WO 2013/ 006139PCT/ SG2012/ 000220 1 A Tangi bl e User Interface and a System
Thereof Field of the Invention 5The present invention relates to a

t angi bl e weenidmtespf ace (TU ) and a system conpri si ng appitscabiztogod t he
-ails. Background of the Invention 101To date, many intercomrunicating
devi ces and products have been invented for use in for exanple, the field
of human conputer interaction or interactive conputing. A list of

conput ati onal devices that i ntercom‘rum cate is detailed in a fairly

conpr ehensi ve survey h , 2007). 15 An
exanmpl e of an i nt er coRmANHRE PILTIDILIACE ARG ASVIEMNEILO! he cube- shaped

i nterconmuni cating TUl . Cube shaped |ntercomrun| catl ng TU s have been used
in many applications. For exanple, they have been used to devel op

chi | dren' s Eigldohthednygntianed bel ow. 20There is convincing evi dence that
significant changes occur in the brain during the early years of a child
and during this period, nuch of the cognitive, social and enotional

devel oprent Tho# pré&end: finviedtion eelatﬁst or adangibleugger dantegfiace r(dheand af system
constructi Ve and, ex For exanpl e, nmany aspects of traditional
educat i onal © %réﬁ)igg aPé“rEﬁéS%& wéci litate functional and synmbolic play in
early 25 childhood (CGura, 1992; \Wellhouse & Kieff, 2001). The educational
benefits of _such ed cat oqal blocks have | ong been highlighted by educators
such as Fr , 1887), and early kindergarten reforners
such as Patty Smth Hll (Fow kes, 1984) and Maria Mntessori wth her
fanous 'pink tower' building bl ocks (Montessori, 1964). In fact, studies
have shbn To4&kate Heasy Jueicomuniyueatingy@e\dens éﬂ@ttﬂr@fﬁﬂ%‘éﬁﬂé%rbeﬁﬂdng%mgél bl ock
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static nat uccem;mitirtgr adist pbeahp@dtiorst! ideniaes Madderdommunicateds drfaliled &t ar y

concepts t can be taught to | d. dur.i Lo lhough tenti al
For symbol | Ay Ehedy TosuSy Ry Sthe il PR G aen e Red i Sckcs | <
powerful, the pedagogical scope of these blocks is often [imted. On the

ot her hand, cube- . N . e
1 An example of an intercommunicating computational device is the cube-shaped

intercommunicating TUI. Cube-shaped intercommunicating TUls have been
used in many applications. For example, they have been used to develop
children’s toys as elaborated below.

20 There is convincing evidence that significant changes dccur in the brain during
the early years of a child and d‘uring 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 aré known to facilitate functional and symbolic play in early

25 childhood (Gura, 1992; Wellhouse & Kieff, 2001). The educational benefits of
such educational blocks have long been highlighted by educators such as
Frederick Froebel (Frobel, 1887), and early kindergarten reformers such as
Patty Smith Hill (Fowlkes, 1984) and Maria Montessori with her famous ‘pink
tower’ building blocks (Montessori, 1964). In fact, studies have shown that there

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



5 shaped intercomruni cating TU s serve as effective and flexible

pl ay- based pedagogi es for young children. In providing such enbedded

t echnol ogyo=ompost3of or chil dren's concept devel opnment t Rcosghogtoagz20it is
inportant to realize that young childeen (below 8 years) are
pre-operational and rely significantly on their visual and auditory
perception in acquiring know edge (Bee, 2000). Moreover, 10 they are active
| earners who nake use of their physical and social experiences to form an
under st andi of t hem Nbado
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associ at ed SWepoligenrasaatasian wisinaule teaskione @¢U%a1@n@btwﬁek%@sooave_ tespl ay
on one of ;%%d ica g%kf‘é‘oﬁ“tﬁ & B&ksﬂﬁf é’\'&gm'fﬁgn%' fd! é}tﬁetaﬂgn(?l&%er' cal ly

connect ed, ays of ese ow how thel'r associ at ed
ani mat ed vi $hamld ufwcammmatlegaTulst cenreaaratectve afidgflexible) plapdased
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construct edfor @hﬂ@%ﬁrsbth@o@pt deverepmeRepraggmplagnithownpbearilosrealige &ftst acked

on top of one an t W t hey are placed al ongsi de one anot her,
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di fferent sounds and thus, | dren can be taught to appreclate nusical

concept ¥ sulbey &se gyﬁwke@mezawr@ﬂnah@ uge @f Aheihphysicab age sectl exeeriences
arr angerent & gfm LS FiSandify ol Reha QRGKIFETBEASALHA0 3 basi ¢

el ements. In parti c ati1onal mant 1 cs’ may 'be specified by
usi ng di fferent spati al arrangerrents of the cube- shaped i nt er conmuni cati ng

TUls. 5 Fig ow, exa Ies of, how. cub
it o commuet 85t 1 3 a9 B DS 2B ol SRR oS RS o staskal cs
bet ween baswbeeémmat.ﬁterddmmamcamg WWis.Fig. 2(a) shows a systeminvented by
the M TlSI\/Edi a Lab called
In particular, Fig. 1(a) shows a toy called “Cube World”. in Cube World, each
cube-shaped intercommunicating TUI is associated with an animated virtual
character and comprises a LCD display on one of its faces. When different TUIs
are magnetically and electrically connected, the LCD displays of these TUls

20 show how their associated animated virtual characters retate to one another.

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 TUIs 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
TUls are played. In CuBees, different TUls are associated with different sounds
and thus, children can be taught to appreciate musical concepts such as
synchronization and hierarchy through different arrangements of the TUls. '
30
Cube-shaped intercommunicating TUIs have also been used to provide users

with a physical means to specify (or program) relational semantics between



"Siftables" (Merrill 2007). In Siftables, each cube-shaped

i nterconmunicating 10 TU is associated with a basic el enent. Visual
concept s wh 20t8a00bB8i ¢ el enents are depicted in the formpofi/Soen2wne0 and
texts on small colored LCD displays o8 the TUls. By changing the spati al

rel ati onship of the TUls, a user is able to define different relationships
bet ween the basic el enents associated with the TUls. Once a relationship is
defined, correspondi ng audi o-vi sual responses may 15 be produced. Fig. 2(b)

shows a systeminpvented by Sony's.]nteraction Lab called "Bl ockj.ant whereas
o 2(c) SR CIEMSGILE o RaRUH e 1) Bp USRS parize rBa% GF 15BR TS by

" Audi oCubes(isiniffierBhP @lshidN @rchgusk &) ehie PEUME-SteadedieintaraBmpiiMadgtiag 20
spati al progrannablllty function as Siftables but are applied specifically
to sound el ats such as sound generators, sound operators (e.g. for
additive or subtractive operations between sounds) and sound transforners .
(e.g. for controlling the volunme, distortions, nodul ations, etc). 25A
limtatibon bigseRisgt+ () shobeexdraped aof mowr curaraindpest inteycaonainicatingatUlst i s

onl ossi b .ne.t . Lal__rel ationshi e e TU s al on
ot ol o pi TR b fEHIP L5 BRTOMT e s REL PR S SR ons. i he
TU s can only be arranged along a single plane. For exanple, the TU s shown
in Figs. 1(a) -.(b |y, be stacked al tical plane wh th
TUs Shown Iupatigde. 3id) Sy Snope)a SibniyoBedapy Db MGG ZongHPRont al
pl ane. O 20424006 MANETIRRR0M2 ERRBRR) choRUSIBY. Shalfed! borboAIriminghe
present invention alnms to provide a new and useful TU, for use as one of a
set of 10N sTUBlSAassiOﬁ:@ﬁechwgcﬁ basic iirmenty ¥iruab Ropeaiie sbdhe basig@impantst er ns,
that a first Tl : - ' f t W ich
faces of théeref%ps'(?aqﬂf%gg{r@r%;}?'%f% %ﬁ%g)&so{?ﬁt% ﬁ%llﬂg@@éﬁfﬁ}d ﬁg@g{ggti ve
ori ent at i ontheof Utsh@yeclhangisg difie tshatidli nekatiomship apfdthehBUtst lreusaUissalfle.te. their

relative ang&‘naer di'f}8§éntt'r8ﬁti8‘r?sq+i'ﬁs %e{ve/&% the basic elements associated with the
TUIs. Once a relationship is defined, corresponding 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 Blockjam and AudioCubes provide the same physical

20 spatial programmability function as Siftables but are applied specifically to
sound elements such as sound generators, sound operators (e.g. for additive or
subtractive operations between sounds) and sound transformers (e.g. for
controlling the volume, distortions, modulations, etc).

