a) — (b)
can only be stacked along a vertical plane whereas the TUls shown in Figs. 2(a)

30 - {c) can only be arranged along a horizontal plane.



a housing having a plurality of faces; and 15a sensing system configured to
detect, for each of said faces, whether another of the set of MIs is
within a predeterm ned sensing distance fromthe face, and, for each face
of .the ich the determnation is positive, th I

orient awmlc{%o#@at face of the TU and the correspond?ng%cc)%éiozﬁﬁmTUI.
A second aspect of the invention proposes, in general ternms, a TUL
cont ai ning an accel eroneter, for nmeasuring the orientation of the TU with
respect to the vertical direction (i.e. the direction of Earth's gravity).
As in the first aspect of the invention, the TU has sensors on each of its
f aces fors@m;ﬁgwagtﬁdﬁmvﬁhﬁaﬂnce of other flits. 25 A set of TU s enpl oyi ng
one or both aspects of the Invention may conprise a nechanismfor using the
outputs of the sensing systens of the TUis to establish the relative

thr ee- di MRS iRAM N RRBNLLO RS (LhRIVIARNE Rl AHd LEGUITUS fof LE‘seaaé’bﬁé gfped case,
the This are cubic, and each of the six faces Is provided with sensi ng 30
syst em f opeld¥ftiddisi ng ot her proximate -DJ's. WO

2013/ 096139PCT/ SG&2012/ 000220 5 Bri ef Description of the Figures Enbodi nents
of the invention, referred to as "i-Cubes", will now be illustrated for
t he sake Aff:rekaamﬁce adrihy awanlnoanrepmnse i @enlaaifteirm@vmagadrrawThlgshas| n

mlt g? ;o%ﬁlﬁ%”%oé?(oﬁge%‘fﬁg i;tshfaceé[ Oré%é%%ased ish aCk Etlrhgef%ges‘rﬂ‘@ for

speci fyi ngroxghatel @m@i osmmmlsc; &nb&héﬁ@@trb@%r@nﬂt@ﬁ@ﬁﬁ&h@@é RitegUbiahg haped
intercomunicating T %1 ows a system according to an enbodi nment
of the pr@$kn! and the Sther TUIs (t e their relative angular positibn about a line

20

10 connecting the centres of the TUls).

Specifically, the first aspect of the present invention is a TU! for use as part of a
set of TUls, the TUIl comprising:
a housing having a plurality of faces; and -

15 a sensing system configured 1o detect, for each of said faces, whether
another of the set of TUls is within a predetermined sensing distance from thé
face, and, for each. face of the TU! for which the determination is positive, the
retative orientation of that face of the TUI and the corresponding opposing TUL.

20 A second aspect of the invention proposes, in general terms, a TU! containing
an accelerometer, for measuring the orientation of the TU! with respect fo the
vertical direction (i.e. the direction of Earth’s gravity}. As in the first aspect of the
invention, the TUI has sensors on each of its faces for detecting the presence of
other TUls.

25

~ A set of TUls employing one or both aspecfs of the invention may comprise a
mechanism for using the outputs of the sensing systems of the TUls to establish
the relative three-dimensional positional relationship of the TUls. In a preferred
case, the TUls are cubic, and each of the six faces is provided with a sensing'

30  system for detecting other proximate TUls.



10 invention wherein the systemconprises a plurality of enbedded conputing
devices in the form of i-Cubes; Figs. 4(a) - (c) show alternative
shapes whi ch the enbedded conputing devices in the systemof Fig. 3 can
take, with the shapes in Figs. 4(a) (b) being nore preferable than the
shape | WER3MEBY; 15Fig. 5 illustrates a table descriBiHyCHINBIRMWat ur es

an i -Cube may have; Figs. 6(a) 3 (b) show a change in relative
orientation between opposing '- Cube faces which cannot be detected using a
3-axi s accel eroneter; Figs. 7(a) - (c) show how using certain types

of proximty sensors I n cube-shaped TU s may increase the chances of
errors; Z(le. S S0 g system of Fig. 3 conprising i-Cubes using

i nduct i ve2HHeas NN 91 e Lidl ity sensors; Fig. 9 shows the
systemof Fig. 8 with each |-Cube conprising nore inductive-based sensors.

functi oni as receivers than inductive-based sensors funcfiq
e R R e = A et TR R I

sensors i Mot e suKetd Bxaipld Shly QithFeterehde &l"ﬂ\‘ﬁoﬂc’i@m?!ﬁé@lﬁg@f infWlich3 W th
t he i-Cubes conflgured to comruni cate wirelessly w a host device in a

star - shaped t ofd@%gy{2)Fi-g(0)13heWoRyO stayss bRPPUseR astPARNBWCEIRShRRAD devi ce
comruni Caﬁrﬂ%r&’éﬂrﬁcﬁuﬁf&%ﬁﬁ%*ru@bes in Fi.g. 11; Figs. 13(a) - (b) show two

nodes of operation o e systemof Fig. 3;
Figs. 2(a) — {c) show three systems for specifying relational semantics

between basic elements using cube-shaped intercommunicating TUls;
Fig. 3 shows a system according to an embodiment of the present
10 invention wherein the system comprises a plurality of embedded computing
devices in the form of i-Cubes;

Figs. 4(a) — {c) show alternative shapes which the embedded computing

devices in the system of Fig. 3 can take, with the shapes in Figs. 4(a) ~ {b)
- being more preferable than the shape in Fig. 4(¢);
iS Fig. & illustrates a table describing some features an i-Cube may have;

Figs. 6(a) — (b} show a change in relative orientation between opposing i-
Cube faces which cannot be detected using a 3-axis accelerometer;

Figs. 7(a} - (¢} show how using certain types of proximity sensors in
cube-shaped TUls may increase the chances of errors;

20 Fig. 8 shows the system of Fig. 3 comprising i-Cubes using inductive-
based sensors as proximity sensors;

Fig. 9 shows the system of Fig. 8 with each i-Cube comprising more
inductive-based sensors functioning as receivers than inductive-based sensors
functioning as emitters;

25 Fig. 10 shows two éxarnpie placements of the inductive-based sensors in
the system of Fig. 8; |

Fig. 11 shows the system of Fig. 3 with the i-Cubes configured to
communicate wirelessly with a host device in a star-shaped {opology;

Fig. 12 shows steps illustrating how the hast device communicates with

30 the i-Cubes in Fig. 11; |
Figs. 13(a) - (b} show two modes of operation of the system of Fig. 3;



WO 2013/ 006139PCT/ SG2012/ 000220 6 Figs. 14(a) - (c) shows how the
systemof Fig. 3 may be configured for teaching mathematics and art;
Figs. 15(a) - (b) shows how the systemof Fig. 3 may be configured for
teaching nusic: 5Figs. 16(a) - (b) shows how the systemof Fig. 3 my be
conf i qulE2HYPIIEachi ng spatial rel at i onshi ps and casung{Sﬁz%}%éﬁ?ﬁzgns

bet ween obj ects; and Figs. 17(a) - (d) show the advantages of the
systemof Fig. 3 over a prior art system 10 Detailed Description of the
Enbodi ments Referring to Fig. 3, a system 300 according to an enbodi nent of
the present invention is shown. The system 300 conprises a plurality of

enbedded cormuﬁqsmdpaai—c?e% dHovis oW BhéNshteft BE FRIEPARAY IHY SSMRIRRMKGAL | Ng

TUls, each 15 of which rmay be referred'to as anm Intefactive
| nt er - comi@anhig Mmagamatiastargeartii 11) or in short, i-Cube. The system 300

al l ows a user i ac i | 1,1 RF%J I S

physi cal |y man%%ﬁ'f g%ﬁ%g gbr}\cljgﬁgpvrsgﬁ%\él%gtskéetggrégg 'ty&\gp%lec%%g@@%%fq{bte t hat
al t hough téaohing mGebes are shown in Fig. 3, the system 300 may conpri se
nore than three, |- S qr. gnly two.i-Cubes. rthernore, the e dded
Comput Png dovi S8 THIDys (ATes RS the SUPRR: ol Bld, SR % el BF Thi s 1 n
shapes ot hgichirtpspatiabretatimsapd ycaahineraplidieoatwdeh bejcend; andgmber  of
faces fromthe_j-Cube. i ance, each TU may be in the formof a 25

For | nst
dodecahedr on ( &St éﬁ@ﬁl#@é@bc“gﬁf?%é?vﬁ@ag%&ﬁfﬁ?Ft%éetm§f15%9ﬂ3iwelfiag‘?”qi(a) or a
regul ar tghr@gﬁeq,q_on (equil ateral triangle-faced structure) such as that
shown in Fig” 4(b). However, it is preferable if all the faces of each TU
in system 300 are of an identical shape. For exanple, it is better to avoid

usi ng, fhi Eaékéhé&‘ﬁe&?{figgi% &Xﬁé@g@oéﬁh@%ﬁsa pyram d conprises three
triangul a s showmn in Fig. 4(c). It is even
nore preferable if the shape of each TU face is symmetrical and if the TUl
I's 3-di ne&%%e%% Ly F?J@[Eé rsiygt'em 300 according fo an embodiment of the present

invention is shown. The system 300 comprises a plurality of embedded

computing devices in the form of cube-shaped intercommunicating TUls, each

15 of which may be referred fo as an interactive Inter-communicating interface (lif)

or in'.short; i-Cube. The system 300 allows a user 1o interact with an intelligent

computing system by physically manipulating and arranging the plurality of =

Cubes.

20 Note that although three i-Cubes are shown in Fig. 3, the sysiem 300 may
comprise more than three i-Cubes or only two i-Cubes. Furthermore, the
embedded computing devices in system 300 may al’ternativeiy be in the form of
TUls in shapes other than the cube and may each comprise a different number
of faces from the i-Cube. For instance, each TUl may be in the form of a

25 dodecahedron {pentagon-faced structure such as that shown in Fig. 4(a) or a
regular tetrahedron (equilateral triangle-faced structure) such as that shown in
Fig. 4(b). However, it is preferable if all the faces of each TUI in system 300 are
of an identical shape. For example, it is belter {0 avoid using TUlé in the form of
pyramids since a pyramid comprises three triangular faces and one square face

30 as shown in Fig. 4(c}. it is even more preferable if the shape of each TUI face is
symmetrical and if the TU! is 3-dimensionally symrﬁetric.



WO 2013/ 006139PCT/ SG2012/ 000220 7 The i-Cube and system 300 will now be
described in nore detail. The follow ng description can easily be extended
to TUs of different shapes and/or with different nunbers of faces. For
exanpl e, while the enclosure for the i-Cube is cube-shaped, the enclosure
for a TWO i1s/M6a3di fferent shape is dearly in the 5 di PLESGI0124186338. "
Furt hernore, the nunber and arrangenent of sensors in a TU with a

di fferent shape can easily be adjusted accordingly to achieve the sane
functions as the i-Cube's sensors described below. As nentioned above, TU's
with different shapes and/or different nunber of faces fromthe i-Cube my

al so be used .if syst Q0. JURES JHE .| - Fi.g. ILlustrates a
tabl e des ?ﬁetﬁ(ﬂbbésl 8“@ g&é}gﬁhﬁé@ Wﬁﬁ%#% b%ecgzﬁﬁ@eﬁdb @%?@eggé{?ﬁh%jpg?@éac h
{N Cuhbehof deysrision308n fimilphr@ @mozlagmdee fof T‘Ulrtm cf?fe@iﬁufeas@lbpm am/dﬁvﬁm. 56

t these [eatures, the ree-di nensi onal . spati al , re| ati1 onsnj an
el ati ve. ST TBHOSH Sl P T DENGRIS: Al dce SAROBk it dPRHai® Pheae
features thys-sAhpeW MRl ehdISsiREliBNE AL Wit §'BAGRN QRasd id RIHSSHI e

pedagogi cal designs based on the |-Cubes. 20Specifically, the features
shown Pn Fiffprem sg'la@eaEUftbenrwga thei yurmher andgangadest ohsejiserslirget@dy bl ock
identity; (il j Lental i i j t i ect to
the di raetiDr? SHTEgeAibarlbech' Bt Haletdd Bonfulal) @ adflod It FERRES b
can be defgrtibneds 28 (iGubeheenddrs daagliecobeiohe As Babiondd Abowespldls to t he

ad acent MRl Srdheaddlot e s ARNERP ol Bes A HEERR AP 2R T
identitiepeaisetivesygstad) 3®ent i-Cubes can be determ ned,;
10
EEATURES OF THE I-CUBE

~ Fig. 5 illustrates a table describing some features an i-Cube may have. In
particular, each i-Cube of system 300 has one or more of the features shown in
15 Fig. 5. With these features, the three-dimensional (3D) spatial relationship and
relative orientation of a plurality of i-Cubes can be determined. These feémres. -
thus allow for the potential implementation of interesting pedagogical designs |

based on the i-Cubes.

20  Specifically, the features shown in Fig. 5 are as foliows:

{i) the i-Cube has a unigue digital block identity;

(iiy thé vertical orientation (i.e. orientation with respect to the direction of
Earth’s gravity) and thus, the top cube face of the i-Cube can be
determined,; | ‘

25 (ili)  the tilt angle of the i-Cube with respect to the direction of Earth’s gravity
can be determined; | _

(v}  the opposing faces of adjacent i-Cubes, relative orientation of these
opposing faces and the ideniilies of these adjacent i-Cubes can be
determined; | ‘

30 (v) the i-Cube is able {o provide audio output using, for example; a speaker;



30(v)the i-Cube is able to provide audi o output using, for exanple, a
speaker; WD 2013/ 006139PCT/ SG2012/ 000220 8 (vi)the I-Cube is able to

provi de visual output, for exanple, each i-Cube and/or i-Cube face can be
illTumnated with a different color and/or a different intensity. 5 The

syst em 30D2@a#Pnissi ng the plurality of i-Cubes nay be FEEFEGH12/ M 20
interactive application with the inp#it to the application associated wth
one or nore of features (i) - (iv) above and the output of the application
associated with one or both of features (v) and (vi) above. In particular,
the interactive application may, through the use of the audi o output of the
| - Cubes, baI cQuU h b t 2

st acki ng I{gﬂl’ght‘l)wé(' bgaghgéliﬁn’%) ?rd%ﬁgt)ﬁ{sg%?g%% gozn%%r@ié’sggﬁ gICL%e
proportion. Thendftrer@goha facapphi batiiloninatey alithoa udifetene colsuatd/output of

t he |-Cubes to %kghllﬂ%ﬁ Eﬁ_'rtai n i-Cube(s) or i-Cube face(s) with different
col ors. E |1 -CUBE Each i-Cube in system 300 conprises a
pl urality of conponent s, exarrpl es of which are shown in Fig. 3 (note that

W t hin each I -Cube in Fig sone_of its conponents are shown). These
conponént st '§eByEeto 3;9909?'@@”?’% \‘*@atpﬂ-ffélé"yz@fdé‘%k%%eﬂ‘aﬂ/nb? hdsachbPe a5f Fi g.