25 A limitation of existing cube-shaped intercommunicating TUls is that it is only
possible to determine the spatial relationship between the TUls 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 TUIs shown in Figs. 2(a)

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



10connecting the centres of the TUls). Specifically, the first aspect of
the present invention is a TU for use as part of a set of TUs, the TUl
conpri si o 21¥ymesbng having a plurality of faces; and PEa/Ssemiong226ystem
configured to detect, for each of said faces, whether another of the set of
TUs is within a predeterm ned sensing distance fromthe face, and, for
each face of the TU for which the determnation is positive, the relative
orientation of that face of the TU and the correspondi ng opposing TU . 20

A second aspect of t invention proposes, in general terns, a TUl

cont ai ni ng MMr measuring 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
faces for dE*ﬂ%@tasragt inMentinneajEsde Rpvide Barewrand usefyl AU der uge ahpae &hBl oyi ng
one or both(ﬁ of the invention may conprise a nmechanismfor using the
out put s of ? e sensing systens of the TU s to establish the relative

t hr ee- dilensi onal positi onal reI ationship of the This. In a preferred case,
the TU's arg .cubic, an the six faces is provi nsmg 30
system for Adicesisgt B 1 Mipian forores. R S 3o BP0l art T353) 000220
5 Brief Dessarispts on edcht djfeltsl:i‘ml’sef@r et diinmg tvehich fadee omt«r@nﬁnsprwlraeéer red

to as "i-Cubes” now be il us rate for the sake of exanple onIy W th
ref erence twoméatmth%vﬁfﬁae?ﬂl{ @,@(ithq Feliiecprensaiqys offihgse fages)ofdhgw t wo

toys based mgt ARl 6tHae-RNaPEE. &rmlerraaiwahgauhr Mpsitidh! &out a lineFi 9S-
2(a) - (c) show three systens for specifying relational semantics between

basi ¢ el®ene¢anpegingeccandesvapedT YIS er communi cati ng Thi s;

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

15 a sensing system configured to detect, for each of said faces, whether
another of the set of TUIs is within a predetermined sensing distance from the
face, and, for each face of the TUI for which the determination is positive, the
relative orientation of that face of the TUl and the corresponding opposing TUI.

20 A second aspect of the invention proposes, in general terms, a TUI containing
an accelerometer, for measuring 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 TUI has sensors on each of its faces for detecting the presence of
other TUls.

25

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

30 system for detecting other proximate TUls.



Fig. 3 shows a system according to an enbodi nent of the present 10

I nvention wherein the systemconprises a plurality of enbedded conputi ng
devi ces iwoths/dersm of i - Cubes; Figs. 4(a) - (c) ehowcabieneeati ve
shapes whi ch the enbedded conputing dé&vices in the systemof Fig. 3 can
take, with the shapes in Figs. 4(a) (b) being nore preferable than the
shape in Fig. 4(c); 15Fig. 5 illustrates a table describing sone features
an i-Cube may have; Figs. 6(a) - (b) show a change in relative

orientatio be} en.opposi be faces faces which cannot be detected
using a S-MSM#QLQM Figs. 7(a) - (c) show how using certain
types of proximty sensors in cube-shaped TU s may increase the chances of
errors; 20Fig. 8 shows the systemof Fig. 3 conprising i-Cubes usi na

e

i nduct i ve- %@@@@lmﬁ%@f she VB AL, refsr ws@$ si-Cubes”, witj gow desiigsisate
system of R0 Sedie &G%F’{E’ha ﬁ?yk%gmcr@fméh H%l%wlﬁgagw s, RRWREEnSensor s

functioning as receivers uctive ase sensor on|ng as
emttersy 25Fi g.Fig9 dfws tlnjo sbrempve {wlyacbaset orofstadi@blendubeishapbdsed

sensors in the system 8; Fig. 11 shows the systemof Fig. 3 with
t he i-QJbes'nC%?ﬁrﬁ%Pg&??%%%mum cate wirelessly with a host device in a
star -shaped topdtiggyz(a) — (c) show thireég sydténshfonspetiepsg irélatichdl atdngnticow t he

host devi ce comruni cates with 30th |-Cubes in Fig. 11; Figs. 13(a) - (b)
Show two noRRIWESR DasisElRmEntsAIsing wibsshanerntepsqmMynicating TOTs;

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(c);

15 Fig. 5 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) - (c) show how using certain types of proximity sensors in
cube-shaped TUIs 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 example 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 topology;

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

30 thei-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;

Fi gs. 150w 2013doy138hows how t he system of Fig. 3 may bePcorsGaguroea26 or
teaching nusic; 5Figs. 16(a) - (b) shéws how the systemof Fig. 3 may be
configured for teaching spatial relationships and casual interactions

bet ween obj ects; and Figs. 17(a) - (d) show the advantages of the
systemof Fig. 3 over a prior art system 10 Detail ed Descri ption of the
Enbodi ment s Refe rin Fig. 3, system 300 cording to a i ment of
The_pr osent 1 myeHBPorteE-shbanovs oL nieRne’ it Mey S camised 19 of
enbedded Coiﬂééhinpgnﬂﬂéhfa%s hid e form of cube-shaped |ntercomrun| cating
TUls, each 15 o be referred to as an Interactive

| nt er - communi cat Figg 1%{akr( ébéh@w Inpwotne; systawof Fig. -3cmee. beTﬁ@’”Wé@QafﬁTBOO
allows a usghL.ha 'rﬂn%s% act with an intelligent conputing system by

physi cal | y mani pgl ating and arranging the plurality of iCubes. 20 Note that
al t houghd t hr ee i Figab&anrgbs kbows ihowHihg. sy3tent lod Fay st envay 3g0condigucedfori se
nore than three i-Cubes or. onl.y t i -Cubes. Furthernore,.the enbedded
comput | ng dRpEaEg NS, eRLRTTIs il caf Rl MHamers BEER SR W of < F i1
i n shapes other fFigam 2(ap-qdibshoantherdivafifes oMY syterd diifid. & evdr aprdrer of
faces fromthe i-Cube. For instance, each TU my be in the formof a 25
dodecahedroﬁ“(skﬁ%tﬁf“agon faced structure such as that shown in Fig. 4(a) or a
regul ar tetrahedron (equilateral triangle-faced structure) such as that
shown in Fig. it is preferable if all the faces of each TUl
i n syst tin 3Deta : eaEmblegiments)r exanple, it is better to avoid
using TUs in the formof pyram ds since a pyranid conprises three

triangul ar faces and one square face 30as shown in Fig. 4(c). It is even
nore pref eerfeenmg td rég. shapeysiémedh adtdrdingcte ars empodtrtentoa| thanuteséntt he TUI

is 3-di rT'enSln(\)/Qﬁt ny

srﬁm%z\'/[nr ' The system 300 comprises a plurality of embedded
computing devices in the form of cube-shaped intercommunicating TUIs, each

15  of which may be referred to as an Interactive Inter-communicating Interface (lif)
or in short, i-Cube. The system 300 allows a user to interact with an intelligent
computing system by physically manipulating and arranging the plurality of i-
Cubes.

20 Note that although three i-Cubes are shown in Fig. 3, the system 300 may
comprise more than three i-Cubes or only two i-Cubes. Furthermore, the
embedded computing devices in system 300 may alternatively be in the form of
TUIs 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 exampile, it is better to avoid using TUIé 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 TUl is 3-dimensionally symmetric.



WD 2013/ 006139PCT/ SG2012/ 000220 7 The i-Cube and system 300 wi || now be
described in nore detail. The follow ng description can easily be extended
to TU s ovodonfdiessat shapes and/or with different nunbePsTBG2012066220 FOr
exanpl e, while the enclosure for the 7-Cube is cube-shaped, the enclosure
for a TU with a different shape is clearly in the 5 different shape.

Furt hernore, the nunber and arrangenent of sensors in a TU wth a

di fferent shape can easily be adjusted accordingly to achieve the sane

f ti t he i-Cube's. d i hed | aw. As [ bove, TU
W th di T er OB CHEBATRRRIR HPrTLPBH, o Artaeg B SRR b e B may
al 50 be usegeddipSynta 386y B8 FEATES TRUTHE HIEHFE dapes Badbusithat es a

tabl e describing sonme features an i-Cube may have. In particular, each

i - Cube of s{iferant Iwmhess ob facesr FrbexamPle; Meilledhe nePssrbids tha MBibE i§. 5.
Wth these ) =} i ke (3 [ r.elati.enship and
relative orl&gr?lét g‘?ﬁer? ,g?@gn g[oﬁggﬁdfﬁz‘m%&%e@hgla%ﬁ?tggaé%tlgrcﬁ‘lédrqulﬁhqlﬁese
f eat ur esS t hdiéfeedrit shaper Furtherpoteribe aumbep kedwmtagenend df sensare gt and)!

edagogi cal Si g n.the i-Cubes. .2 i £ I 1t he. features
Shown n i 413 B3R 3lo? dab Yaely BB EyotER AR LI e eV Baeb T ock
iﬂ-enéI ity; (fdn):ti?ﬂnseaymé i-Cabe’ersieasmtdémrr]ibéd@elm.imtmtn'tiom?dvébbvef,é&mect tQ(J)b
the directiop, of, Earth's gravity),. and thus, the top cuype. face of the i- e
can be det eY"R{] ﬁgtﬁre@%app?taﬁg/o[rid%f{er%rhtdpgn%qr qu%CqS-CQfH R@vi"gﬁ‘%?égﬂéégoto t he
direction ope Ggéd th systdrm\Boby can be determ ned; (iv)the opposing faces of

adj acent i-Cubes, relative orientation of these opposing faces and the
i dentiti®s of these adjacent i-Cubes can be determ ned;

FEATURES 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 fevaturesv
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 follows:

(i) the i-Cube has a unique digital block identity;

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

(iv)  the opposing faces of adjacent i-Cubes, relative orientation of these
opposing faces and the identities of these adjacent i-Cubes can be
determined; ' ”