5. In gengi@lacifacholicAihenROTRS iR ©® Be! dodieusedsesbaddegi 8RR no

syst em whi ch may a suite sensors, | 0-VI sua out put
capabi | i t iregreapidieaturesinmiieagbore abtltheicssputiel @esmucatt@ralalswctwdh i - Cube

conprises wWHFCoRE or both of features (v} and (vi) above. In particular, the interactive
application may, through the use of the audio oufput of the i-Cubes, verbally

10 ‘count the number of i-Cubes in a stack (i.e. stacking height) or teach numbers

with a visual sense of spatial proportion. The interactive application may also

use the visual output of the i-Cubes 1o highlight certain i-Cube(s) or i-Cube

face(s) with different colors.

15 COMPONENTS OF THE I-CUBE

Each i-Cube in system 300 comprises a plurality of components, exampies of
which are shown in Fig. 3 (note that within each i-Cube in Fig. 3, only some of
its components are shown). These components serve to provide the features

20  described in the table of Fig. 5.

in general, each i-Cube comprises a self-powered embedded computing system
 which may be endowed with a suite of sensors, audio-visual output capabilities
and/or communication abilities. More specifically, each i-Cube comprises one or

25  more of the following componenis: a processor, a sensing system, an output
system, a primary communication system, a power source and an enclosure (i.e.

housing) as described in more detail below.

Processor

30
Each i-Cube in system 300 comprises a processor for storing and processing
data. The processor comprises input-output peripheral support for interfacing -



25 nore of the follow ng conponents: a processor, a sensing system an

out put system a prinmary comruni cation system a power source and an

encl osure (i.e. housing) as described in nore detail below Processor 30
the i-Cube with other parts of system 300 (for exanple, other i-Cubes
and/ or w@Esnsn@iscontroller). The processor is prefera®Cr/sG2hopopizeer ed
enbedded processor. 5 Sensing systenf Each i-Cube in system 300 conprises a
sensing system configured to detect the presence of one or nore adjacent.

| -Cubes within a predeterm ned sensing di stance. The sensing systemis
further configured to enable the determination 10 of which face(s) of the

I - Cube op acent |- and,the rel ative. o ntations
of those. Tk cpabe yfthqiaer BRHEET Bverem 08l exfithie Apd g iods B o B Al o
t he sensi ganisaistemrdieral The conlegstreds toefenableat ov-gelvercd ratbaiiedl t he
vertical orientation of the i-Cube and a tilt angle of the i-Cube with
respect t&U§ES¥Hirection of Earth's gravity. 15 The sensing system nmay
conprise a physical sensing systemand a proximty sensing system as

fol l ows. Physical sensing system 20 The physical sensing system of each

i - CubeSi s Sefsingsysieint o enabl e the deternmination of the vertical
orientation of the i-Cube. The physical sensing

Each i-Cube in system 300 comprises a sensing system configured to detect
the presence of one or more adjacent i-Cubes within a predetermined sensing
distance. The sensing system is further configured to enable the deiermination
10 of which face(s) of the i-Cube oppose one of the adjacent i-Cube(s), and the
relative orientations of those face(s) of the i-Cube and the adjacent i-Cube(s). In
one example, the sensing system is also configured to enable the determination
of the vertical orientation of the i-Cube and a tilt angle of the i-Cube with respect

{0 the direction of Earth’s gravity.

15
The sensing system may comprise a physical sensing system and a proximity
sensing system as follows.
Physical sensing system

20 -
The physical sensing system of each i-Cube is configured to enable the
determination of the vertical orientation of the i-Cube. The physical sensing

- systern may be further configured fo enable the determination of the tilt angle of

the i-Cube with respect to the direction of Earth’'s gravity.

25

3-axis accelerometer

in one example, the physical sensing system comprises a 3-axis acceierometer
capable of determining the vertical orientation of the i-Cube. Therefore, it is

30 possible to determine which face of the i-Cube is oriented upwards (i.e. which is
 the top cube face of the i-Cube) and which is oriented downwards. This is the
only absolute cube face reference that can be determined unambiguously by



system may be further configured to enable the determ nation of the tilt
angle of the i-Cube with respect to the direction of Earth's gravity. 25
3-axi s accel eronmeter In one exanple, the physical sensing system conprises
a 3-axis accel eronmeter capable of determ ning the vertical orientation of
the i- CHH2201#8e458% ore, it is 30 possible to determine VRIS AW5P ¢ he
i-Cube is oriented upwards (i.e. whih is the top cube face of the i-Cube)
and which is oriented downmwards. This is the only absol ute cube face
reference that can be determ ned unanbi guously by WO

2013/ 006139PCT/ SG2012/ 000220 10 the 3-axis accel eroneter. The directions of

the remai g, éx:%gf&ﬁ?ﬁéﬁ‘ eTSe difeRfibns PRGKe ljeﬁicatmmé Lighite #@s' Rt ve

since the definition ese directions are dependent on the view point
of the usdront, mmhe lefhaighd) ateotedativeheinge e dlefiotieneobibeser dirsctiiseareo

determ ne %Bg Ct% viel bg?‘g?{@gmé&f the i-Cube, it is not always

possi ble t ne the € Orientation between opposing i-Cube

faces u5|ng the 3 aX|s accel eronet er al one. Flgs 6(a) - (b) illustrate
Cubes st acked, on t op_aof each

this. rti 6(a). sho p

other. ri S0 efat Shiauhtine S Bis SRslao B 8 98E EdEsTnS eale i T op

i - Cube ha%n@ﬁ%'ﬁoﬁoéfaﬁ@di @Qbéiemn@&ﬁntaélmys tdeRsitd ttd GRlter@ihe tﬁée:%laméow on
the top i-Cube in Fig. . . This rotation causes a change in the relative

orientati @ﬁeﬁﬁahﬁﬁeb%'fﬁ’ﬁéﬁl P@qwr@b@qb&é@eswmewe POrRXs HERFEOTEH ot be
det ect ed QYonteh‘?-'ug%S.@dé)s Qﬁfﬁe’lg (QEBRRL |15 ﬁﬁ%u‘&e’ﬂ@erﬁgéfrﬁlwov% ‘t\@@ti a8 of the

top i-Cube renai nchang ter the rotation
accel er omstagked onabp of eaplabmrolflgdéttérahﬁmsme tsage $taek aﬁgﬁsbw ex¢rpt Cube

with Zotf{aet‘stﬂg%p icblh%ehgé b%gﬁ r8{ét8c§ Q%aééé}eas %fb%Yl We vgﬁ%)él gkigy s2& nsing

syste
arrow on the top i-Cube in Fig. B(a)). This rotation causes a change in the
relative orientation of the opposing i-Cube faces. However, this change cannot
be detected by the 3-axis accelerometer since the vertical orientation of the top

i-Cube remains unchanged after the rotation.

15
The 3-axis accelerometer is also capable of determining the filt angle of the i-
Cube with respect to the direction of Earth’s gravity.
Proximity sensing system

20

The proximity sensing system of each i-Cube is configured to detect the
presence of one or more adjacent -Cubes within a predetermined sensing

distance.

25  Although the proximity sensing system may utilize optical-based sensars or
electrodes, there are several problems with such proximity sensing systems as

elaborated below.

Practical considerations when using a plurality of TUIs for specifying interactive
30 3D spatial arrangements require that the plurality of TUls are in direct physical
contact or at least in very close proximity before determining the spatial
relationship of the TUls. This is to minimize the possibility of false triggers, in



The proximty sensing systemof each i-Cube is configured to detect the
presence of one or nore adjacent i-Cubes within a predeterm ned sensing

di stance. 25 Although the proximty sensing systemmay utilize
opti cal -based sensors or electrodes, there are several problenms with such
pr oxi m WO 2ERHFFI syst ens as el aborated bel ow. Practi c#ACTEERSI MO ons
when using a plurality of Tills for Hpecifying interactive 30 3D spati al
arrangenents require that the plurality of TUs are in direct physical
contact or at least in very close proximty before determ ning the spati al
rel ati onship of the TU1s This is to mnimze the possibility of false
triggers, 022 o] S e
p035|blllf§H%ﬁ¥¥%§%éﬁ |ng ﬁ%FgTatﬁ%ﬁ% éﬁgtﬁbggéﬂm &%ﬁbﬁ%ﬂ %ewﬂﬁﬁn Ended by
t he user. unigendéd by the Ys=r. shom1hom1u5|ng optlcal based sensors or
el'ectrodes in cubic 5 Ili's may increase the chances of errors, in
particular, increase the possibility of detecting unintended spati al

relati onsm@éﬁ &) Lh@g RASHI mwusmg)ﬁp@&@rda@@&slm,o,bm endestirppatiialcubic
rel ati onsh| Specifically, Fig. 7(a) shows a system 700 conpri sjing two

cubic M1 L\Hﬁd’@é}’ 'W%ﬁ%ﬁ("fv‘rﬁwc@%rﬁﬁﬁﬁ?’%y@tmc@%l’we%‘? .t%mﬁ%@w
Sensors, gy tééh qu n%ed'é ltam éhé}qp@'d? § er g%fravrélo%wgs In

Fi g. 7(a), t ecu sar algne th eac t are at a

subst ant i dttedded an@’ieal a@amqnshmsspu te th| s subst antl al distance, the cubic
MIls are still able to detect each other, provided the distance between
each optical -based sensor pair is not too great. This 15 increases the
poOsSSi bi I [ ﬁpe@!facdé;t efégj @) mﬁbmﬁse&@dtame?ﬂ@ad:ompﬁa‘ng dwshi‘.lmic B‘éiimeﬁ‘msbhe cubi c
TULs. ssible to reduce i mum dj st ance betwe c TUs
such” thar ARG SANSab SYF ST ANt A e SREoRy LD S5 Fd BB t o clo
SO W t houleriilgl @6@EV S pftoti AYeiISORS O H@Wga)beﬁ@@um Hﬂﬂ%@@@h@h@d mhl I ght
fluctuati ons in the anbi ent envi ronrrent ue to for exa e, sunli

through 2G2GNnRfbREPUL Brg. a1 78 HUbSIREINE ?‘@?ﬁ 08 e SIRSFTS| Wp Subsiant | s whose
{)LgXI(:lTblt é’ cﬁs@@ﬁéé“ GthaY SLISEBTURS Eré%nﬂeé@%t t Gt UBhcrP YIS C rofiaBl 3kl bet ween
distance between each optical-based sensor pair is not {oc great. This
15 increases the possibility of detecting unintended spatial relationships between
the cubic TU!S. It is possible to reduce the maximum distance between the
cubic TUIls such that they can detect each other's presence, but it is difficult to
do so without the receiver of the sensor pair becoming susceptible to light
fluctuations in the ambient environment (due to for example, sunlight through

20  windows).

Fig. 7(b) shows system 700 comprising cubic TUIls whose proximily sensing
systems work by detecting actua! physical contact between the cubic TUIs.
Using such proxim%ty sensing systems can overcome the above-mentioned
25 probiem of detecting unintended spatial relationships between cubic TUls at a
substantial distance apari. However, in such proximity sensing systems, while it
may not be difficult o achieve and maintain a certain degree of physical contact
between cubic TUls on top of one another with the help of gravitational force, it
is often hard to achieve or mainiain the same degree of physical contact

30 between cubic TUis placed alongside each other.



Usi ng such proximty sensing systens can overcone the above-nentioned 25
probl em of detecting unintended spatial relationships between cubic TU s at
a substantial distance apart. However, in such proximty sensing systens,
while it not be difficult to achieve and maintain a certain degree of
physi cai“"%%fﬁ?ﬁ‘lﬁtl'?’goet ween cubic TU's gn top of one anot REFSGEHH YR hel p of
gravitational force, it is often har'd to achieve or maintain the same
degree of physical contact 30 between cubic This placed al ongsi de each
other. WD 2013/ 006139PCT/ S&012/ 000220 12 El ectrodes may be used in the
proximty sensing systens to detect actual physical contact between

adj acent gyl r?za?'tfz‘t@%s@ddw%t Pﬁix@(ﬁk\y'ééﬂsufgo@?ﬁéhsofb MeYed?Cacigalabl i shed
between a pair of electrodes when the electrodes are brought into physical
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to ensure I |,y .cont act
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bet ween tg_e cubic TU s caused exa pl acing the cubic Tills on

mi | dly unévénardt sgstablishyolyst s‘%|?$tf'6“i3'eﬁng%Ct%uP?TW%”eﬂ&t@m?ﬁm@ont act
failure belapg8A: HARs BHER QAR SR pré\gﬁl@@‘égéemﬁw dBdn %P%k@ﬁg@' stens

using el ectrodes require precise physical connec Thus y are not
resilient very %atigyic 398 facen wéhnyﬁﬁ'éﬁb’sﬂi!ﬁwie@iﬁc’ﬂ@@ tDJl’@CtST aém;ﬂ'mie such

Pr o, Tht Y pRSRaN Sre ol AR I Bl 185100 SlfotSh m bl PhéN e

interacti eap Ica ren as CAt] ONS Of t en
require stveecubigilbiés cdugeal By, éwrcee(armplelmigbmgrtheahbgﬂ'rMBm mildigenehene is a

tendency fo oun |Idr n to, arrange the, 11 cas IIy

Pr ef er abl §¥ Ef%é ”%Cﬁjg crg Pefﬁ%’gomb?e@gm &8{”%5 ga}?\é‘ﬁ%l‘eg‘” ?ent to a
snal | traé@bﬁbd@@airs m&aédv@ﬂnmkmﬂf Sermimd lsysehit ugﬁgleiéatmbw@aam’é as
shown in Fig, 7(c). Short range inductive-based sensgors 25 The proximty

sensi ng sPECisH ANYERal iconnpetMily tfr they arel awlt resiient ngudiohe-Pased
ol oot Fode B o L re ¥ of o PR S g ST
are unlikely to wcrk well for play-based inieractive applications for young
children as these applications often reguire some degree of tolerance to shght
misalignments since there is a tendency for young children to arrange the TUls
quickly and casually. Preferably, the i-Cubes in system 300 by contrast are
200 more resilient to a small transiational misalignment or a smail rotational

misalignment, as shown in Fig. 7(c}.

Short range inductivefbased sensors

25 The proximity sensing system of the i-Cube may comprise at least one
inductive-based sensor. This is preferable over the use of optical-based sensors

and electrodes.

Short-range, low bandwidth wireless communication

30 |
Each inductive-based sensor of the i-Cube is configured to interact with at least |
one other inductive-based sensor within a predetermined sensing distance. This



WO 2013/ 006139PCT/ SG2012/ 000220 13 all ows one or nore adjacent i-Cubes
conprising the at |east one other inductive-based sensor to be detected.
The interaction between each inductive-based sensor pair is done via

wirel ess short range signals. Fig. 8 shows system 300 conprising i-Cubes
whose pmaxeamBAH§s1sensi ng systems utilize inductive-base®CIesE0Is00029 shown
in Fig. 8 the proximty sensing system of each i-Cube nmay conprise a
transmitter circuit with at | east one inductive-based sensor functioning as
an emtter and a receiver circuit with at |east one inductive-based sensor
functioning as a receiver. In Fig. 8, the 10 inductive-based sensors are

the f duct th
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enittef (iR dhehewaspstem 300 somprisihad (libssanbesd proxisity sérsindsygtemspon

ot abl | sndlid ilIRihe B8 cufithee A0 08 FBE &, R R BEbBE e ©
i nduct i vespaead osmbrs @abas mandoimprice, a Hednsedet biecdit Githest teigpranei ng this
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nducti ve- ensor
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i nduct i veidyas athes enaRtivedabed Sserebi \Fahesbray mmeredams e ORBr igsi fag t he
sensor pair are in physical contact or when t are in very cl ose

proxi APty INdpcliyasbaped SaBIE @R Bre i?ﬁi“n‘?fe'ﬁa'é‘éfoéﬁaé‘iqtalihateﬂ'ﬁ’ﬁl@ﬁéﬂﬁ!ﬁ
resul tinggi Badil-B8bkié @aswﬁ twasve aitRai & o ﬁ%&&%h%&l rekeRaPSiA0, 1 al

di stance apart nmmy be avoi ded. ment | one such fal'se trigders are
li kely toebeh BOupeds&at compopes b@lh-’fbae%df gunilers are used. Furthernore,
unlike the proximty sensing systens using electrodes, the proximty
sensing systens using inductive-based sensors do not require a rigid

al i gnnment Aof intihetive-Gadeas sémort;ismr a0 ﬁ'@b&?&lﬁéﬁhﬁ@%é&%l%@ﬁ@%&hé4 sensor

pairs, o [nteract ht I nt between t eemtter
Pna T btei (REPRGR tian Rt B¢ sl cangaiiast iaensins SPER Grrdk DURRRAFE S s uch
sensi ng twa@@b gsfh@mra@géQﬁlthe@ﬁbuézos%ha@hb ARNMhaakHIRSTRNleS dChnigs those
shown in Fig, 7(c). In addition, as the inductive-based sensors operate
ermined sensing distance o
usi ng receive these signals when It is within the predetermined g dist f
the emitter (in one example, this sensing distance is less than 5mm). Upon
receipt of the short range bust signals, the receiver is activated. This
20 establishes a short-range wireless communication channel between the
inductive-based sensor pair, and hence, between the i-Cubes comprising this

inductive-based sensor pair.

Due to the relatively shorter sensing distances of typical inductive-based sensor
25 pairs, the receiver of an inductive-based sensor pair is activated only when i-
Cubes comprising the sensor pair are in physical contact or when they are in
very close proximity. Therefore, detection of unintended spatial relationships
resulting in false triggers when a pair of i-Cubes is at a substantial distance
apart may be avoided. As mentioned above, such faise triggers are likely to be
30 present if oplical-based sensors are used. Furthermore, unlike the proximity
sensing systems using electrodes, the proximity sensing systems using
inductive-based sensors do not require a rigid alignment of the i-Cubes for the



5 wreless short range signals, they can interact through the physical
encl osures of the i-Cubes. As such, the inductive-based sensors nay be
housed wi thin the encl osures of the i-Cubes. Thus, there is no need for a
costly assenbly of precisely flushed sensors on the i-Cube faces.

Degr adaW®p13P0¢be sensors due to abrasive wear and exB6IHERIRFOEEY r osi ve
human sweat can al so be avoi ded. 10 Power-consunption friendly design As
menti oned above, the proximty sensing system of each i-Cube conprises a
transmtter circuit with at least one emtter and a receiver circuit with
at least 15 one receiver. \Wen active, the current consunption of a
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10

Power-consumption friendly design

As mentioned above, the proximity sensing system of each i-Cube comprises a
tranémitter circuit with at least one emitier and a receiver circuit with at least
15  one receiver. When active, the current consumption of a typical emitter is
usually hundreds of times more than that of a passive receiver. In order to
protong the per-charge usable life of an i-Cube, it is preferabie if the number of
emitters is less than the number of receivers in the i-Cube. Fig. 9 shows system
300 comprising i-Cubes with such proximity sensing systems. In particular, in
20 Fig.. 9, the i-Cube comprises, at each of its faces, one emitter and four receivers.

Sensor placement strategy

The inductive-based sensors of an i-Cube may be arranged so that in the
25 presence of one or more adjacent i-Cubes, it can be determined which face(s}

of the i-Cube oppose adjacent i-Cube(s).

To achieve the above, each face of the i-Cube is associated with one or more
receivers. When any of the receivers associated with the face(s) are activaied
30 by receiving short range signals from emitter(s) of the adjacent i-Cube{s), those
face(s) of the i-Cube can be identified. For example, the i-Cube may comprise



at | east one receiver on each of two or nore of its faces, and preferably
at | east one receiver on each of its faces. The inductive-based sensors of
the i-Cube may al so be arranged so that the relative orientation of
opposi ng faces of the i-Cube and its adjacent i-Cube(s) can be determ ned.
For i nswanmas/oishe em tter(s) and receiver(s) of the i-@ib&Gane/ibe22ar r anged
such that when the receiver(s) are a&tivated upon receiving short range
signals from10 emtter(s) of the adjacent i-Cube(s), the relative :
orientation of the opposing faces can be determ ned based on the positions
of the activated receiver(s) For exanple, the i-Cube nay conprise at | east

four receiyers,on at |least on its face ref t four
recei vers a\é%aéfagrp]e BesMed of ?@C(I‘g'a@{ég'? Y{ge ‘teh% ‘Se%é:ﬁg’e?% 9%8@’ # ‘§%§

pr oxi mat e pad geseialr dnheadtosirigsieesesli ng i - Cube faces. 15 In particul ar, one or
nore of these receivers may be arranged al ong each edge of at |east one of

its faces (for exanple, at a mdpoint of each edge or at each corner).

Emitters qhet df&dm@ﬁé%eavééreer@w ﬁf&gﬁéuﬂé%ﬁ% digy %Qr‘@'ré?ffgeﬁh% fRahyers.

Fig. 10 illustrates two exanple enents 1
i nduct § veréjaibedonientsiors of @p@ﬂseﬁgéaftesmb&fe sﬁe@efar&hlw digognbetrbeanyl e

pl acenment § &gg eﬁem}r]&? the i-Cube conprises one emtter and four
recei vers o s faces, with the receivers arranged in a

symmetri cal manner for each face and the single emtter placed nearer one

250f the receivers r rece a el vers on
ooT i et EBCEs R e et e A ede Tl he oS R REE S BhsRoeBEREh Toms

t he |‘leﬂ1d10vﬁé¢ftfﬁéffb@§veﬂ(§l) draeachiveengsrofecadjims endrt rarfgedsignaletiiceh of its
faces oppose the adja urthernpre, 30 the use of onl%@one

enmittdf afBiS(R 9fe @@fa§emt 5%59%@9 e Felaive Srgmatienppia Rpgs!
1004, al | epethanRl @étérvﬁnea 285 AbhdRe BbsiABROBF b ActPlRY ©BEREN(s). For

example, the i-Cube may comprise at least four receivers on at least one of its
faces {and preferably at least four receivers on each of its six faces) and the
receivers may be arranged proximate edges of the corresponding i-Cube faces.
15 In particular, one or more of these receivers may be arranged along each edge
of at least one of its faces (for example, at a midpoint of each edge or at each
corner). Emitters of the i-Cube may be arranged nearer to some of the receivers.

Fig. 10 illustrates two example placements 1002, 1004 of the inductive-based
20 sensors of the i-Cube.

Specifically, in both example placements 1002 and 1004, the i-Cube comprises
one emitter and four receivers on each of its faces, with the receivers arranged
in @ symmetrical manner for each face and the single emitier placed nearer cne

25  of the receivers than the other receivers.

The placement of receivers on all six faces of the i-Cube in both exa'mble
ptacements 1002, 1004 allows the i-Cube to determine, in the presence of
adjacent i-Cubes, which of its faces oppose the adjacent i-Cubes. Furthermore,
30 the use of only one emitter and four receivers, together with the example
placements 1002, 1004, aliow the relative orientation of opposing i-Cube faces



WO 2013/ 006139PCT/ SG2012/ 000220 16 to be conputed. This may be done by
determ ning which of the four receivers of an i-Cube is activated by the
single emtter of an adjacent i-Cube. In placenent 1002, a receiver is

pl aced at each corner of each i-Cube face 5 whereas in pI acenent 1004, a
recei veW@30IBNYIEY at the nid-point of each edge of eadkTiS@IFNNELe.

Pl acement 1004 is nore advant ageous s conpared to pl acement 1002 because
t he di stance of each receiver fromthe centre of the cube face, dodge, in
pl acement 1 004 is less than the di stance of each receiver fromthe centre
of the cube face, dconer, in placenent 1002. Thus, placenent 10 1004
provi des t qm@ I nt of
t he cube ?gggsd gﬂ?é%cfl n fnlggemant 1%%%81%{’!??2{?@ @Eﬁ?@ﬂ@&&ﬁ?\/\%@éfv@%

em tter-randilnedre apactwatsd i dhe singld emitpasof. degrcmcemrtr -Cobat i onal of fset as
conpared to placenent -1002. 15 Primary comruni cation system As nenti oned
above, between two i-Cubes with proximty sensing systens utilizing

i nduct i ve{hasefns@nSoe, aarsiadil -is gigeedvat elhel scorosmbnbael iiQubehiazeel may

be establl ed vvhe they are within the sensing distance of each 20 ot her.
This short¥ %‘%’W peeraeat tdmanecsiMents BiRgRA& t%@'&ﬁ“’&h"é&%ﬁﬂrﬁ"&ﬁtu on

bandw dt h pardch hisubd Rel Pfé!fe'ﬁf?édtofl)dlo@%@f@%E@Qnt‘é?éo&é"a &drapdiel wri nly
relates to the question Is there an enmtter presen Preferably, due to

the |init HRGGEINIGOR kecapse ahiatanctgboash é?%\éefcf&?ﬁ‘iﬁhﬁm’ff@mfcﬁ’iannel no
h f hy h
Ot er in %pH@tféc%? e?c,:é gﬁaéé]ﬁehtd @JAbéfe@E 1380 HETRES S of@ Vié&éﬁkﬁeﬁsor the

identitres osing 1 - aces |I's communi cat e
channel . Toims theecentts of e cebé ddee diser.dft placemeniutdia: erthess edhceematrs to

achi e t asic functi (e of t he presenc of

i nodf  10pd B Yiapb b BARL RS AR ek, it BB GRL IGR RER D

2013/ 0061 3PEUISERAdSY 606220 placement 1004, the separation between an emitter-
receiver pair is much smaller per degree of rotational offset as compared io

placement 1002.

15 Primary communication gx_stem

As mentioned above, between two i-Cubes with proximity sensing systems
utilizing fﬂductive~based sensors, a short-range wireless communication
chaﬁnéi may be established when they are within the sensing distance of each
20 other. This short-range wireless communication channel has a low
communication bandwidth and thus, the information communicated via this
channel mainly relates o the quéstion “fs there én emitter present?". Preferably,
due to the limited banldwid‘th of the short-range wireless communication channel
no other information such as the identification numbers of the i-Cubes or the
25  identities of the opposing i-Cube faces is communicated via this channel. This
permits the refiable use of the inductive-based sensors to achieve the basic

functional requirements of detecting the presence of adjacent i-Cubes.