30 (v) thei-Cube is able to 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 wveuralis/matsput, for exanple, each i-Cube and/or PPCcTsioeoRac@2¢an be
illTumnated with a different color an8l/or a different intensity. 5 The
system 300 conprising the plurality of i-Cubes nmay be used for an
interactive application with the input to the application associated with
one or nore of features (i) - (iv) above and the out put of the application

associ ated yi.th one qr both features. (vi) a p icul ar,
the inter acm')\/e @&'r@%% 1% A0 >P PIOYt4 {’@ Qufpé‘é t\g’f" piﬁd?%&b ?3{5%’? of the
i - Cubes, verbal | yndker i-ocoBBtfack hsannuahmmmfated Qitpes diffe@nttica®f¢ 4nd/6r a

stacki ng height) or teach nunbers with a visual sense of spatl al

proportion. The fife@nhiteRayappl i cation may al so use the visual output of
the i-Cubes to highlight certain i-Cube(s) or i-Cube face(s) with different
colors. 15 COMPONENTS OF THE |- CUBE Each i-Cube in system 300 conprises a
plurality offhecsystarend®Q aoxeprisings thd pMma&ity af é-Gipeenmiay begused! forole t hat

Commonen < rieroue aBpilcafion Wit oMeYinBll . fls ahdichfiaR SREHReA" i By These
5 1In g\(/a\ﬂer ﬁiore e ddaturgsufle— qvimabose ara thel c]lciutpmv\afr&ré &mdﬂrcdti@d assamf)alﬁedng
system | C ngo i t SUl (0] sSensor .a | O-VI.Sua out

Capabi |1 o¥ ieopr BOIaT fetutea VAT FaiCooWhrg RaaHE Jhp| Dtaee - oube
corrprl S€es Oﬁﬁpl@'atl@@ nhayf, thcughhﬂefdﬁel @Wﬁéga@d?mﬁt(ﬁ the Im@&%s%fbal@

sensi ng SySt em an out put S St em a prl rrar comuni cati on SySt em a pOV\Br

source &hd &AuehieoRypeer of leCubﬁwglaqgtﬁcb&' Qjéwkirwefalelght 9h tRACHAWHNPeSe| ow,
with a visual sense of spatial proportion. The interactive application may also

use the visual output of the i-Cubes to 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, examples 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 components: 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



Processor 30 WD 2013/ 006139PCT/ SG2012/ 000220 9 the i-Cube with other parts
of system 300 (for exanple, other i-Cubes and/or a central controller). The
processorwoommbéspabl y a | ow powered enbedded processoPCTRG3eNHNNG0 Syst em
Each i-Cube in system 300 conprises a%9sensi ng system configured to detect

t he presence of one or nore adjacent i-Cubes within a predeterm ned sensing
di stance. The sensing systemis further configured to enable the

determ nation 10 of which face(s) of the i-Cube oppose one of the adjacent

i - Cube(s), and e relative orientatio t hose face(s)~.qf the i-Cube and
he. ad) acerid -lHeE) Biiak s & RRlsns 300 flor eaATRI, b THebes Sty &
configured gentnaddrroliég. deleepradeaboonis Pretdigblyeht ionapowéictnieaiieaideal t he

i -Cube and a tilt angle of the i-Cube with respect to the direction of
Earth's graRfiPfGSSOI5 The sensing system may conprise a physical sensing
systemand a proximty sensing systemas follows. Physical sensing system
The physical sensing system of each i-Cube is configured to enable the

det er m rfat | S@nsihgisvstemrti cal orientati on of the i-Cube. The physical
sensing 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.
3-axi s accekastoiv€ube ih rsyeteen 8RaMpingrisebea physing alysieansoniigLsyd tteetanpri ses
a 3-axis act%el eronet er, capabl e of det etrn&ni nsg tn.e vert(; (ial orientation of
the i- Cube. ?k@?%‘?’lﬁee?f gne pgmore adjacent i-Cubes’ within a predetermined sensing

distance. The sensing system is further configured to enable the determination
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

to 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 fhe
determination of the vertical orientation of the i-Cube. The physical sensing
system may be further configured to 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 accelerometer
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



30 possible to determi ne 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
downwar dswOBhizaoss9t he only absol ute cube face referencectisazocanihe

det ermi ned unanbi guously by WD 2013/106139PCT/ SG2012/ 000220 10 the 3-axis
accel eroneter. The directions of the remaining i-Cube faces (e.g. front,
back, left, right) are relative since the definitions of these directions
are dependent on the view point of the user. 5Note that although the 3-axis
accel eroneter Ls able to determne the vertical orientation of the i-Cube,
't s not . oy eXBoa ey d1E: sHetdiolh e 166 JEMAIER | SrHER 5 SHEdheen
opposi ng i - febvire bhaig asft UBHINY akd @eldtivaX simc@GRE I dRFARBHE lof héutedirddtbhs &Héa) -
(b) illustrate this. In particular, Fig. 6(a) shows two i-Cubes stacked on
top of eachdQRERsent en ihe WewPokHOhiha ¥eelsane stack of i-Cubes except 10 t hat
the top i-Cube has been rotated 90 degrees about the vertical axis (see
arrow on the top i-Cube in Fig. 6(a)). This rotation causes a change in the
rel ati ved orNeiet tet @lihofigh e Spaxis ianceleromgter fsagkle. toHdetevnine thii eertitringe

cannot be det 2 31axi.,s. acce er..since yvertic .
orientati ong%%q%tﬁ% ? géﬁ‘%]?&?%’g r'te'r?aﬁ(gltsE@Jﬁggeaéog%ﬁ%p?edrettgmxgc}bgtrlgi)ar{'.v ©15 The
3- axi s accebramatdre betvsecal Dpposipgbit@uind fdedseusing te thaxis i ddcetonginetedf t he
Cube with with respegct .to irectiogn of Earth's gravity. Proximty

sensi ng sys"[‘@ﬂ??‘%ggh&abr_o%t) R'F%S)S}ageeﬁg?ﬂa Pﬁ/@‘i gfg.eﬁg%srpg\éjﬁgo i"SUP8Rf i gur ed
to detect t&ackiessisiLolddachnher. AR et pshoieti dantdibask of -BUPe& except
predeter m ned sensing_di stance. 25Although the proximty sensing system nmay

utili zelbptihahfhoReHCybndgssbenn Kialedr Yhdsgreereatovhtee yattisphrXisr 6BEens
wi th such pgexk Mhes?db“u-@%béwﬁlggf tegijég).%ﬁ@% tof LalRW-a _Férh%ﬁpé%'the

consi derations when using a pl 1ty ‘of TU's tor specifying Fnteractive 30
3D spati al glatyageiestatonradbe opposiag itGubepliaces| Howewdr, i$ shamge cannhitr ect

Coktia ol it Peleeio Bheh ks betRidmetef Shel R \Bhlot i et €l B, 0 ™

fal se triggeCshe temains unchanged after the rotation.

15
The 3-axis accelerometer is also capable of determining the tilt 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 i-Cubes within a predetermined sensing
distance.

25  Although the proximity sensing system may utilize optical-based sensors 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 TUIs. This is to minimize the possibility of false triggers, in



WO 2013/ 006139PCT/ SG2012/ 000220 11 ot her words, the possibility of
responding to spatial relationships which are unintended by the user. Figs.
7(a) - (cowoghpwobow usi ng optical - based sensors or el ecPrcogegoiznoeabi ¢ 5
TU s may increase the chances of erraorls, in particular, increase the
possibility of detecting unintended spatial relationships or the
possibility of overlooking intended spatial relationships. Specifically,
Fig. 7(a) shows a system 700 conprising two cubic TU s whose 10 proximty

i I i - b d i nfra- i gh
o Lt ng- o DS VPSR theo BpssiBlt 87 EesrtRaiig o sPafel EaroBihP Wik 86
al i gned wit pniarelde@byahe buér.are at a substantial distance apart. Despite

this substantial distance, the cubic TU s are still able to detect each
ot her, provided the distance between each optical -based sensor pair is not

too great. kS 5 ikc JNATRE \ g d
spatial rel E@sz %i p abée@fégﬁwi ﬁ%n@&%ﬁ%&#&fg& é'thsiggé gg%‘se{agf)gg%y (r%ggﬁ’ce t he
maxi num i sTHiceaydnoesse the:chandes aflgrsorsuighpartiatlat, hiegrease thiepessibibityc h

other's pre but Lt ] i Ed : S it the .r i yer of the
sensor pai rgﬁgggﬁlﬁ% W brétg@%qo?g%qugj efait'éﬁ?mg F uogtt\tﬁ{lgt fp&é)st\&sb'llhg ?fh(g\%g@élﬁ'é‘ﬁt

envi r onment infehdedtspatial retatiangtips. sunl i ght through 20 wi ndows). Fig. 7(b)
shows system 700 conprising cubic This whose proximty sensing systens work
by detecting actual physical contact between the cubic TUls. Using such

proximty sgpectifichllyy FigeTRaX oWy & SHRIEML TED abRpBAsiAEvoonRse T2hAs RiHdzeem of
detecting uni ntended spatial relati ons_hlags between cubic TU's at a

subst ant{ al P@XERIHHENSH LS YSIEMH RENRIRY, ORticakRasrhpRNGORs tSCE @sdniiereq ighins,
while it na AR ; i i i i ee of
hysi cal coal g B e g g R e e e e o o
gravi t at i onadclt otteas; butt ajes abfat subdiantibl t distaote eapariorDergitat tis substaptiate

Ceonee Lo BSEEPL fIS0RE SeSHUBI0SHI S A BhAF uhal Bike fect
distance between each optical-based sensor pair is not too great. This
15 increases the possibility of detecting unintended spatial relationships between
the cubic TU|3. It is possible to reduce the maximum distance between the
cubic TUls 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 TUis whose proximity sensing
systems work by detecting actual physical contact between the cubic TUIs.
Using such proximity sensing systems can overcome the above-mentioned
25 problem of detecting unintended spatial relationships between cubic TUIs at a
substantial distance apart. However, in such proximity sensing systems, while it
may not be difficult to achieve and maintain a certain degree of physical contact
between cubic TUIs on top of one another with the help of gravitational force, it
is often hard to achieve or maintain the same degree of physical contact
30 between cubic TUIls placed alongside each other.