Long-range high bandwidth wireless communication
30



17 However, to determ ne the 3D spatial configuration of a plurality of

i -Cubes, information regarding the unique identities of the i-Cubes and
their faces may be required as well. 5 Therefore, each i-Cube in system 300
may further conprise a prinmary conmunication systemconfigured to

comuni g&b 2013ong39 ange hi gh bandwi dt h signal s w r el essIBCTbG&I0elg§00td0e r ange
of these signals is greater than thet’predeterm ned sensing di stance, and

t he bandwi dth of these signals is greater than that of the short range
signals comuni cated via the inductive-based 10 sensors. This thus enabl es
t he establishnment of two-way |ong-range high bandw dth wirel ess

communi cat i on_chapnnel s bet ween e 1zCube.and other parts, of_s em 300.
The ori e RNER Salergines i ah SPeiflearBinRY FoRt PG o SR cat
with 15 otfaehaliofCiRsediag the dirsda @R nBUEY of MXDI-Cabup teidhekedated efact i vity
between the '- Cubes is therefore enabled. The primary comuni cati on system
of the i-EFUEWIrRGEMEIws it to communicate with a host device which may be
pl aced at a distance away. The host device serves as a naster wrel ess

controller and may be, a conputer system (PC) or another i-Cube specially
conf i gfir ed hesefoee,t Racip0-Gulet &n isyslghe. 308 ananefuriie: wegmposey-2 aprigeatyi gh

bandw dt h w.i.€| . CO I.Cal s : i

confi gur eg%rﬁ&g@té@o\?\e q n:puta#drf@g{%gyggﬁ\\%u(ﬁeg%%p%fé'r%gigoﬁ@hg@%nﬁgmi - Cubes.
For i nst asgmaisoviteewdly whaneihhdhadoshngdeni desmypidnaldioapeatstr thantihe i - Cubes
and therefor t he host .devj.ce can htain a.central control of the

T Cubes.  PRETHBRT RGLSPRE S NS T Uiebaatiolp et e a8 i deatdsponses

on sel ect gghri {katbes thd BhpArtangsl signalksheommsiniciead e Ry B0t va-iaand to a
particular i-Cube to |ight -quone of its faces with a specific co]or or

play &0paPEneeiar’ NbUReR raftRIgs e SeHtaRIgNMed  dlg8vo-ia 82 bBePendi ng
on the negdaq@fqth RArdIddLEBMMYRCARI Ichahndd Béi@eéﬁ%@m-?gge'éicﬁ%%rf or, the

| ong-range hi gh bandw dth w rel ess conmuni cation channels may be used 30
by the hogerig@®fisysems3Gake regul ar enquiries about the tilt angles or
notion status of the i-Cubes as determ ned by for exanple, 3-axis

accel eroneters in these i-Cubes. WD 2013/006139PCT/ S&G2012/ 000220 18 As
ment i oned Tabgvenag wemtroutibatidn systed ddhewldbe aibwshetccoomominaatté esthchannel s
est abl j she

b he i nd i -b d ] i . hi . dwi dt.h .
o oDk el g ARk aNEe RS0 MR iR fels intard Ry Ak ki

i denti ti egudbsis GppeRire@nbbldbahkas@aatyScpneiaioaiby syetent ompmi-cabed Vi a
t he induct] ve-@ased sensors. . Such higher bandw dth infornmation required for

det er mi ni AGOt APWSItdPi CRNBBNIEY WihndI Naskideicendhich BRY iR Placedbisacan
i nst ead b@is’t%ﬁf&élﬁw&@}‘[% NS dblRe ls6rePls b HRAsIEARTEIERE SBRRBMSIARE Mapi 1 el ess

communi cati on channel s.
- be a computer system (PC) or another i-Cube specially configured to be the
20  master i-Cube. Via the two-way long-range high bandwidth wireless
 communication channels, the host device may be conﬁgured to receive input
from and.provide output to one or more i-Cubes. For instance, commands from
the host device may be broadcast to the i-Cubes and therefore, the host device
can maintain a central control of the i-Cubes. The host device may also trigger
25  appropriate output responses on selected i-Cubes. In particular, the host device
may send a command to a particular i-Cube to light up one of its faces with a
specific color or play a parficular soundtrack in its local storage. Furthermore,
depending on the needs of the interactive applicalion the system 300 is used for,
the long-range high bandwidth wireless communication channels may be used
30 by the host device to make regular enquiries about the tilt angles or motion
status of the i-Cubes as determined by for example, 3-axis accelerometers. in

these i-Cubes.



10 Note however that the i-Cube may enpl oy a nore sophisticated proximty
sensing systemand in this case, the identification nunbers of the i-Cubes
may instead be transmtted via the conmuni cati on channels set up by the

proxiniéy sensin? systens. This can speed up the process of determ ning the
rel ati v&¥BHIH8W!I# onal rel ationship of the 1-Cubes. | nEGESGALREEA sensors
may still be 15 enployed in the mor & sophi sticated proximty sensing system
but nore conpl ex inductive receiver circuits and interfacing are required.
The wirel ess comruni cati on nmet hod adopted for the primary conmmuni cation
system can be one of several standard industrial options such as Bl uetooth,
20 ZigBee or a proprietary wrel ess comruni cation protocol. However, it is
preferable if the primary communi cati on systemis |ow powered, especially

I f the i- GFbEWNIPECH ARV -BifeiatiBa. limiednkandwidll of thRecpmavsicaionof t he

| - Cube “haghuihdiL 'éﬁb@“sﬁ@!:ie@ﬁt@ ifRIEIVELGakd %@%@P?ﬁﬁr ! H@Sé beidigdnwor ds,
the primary conmunicati on systemis integrated w he “processor of the

i - Cube. Forformatinn scht dsether iderifsatiommynberiof adel i{Gubm aof tha idestit@scaint r ol | er

unit h he, Texas |n ts 510,with .its Si li.ci Tl

Wir el e RBRINR Sxi e e i Risre B T et Vbt S iReid b e
conmmuni catemgorpr Guenohighd? bAMIVAGHHS/iRREhINRCT5GREA 210D 083RemiEIhg heesyst em
300 may be confjgured to u e_bohh t he short-range | ow bandwi dth wirel ess
communi caldaW e AdrARsonak el meRBoTtbe: HichRaS Gall IsieRdl 8o FOBIMyAFREand t he

| ong- r anggiahthg bwb R 8E RaMhd mp%ﬁnawzammméwéb:ﬁﬁ‘%mﬁhén BhaMhsled 5 by the

primary communi cation systens to determ ne the 3D spatial configuration of
a set of i-Cubes. Fig. 11 shows system 300 with the i-Cubes (with identity

numbers " Note howeler that the i-Cube may employ a more sophisticated proximity
sensing system and in this case, the identification numbers of the i-Cubes may

instead be transmitted via the communication channels set up by the proximity

sensing systems. This can speed up the process of determining the relative 3D

positional relationship of the i-Cubes. Inductive-based sensors may still be

15 employed in the more sophisticated proximity sensing system but more complex

inductive receiver circuits and interfacing are required.

The wireless communication method adopted for the primary communication
system can be one of several standard industrial options such as Bluetooth,

20 ZigBee or a proprietary wirefess communication protocol. However, it is
preferable if the primary communication system is low-powered, especially if the
i-Cubes are battery-operated.

in one example, fhe processor of the i-Cube has built-in wireless
25 communication capability. in other words, the primary communication system is
integrated with the processor of the i-Cube. For example, the processor may be
- in the form of a micro-controller unit (MCU) such as the Texas instruments
CC2510 with its SimpliciTi wireless communication protocol simitar o that of the
ZigBee wireless communication protocol. '

30
Using both lypes of wireless communication to determine the 3D spatial

configuration of the i-Cubes



configured to conmmunicate wirelessly with a host device (wth identity
nunmber 10 "0") in a star-shaped topol ogy. This uses the | ong-range high
bandw dt h wirel ess comruni cati on channel s provided by the primary

conmmruni cation systens of the i-Cubes. Note that to enabl e broadcasting of
command®a z1gaed3t hus, control of) multiple i-Cubes usPAF/ 281208 0mast er
e.g. a host device, the wireless netork established by the primary
comuni cation systens of the i- 15 Cubes nust at |east support such a
star-shaped topology. Fig. 12 shows how the host device in Fig. 11 nay be
configured to comunicate with the i-Cubes "1" - "3" so as to determne a
rel ative arrangenent of the i-Cubes "1" - "3". 20 In Fig. 12, the identity
nunber ("1" - "3") of each i-Cube is known to the host device. The host
devi ce i s T@ndyspeine3D Mmal Miet ci,-camgu:ammui;@abimmev\i;rtdm -teimgrel lo@uersdwidth- " 3"
and is furth r configured to actlva %@ % e ﬁ in turn. In
each turn“("1ee S 5r 3hgR [cERNNRlR SRS Bg\;?yc@déﬂeif‘ﬁg? FRESGRRIFe by

triggeri ngndShellbSg-eaidd BHR HaRdRNE Wikdies€ ssmpmdiidatioRNaRirPBE peivitieal S.
Then, the host device detérm nes the activation status of each receiver

(i.e. Shebierthehdrimayi wemmunicationy aSEMef ieadkiar@ing nthey $0cpatialBased on
t he acjtl V%{Jh@éhrﬁfi@ﬁ H?a%@t éfh%ﬁﬁaersece' vers, the host device is able to

determ ne e relative arrangenent between the activated i-Cube and the
remaining i-Cubes. In particular, the host 30 device can determne the

i - Cubes adj acent Le) at ] arp.angement

L ubes B pRnt Bt MRACONCVAR s e L et Bt 2nos
20(1]3;{3 OOGIBSWIraﬁﬁEMﬁ&Haﬁewreﬂempl\mthcalHo;si db:weef(weaderﬁtaty h‘mrﬁﬁﬁz‘a?en:]
i- es o ing the activate reatlve rige on of the
opposing 8 tuipeds seGshaves dondodiar Jisatsendin PrOceigs gt Barpwds” ¢ he
host devi gfreldssStoRMhlM@dRe bhé?«ms 5pr'b1:delayb§eﬂ@ @ﬁ!méryacorﬁhﬁﬁnﬂaﬁoncomnd
Upon receiving the "Fire TX command" be 11" returns an "Acknow edge"

si gnal t oSY$eMsotingd\iubesyNate fat T@r bﬁ@bly treacieRstipg of sAMYadsnio (&Ndt he sane
tinme, i- E&tr%éﬁ%@h;ﬁie iRk élﬁ%lécésh 8- hased «8gnd gétsdé\h&‘é" fhaneousl y

(or one after "anot in'very quic cces Ion, such’ as IUr 7 ng at nost 20
m | | i secowndtejesantetpiost estﬁbhgk‘aﬁbb} rh?gea:tﬂﬁmfstcmﬂumcatmr‘ systems of the i-

15 Cubes must at least support such a star-shaped topology.

Fig. 12 shows how the host device in Fig. 11 may be configured to
communicate with the i-Cubes “17 — "3" so as {o determine a relative
arrangement of the i-Cubes “1” - “3".

20 |
In Fig. 12, the identity number (*1" — “3") of each i-Cube is known to the host
device. The host device is configured to initiate communication with the i-Cubes
“1" — “3" and is further configured to activate each i-Cube “1" — “3” in tum. In
each turn (i.e. polliing cycle), the host device activates the i-Cube by triggering

25  its emitters to send wireless short range bust signals. Then, the host device
determines the activation status of each receiver (i.e. whether the receiver is
activated) of each remaining i-Cube. Based on the activation status of these
receivers, the host device is able to determine the relative arrangement
between the activated i-Cube and the remaining i-Cubes. In particular, the host

30 device can determine the i-Cubes adjacent {0 the activated i-Cube, and the
relative arrangement between these adjacent i-Cubes and the activated i-Cube



~orientation of at | east one of the i-Cubes

10 mlliseconds. This reduces the maxi mum peak current drain and el ectrical
noi se in the power supply. Generally no enquire step is performed during
this period. The successive firing of the emtters should preferably be
done in the in the fastest possible nmanner permtted by the processing
capabi | MQ ¥43/8#613*he enbedded processor in order to red%’@@’%@?&w&?ﬁl | time
taken to conplete one 15 polling cyépe ) to activate nearby inductive-based
receivers within the sensing distance, thus establishing short-range

wi rel ess commruni cati on channels with these nearby receivers. The host

devi ce, upon receiving the "Acknow edge si gnal , then sends i-Cube "2" a
"Read RX" %sam fy, tha f A3 1 FRBes 8ctiRidd deioee
[ nformatlé reggrd|tn % %é)gjc?l%a r?lnstat ugso pea?ﬁftﬁ 28 its recelvers via

its pri rrarawddbe’nmmr\@ammmmofdhe opppsingnfCameafiaices). i s sent together with a
"Return status" signal. The sane is repeated for i-Cube "3" to determ ne
the activation status of its receivers. in steps 2 and 3, i-Cubes "2" and

"3" are a@de\t?t:@f@ ig@ shigkun iarmle;mmfg‘?t@ssz Siwﬂé’rhbar }:i}é\fk:é EEHI aaﬁvaieosjgﬂubed for .
step 1_is perfor 3 ,peate cling thro es - "3
s ho The iy SEUE Kagiirieet Xsemregy. Hosephenabie Fire ot fadends
ar rangementgk “tih?eﬁzrr@lﬁﬁsAcﬂenowied% BRvaP w%gﬂaémwwmt@cbnnhék ot her
words, steps 1 - 3 in Fi e repeatedly performed so as to obtaln

updat ed r épmuf@caérﬁnaw@mnﬁé thy S@rﬁ@ fimwo@@be iT firegoalBits sixppductive-
2013/ 0061 33ECT ﬁﬁ?&ééﬁ@@%@ Nt nd haty LARoMEL i ”b wBQ du g&?éér(%‘?

arrangement 0 st device nay b gure
conmmuni ca’secmashdumr@ iat CﬂJbQSZUsmﬁgsea:ohﬁsr er—'ldrmre&fqbiyr éumm raitregst dDf f er ent

nottvid e mHSEdonaEn IRRG  FesleBS FieeMRuEouhofal b el bt a Heqlrd® 2°
sequent i ahbMeImSh@@dw@fr ssibpiyl t@afmaw NO elnqwéiﬁemaseerfbm@ daning hisis
activation st hlg_@rof t he ngar by .receivers, can not. onl

ot b1 o noBaRsE e SdaseoSy A Shhg el Smiacs saP HEuea 8o hs St Butedn T Gube,

but can ak@f&@é@fﬁe%{emhﬁﬁerobamﬁe@tHsserthe -$ebESinG cAphBIngeY of angach face
of the activated i-Cube. However, such an alternative "fire-and-enquire"

strategy PEgereed p&Q%E@fe#ﬂ ardeh o (RAUCETthe YRRl Eaeitakeni oreplethenpost
devi ces angol H@g cig’}btﬁs%ctgﬁ d h@aﬁa&hﬁﬂu@?]&%aﬁé&e a-‘f?cfe's\fe‘?s %v%tr?wgéﬁsm tr at egy

as descri ve 'w't eren ows the host devic
obt ai n al Histdareendumsssiaplishiigshattiramge @v!mgr m:mmurﬂmtlloelca’(tanmelsawmangerrent

ost.—devi RESEHIPTRL EEeEss e O, gRUTe wplh, BTN A8 SABRTMERSE, o
required gighaeanbnpehbs nGubeci2e a ReadhBXt cdevmared. iayedsorisel tHeek-Caobaf i gur ed

to determ_npe the 3D s ial configuration,(with respect to the djrection of
Eor i o QURRENgs U noHatqvies, fEamafon Teading Mid st RERpRISa s O SeFRRanent of

the is@ubgs redeivers"a ;{saﬁriﬁﬁﬁ'}erc@rﬂﬁ%iambyst%% a'l"“%ist iArvakibh Galsent