12 El ectrodes may be used in the proximty sensing systens to detect actual
physi cal contact between adjacent cubic TU's since a direct electrical
connect i omOreais/doel3est abl i shed between a pair of el ectroaes/Seher?/onéreo

el ectrodes are brought into physical ©ontact with each other. However, the
5 manufacture of physical nmechanisns to ensure that nultiple el ectrodes on
one cubic TU simultaneously contact correspondi ng el ectrodes on anot her
cubic TU and to establish robust electrical connections between the

parte. For EleBbies Tl berysad dshe Broxrucediade Rvaens SRR ank ™
el ectrode cgyjsasdl Sc@itadilldchwdsh d@ab@ii tLBRS TS 8hEeNanemess adldctricd

addition, just a slight tilt msalignment between the cubic Ili's caused
by, for exaffINection adrygoe hestablished| oetweeain avinail pofuglegkndesrwhgiesthemy be

sufficient SBchsi brd BréidifintoBhy SOl @adidhii & chChiNEEN bR yel apb! 0de

pairs. Moreover, proxim sensi hg' systems usi ng el ectrodes requi're precise
physi cal5 comasutacture pf piixsisal meehanismes tmenswsithatemultipte slectybdes3on dhe

o ecuntt kel a8 Sy RRelsh ot 68, ShtSontitid R s RERENEBE." v oung
children asTUheme &ppistabiith oobust etticaluioneesiions dewexsh die todheicinge to
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20 more resilient to a small translational misalignment or a small rotational

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

Short range inductive-based 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



An inductive-based sensor pair (i.e. an emtter and a receiver) works in
the 15 follow ng manner: the emtter is configured to transmt short range
bust si gmabowmeisessly. The range of these bust signal eCrscguhoihat t he
receiver can only receive these signalds when it is within the predeterm ned
sensing distance of the emtter (in one exanple, this sensing distance is

| ess than 5m). Upon receipt of the short range bust signals, the receiver
is activated. This 20 establishes a short-range w rel ess comuni cation

channel between the inductive;based nsor_pair, and hence, between the
- Clbes cor@Iqu Je AT sTPH AARCRRT HRURES GREBYSG: e BHleleast (a8 POt i vel y
shorter sengpdnétivé-isdsticmsor td b derlctddIduetinteadidp atwess eack hduetd-s, the
recei ver of an jnductive-based sensor pair is activated only when i Cubes

conpri si ng PRREGIENSEF PlAiS dNievip WinelRssi SHart raBae snalsr when they are in very
close proximty. Therefore, detection of unintended spatial relationships
resulting in false triggers when a pair of i-Cubes is at a substanti al

di st anced aphigt Sranpwisesyateni 360 .copmprismgt it Quiteas \ab@s&proamnity $a1$'rm systgmers are

likely to b a ns urt her nore,

unl kb the S%*e'%% 'ﬁ%ﬁ@i@ﬁ:ﬁggg Sy §ﬁ?§’v§z:ren§§r dad eﬁiﬁfrgvgefwg

sensi ng syssys@Emusi ageh i i may eseshisseastedrssnaitien olrcui r &t @n
alignment of the i-Cubes % WO 2013/ 006139P /0862012/ OOOZaZO 14 sensor
pairs to inf'@PGe: bwpe%pr fy YEtipning.- a5t ag ieghiteLRNG AnieseiVBE Cliedh Witheteni t ¢ er

and recei veleasf onB inﬂdétﬁie%’@se'@la%l%o?eﬂu%@forﬂﬁ%rad @ resbibdredn mgkigianguch
sensing technology nore resilient to sli D msali gnments Such as those

shown i W Fiigdugtiveybaseqd sangpts &g, indBe foran phtﬂlaé@ﬁo\vse -Nnis dbatsiihongl infig-at e
using 5 wigelessi élmﬂsie bf Heﬂ/éaélﬁvertah%nsﬁ:ﬁﬁel' &t rlta(frf[a Fé&%ﬂ}ég irb e

physi cal enclosures of t bes uctlve- ased Sensors
may be housezthirChihanintfaet cameprissgroeth tyfpeBhDéCerlmsbes Thus, there is no need
for a costly assenbly of precisely flushed sensors on the i-Cube faces.
Degradati on of the sensors due to abrasive wear and exposure to corrosive
human sweat Agandudtive-deseadvseinded pait(\|. E’owaremmt@smmtbaecélvé@nﬂkbrksdﬂﬁh@n As

nmenti one the proximty sensi t em of eahl- be conprises a
T anbm (3 oy oo wiog magmars the et o EHaTaied G ERMaY APE NGB PUSt SBORE v & h

at |east 1Rir@B8sIy €TRS ¥aHge W%s@%ds\(%i%ﬁa@lscéﬁdrﬁﬂ{at G PetEN r BhnOHNIF
typical emtter is usually hundreds of times nore than that of a paSsive

recei ver. |igceivadness signgisower Heispwithia Hhe guedelgnnivedigeasing distancedie, it
is prefera ; i K

Fecel vers .b“ﬁ‘%t%e"fe?&“ﬁéﬁpﬁxsﬁ*%%éﬁé@?“; g iafeg sk ol SR, DBon i ¢
such proxi niecgipsedfsiting syt easge | bugiasignals, athe ireceldi s @tivated. | Tidabe

conpri S5o &Etagl%%gs()f shgrt rgﬁg witdies§™M tr%%umca oao%arﬁr?e(febgﬁese'n 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 false triggers are likely to be
30 present if optical-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



Sensor pl acenent strategy The inductive-based sensors of an i-Cube may
be arranged so that in the 25 presence of one or nore adjacent i-Cubes, it
can be deverniymdiswhi ch face(s) of the i-Cube oppose adpatscRoiz/otee(s). To
achi eve the above, each face of the iMCube is associated with one or nore
receivers. Wien any of the receivers associated with the face(s) are
activated 30by receiving short range signals fromemtter(s) of the

adj acent i-Cube(s), those face(s) of the i-Cube can be identified. For

le, the i-Cub ) i WD 2013/.006139PCT/ SG2012/.000220 15 at
Txatl one 1 sarisol dibsn L SRR Riosedfer s iGe of 20N IGEMeLt. PEWERR e o at

| east one re&mRiey @hdaBcde ot inbiscth@cessedstmsbngsieid keuhagemaripgsich of the
i -Cube nmay al so be arranged so that the relative orientation of opposing

faces of theEENSINCLRCNAARPIYtBOrITeRiiant tp-tight BH) Misaliopments speh @sdthoser

i nstance, t } ( I VeI s )in@f ~1l, 08 Aoz nged such
t hat when tﬁgovgg}:ﬁ: ér?(\(g q'g%glag@ﬁ i égtté% 'ﬂ"g%ﬁ"’??@??%@sgﬁg?é@?g%gﬁ ignals
from 10 %eni wirele¢s shorft rainge sigpalse titeyi cabuinigradt, thrdughr eagifiysicabendansaeson of
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receivers on eac its six faces). e receivers e arrange

br oxi 1t o crgEGe st SsRs s Th RN L roetaes: Degetatan Phismpeissis APS one or
nore of thegealresied Veas aRBExpesRs tRBaRssive RiBaR 3WeaPEAR aRb R aldidsd. one of
its faces (for exanple, at a m dpoint of each edge or at each corner).

Enitter¥ of the i-Cube may be arranged nearer to some of the receivers.