The verti cal

ori ent at i eethiey Wi aeBeiym rdaluss ﬁl@@af h@*epﬁ%iecfél re@@@t@ﬁrfgr tg%fpérr‘ﬁ?ﬁo
descri bedy &eﬂmg ﬂ@geﬁ\%ﬂ%%@& fanTb BN &L mrste,g% é%d' 53" ang " 3" may

al so be repeate term ned and const antly up put syst em
“3" are actavated in tum and a process similar to that as descnbed for step 1 is

performed.
23

By repeatedly cycling through the i-Cubes "1" — "3 using the “fire-and-enquire”
strategy described above, the relative arrangement of the i-Cubes 1" — “3" may
be constantly updated. In other words, steps 1 — 3 in Fig. 12 may be repeatedly
performed so as to obtain updated relative arrangements of the i-Cubes “1" —

30 "3



Each i-Cube may further conprise an output system configured to provide one
or nore types of output. WD 2013/006139PCT/ SG2012/ 000220 22 In one

exanpl e, the output systemis configured to provide visual output, for
exanple, light to the i-Cube. The light nmay be for distinguishing the

i - Cube WW®EMIaBHABY | - Cubes and/ or for distinguishing ead® @I HL8125f00228e | - Cube
fromits other faces. 5 To provide t#e visual output, the output system nay
conprise at |east one light emtting diode (LED). For exanple, the out put
system may conprise six RG LEDs of different colors and/or intensity, one
for each i-Cube face, such that each i-Cube face may be lit with a

di fferent S p t

di fferent I\fo?%%ag%%&@érggﬁ%?ﬁ%géi%tgﬁséﬁ%A%nk‘%etr%fn e]'(q@;érss g%d &%G% enS| ties
SECh t hat mpbe Icoﬁt@ﬁed%&ﬂmhmhmca& ﬁltbﬁh@@@@%b{cmg ad(fjrret huﬂad-ehharze”i - ﬁubes
The out put s configured to.pro e the 15
yst em S0GTRIRAY BT Piary TG LAt ReEURRg 2PP U - SRApRIE I GRS PINOYES For o
par ti cul arcneuepd %ﬁvaﬁbaﬁsgﬁ Peanstrictad aynﬁ@r RS NR/GPR) fifakds @mittbrae
contextual relevance of one or nore i-Cubes and/or 1-Cube faces (which

coul d Be, seavetigimpneteagapi simuiipnaowyecin ?mst@?ﬁ Q@é%rorbmﬁ @ﬁ@é’a}tf%y be
hi ghl i ght 8y réd cul ar
i - Cube (og%nlz%:e ﬂ@(? acbg re(%é]@%l S&FQ&%Q@ |ﬁ@ﬂl%rg¥lggt at t Eﬁlc?c:ube
rel evant . teootheoHGibes am@tbammﬁd@ﬂmmﬂ&%ﬂn%e but pan ;astor@etetmmet syst em
may conpri at . l.ea gne 0 c st d| spl-ay
(LCD) on X{?&fh égt’(he %&h B! ?ﬁ@éﬁ {chggg%gtc{ésggggﬁgéég)nﬁh%%ﬂ ‘ﬁ%ts%ut%u? ‘'system
may conpriHb®vesex Bocit adroraileGidtiveo ffreaamdeacduie’ Cbibate@gcu@quliasha LieRysray be
programed to di spl a different visual pattern ne of six
Poos! Be- el ofgorimonksten baac HehnB deibRani e BElere BBegner of
the appli gedrRnd A BroHh@Whquire” strategy as described above with reference to

Fig. 12 allows the host device to obtain all the necessary information {o

determine the relative arrangement between the i-Cubes using a minimal

amount of communication between the host device and the i-Cubes. This helps

15  to reduce the amount of time required for each polling cycle.

The host device may be further configured to determine the 3D spatial
configuration (with respect to the direction of Earth’s gravity) of the i-Cubes “1" -
“3” using the relative arrangement of the i-Cubes 1" - "3" (as determined abgve)

20 and the verticai orientation of at least one of the i-Cubes “1" — “3". The vertical
orientation may be determined using the physical sensing system as described
above., The 3D spatial configuration of the i-Cubes “t” ~ “3" may also be
repeatedly determined and constantly updated. '

25 Quiput system

Each i-Cube may further comprise an output system configured to provide one

or more fypes of output.

30 Visual ouiput



30 WD 2013/ 006139PCT/ SG2012/ 000220 23 The out put system nmay conprise a
speaker (for exanple, a tiny vibration speaker) to locally render sound so
as to provide the audio output. 5 Local playback or nodification of the
sound may be acconplished by the processor of the i-Cube. The audi o data

i nput f BO 2H&0&3hd may either be obtained from a | ocaPCStSEREGEIZR0 t he

i -Cube (e.g. froma renopvable nicro#3D card for |anguage reconfiguration)
or froma host device via wireless comunication. 10 Tactil e out put The
out put system nay be configured to provide tactile output. For exanple, the
out put system may conpri se a speaker whose vibration node can be used to

15provi de i C ser i R . C Each
b ail Bop SEmEBE b Aot R oI E R ok e TRAE] cBBRA fr
conponent sxamnpieo tighterdnpi-Eubehéhe duer map eder distipgiiskisgdhe eCeibarfgmabl e

battery whjch. be a re:chargeable Lithi umiaon,(or uiyal ent), battery.
ncl osur e OSBRI eSO T AR ainy cach dt4 AL oS BRI bidT ¢ <

ot her conmpgegnts, for exanple, the conponents (processor, sensing system
power source etc.) listed above and the electronic circuit assenbly

i nt er cdnnect | ng these conponents. 30 The encl osure of the i-Cube is

Cube-shap@'emrguaéﬁﬁé %Dﬁt’odtpﬁé%bg?ﬂ? 8418 PRyt |bSstaiHe Ry be made

of a non-conductive materi a ubber or "acrylic. PreferablgB, t he

encl osur eemitiingdiodsf (LEDQ) es pxpewle, dhetquipig| SMsée™ Mmay comprise six R
LEDs of different colors and/or intensity, one for each i-Cube face, such that

each i-Cube face may be lit with a different color and/or intensity. Similarly, the
10 output systems of different i-Cubes may comprise LEDs of different colors
and/or intensities such that each i-Cube, when |it, is distinguishable from the

other i-Cubes.

The output systems of the i-Cubes may alsc be configured to provide the
15  system 300 the ability to selectively light up a particular i-Cube or a particular i-
Cube face. Therefore, in an interactive application, the contextual relevance of
one or more i-Cubes and/or i-Cube faces (which could be, for example, marked
with specific text and/or pictures) may be highlighted, For example, the system
300 may simply light up a particular i-Cube (or all the faces of this i-Cube) to

20 indicate that this i-Cube is reievant,

To provide a richer programmable visual output, the output sysiem may
comprise at least one color or black and white liquid crystal display (LCD) on at
least one of the i-Cube faces. For exampie, the output system may comprise six

25 color LCDs, one on each i-Cube face. Each LCD may be programmed to
' display a different visual patiern which may be one of six possible visual motifs

chosen by for example, the user or the designer of the application. -

Audio output
30
In one exampie, the output system of the i-Cube is configured to provide audic

ouiput {e.g. speech or music).



WD 2013/ 006139PCT/ S&2012/ 000220 24 material such that light emtted within
the I-Cube is visible fromoutside the enclosure. Furthernore, the

encl osure may have strategically placed holes or connectors to all ow

el ectrical access to the power source (e.g. a re-chargeable battery) or to
house awsowdiehodiey turning the i-Cube on and off. 5 MODES/SORIORERATI ON OF
THE |1 -CUBE Figs. 13(a) and (b) show2wo nodes of operating system 300,
nanely the host conputer node and the standal one node. 10 The host conputer
node is shown in Fig. 13(a). This node may be used with a host device in
the formof a conmputer system The interactive application to be run may be
resident on the conputer system In addition, the conputer system may be
configured to receive interactive inputs fromthe i-Cubes in system 300 15
and furt hamecempuglém@nt Qné)ﬂ@:oHlﬁ!s'e”heé@é“aﬂdeye(f&pékérﬁéFe' oD thgS@drAlnt hese
inputs. In this node, Cubes in system 300 maintain wrel ess
comuni cafPeake inoeal *’@Bﬁ%@@#“ds%fiéﬁﬁ pioyideniieraysio peiPit-wi r el ess syst ens.
As shown in Fig. 13(a), the i-Cubes in system 300 may be in a play area
away fromthe conputer system 20 The standal one node is shown in Fig.
13(b) .5 Tolasal playbastode, modi§cation loé 1Gabssunicn may @ﬁsaemrﬁpﬁshesi bpeoeal |y

configure e rves, as.t he host

devi ce. ggc%ésﬁg hrwagﬁﬁem%ﬁ{’é %at\%l ?@5‘2@1 nﬁé‘ﬁ %ﬂ?yoﬁ'ta?t Ret hi s
mast er conbrailrbécEfrorhw- &ubenl \staragkeinrthprirQetey (sVgr @basa 2hspveibeNmicréhsD

interactive application to be.run e, distributed, apong .t he enbedded

comput i ng® §V€t EHB]aB@UQQ’?e recgﬁfgggat(%ﬂ %oé"f’"ﬁe%g t(é‘t‘?h‘tﬁ?tgFa s‘ﬁ)’g?goﬁf in the
host conpdbginyrsi@ogonpri ses a nore powerful processor than the host device
master controller i- e) in the standal one node. erefore, e hos

( t troll Cube) t he standal de. Theref t he host

compul@r node in Fig. 13(a) is nore

Tactile output
The output system may be configured to provide tactile output. For example, the
oulput system may comprise a speaker whose vibration mode can be used o

15 provide factile feedback to the user when required.

Power source

Bach i-Cube further comprises a power source for powering its other
20 components. In one example, the power source comprises a re-chargeabie
- battery which may be a re-chargeable Lithium-ion (or equivalent) battery.

Enclosure

25  Each i-Cube further comprises an enclosure for housing its other components,
for example, the components (processor, sensing system, power source eic.)
listed above and the electronic circuil assembly interconnecting these

components.

30  The .enclosure of the i-Cube is cube-shaped. Furthermore, the enclosure may
be non-metallic and may be made of a non-conductive material such as rubber

or acrylic. Preferably, the enclosure is made of a transparent or translucent



30 reconfigurable and thus, although it is nore costly, it is nore suitable
for inplenmenting systens such as a flexible educational system based on the
interactive block play paradigm On the other hand, the dedicated

st andal one WD 2013/ 006139PCT/ SG2012/ 000220 25 npde shown in Fig. 13(b) is

mor e sui¥@1&/09a@#° i npl ement i ng st andal one systens suchP&3/SGIHEYWEI ng

bl ock- based puzzl e games that can bé4sold as a dedicated set of two to six

i -Cubes. 5 |-CUBE EDUCATI ONAL SYSTEM System 300 may be configured to be an

educational tool. In one exanple, the system 300 is configured to be an

i - Cube educational system for teaching various concepts e.g. concepts shown

in Figs. - i " i nﬁ)l&g : tional
system ai n%"s% oaiesrrp ag}a%g&gﬁ?egmtﬁér% “’?ﬁ?“oé@éqﬁ% @I'H!eswg&%e e %@g%’ %nal
syst em i s edelpsyred Rurtherrobse tivaenciosuef malyi halre nirplegicatig pdasckboieSiance t he

betvoen t RIS 21PH Tyl 41CeRS 16 TI PP READ AL EIc oo FROeRMR or hot i ve

tangi bl e bhbedy) bagetbie@ue alvitemik trhRy Betioludd &sahdiatl. are based on _
sel f-di scovery pedagogi es. The strength of the i-Cube educational systemis

that it allows educators to desi gn and custom ze the objectives and focus

of the USRIOSESSSE BFERATICGN GoelE iIqdyRRasi ¢ nunber counting, color
bl endi ng etc.). TN s may be achieved through the use of different visual

icons on the i-Cube faces 20 and/ or progranmed event-response scenari 0s

aut hored gpgi QgﬁagLHrH- @?'lsHH%q%irﬂggeérﬁfgi)?gﬁhﬁts%g%?ﬁbbﬁn%m femdsg al so

abl e to i nCor porate sof tware-base I ge et ectron of “cort ext ual
errors nadenpyier heodesard the sarsddhere emodangenent of the i-Cubes, and provide
appro%i ate and tinely audio-visual feedback to scaffold the user's
| ear ni'ng experience. 25

The host computer mode is shown in Fig. 13(a). This mode may be used with a

host device in the form of a computer system, The interactive application to be
run may be resident on the computer system. In addition, the computer system
may be configured to receive interactive inputs from the i-Cubes in system 300
15 and further configured to run the interactive application based on these inputs.
in this mode, all the i-Cubes in system 300 maintain wireless communication
with the computer system via their prirﬁary wireless systems. As shown in Fig.
13(a), the i-Cubes in system 300 may be in a play area away from the computer
system.
20
The standalone mode is shown in Fig. 13(b). To use this mode, one of the i-
Cubes in system 300 is specially configured 1o be the master controlier i-Gube
which serves as the host device. The remaining i-Cubes maintain wireless
communication with this master controller i-Cube via their primary wireless
25 systems. The interaclive appilication to be run may be distributed among the
embedded computing systems of the i-Cubes.
The host device (computer system) in the host computer mode comprises a
more powerful processor than the host device (master controller i-Cube) in the
standalone mode. Therefore, the host computer mode in Fig. 13(a) is more
30 reconfigurable and thus, although it is more costly, it is more éuitabie for
implementing systems such as a flexible educational sysiem based on the
interactive block piay paradigm. On the other hand, the dedicated standalone