Fig. 10 illpgheRrtsss ioﬁygg;?&,?ﬁgg,?ﬁerrents 1002, 1004 of the

i nducti ve-based 20 sensors Cube. Specifically, in both exanple
pl acenments 1002 and 1004, the i-Cube conprises

As mentioned above, the proximity sensing system of each i-Cube comprises a
transmitter circuit with at least one emitter 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
prolong the per-charge usable life of an i-Cube, it is preferable 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 activated
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



one emtter and four receivers on each of its faces, with the receivers
arranged in a symmetrical manner for each face and the single emtter

pl aced nesoenisnnel3@50f the receivers than the ot her rececTsc0120he20

pl acement of receivers on all six facés of the i-Cube in both exanple

pl acements 1002, 1004 allows the i-Cube to determne, in the presence of
adj acent i-Cubes, which of its faces oppose the adjacent i-Cubes.
Furthernore, 30 the use of only one emtter and four receivers, together

with the ex I | acenent s 1002 004, allow.the relative orjentation of
opposi ng | - BesdneIEoNE Sn $8PR B I CTRShioRoenout R bl S ot e
Thi s may beggrch¢r 88lc@kRIoNitethcaBl ch of the four receivers of an i-Cube is
activated by the single emtter of an adjacent i-Cube. In placenment 1002, a

receiver is placed at each corner of each i-Cube face 5 whereas in

placement 1 incﬁncii@é’-tﬁbz‘i’%% iénﬁ%d?k%ﬁ%ﬁe g—tcdbtéem | B bt aPin R, aeang! each

| -Cube face. Placenen nor e advant ageous as conpared to pl acenent

1002 becuauskelative afientationeofodprasity faceeiof dhe fiCupet drd deradjacent i-Cubet)be

face, dedge %H. ge §%}%§;I%g‘%t 1004 is less than the di stance of each receiver
ner th

fromthe cec ube face, dcomer, in placenent 1002. Thus,

pl acenent 10 1004 provi des additional robustness against slight rotational
m sal i gnment of the cube fac si pce jn placemne 1004, .the sepgratjon
between an €9k EERGe dBBRRTORR 31 BoRYEHOL AP ol e MakEP AL a0eAGURR | onal
of fset as cpapahed the rddenee S Ake &@@?&tedﬁﬁﬁ’ﬁ 'ré@h)fné}f@ﬂmﬂrﬁbrﬁg”é sigRaBYRdRM As
ment i oned above, between two i-Cubes with proximty sensing systens
10 emitter(s) of the adjacent i-Cube(s), the relative orientation of the opposing
faces can be determined based on the positions of the activated receiver(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 exampie, 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 a symmetrical manner for each face and the single emitter placed nearer one
25 of the receivers than the other receivers.

The placement of receivers on all six faces of the i-Cube in both exa'mple
placements 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, allow the relative orientation of opposing i-Cube faces



utilizing inductive-based sensors, a short-range w reless conmmuni cation
channel may be established when they are within the sensing distance of
each 20 owben13/00bi3s short-range w rel ess conmuni cati on ebascebizvae2a | ow
comuni cati on bandw dth and thus, thel6 nformation conmunicated via this
channel mainly relates to the question "Is there an emtter present?'.
Preferably, due to the limted bandw dth of the short-range wrel ess
comuni cati on channel no other information such as the identification
nunbers of fhe i-Cube r. the 25 identjties .of the opposing i-.Cube faces
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E i gga! 3 ihs fgaeﬁ’nent ﬂmbfems{ermdedietanb@ﬁd eaelr‘:sréc@}/@h' fﬁcbrartﬁe,ceand défhte I
andwi dth of these signals is gr r .t han at,_of the short range signals
cormuni cat etHRA C?haedper’ndi'bﬂai(\?g%@ggbg“iﬁ '%Sén‘i]épgheﬁ‘ﬁt%m’?%ﬂ e%%b?‘%é"eﬁhe
establ i shmemgmoathetoprtreer thendieamnes, 8l.9h, Pepdvemeht Wo2! Bass, GiBwmat i on
channel s between the i-Cube and other parts of system 300. The primary

comuni Eat | BP4 pravidasopddiienyl-ropueingss @aginst stightcioiaiamiat stisalignment ®fot her
| - Cubes at @odiHeRf8s --inNBIQLf_%@egm Qﬁb,ifhggsnéﬁé’ﬁ&?béwete% Qﬁte‘f’fﬁﬁ@rt—t he

Cubes is is therefore enabl ed. rimar Icatron systemo he

i - Cube al soreskivetwairtistroucosmatiec pee dagede af haistiordd\afiset akiaoimpexgdie pl aced
at a di stanég anay 10-853 host device serves as a naster wireless controller
and may be E%ﬁﬁ%u'{ er system (PC) or another i-Cube specially configured to
be the 20 master i-Cube. Via the two-way |ong-range high bandw dth w rel ess

communi cati gn. channel s, th?_ host .device may be configured to receive input
from antf préﬂwﬂﬂmﬂ(—c@—'gﬁ@@@-ﬁ)re i -Cubes. For instance, commands from
t he 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

al so_tri ggehs TBeaiigfedpabemes Ralwpen twesheuaes vl pEIdEBe $ensicabastems

parti cul ar . u BN GRAuERY R RYASAS, 2 CORTRAIS BirflBtd | Edthunicaitihe O
light up one of Tits Taces wth a specific color’ or play a particular

soundt rack ¢hannesmayda establishgd . whrir thieg rare vathind theesatising distanke oieads of t he

bandw, i o TB es S oHalitdade oWiBlesnadrHaFealol s b by enetnaet devi ce
to nmake regedramuaicgtion itemdadnibtaridiehis, | theaingdremation carhimonicatedf wia afist he
|- Qubes as deter i ned by Lot SR Son Tt A SoHEl AELENS. PbrilERS
due to the limited ban_dwidvth 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 reliable 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



WO 2013/ 006139PCT/ SG2012/ 000220 18 As nentioned above, due to the limted
bandwi dt h of the conmuni cation channel s established by the inductive-based
sensor pawvoidogiser bandwi dth i nfornmati on such as the ipdesGéizoatzn2on
nunber of each i-Cube or the identiti®®s of 5 opposing i-Cube faces is
preferably not communicated via the inductive-based sensors. Such higher
bandwi dth information required for determning the relative 3D positional
rel ati onship of the i-Cubes can instead be comruni cated via the two-way

| ong-range high bandw dth .wirel communi cation channel s. 10, Nqt e however
that the i _I%a%gvm&o %@rg]};n% t%%ﬁ%ﬁﬁ‘%@%"ﬁ'ﬁ?’@goﬂr%ﬁ rﬂ?tﬂ?mé’e‘ﬁfs{i}ﬁﬁb%ﬁlst em

and in thisinArtioh hegardmigt thel wraglue iantibe bs tif i-ChBes akb ARG T@des mayead be
transmtted via the communi cation channels set up by the proximty Sensing

systens. ThPerearedmsakelup the process of determining the relative 3D
positional relationship of the i-Cubes. Inductive-based sensors may still
be 15 enployed in the nore sophisticated proximty sensing system but nore
conpl ex 3 ndlierefaser eaehveCuber tuisysteand3Gthtreay alvirthgr asoenpreaguiar gadimariie

w rel ess co ' | 0 faor th [, ar l.cation system
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the primary comunication systemis integrated with the processor of the

i - Cube. 10Forsangars| Ehist heisppirides dhe ngstablishment nef fwe-wayf loagrreee- ieht r ol | er

unit (M) suefids Wﬂ@le?@%%Pﬁig?W'%én%WW\g%ﬁ{‘tﬁ%t§C bR bHer

W rel ess conmmuni cati on protoco ar to that e ZIigBee wreless
conmuni cat i partgpeicystesn 3080 WO 2013/ 006139PCT/ SG2012/ 000220 19

The primary communication system of the i-Cube allows it to communicate with

15 other i-Cubes at a distance away. Mobile untethered interactivity between the i-

Cubes is therefore enabled. The primary communication system of the i-Cube

also aliows it to communicate with a host device which may be placed at a

distance away. The host device serves as a master wireless controller and may

be a computer system (PC) or another i-Cube special-ly 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 particular soundtrack in its local storage. Furthermore,

depending on the needs of the interactive application 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.



The system 300 may be configured to use both the short-range | ow bandw dth
W rel ess communi cati on channel s established by inductive-based sensor pairs
and t he Iwogersamgsohi gh bandwi dth wirel ess conmuni cat i orCtisenmelogoze ovi ded
5 by the primary comruni cation system8 to determ ne the 3D spati al
configuration of a set of i-Cubes. Fig. 11 shows system 300 with the
i-Cubes (Wwith identity nunbers "1" - "3") configured to conmunicate
wirelessly with a host device (with identity nunmber 10 "0") in a
star-shaped topol ogy. This uses the | ong-range high bandw dth w rel ess
comuni cati on channel s provided by the primary conmuni cation systens of the

i - Cubes. N0A§.mbﬂﬁorie@ @pabé edbe ordaas linmedobak@NEBN @S the témendnidiioncont rol
of) multiple i-Cubes using a single naster e.g. a host device, the wreless

net wor k est%ﬂﬂqnﬂ?eés"lé‘?“st*}?@ BY|tﬁﬁr'9d%\¥ﬁﬂ?ﬁ36§t$Q3’P$°§)P§ﬂr§rr@'%'ﬁrtq?é‘d"‘“dtﬁ!5 Cubes
must  at |eat$|¥0rﬁ1‘éﬂ989rshcl$'é§|'ih IMFI Prﬁgnlsé}p&flé?ﬂ% i-Ciige oﬁﬁleslaé’ﬁ‘ﬁleté ng

host device in e con |gu to communicate wth the 1-
"t - 3 s@prmlrtgol @@b@rfaﬁasesabref@r%ttly vet aemangéated vafthehedmct&aﬂza@edl"

"3". 20 In 2 €.l " ' | = .S known
to the hosté:éd%olr‘%esug'ﬁeh'hgg'md ééw(@éﬁ?@?ogoﬁ#onugeeagx %58 I n| %t”’@'”?ﬁf!ﬂﬁi cation
vm th the i-@idiwe 30 positid raiadonm;b of tﬂter—Cob@é cgmlnnsﬂead)ba@b'mmmrm@tédh

- Cube "1" "3" . in turn, urn (j.e. pollin cl.e t he host
devi o act i Vati sy i Qissiangs Tih bbbty HieeiBSs OB cEa0EHa w r ef ess
short range bust signals. Then, the host device determ nes the activation
status of each receiver V\/net her the receiver is activated) of each

remai ni Hy iN @i‘i’bEOWB‘A%TeHWéth?He Cileg DAY iPPIQY & UBOTEf SPpfsticatet ArQdMily t he
host devi Cesérﬁsnﬁfé)%térﬁ :ﬂﬂtlﬁrtﬁ‘srlf%lséhﬁerﬁ%ﬁﬁflc‘éﬁoﬁhﬁﬁﬂﬁ PMhe th%&@{é;mfabe

activated i-Cube and the remaining 1-Cu In partic ar st~ 30
devi ce can instcadhenandeitted Gishthe @mpmuewatlmchameiwet/ap@u the Quixdmitgnd t he

| oobe w0 S AEODB R CHTERsb 558 046° SBboess A PBReriog We RiMERNSCr (e

adj acent i -@du&mamrpkasomnp hef thet i-Cabesl IndGuihe-baskd Bensab atniay estidir bent at i on
of the o5pposi n|% i - Cube 0)
1 employed in the more S phlstlcated 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 wireless 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 SimpliciT! wireless communication protocol similar to that of the
ZigBee wireless communication protocol.
30
Using both types of wireless communication to determine the 3D spatial
configuration of the i-Cubes



Specifically, as shown in step 1 of Fig. 12, the host device first
activates i-Cube "1" by sending it a "Fire TX'" command. Upon receiving the
"Fire TX wormsmid6139i - Cube " 1" returns an "Acknow edge" ecgsekonooehe host
device via its primary conmuni cati on ®ystem At the sane tine, i-Cube "1"
fires all its six inductive-based emtters sinultaneously (or one after
another in very quick succession, such as during at nost 20 m | |iseconds,
and preferably during at nost 10 10 mlliseconds. This reduces the maxi num
peak current drain and electrical noise in the power supply. Generally no
enquire step is performed during this period. The successive firing of the

emtters shpyé dyferf SIGkay he comfiréd td Se bdtH iR é,mﬁt—ﬁen@ﬁ%éﬂmmnner

permtted by the processing capabilities of the rocessor in order

to reduce tWECESERAMMUTGRION ANl egablished b}h@dysﬂvepaasq%gemm@"ﬁ to
acti vate negrdind RAYShyETRASESdAGR WFEBSUCbRimLibA cheaRiRghalaRge, thus

est abl i shing shor ess conmuni catron channel s t hese near by
recei veris UY]etHﬁ)S[DTITU&WI cewmmppigatiat esydtagst he ‘datkmive ethge 3D gisphtial t hen
sends i - nd. In response, the i-Cube "2" sends

0
t he host de ?”f'@“ffﬁPBngﬁ%ﬁ%th@a ing the activation status of each of 20
its receivers via its primary comruni cation system This information is

sent togeth a "Return ane is repeated for

Gube 5 € dd itrmev a3 itk ngei-CSes 4T 19ty BRERE o T 1091 eps 2
and 3, Ql&ﬁﬂl ured ﬁﬁé’omn@mc@f@\/\%k‘s&@t\@ﬂw laMhddi 'devRBAWRhARER®RS huphdlrl ar to
t hat as descri bed for step 1 is performed. 25 By repeatedly cycling through

t he i- Cbes0')1'in -a 'star-shappg topelogy; réhsm@seﬁdberl@'ngs'anm dugh deanewidibd

above, the v, h !F@p tantly
updated. | n&/@%lgéé @Oﬁyhﬁﬂgﬁgrﬁhf%eg thv 1 0. %%2 ma rheg‘ryepeat"g‘g\ &Qgérfor med
so as to obs)esitem&pﬂﬂtaatﬂCuieesatNQIethatrtamglahterbrsadéastihg af -cCotmeandsito @ndWO

2013/ 006139 / [0 e that t mnethe lativ,

art angenent g (o 25 BUEPY REuREE st shOirfegleT s daelielce e
conmmuni cat ewirglebs tneavork @taslisied ny the" primearyassmenaidation sybteaiegl/ tid -f er ent
fromthat dscrlbed aQove. For ex in each turn, the i Cube to be
activat & nyPERMUsLRY G@?tegél'pB?'ttng"'ngéﬁr'%@P?aéowow re its emtters 5

sequentially instead of simultaneously. In this case, based on the
activation status of the nearby receivers, the host device can not only
det er mi ne whidchi®fshaws domerthe” toglegledice 4ujRigerit! taay hiee a@ftﬂf@ett%i:l tp- Cube,

but can al sg gl RaldGuiGh_ pbubbe 4t her.g- Gubes s AdlaReNty Layfgen face

of the activate wever, such an alternative e an -enqui re"
strat egy reafmrlmnentlodtt@elrcma‘ttﬁ&rtﬂ .of comuni catl on bet ween the host
devi ce fdtd the i-Cubes. On the other hand, the "fire-and-enquire" strategy
as descTl bed above with reference to Fig. 12 allows the host device to
obtain all Itnhlélgnezeﬂt@aldynmmfrmmﬁﬁﬁrl or -t 63'Ylef eaghneubeeisrialonn wethar igsigenent

bet ween the i - S us unt. of conmuni cati on bet n the
host devi cel@iek- Bﬁ‘@ Woséag\é'ge 'ST‘Ff?’g%Héﬁch 1O IPEiale cRTEEIcaten 4Hpthe '2'61?"

required foreach i isi fuaheryed;rﬁ fgutéwtétaetvat@\éaeﬁ b ee " f—Uré"hﬁrtuFrPﬂﬁl gur ed
to determine the 3D spatial configuration (wth resgect to the direction of

Earth's gr a&dchyiurnfi.a. pellingcivstes, the:hast devicgsagiiyatasehe diGtievley Higgefigenent of
the i-Ggesys Imitersdo deit HRLBESSABH RRG¥Hust 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 to the activated i-Cube, and the
relative arrangement between these adjacent i-Cubes and the activated i-Cube



20 and the vertical orientation of at |east one of the i-Cubes "1" - "3".
The vertical orientation may be determ ned using the physical sensing
syst em aswdestyiobsd above. The 3D spatial confi gurati onprofi/SGher2ico@abes " 1"
"3" may al so be repeatedly determi m®d and constantly updated. 25 Qut put
system Each i-Cube may further conprise an output systemconfigured to
provi de one or nore types of output. WO 2013/006139PCT/ S&G012/000220 22 In
one exanpl e, the out put systemis confi gured to provide visual output, for
exanple, i

X ATPECt r oniSerlifal! g, 108 BE it TR ansi e, APl FRukE® - cube

fromits othed tHeaeRSive oriéAtalbR o e dpSHEIL@IbOHCBYY. . t he out put system may
conprise at |east one light emtting diode (LED). For exanple, the out put

system may conprise six RGB LEDs of different colors and/or intensity, one

for each i '§PQ€?ﬂcfa"ﬁ Cas SHGWN Wé‘tteeelag"l%bl %‘btﬁefrﬁﬁFd%é(e Rt a'cﬂvé’{’éé hC‘Ebe

different co and/ or intensit put systens
differerft i -bbtywndm Itaﬁﬁmk JX" cBmenayfd. djnq‘rmeeew@dher‘glraﬁdq mmmndn5| ties

such that e W , , t he.ot her i-Cubes.

The out put 2@% é PJP urn /&‘{% % aﬁﬁ@%ﬁ’#ﬁ@%ﬁp@bagggé Jga BSCRII"&%’ Yt he

15syst em 30&bmdmen&latld>m tsyst’em sﬁﬁltaetsa‘mé Yimlei gmbap1af.mr &l (ISIIsaT induQiNes or ha

particul ar Cube face. fa Ther ef ore an inpteractive application, the
flers e o

cont ext ual PR NSPUSHHET PheyAtes anRHyes in Very, AWICK SUEEeISiRll-ch

coul d be, fwcreégrﬂurmg BRI 20 tiiseEsHds, GnldesteféByOHuRhG tair R8st ABY be
hi ghl i ght ed. For exarr]é)@ the system 300 may sinply l'ight up a particular
acig

i - Cube Ybr @Mhlsetcneds deduegss the @ﬁf@rum peek fireat drainagnd melectiicatube i s
maycompr i o5t T MAEpBuE SASHPOSRERITRD! Endied Ren 4 pRtbmed Suto Rl Yy
(LCD) on atpéresks {TherseicogsgivesfiningOofbibe feaitisrs ﬁmuldmmﬁmbly hendomeatrpilie isyst em
ey conpri St‘?\eslja)étest possible manner permitted by the processing capabilities of the
embedded processor in order to reduce the overall time taken to complete one
15 polling cycle.) to activate nearby inductive-based receivers within the sensing
distance, thus establishing short-range wireless communication channels with
these nearby receivers. The host device, upon receiving the “Acknowledge
signal”, then sends i-Cube “2” a “Read RX” command. In response, the i-Cube
“2” sends the host device information regarding the activation status of each of
20 its reéeivers via its primary communication system. This information is sent
together with a “Return status” signal. The same is repeated for i-Cube “3” to
determine the activation status of its receivers. In steps 2 and 3, i-Cubes “2” and
“3” are activated in turn and a process similar to that as described for step 1 is
performed.
25
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".