The i-Cube educational system nmay be used for different |earning sessions,
each with different |earning objectives. The i-Cube educational system may
enpl oy the host conputer node shown in Fig. 13(a) and in this case, the
curriculum for each | earning session may reside on the host device (i.e. 30
conput eWXEEB/BIRL3IBGNd may be sel ectively changed based #&TIN{@OEWPI2ed "

| earni ng obj ectives for the session.25The curricul um may conprise
information WD 2013/006139PCT1SG&20121000220 26 such as event-response
scenarios and data set pre-authored by the curriculumdesigner. In the host
comput er node, the host device of the i-Cube educational system5 maintains

W reless ¢ icati i each |- whi ch can. be .se as a.node in the
wirel ess Hg‘%ra%%"%’” \“%8‘#@‘5%%{3?’@ s%a%f%éorértngrle[m%:f%ngvségv%]ga? fY$i§MSessi on,
sone r ecorfitlyusdhicosstinglmosrabasat Hez0e gandisohdatan bepfad bista HedichRd
curriculumis, downl gaded fromthe host device into each i-Cube via the

wirel ess EBMAUIMOREPORCURSS-s pronpts the user of the i-Cube educational
systemto 10 either rearrange The i-Cubes or |leave themin their current
3D spatial configuration. The spatial relational information of the i-Cubes
is theh dk@ﬁ&mms_‘w ce using for exanple, the nethod

descri bed above with respect to Fig. 12. The curriculumresiding in the
host device is then consulted to determ ne the appropriate response in view

~ of the spa&yst@m BODav&phalcobbguriedftormaanauuchiioi toelClibese elanmple edponse i s
i - Cubes. Each

then trangm,tte y. the .host, devi ce to.one o re "rel evant”

"rel evant Eyﬁtééugggizg FREgETed gca S?Hg"?‘ﬂge Lﬁ#%gg(’%d%&%mi neRFNIge. Thi s
ensur es t hatousieorioent Aigngordedhs sedver anFigson 4{d)i-Stcpnisia) —i(baRessfgnai n
unr esponsi ve. .20 1{&1 foll owi ng descri bes sone exanpl es, of how the I-Cube
educaf(i’ on'él(b)sﬁ‘leé" @%?ne%aﬂg Sygtese RINBY & e@phasire aainiaoitBrnohatpect i ves.
Mat hemat i cs

The i-Cube educational system is derived from observations of children playing
blocks. Since the i-Cube educational system is able to determine 3D spatial
relationships beitween the i-Cubes, it may be used io implement intriguing
15 interactive tangible block-based educational play activities that are based on
self-discovery pedagogies. The strength of the i-Cube educatidna! system is
that it allows educators to'design and customize the objectives and focus of the
user's learning (e.g. addition, basic number counting, color blending etc.). This
may be achieved through the use of different visual icons on the i-Cube faces
20 and/or programmed eveni-response scenéﬁos authored during' curriculum
design. The i-Cube educational system is also able {0 incorporate software-
based intelligent detection of contextual errors made by the user in his/her
arrangement of the i-Cubes, and provide appropriate and fimely audio-visual
, feedback to scaffold the user's learning experience,
25
The i-Cube educational system may be used fbr different learning sessions,
each with different leamning objectives. The i-Cube educational system may
employ the host computer mode shown in Fig. 13(a) and in this case, the
curriculum for each learning session may reside on the host device (i.e.
30 computer system) and may be selectively changed based on the desired
learning objectives for the session. The curriculum may comprise information



25The i-Cube educational systemnot only has all the intrinsic pedagogi cal
el enents of traditional educational blocks (whose ability to convey

mat hemat i cal concepts such as saneness, difference, patterns, etc (Cura,
1992) is well known), it is also able to facilitate the design of nore
sophi st PERMBHOMWAH pur poseful |earning scenarios due t oPfESCEAMNA030t o sense
rel ati onal information 30 between tRK® various i-Cubes and to provi de

audi o-vi sual responses. WD 2013/ 006139PCT/ S&012/ 000220 27 In structured

| earni ng scenarios, the host device in an i-Cube educational system may
command one or nore i-Cubes to verbalize instructions to a user to perform

a task Thg%afgé efEM &8s %n’ﬁhﬂa%é ArenaBad et g)f[?ee guﬂb?éé ﬁgcihg'c Biddflnh or mance

f eedback e user task 1s conp tas I's not 5
per f or reddesignectly within a pre- deternlned duration, the host device my
command one or nore i-Cubes to verbalize pronpts to the user. Fig. 14(a)
shows an exanpl e of how the i-Cube educational system may be used for a

struct ur eth treaksdtdnaseeamiode] therhbsiidavice i ehoi-Guoetddutatisndlayghgm in 10
particular, in Fig. 14(a% at an, |ns&éuct%E WagN one of the i-Cubes in a
Stack Ts CHIARAGHTYES EPBAIUNSAIAR WiS CAGRL] WaRk&apne SPERIBS o ti nes
taller. |hold, ﬁ?eewr%%%%tbmngem @h@%)@dﬂh;ﬁet b ke 3tHELf QUERNRA] dback
for exanple, the word done! may be verbal i zed by one of t

i - Cubes | gessipn, n@mgt@@nnﬁguram inferaabes (@ ngudier d@tﬁérﬁﬂe@fffc\/tcsdaﬂa out put
in the fomguauﬁia Efo@rmao%%lf?cﬁrﬁq%éﬁogf i irlB6abh LB thd NRelser

Ver bal pronp Iven e user sane tine via one of the
i - Cubes asomhmw’mainon FTgss prfEgts the T¥es 0?— MQmadum@ha&sﬁm’tem & so

allo expl.oratory self- wher r |ff rent
I abem@j B&%eé | g§0|th%l ?é %%gr%sﬁ%i"& rﬂég'&er’ ﬁ) 40 0558% é@i 5’? 14( b)
shows an exdigoliopl o ts;imsa &l@mr@;ﬂum“main scyfsmeam PBybbe igsaded or
expl oratory self-learnln r@ d|t|on rgartl cr?!ar % éee i - Cubes
| abel ed --qﬁatermtpedéwdthejm V‘S@ &5‘35195% PlfedqFsElined 880Ye
addi tion it respect to Fig. 12. The curriculum residing in the host device is then
consulied to determine the appropriate response in view of the spatial relational
15 information of the i-Cubes. This response is then transmitied by the host device
- 1o one or more “relevant” i-Cubes. Each “refevant” i-Cube is identified using its

‘unéque address identifier. This ensures that the remaining “non-relevant” or

“fistening” i-Cubes remain unresponsive.

20  The following describes some examples of how the i-Cube educational system
. can be used to achieve certain educational objectives.

Mathematics

25 The E~Cube educational system not only has all the intrinsic pedagogicat
elements of traditionaf educational biocks (whose ability to convey mathematical
concepts such as sameness, difference, patiterns, eic {Gura, 1892) is well
known), it is also able to facilitale the design of more sophisticated and
purposeful learning scenarics due to its abliity fo sense relational information

30  between the various i-Cubes and 1o provide audio-visual responses.



25 "1+42". As shown in Fig. 14(b), the answer to this addition may be
verbalized by an i-Cube | abeled "=" when this i-Cube is brought wthin the
sensing distance of the i-Cube |abeled "2". Art 30 WO

2013/ 006139PCT/ SG2012/ 000220 28 Fig. 14(c) shows an exanple of how the

| - Cube BdbaPEm¥l system may be used for expl oratory FEMSGeRMDIXG of the
concept of color blending. In the i 2Cube educational systemin Fig. 14(c),
different primary or secondary hue can be "m xed" together to explore the
resulting color blend. For instance, in the top set 5 of i-Cubes in Fig.
14(c), as the i-Cube on the right (i.e. third block) is aligned with the

i ddl dl e bl ock h I th il e i:Cu h
fo one tndl Stutlir JRYPLE wdefdds. 8 BP%Porie imard-SIREICHRATEN ool or
of the |-Qmem0ﬂayt:snineﬁrtd ofibt mere i-CObBE 30 vasbdu@e #lstraBeshatothusdtite set of
i -Cube is colors of the middle (-Cubes

i - Cubes and _ as ea fu]rth a}
change 10 PREQEY ao??%“h Q%E’E@bpeW?edB% “Bﬁ@hﬁpﬁﬁna%ﬁf&%*@r{@ﬁﬁﬁggk’fﬁl tiple
m d- poi nt gef&pearkat feBAba&! tPfhel i RERr ithe Rk 15%%)!% odMIShE tdsk {ésr‘cifﬂg the

i - Cube_educational system nusical concepts such ar nony rhyt hm
and teﬁpopéﬁwrrsﬁds@w@cmadgmmtmmwtw@%a@urgﬂ@y medh@sdpn@wae. @Ay For

exanpl e, |g e@b rﬁg L&D, Olwﬁalﬁés%@%&tggé?%ereq i nstrunents can be

phyS|caIIy arrang 0 exp ore the crea nt rnusi cal out cones.
20 Fi gs. 15(a) and (b) shom1exanp|es of hom1the i - Cube educational system

may be us f | _.con rt| cu Fi 15(a) shows

how t he cg% o?r?q’i%ér % % ﬁg Ofv% etﬁé " C%e Pgﬁ“t%ﬁlﬁﬁh}e"ﬁg}% R tones

| n chor dsusemrwstm@eﬁdmlmmedosn mmcttanew;bxp)mmﬁo@ty)tradgﬁequences
by stackin representing different

not eslé og@?’%’@‘r‘lar %%&961)‘({)‘%9 ed an ’ﬁsfﬁei}*onl%ea? onge ﬁi&%‘a@“%ﬁn@ EBRIFsi ng the

notes " G'gomfrandsd 16 Gerbaye Eﬂ indtQIcied to WWald fRN§hAI WG @ﬁ@gﬁaﬁtﬁpff‘?ﬁﬁ nti ng
t hese notes in a vertical stack. In this case, as 30 an i-Cub

| abel * PLUSEr ¢C§reﬁ§waer\fzwrmﬁ fhig H@s@e@@a@rma@panf@@dmm Fres M@Dieeﬂfﬁ@sentl ng
represent \!vaﬂist“b@emgd v’ Q?EW&@M SR the i-BLAYEHh MbhdEraRK PUL

systemof the i-
not, prompts usmy fc: exampie, visual output in the form of different colored

15 lights, may be given to the user. Verbal prompts may be given to the user at the -
same time via one of the i-Cubes as shown in Fig. 14(a).

The i-Cube educational system also allows exploratory seff-learning where a
user freely permutes different labeled i-Cubes and solicits corresponding‘ verbal
20 feedback.

Fig. 14(b) shows an example of how the i-Cube educational system may be
used for exploratory seli-learning of simple addition. In particular, three i-Cubes
labeled “17°, “+" and "2" may be arranged side-by-side 10 express the addition

25 “142". As shown in Fig. 14{b), the answer to this addition may be verbalized by
an i-Cube labeled “=" when this i-Cube is brought within the sensing distance of
the i-Cube labeled “2".

Art
30 ‘
The i-Cube educational system may also be used for teaching art concepts.



WO 2013/ 006139PCT/ SG2012/ 000220 29 Fig. 15(b) shows how concepts such as
mel ody (linear succession of tones perceived as a neani ngful group) and
rhythm can be explored by arranging Cubes representing representing the
tones in a particular manner, and by adding i-Cubes 5 representing

per cussMEh2(138e@dhent s such as drums to accentuate the PRESRGARAPREYt hm
Specifically in Fig. 15(b), appropn%ﬁte i -Cube faces are sel ected and
arranged in a specific nmanner so as to "create" a nelody. Furthernore,

i - Cubes representing drums (i.e. percussion blocks) are added at certain
| ocations of the arrangenent to create rhythm at selected intervals. The

mel ody is en, Rl i P the .
sensi ng diFg]an4c(§) g%(c?\g%éa%?)\’%rﬂ@\éi %B@g *ﬁ%é?ggégﬁ%ﬁ@g@%ﬁ%bgnd

rel ati onabse@lfmeaﬁpanraﬁnrukfeiammdgmfmhay:om@nkﬁmtdn@!encﬁmjpes then i-Cobei - Cube
Toved ar oRRHCHRIPRERIETIEHEN of A ANIRDt GAITAS] G S RSerEt MU SRIES 0
"knock” i AR eBafdhePidies exgiowme HEONHoADTABIBAE oM indtahBOLGh RS tRPdCt s may
be printed on the i - Cube faces and physical mani pul ati on of these specific

obj ect® naj i-bebespt fientde) Bp thee- Q@%;‘P@ltﬁﬁlf@f’érﬂ pulldrd Brclef istdigned cube
faces wit fhh eaﬁ’ﬁc?&ibafégbé“@Balmllejﬁfénﬁlocq"ﬁeCESB?eéf Yni@RIROLEYRLt T es Tor

|ncorporat| ng l'earning concepts relating to spatial relationships such as
over - undechams/io-die tbay istrekledd behmeen éfacq%mrghﬁthemalsd:alomrar@rthetmmns

bet ween s i fig .ob f aces
o ih the BEEsHGuanbl s Ta Pl P b 2 hadigheo U R SRk O 15" e
host devi gad afs eaen Mrttﬁérea—mambeangngd beot'ﬁmof piw ahiedie ncubes Icﬁang«a ng
process. e ce rs of the rammed to
T als cBatasoe T Sonned ab PoLEErNde berS.CIaate TaulBle MEyRT B oo e
content ofgoikde gepbp,L@gﬁég/m fsgoTA@p. may change according to the arrangenments
of the i-Cube faces with the different visual icons. 30 WO

2013/ 006139PCT/ SG2012/ 000220 30
Music

15 Using the i-Cube educational system, musical concepts such as harmony,
melody, rhythm and fempo can also be taught through physical play and
exploration. For example, i-Cubes labeled with various musical notes and
insiruments can be physically arranged to explore the creation of different
musical outcomes. |

20
Figs. 15(a) and (b} show examples of how the i-Cube educational system may

be used for iearning musical concepts.