25 col or LCDs, one on each i-Cube face. Each LCD nay be programmed to
display a different visual pattern which my be one of six possible visual
notifs chweenidmpefior exanpl e, the user or the designer eCTiSleeorzppézzeat i on.
Audi 0 out put 30 WD 2013/ 006139PCT/ SG012/ 000220 23 The out put system nay
conprise a speaker (for exanple, a tiny vibration speaker) to locally
render sound so as to provide the audio output. 5 Local playback or

m)difi cation of the sound nay be acconplished by the processor of the

- Cube. The ayl di o he sound th tained froma
| ocal st or Bt 55t frebdteidie s Peralfk aRRbBs AN arihe Phiuees. 88 sl Gk
| anguage r egapfdegedritiguas) théorﬁﬁfmlﬁﬂo@té'lmh tHeVICLD ek using éeh@%nd:@ﬁ@mm"catl on.
10 Tactil e out put The o BUt system may be configured to provide tactile

out put . Forstéaésabﬁéfer@wefr%tt @k despsibesh ahgye c A X aBPe, dheak tuihdwei-
vibration n@QSeqarbebsctMafe% Fn% lb':{:})fr%\’m@ff%dtlﬁpmé Rodiegdhacty iR kdentigss when

requi red. Power source |-Cube urt’her conprises a power source for
power i ng i tseqnelméallwms@aqooh@msltanenuelvleIreiiaama@e tlageg ae thes aativadion

conpri se mion
Cor eau var Sl o30f SRBNSTREELEH b dReetaBnb o BRRERM which ™
encl osure fine dthesi-Ggbes arevadiecertaoptha actigated! Gr(Jleeabpt e%n alve @egapmnent S

, S ter tc. i st aboye a e
S eotront ¢ WHEB R DSl BRE o PR o ciiect 16 gaeh dats o dnd refiradg e
encl osure ofoivB®er, Qéheahsaﬁé#h@tlﬁéla‘ﬂ%dand:@hé@ﬁé”n@fr@tegyhl%qﬁﬁééoéqéﬁgémy be
non-netallic and may be nade of a non-conductive material such as rubber or

acryliclOpr W@P&%P&COWH@”@(‘?&'PBMW%% thedwsbAeyice raek frer ERbbes- PPdA8I ucent
other hand, the *fire-and-enquire” strategy as described above with reference to

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

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 above)

20 and the vertical orientation of at least one of the i-Cubes “1” — “3”. The vertibal
orientation may be determined using the physical sensing system as described
above. The 3D spatial configuration of the i-Cubes “1” ~ “3” may also be
repeatedly determined and constantly updated.

25  Oulput system

Each i-Cube may further comprise an output system configured to provide one
or more types of output.

30 Visual output



WO 2013/ 006139PCT/ SG2012/ 000220 24 material such that light emtted within
the i-Cube is visible fromoutside the enclosure. Furthernore, the

encl osur evory1ymes9st r at egi cal |y pl aced hol es or connectorsGzai2abé2ov

el ectrical access to the power source?2(e.g. a re-chargeable battery) or to
house a switch for turning the i-Cube on and off. 5 MODES OF OPERATI ON COF
THE |1 -CUBE Figs. 13(a) and (b) show two nodes of operating system 300,
namely the host conputer node and the standal one node. 10 The host conputer
node is shown in edwthahstdvtpzein

ThaCt or m oriioond exafile, 08 kipul el ie Patiqired 36 drbtss WALy 196y be

resi dent 0neidiﬁpléol@iﬂtt@Ehesi}/@@l@é”nTHe"llgﬂ\ﬁ%éy' t%'fortd“éhnggﬁﬁ%%e&mlb%mdmy be
configured to receive interactive inputs fromthe 1-Cubés in system 300 15

and f urt heroeniCybpe@nderfan distieguinbiapfachviacamiithediGuhe Baels siharhese
inputs. In ¢this node, all the i-Cubes in system 300 nmaintain wreless
communi cation wWth the conputer systemvia their primary wrel ess systens.
As showb in Fig. 13(a), the i-Cubes in system 300 may be in a play area

away fromt 2 tan al one node.is_sho i n.Fig.
T30h) | To. ul P taSoe] Myt e e ST Al CRinsoa( B8R e
<C:|onf| gur $ﬂ ¢ty thveen@EDYr Fopakam,blbethe o@p:atasyétemhmaszrooaﬂor&s §dae%hchlﬁt

evi ce. e i.nj.n intain wireless co ication with this
mmater contrEor O UTEEBLCUPS RRUP IHrRTHr s Poeess HEbine, BeanEuC fhat
i nteractivegaPLCGHE FRR hay Be If W‘th@ﬁufﬂéﬁerﬁ'o’é‘dr'é?ﬂ?&%t%ﬂ?lﬂg difRafyTagdded
conputing systenms of the i-Cubes. The host device (conputer system) in the

host colfﬁ)ut@mp%é}éSt@E‘SﬁpPﬁ @iéf@r@tnb%b?ﬁ)maw Gpﬁwlééés%@fﬁ af ndiffeteiié ads devi ce
t t:
Comput er  nodior Mersifetoflon fhat Rach A, MR % dRARGESAERe IO B Lan 1

is nore cosd;thwlCubeS nore suitable for inplementing syst ens such as a
fl exi bl e educati onal system based on the interactive block play paradi gm
On the other hand, the dedicated standal one

The output systems of the i-Cubes may also 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 relevant.

To provide a richer programmable visual output, the output system may

comprise at least one color or black and white liquid crystal display (LCD) on at

least one of the i-Cube faces. For example, 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 pattern 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 example, the output system of the i-Cube is configured to provide audio
output (e.g. speech or music).



WD 2013/ 006139PCT/ S&2012/ 000220 25 node shown in Fig. 13(b) is nore
suitable for inplenenting standal one systens such as interesting

bl ock- basw0 2piszmwbB9Iganes that can be sold as a dedi cat e@#CISG20R2/006M0t 0 Si X
i - Cubes. 5 |-CUBE EDUCATI ONAL SYSTEM Bystem 300 may be configured to be an
educational tool. In one exanple, the system 300 is configured to be an

i - Cube educational systemfor teaching various concepts e.g. concepts shown
in Figs. 14(a) - (c), 15(a) - (b) and 16(a) 10 - (b). The i-Cube
educational systemains to enphasize |earning through play. The i-Cube
educational systemis derived fromobservations of children playing bl ocks.
Since the !T@Qﬁlt;ﬁﬂuﬁéﬁérﬁn@b&%ﬁ@é 2 ghbdket qislebRimblae BBnpPabialibn

rel ati onshi ps between the i-Cubes, it may be used to I nplenment intriguing
15 i nt er acReEer) e ¢naalle rendse Kowad e as de BERVidshiIe gudig/outett-viti es that are
based on sel f-di scovery pedagogies. The strength of the i-Cube educati onal
systemis that it allows educators to design and custom ze the objectives
and focus ofoaaheplaymckson grdification eafgtheadaind omay Hes accotopitskedcowrthe ng,

col or bl endj etc.)...Jhis may.be achi eved. thrqu the use of different

vi sual i coné”agﬁsstqﬁegfi tp&ll-)(iut?eac @e fb‘gé?ng?%r '%P@E?%m?eaméﬁma-yr 88%%%5%
scenari os aobthipeddratird RGar storagel inuthedeSLpe .(e.ghérom Guizen®@bAiGBadDSyst em
is also able to,incorporate software-based intelli eg?é(det ection of

cont ext ual @ fof¥ age {eROMIGUIAtoR) s/ &r PARlgSIRVIRE ofia ¢ WEeleSBubes,
and provi decirRRURREtiGt.e and tinmely audi o-visual feedback to scaffold the
user's | earni ng experience. 25 The i-Cube educational system nay be used
for dif¥erent |earning sessions, each with different |earning objectives.

The i - Cube ?Q&ﬁ@&bﬁﬂ?' syst em may

The output system may be configured to provide tactile output. For example, the
output system may comprise a speaker whose vibration mode can be used to
15 provide tactile feedback to the user when required.

Power source

Each i-Cube further comprises a power source for powering its other
20 components. In one example, the power source comprises a re-chargeable
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 etc.)
listed above and the electronic circuit 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



enpl oy the host conputer node shown in Fig. 13(a) and in this case, the
curriculumfor each |earning session nmay reside on the host device (i.e. 30
conput er wpsMeBad nay be sel ectively changed based oRCrise2ai9ni2ed

| ear ni ng obj ectives for the session. Zfhe curricul um may conpri se
information WD 2013/006139PCT/ SG2012/ 000220 26 such as event-response
scenari os and data set pre-authored by the curriculum designer. In the host
conput er node, the host device of the i - Cube educational system 5 maintains

W reless co n eac as .a.node in the
wirel ess ne’i"nal)cJﬁ"'lﬁ1 SUF%QB‘\# gﬂ'ﬁ 'Ihtﬁd Y hté tél:lhe i vgag?f}rqrgé}uﬁg qgﬁssi on,
some r econf érhigsairé OPuitdraToREt ﬂh@ner(c%s@fe andll AavasahteRRMAY fplé—‘cefdohélé§ or
curriculumis downl oaded fromthe host device into each i-Cube via the

Wi rel ess cofRAMECI4S F%ﬁ'.'OWﬁie§trﬁiabﬁﬁ@%ssttﬁéh%:ﬁ)é’webﬁoﬂl@@ (e-e-etaigedtlenal
systemto 1!9atte?)'( t(;}% Hofas E%Wt‘éhtf&%h] ,%Jpﬁ.s @ubé tolﬁem in their current
he a