in paricutar, Fig. TS(a) shows how the concept of harmony; the ‘vertical

25 relationships between tones in chords ({iwo or more tones sounded
simuitaneously) and chord seguences {e.g. I-V-l) can be explored by stacking i-
Cubes representing different notes together. Specifically, in Fig. 15(a), a
musical chord comprising the notes “G", “E" and "C” may be “formed” by
arranging i-Cubes representing these notes in a vertical stack. In this case, as

30  an i-Cube with the label “PLAY” is moved within the sensing distance of the i-
Cube representing the note “C”, the musical chord is played via the ouiput
system of the i-Cube labeled “PLAY".



visual icon of a cow and a second i-Cube having a visual icon of a noon are
used. By stacking the first i-Cube on top of the second i-Cube, the concept
of the cow being "over"” the noon may be represented. The line "The cow junp
over the noon" may be narrated as the first i-Cube is stacked on top of the
5 seconWQ2@B&139Thi s narrati on may be perforned by thd@@REAIzZ/)REem of
the first i-Cube. Fig. 16(b) shows &1 exanple of how the i-Cube educational
system may be used for |earning the casual interaction of "knock". In
particular, a first i-Cube 10 having a visual icon of an anbul ance and a
second i-Cube having a visual icon of a tree are used. The casual .
interaction of "knock™ can be represented by the action of colliding the
first i-Cube into the second i-Cube. Sounds may be used to highlight this
casual i nfay. at&(bpshoﬁsrhdmmane;as amhsa@vmeibdymllgearlét@d:ﬁessm pthiorkesr st

| - Cube is _co into the seco Oi‘ﬁ? ' eé)g’ sconflgured
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such as 25‘ above'
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b R TR S e T R T
2013/ 006189F6T IrG3GkRIRRaR. 31

Spatial and relational concepts

15 Like wobden play blocks, the i-Cubes in the i-Cube educational system can be
physical manipulated. For example, they can be moved around, rotated, made
to stack one on top of ancther or made to‘ “knock” info each other. Visual icdns
associated with specific objects may be printed on the i-Cube faces and
physical manipulation of these specific objects may be represented by the

20  physical manipulation of the i-Cube faces with the associated visual icons. This

| creates many opporiunities for incorporating learning concepts relating to
spatial relationships such as over-under, above-below, beside, and left-right.
Casual interactions between specific objects may alsc be taught by using the i-
Cube {aces with the éssociated visual icons. Corresponding sound playback via

25  the host device or one of the i-Cubes may be incorporated in the iearning
process. For exampie, the processors of the i-Cubes may be programmed io
narrate concepis or interactive stories via their output systems. The content of
the inferactive stories may change according to the arrangements of the i-Cube
faces with the different visual icons. ' '

30
Fig. 16(a) shows an example of how the i-Cube educational system may be
used for learning the concept of “over”. In particular, a first i-Cube having a



Figs. 17(a) - (d) show the advantages of system 300 over a prior art

system In Figs. 17(a) - (d), each cube has a unique identity (nunbers "1"
- "6") and has 6 cube faces (labeled "A" - 5ln particular, Fig. 17(a) shows
a prior art system 1700 conprising a plurality of cube-shaped TUs. For the
syst em WADB18/006i8t k, the Tills can only be arranged i nPETSEINBAOED anar
configuration as shown in Fig. 17(ap? In contrast, Fig. 17(b) shows a

conpl ex 3D configuration that the i-Cubes of 10 system 300 can be arranged
in. Such conpl ex 3D configurations can be used in system 300 because the 3D
spatial relationship between the i-Cubes can be determ ned. Moreover, as

shown in Fig.,l7(c)., ste 00, . it ch es inp th 5. .relative
orientati Hr?g‘sblﬁﬁée%i %3}5‘3{086'{% gls(%&é%%i-?ﬂ%’?uég\ﬁ?é%i %‘8%385%02 % W%gét HPmine the
Spatitfll I elsad] Bp@f@:aﬁn@mmnb tDt}préiomrgt_obafAfﬁ_aeﬁéetdoh& i@jz%qené cbﬂb&;htecs. Thiz
rea increases the nupgber of ways in whic e_| - Cubes can be arrange
ot her T 0a%, Deiia ALRTbARe GooEy R BFTEousd: THP WP SHGorRKTSTBN ¢ h

| - Cubes) agef i GRIGHE THES beNamRbeRNhe! first W@b%%%théké&?bn%ﬂﬁ%tﬁhée | - Cube
but one of its 20 faces.” The i-Cube faces may be uniquely marked with

pi cturds &ecerski-Sube. Ahisonarradiani Mgy e pameped Oy Be sutpidnaisiemasl Semanti ¢
concepts 'ﬂ%n*g?‘l%g spatial arrangenents of the i-Cubes. Fig. 17(d) shows how
the system 00"S al so able to deternine the top cube 25face and the tilt
angle with respect to the direction of Earth's gravity of a stack of

i - Cubes. is,d ful when differ VA sual i n.is attached to each
| Gne’t D SleB) HESHH anaEXdafls 4t PSR OB sl ihrad sMBTIEY b8 ToChe
det fe rm nedsed h@rf l@la'rr]rhihg yhgfca@drg iﬁt&éi%e_tcfﬂmn&ﬁf(}‘lkhoSidEthe Ipﬁi‘kﬁlwiérha f&@tdsoabé al
configuration of the . - es IS part ue.to the use an .

cont | Jhr aBPGRO G VIER iSO CHBBRGIRTSS: S hebeon i bube PGV NBLE! Ceach

i - Cube Mayt g QR AReustdP THE i cadlialS AR RBRSHSkABEI Pandsd RigF §4ft6d ifyshyer ti cal

orientation and/or tilt angle. Each i-Cube may al so
2013/ 0061 soimaTpiseeiding i firsd i-Cube into the second’i-Cube. Sounds may be used

o highlight this casual interaction. For instance, as shown in Fig. 16(b), as the
first i-Cube is collided into the second i-Cube, the first -Cube is configured to

15  verbalize the word “CRASH" whereas the second i-Cube is configured fo
verbalize the word “OUCH".

ADVANTAGES OF SYSTEM 300

20  The foliowing describes some advantages of the system 300 comprising the i-
Cubes.

The system 300 is able to determine the 3D spatial configuration of a plurality of

i-Cubes. For example, the 3D spatial refational semantic of the i-Cubes such as
25  “above", “under”, "beside”, ‘in-between’, "“fo-the-left", ‘behind”, etc can be

determined. Furthermore, the relative orientations of opposing i-Cube faces and

the vertical orientations of the i-Cubes can also be determined. Thus, the i-

Cubes are advantageous over prior ari cube-shaped TUls as mentioned above

because unlike these prior art TUls, the spatial relational information that can be
30  determined from the i-Cubes is not restricted to a 2D planar configuration.



32 conprise proximty sensors for detecting the presence of adjacent

i -Cubes, with these proximty sensors arranged in ways to all ow

determ nati on of opposing Cube faces faces and the relative orientation of
t hese opposing |-Cube faces. The Cubes may may al so be configured to

W r el eswilg2aemeasd cate relational information 5 to a h@SE/sde0i2es6R20 t hat
the host device can determ ne the 3Bispatial configuration of the i-Cubes.
The system 300 may be made nore error-free by using certain conmponents and
configurations in the i-Cube. This can allow the user to manipul ate the

i -Cubes 10 in system 300 in an easier and nore casual manner. For exanple,

b [ i.nd i ye- d th h Cube t
dot oot bWy d8tal ol Rnan e envanBann L SR RD ORES BRotat qufRi n o
uni nt endegjggD1eanfi r@édhoawerhazc,V@mh aentap (hivhpeged " 3Dgcoard Bag at i on of
t he |-QJbe}s§S(dugH)t om)I gA" aI i gnrremr?flltéls‘ of ?heul - Cubes) cme reduced.

The proxi Aty fanesdinbsled Jal so be arranged such that even with slight
rotational msalignnments between two adjacent i-Cubes, the intended spati al
rel ati onship between these i-Cubes may still be detected. In addition,

cube- shapédpatiicsiasukit. 48(a) Isbows @upeser ait sypignoil KEP cThipsisitict & phoalienit | cal | y

Thisis beudensedt SO PEFRISsRh 170D sl LU LER oty BERRRRRE T
faces, the sempie pmiar chafgyuratidreasabhome i F\lgth?@ch other to a certain

extent. It is easier to design a sensor arrangenent that aligns sensor
pairs on opposing identically shaped TU faces than a sensor arrangenent

that al i gisce6IRSA! FRAI178H)25n@ s apasapRe 3t fdoarigiativn Ihaped Toubbaess.
Furthernore, even with a nore intricately designed sensor arrangenent, the

user hlist S¥gtem 3G0gan bk BFranged 8- SHCRSCIHIPHID cﬁopf'@wétﬁpwcgrhaséweﬁuv faces
to achi eve, utf 866 @Bbadld HRATBRstial M8ationship between the -Cubes can be

determined,

Moreover, as shown in Fig. 17(c), system 300 is sensitive to changes in the
15 relative orientation beiween adjacent i-Cubes. Thus, it is possible to determine
the spatial relationship between opposing faces of the adjacent i-Cubes. This
greatly increases the number of ways in which the i-Cubes can be arranged (in
other words, the number of combinatorial spatial arrangements of the i-Cubes)
as the constructiénai element in this case is not.an entire i-Cube but one of its
20 faces. The i-Cube faces may be uniquely marked with pictures or texts to allow
meaningful manipulative sequencing of semantic concepts -using 3D spatial

arrangements of the i-Cubes.

Fig. 17(d) shows how the sysiem 300 is also able to determine the top cube
25  face and the tilt angle with respect to the direction of Earth’s gravity of a stack of

i-Cubes. This is ussful when a different visual icon is attached 1o each i-Cube

face and the visual icon at the top of a stack of i-Cubes is to be determined.

_ The ability of the system 300 to determine the 3D spatial configuration of the i-
30  Cubes is partly due to the use and configuration of certain components in the i-
Cube. For example, each i-Cube may comprise a physical sensing system for
determining its vertical orientation and/or {ilt angle. Each i-Cube may also



sensor pairs on the TU faces. On the other hand, the user can manipul ate

i dentically shaped TU faces in a nore casual manner. Note that it is even
nore 30 di sadvantageous to use differently shaped TU s sinultaneously in
system 300. This is because in sone cases, it may not even be possible to
have a B&hds0ii%angenent that enabl es the sensors on #&AWGRUAZ/IARE t o
align with the WD 2013/006139PCT/ S&2012/ 000220 33 sensors on any other TuUl
face in the system This greatly limts the applications in which the TU s
may be used. Each i-Cube of system 300 may al so be configured such that it
Is power 5 efficient. This may be achi eved through the use of | ow powered

h | d and a | pw. . i
communt catPOR"Ss Bl SaRRHE SR RaT Loy Corads ol RGN A e, BRpY
recei ver stfiddet frexiptigxddiisbic S£8GADINSWEYES B albwaRSediinaMreol ofplasy i-10 The

system 30Q may al so be configured to use two types of wirel ess channels,
nanmel y, t keiP8HEEEYT angdne sRlaiem aUpHaRONO! ATRse; CRRARIS-CaPrJAChalliRel"s and

t he | ong- | e, ' | ' - -range

| ow bandw tB E@ﬁyﬁ?g??&%&ﬁ%mé@a{oﬁgﬁégﬁﬂgne S Erir@&é%gée%gl? g%ﬁb?ﬁe gs an Cube
to to Het &xta thest plasinence dhatatjcadest devGishesa terping dhe- sEngeatidigh 15

bandw dt h I I on channels may be established to wirel essly
edhiERED SRR

conmuni ca i nformati on such as relational information

bet ween the i-Cubes to a host device. By configuring each type of channel
e to dete only

for a difg rent. pu Eg)se, t he stem 300fallovvs each i - Cub t
the adi acaht Syoelibadd G TRas TRETTR e PAHEEO MR CRIRLTSNE ERE | ssue
of Wi rel egsnfiflirstRind i6the MUBRNTHRI ¢t &liw thialneat icomanipeikitd We (-Coubes are

suddenly pul l'ed apart. Mreogver, the se/stem 300 rra¥ be configured to
provi H& r-@sa@ggmvg)%uaaa_easrer and more Casual manner. For example, by using

‘inductive-based sensors as the proximity sensors in each i-Cube to detect the
presence of adjacent i-Cubes, the chances of detecting an unintended 3D
configuration or overlooking an intended 3D configuration of the i-Cubes (due to
_ slight misalignmerits of the i-Cubes) can be reduced. The proximity sensors
15 may also be arranged such that even with slight rotational misalignments
between two adjaceni i-Cubes, the intended spatial relationship between these

i-Cubes may still be detected.

in addition, cube-shaped TUls such as the i-Cubes or any other TUls with
20 identically shaped faces are advantageous over TUls with differently shaped
faces. This is because to activate a pair of proximity sensors on opposing TU!
faces, the sensor pair has o be aligned with each other to a certain extent. it is
easier to design a sensor arrangement that aligns sensor pairs on opposing
identically shaped TUI faces than a sensor arrangement that aligns sensor pairs
25 . on opposing differently shaped TU! faces, Furthermore, even with a more
intricately designed sensor arrangement, the user must still take extra care in
arranging differently shaped TU! faces to achieve sufficient alignment of the
sensor pairs on the TUl faces. On the other hand, the user can manipulate
identically shaped TU1 faces in & more casual manner. Note that it is even more
30 disadvantageous to use differently shaped TUIls simultaneously in system 300.
This is because in some cases, it may not even be possible to have a sensor

arrangement that enables the sensors on each TUI face to align with the



vi sual feedback using the output systenms of its i-Cubes. This may be

achi eved 25 by equi pping the output systens of the i-Cube with audio

pl ayback capabilities and/or configuring the output systens of the i-Cubes
so that different i-Cube faces can be separately illumnated with different
col ors wo PprLyMct® nul ti nodal sensory feedback to the ugemiSGMR0ee ability
to deternmine the 3D spatial configuBation of the i-Cubes and to 30 provide
responsi ve feedback, the system 300 can be used to inplenment intriguing:
interactive tangi bl e bl ock-based educational play activities that are based
on sel f-discoverypedagogies. In particular, the i-Cubes can serve as WO

2013/ 006139PCT/ SG2012/.000 34 .intelli t.pl | ock-1,j ke interf t
o ow t heSPIE AT, 0BT O et hE vl s el Dl he GopMilenioe et
for youngirchhicHtied TUTH st ©98d300 can be configured to provide

cont ext - awar e feedback depending on how a set of i Cubes are physically
mani pul ated and arranged, via visual cues (e.g. colored 5 lights) and/or

dit : i ina b f t; t il
auditory edes i(Gukk JfUsjstdh 36088ay %%&%%bﬁ(ﬁ’glﬁ%ﬁi“%gﬁ ie¢lifls marw

engage the nultiple sensory nodali'ties of young ren. Int ands of
creative efiigieat.ofis mag beysehiaybthresah e unsdot ovdpewgiedacenphneaisi ety of

pl ay- ba.seguapgg%ow»fpgcpfégegfa%.?gg&haﬁ@g@@%@@%&@gﬁ%@%@%@ﬁ@ﬁ} ng

tailored lNearning o 'S canh contTibute S

chi | dren systerhpand diepegt addjdsiingXpé oato cbrodiers tbhreceigdrsph diye ipnoxamétgs such
as nusic, | anguage and . mathematic s they physically mani pul ate and
arrange r%?'%ﬁ"?%ﬁgsﬁ?wg 0510”8&&”&“86% $ that have been visually marked on.

the i-Cube faces. Although only a single enbodi nrent of the invention has
been described in 15details above, it js to be understood that many

vari atq onshesEstBEs3PY Man@IsRbg GNENEsHE Wie MR PSS shiisiessahatbeisied by

the cl ai MBamely, the short-range low bandwidth wireless communication channels and
the long-range high bandwidth wireless communication channeis. Shori-range

low bandwidth wireless communication channels may be established by an i-

Cube to dgetect the presence of adjacent i-Cubes whereas long-range high

15 bandwidth wireless communication channels may be established to wireleésly
‘comm.unica"{e higher bandwidth information such as relational information

between the i-Cubes to a host device. By configuring each type of channel for a

difierent purpose, the system 300 allows each i-Cube to detect only the

adjacent i-Cubes within its sensing distance while avoiding the issue of wiretess

20  data stream communication truncation when two i-Cubes are suddenty pulled

apart.

Moreover, the system 300 may be configured to provide responsive audio-
visual feedback using the output systems of its i-Cubes. This may be achieved
25 by equipping the output systems of the i-Cube with audio playback capabilities
and/or configuring the output systems of the i-Cubes so that different i-Cube
faces can be separately illuminated with different colors to provide multimodal
sensory feedback {o the user.
With the ability o determine the 3D spatial configuration of the i-Cubes and 1o
30 provide responsive feedback, the system 300 can be used to implement
intriguing interactive tangible block-based educational play activities that are

based on self-discovery pedagogies. In particular, the i-Cubes can serve as
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system conpri ses at | east one inductive-based sensor configured to interact
via wreless short range signals with at | east one other inductive-based
sensor within the predeterni ned sensing distance, so as to detectiithélr
presence of one or nore adjacent This conprising the at |east one other

i nducti ve-based sensor. 5. A TU according to claim4, wherein the
predeterm ned sensing distance is | ess*fhan 5nm 6. A TU according to
claim4 or 5, wherein the at | east one inductive-based sensor conprises:

AMENDED S F“m 37 at |east one emtter for transmtting the wireless
short ran ﬁ-&nal S to activate the at | east one other inductive-based
sensor; and at | east one receiver configured to receive the wreless

short range signals fromthe at | one ot her inductive: ed s or,
Snid at 1ohst el et THerhge SLODVA SaSionetaler shgl ST B rdlass
short rangansdigd):s. 7. A TU according to claim6, wherein the nunmber of
emtters is less thz?,n the nunber of recei Yers 8. A T&I&accor'di ng to claim
6 or 7, wherei i PHEA TagEHMNEERIN §a5 AT Of fares &a e Wieks§iackAd wi t h
respecti venemes: #d the faces, such that when one or nore of the plurality
of receivers are activated upon_receiyvi the wirel ess short range signals
fromthe at | e&sECHi ét’ﬁ@m iCHB{%{'P‘gé@tfg’g%‘a- f?—fn%%?h Seke Bivé: Y e

adj acent thertdianasepel atad i asem Bfpréd@ethinedCathalty BRIAICEI AGH the 9. A
TULl according to claim8, wherein the TUlL conprises at | east one receiver

on each offagaansh fafppaciofacenef thacedl fo'rl\f@bich\_th@ldeé@;r@aﬂaﬁkngisr pogitive, dbe of
Claims 6 volidBitRbllod Banal 83T no 1 ARG fie/ B @odrifhgT dsﬁnﬁgngﬁgged such

t hat when e at Teast one receiver is activated upon receivi
wirel ess short range signals fromthe at |east one other inductive-based

sensor of 4t he : =T ' | At E '
opposi ng f2 acesﬂgﬁj ?%%C%PWQ ﬁg%ﬁﬁg ’g;rﬂg T%P tﬁ%‘égﬁgh?%gﬁ{@ %’ﬁ{s&%{é}r&@%gé
det er mi ned basiechooalemmesr fendetefmining the dremsationef thet TV hwel resreet wer

the direction of Earth's gravity.

3 A TU|l according to claim 2, wherein the sensing system is further
configured o determine a tilt angle of the TUI with respect to a direction of

Earth's gravity.

4. A TUIl according to any one of the preceding claims, wherein the sensing
syétem comprises at least one inductive-based sensor configured to interact via
wireless short range signals with at least one other inductive-based sensor within
the predetermined sensing distance, so as to detect the presence of one or more
adjacent TUIs comprising 1hé at least one other inductive-based sensor.

5. A TUI according fo claim 4, wherein the predetermined sensing distance is

iess than 5mm.

8. A TU!I according to claim 4 or 5, wherein the at least one inductive-based

$ensor comprises!

AMENDED SHEET
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11. A TU according to claim 10, wherein the TU conprises a plurality of
receivers on at |east-one face of the TU, arranged proxinate edges of the
correspondi ng face of the TU. 12. A TU according to claim11, Wher-efn
the plurality of receivers are arranged on the at |east one face of the TUl
in a symretrical manner. AVMENDED SHEET3 PPA/ ATT MCSLLP 38 13. A TIM
according to claim 12, wherein the TU “conprises a receiver at a m dpoi nt
of each edge of the at |east one face of the TU . 14, A TU according to

l'aim 13, wh ' f ' t
one of the T ecaerS PRLS TR 8RB RE R, whBReL ol o BR R0 T o

any one ofadihategheatlbiangond athes industiveebasedeefitdr: o t her conprises a
ni ¢ si gnal s

ol etsty. tndt ratgen ety PTG £ TR T PERRS ohPRokdt TaassCho
pr edet er nmifropal tise ras ilewst hret athee.indudiive Aagel @ﬁmgo&a{jwag Oié‘ét?id@hﬂe"—ﬁei\)@ﬂen
n the bandw of the long range

dependent on any.of clains 4 - 14, wherei
signal s i LYK %’F‘Ietdh‘ﬁ??"trﬁge‘ﬂmcﬁﬁ'qﬂ”ﬁe[?ﬁstsﬁé’“srﬁBP? Sl98R%e signals. 17. A
TI M according to any one of the preceding clainms, further conprising an

7. A TUl éccording to claim 6, wherein the number of emitters is less than

the number of receivers.

8. A TUJ according to claim 6 or 7, wherein the TUI comprises a plurality of
receivers associated with respective ones of the faces, such that when one or
more of the plurality of recéivers are activated upon receiving the wireless shont
range signais from-the at least one other inductive-based sensor of the one or

more adjacent TUls, the associated faces of the TUl can be determined,

9. A TUI according to claim 8, wherein the TUI comprises at ipast one

receiver on each of two orf more of the faces.

10. A TUI according to any one of claims 6 — 9, wherein the at least one
receiver cf the TU!} is arranged'such that when the at least one receiver is
activated upon receiving the wireless short range signals from the at least one
other inductive-based sensor of the one or more adjacent TUls, the relative
orientation of opposing faces of the TUI and the one or more adjacent TUls can

be determined based on a position of the at least one activated receiver.

11. A TU! according to claim 10, wherein the TUI comprises a plurality of
receivers on at least one face of the TUI, arranged proximate edges of the

corresponding face of the TUL

12. A TUl according to claim 11, wherein the plurality of receivers are

arranged on the at least one face of the TUl in a symmetrical manner,

AMENDED SHEET
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out put system configured to provide one or nore of the follow ng: audio
output, light for distinguishing the TIMfromother TUs, |ight H&ELLF
di stingui shing each face of the TU fromother faces, liquid crysta

di splay for at |least one face of the TU and tactile output. 18. A TU
according to any one of the preceding clains, wherein the plurality of
faces are of an identical shape. 19. A8TU according to any one of the
precedi ng clains, wherein the TIMis cube-shaped. 20. A tangible user
interface (TIM for use as part of a set of TUls, the TIM conprising:
AMENDED SHEET 39 a plurality of faces wherein said plurality of

faces formd4he QutfraSUrdiag %o fairhhe, WheredNthe TUI conpris@9S RGef)is iR
confi gure:jq%'o dAe)t eLgta?&:‘éoriﬁ%acha(i)f said faces, whet hg?) anot her of the set of

TU's i s wimhipeird ofeedeedgsphie afdeast sgedres ahthe t¥om the face: t he
sensing systemfurther conprising a 3-axis accel eroneter for determning
the orientation of the TUL with respect to the vertical direction. 21, A TU
syst em conpt.i siAg Ul aptondirid foyclaim THIwharaietheos! laast angeerbitier wéthst ek ng

clains, wherein each TU co i : i i it : A TU system
accordi ng ﬁrﬁar@egi'?ﬁaﬁr,tg ngénggé%geﬁ%é\ﬁe{yg{n&gﬁy%gﬁﬁi rarigfr:r‘?sfg - 14, V\%er ein the

TU systemis configured to determne a relative arrangenent of the

plurality nit y_performn f al i p L) e L rgach of

t he plur alﬁ'y cﬁ SH‘Hl %f.?‘:ordmg o Eq“(ylt If}ﬁgc(?i 4\5%%%3? h‘g @Fﬁ’%ywp%eé%et&gr%ﬁ t he at

| east one ferhét empfisgshe pridhary cosendnithiomisyetess sosiyored tacgemmsimjoates; and
long range signals wirelessly, the range of said iong range signals being greater

than the predetermined sensing distance.

16. A TUl according to claim 15, when dependent on any of claims 4 - 14,
wherein the bandwidth of the long range signals is greater than the bandwidth of

the short range signais.

17. A TU! according fo any one of the preceding claims, further comprising an
oUtput system configured to provide one or more of the following: audio output,
light for distinguishing the TUI from other TUls, light for distinguishing each face
of the TUI from other faces, liquid crystal display for at least one face of the TUI

and tactile output.

18. A TUI according to any one of the preceding claims, wherein the plurality

of faces are of an identical shape.

19. A TUI according to any one of the preceding claims, wherein the TUl is

cube-shaped.

20. A tangible user interface (TUl) for use as part of a set of TU-fs, the TUI

comprising:

AMENDED SHEET
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(i1) determ ning whet her each receiver of each remaining TU is activated
so as to determine the rel ative arrangenent between th&Caét.Fvated TI'M and
the remaining TUls. 23. A TU system according to claim22, when dependent
on claim2, wherein the TUlL systemis further configured to determ ne a 3D
spatial configuration of the plurality,,of TUs with respect to the
direction of Earth's gravity fromthe Telative arrangenent of the plurality
of TU s and the orientation of at |east one of the TUs with respect to the

direction of E@féiwaﬁtg%faa&ésvwhgr@irﬁséﬁwlpméﬁwmmcﬁmaeto@xt@rl RUrfAcd 3 _
wherein the TUL 'systémis configured to repeatedly determ ne the 3D spati al
confi gur atheohUbfandhe plurality of TUls. AVENDED SHEET | PEA/ ML 40 25. A TUI

syst em accor di gg%%ng@r@gx\,ﬁ% Obnilpdd 8o Fbtect 2tbr ST 6 BaliP@clY whkHeEM

operates with evice conprising either a conputer systemor one of
t he pl ur aknttheotof The st shilbishisswithiewe peediemiiged sgnsivgcdaimnage dere the
wrel esslyc\éﬁ'_th one or nore of the TUl's so as to receive input fromand
provi de olit put to said one or nore of the TUls. AMENDED SHEET

the sensing system further comprising a 3-axis accelerometer for

determining the orientation of the TUI with respect to the vertical direction.

21. A TUI system comprising a plurality of TUls based on any one of the

preceding claims, whereln each TUI comprises & unigque identity.

22. A TU system according to claim 21, when dependent on any of claims 6 —
14, wherein the TUl system is configured to determine a relative arrangement of
the plurality of TUts by performing the following steps (i) — (i) for each of the
plurality of TUls:
(i} activating the TUl by triggering the at least one emitter of the TUI to
send the wireless short range signals; and |
- (i) determining whether each receiver of each remaining TU! is activated
so as to determine the relative arrangement between the activated TUJ and the

remaining TUis.

23 A TUI system according fo claim 22, when dependent on claim 2, wherein
the TU! system is further configured to determine a 3D spatial configuration of
the plurality of TUIs with respect to the direction of Earth’s gravity from the
relative arrangement of the plurality of TUls and the orientation of at least one of

the TUls with respect to the direction of Earth’s gravity.

24. A TUI system according to claim 23, wherein the TUl system is configured
to repeatedly determine the 3D spatial configuration of the plurality of TUls.

AMENDED SHEET
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25, A TUl systém according to any one of claims 21 - 24, wherein the TU!
system operates with a host device comprising either a computer system or one
of the plurality of TUIs, said host device configured to communicate wirelessly
with one or mare of the TUls so as to receive input from and provide oufput to

said one or more of the TUis.
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