3D spatial confi'guration. spati a ti ona or mati on of the i-Cubes
is then Meternmi ned by the host device usi ng for exarrpl e, the nethod

descri bed mm% E|1 he curriculumresiding in the

host devic the appropriate response in view
of the spatial relational information of the i- Cubes This response is

then trans tte vice to.,one or nore "relevant” | bes Each
el evant " ?lénﬁ?g@n? @M@qqﬁ%@ G iaPeringL &/ Stern 005 N Ne 89St Thi o
ensures tha@orﬁmefﬁ,@ab@nagh agihdaRhevEede. or "li steni ng" i - Cubes remain
unresponsi ve. 20 The foll ow ng descri bes sone exanpl es of how the i-Cube

educat i Bhal system can be used to achieve certain educational objectives.
pedagog cal | R e kg Pt R ee B &) o™ ©
convey mat heoshtdieviae lndm:émtrsofs&lchm@st%ayemsTha:Iintefrectéﬁecmphpamretmbe etc
(Sure 02l LB RN ey BB L L BT RSSERIT, o'
sense rel atmapdle donfigumattoyacalle haémetve irpaits/ fromate iiICUBsdR s@m@n’i @o@r ovi de
audi o- VI sual J ﬁ)s %pignﬁgured 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 prirhary 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 to be the master controlier i-Cube
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 interactive application 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 éuitable for
implementing systems such as a flexible educational system based on the
interactive block play paradigm. On the other hand, the dedicated standalone



WO 2013/ 006139PCT/ SG2012/ 000220 27 In structured | earning scenarios, the
host device in an i-Cube educational system may command one or nore i-Cubes
to verbalwepeoimsriacti ons to a user to performa task. Pae/Sces2/ode2dce nmay
further command the i-Cubes to give p¥rformance feedback to the user after
the task is conmpleted. If the task is not 5performed correctly within a
pre-determ ned duration, the host device may command one or nore i-Cubes to
verbali ze pronpts to the user. Fig. 14(a) shows an exanple of how the

i - Cube educatlon used for a structured |earning scenario in

whi ch nurner ned B WF‘tm%fg |15?3/a{§151ﬂ'e sptable forgaipieTeeiag, SERAPRE SYSIe®S, at an
i nstructi Onsﬁ@%lnt&@gtlﬁq]bfoﬁﬁ Uasé@'%ﬁ%zlb"ga‘?ne%t f?‘Fa'f ch® b%%@'&g%ddé&cé{t%ﬂbal | ze
an instruction to nake the stack two tines ta the user correctly
perforns thsed of ko aixpé&besnance feedback for exarrpl e, the words "Well
done, may be verbalized by one of the i-Cubes in the new stack. |If not,
pronpts using for exanple, visual output in the formof different colored
151 i ght s neQUBE EDUSATIONALeSYSTEM Ver bal pronpts nmay 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 systemalso allows exploratory self-Iearning where a

user freel ySpaemuscs n@yfli@b@rﬁﬂgdr@d)ﬁi Bd drr ddtesionmdos in @hé%)@ﬁfﬂl@stﬂ@ndl ng
verbal 20 feedback. Fig. 14( shows an exanpl e of how the i-Cube

educat i onal SYSJ&PePGrs CSE“QH:F@G fPobe gipli &‘15’@0?9”%9@91“&" BYFRMNEpr oteashingl e
addition. | t , n be
arranged SI%%R%% do%'%p?\tfsg %%@gggﬁgﬁgﬁ@db% a2>5 {‘Ci 1'5 P qb ﬁnd %?/aﬁ
14(b), the 'a&@v%het -Gubpiesiugatiingl systemaime tveﬂmaszedewlr@rthro@ntmay abel ed
"=" when this i-Cube is brought within the sensing distance of the i-Cube
| abel ed "2". Art 30

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 between the i-Cubes, it may be used to implement intriguing
15 interactive tangible block-based educational play activities that are based on
self-discovery pedagogies. The strength of the i-Cube educatibnal 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 event-response scenéﬁos authored during‘ curriculum
design. The i-Cube educational system is also able to incorporate software-
based intelligent detection of contextual errors made by the user in his/her
arrangement of the i-Cubes, and provide appropriate and timely 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 learning 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



WD 2013/ 006139PCT/ SG2012/ 000220 28 Fig. 14(c) shows an exanpl e of how the
i - Cube educational system may be used for exploratory self-learning of the
concept oWocoidowetsbendi ng. I n the i-Cube educational syeCcemsG2en2Bne2014(c),
different primary or secondary hue ca 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

mddle i-Cube (i.e. nmiddle block), the color of the m'ddle i - Cube changes
to one that % a bI end between the corlaggjr of the thi a %Gﬁ}and.tre col or
of the i- NP SYRNLTRIRONSE FEERRTOS and fae spiPreau qra &Y WF CHMA W set  of

i - Cubes anddég?,@a_ch further i-Cube is aligned, colors of the mddle i-Cubes
change 10ba on the concept of col or blending, hence creating nmultiple
m d-points (see bottomset of i-Cubes in Fig. 14(c)). Misic 15Using the

| - Qube educgtianglt 2y Fﬁf@r Ctﬁ%gtﬁ%?ﬁ@%é q’?‘iﬁ{z‘u@%b@a@dﬂ%’é on:ﬂ%y%@fn rhythm

and tenpo can al so be physical play and exp oration. For
exanpl e,5 i -rGainéxng alrelesd wrmmumaaiico:ruwithmohalmmm éwhlahcbamnlse rsaeerassacan be

physical ly ahg d to ex creation [ Oones.
0" F go. | 16T e bFoBRE el iacorr Ceeln et i ST e Rah Brafrey et em
rr]mty ?ﬁ usedsé‘s@{onl fes@mh rreccsm@%mﬂoncmmﬁrmt tion {mgpalutiiocuh@r) sd'_éoglct ﬂ&(taétshows
ow e conc (0] e verti c el a I PS et ween ones
in chords (Q%gc%vmr}%aewﬂg’ﬁ‘@%dé@ﬁhﬁﬁd‘%ﬁt%ﬁY'P%H&B@@P )'%éii’&‘g pievEl§aences
(e.g. |-V-LorsRlniestiéPTMg Qﬁo%tsﬂtﬁé: 'ﬂ'seg df GHE TP eaEEMNIdRY sYikherent

notes together. Specificalll, Fig. 15(a), a musical chord Conprising the
notes "1@, ei@eramrraagenme b@ublem eedeayy ®Wemunpi el -coness 3@p51é@ttaht| ng
t hese note ti | S byt he
| abel PLA&dnﬂgarr‘%'\S/éd -\ﬁ\n?ét hi r?%tgtere‘sdglﬁhgl Sm% ?"O@emg]gh?hl bugg%e repr esentl ng

t he not e " Wstetntivednbyitoalhoshde\dce ssmgdgreelxamplet the wethoat desgsibednabbvé he
I - Cube | abevlvi‘f:‘\nd r;stLeAcrto Fig. 1%011%/e08§r]ﬁ§8|5%wres %%lenoﬁ’\ozgost device is then
consulted to determine the appropriate response in view of the spatial relational
15 information of the i-Cubes. This response is then transmitted by the host device
to one or more “relevant” i-Cubes. Each “relevant” i-Cube is identified using its
unique address identifier. This ensures that the remaining “non-relevant” or

“listening” 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 i-Cube educational system not only has all the intrinsic pedagogical
elements of traditional educational blocks (whose ability to convey matherhatical
concepts such as sameness, difference, patterns, etc (Gura, 1992) is well
known), it is also able to facilitate the design of more sophisticated and
purposeful learning scenarios due to its ability to sense relational information

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



29 Fig. 15(b) shows how concepts such as nelody (linear succession of tones
percei ved as a neani ngful group) and rhythm can be expl ored by arrangi ng
Cubes repwvezermstionor epresenti ng the tones in a parti cul acTsenoeropoand by
addi ng i-Cubes 5 representing percussi’on instrunents such as druns to
accentuate the beat and rhythm Specifically in Fig. 15(b), appropriate
i-Cube faces are selected and arranged in a specific manner so as to
"create" a nel ody. Furtherm)re, i - Cubes representing druns (i.e. percussion

bl ocks) are adde ertaln | ocations of the arran enent reate rhyt hm
at <ol bt e APGTYERCS EaBOIeaor< ey DochiSByEa 095y 1Hoe rRFieaP IRk g
| abel ed P'—@é‘(erWnﬁé’V ébrhﬂ%@n&%é'd?gn&bﬁm t@f\/eﬂﬁﬁzé’fnsttr*@xétlérg%eéuéé? tohe
arrangenent.” Spatial and rel ational concepts 15 Li ke wooden play bl ocks,

the i-CubesPefOriha taskubbe dinst AAavissamayy Birbsr cammeant s i €albessiol gieat ed.
F | f
or eéxanp e@r@ﬁ%ég%ég%%oad&‘w‘?h@h%‘ﬁ&'ﬂ r%ﬂ%i&%ﬁsuéaq?ﬁaefe%. fLAG Ka QP@erg& top o

anot her or into each 1 CONS assocCl a with
specifi & obﬂ)@&lrmeldayormectkyr withied aopret -tedermiCabeddratiers, Hed hphly slieviae may

mani pul ati on speC|f| be represented by the 20

physi cal rra?ﬁrﬁmraﬁa Ogﬁ MR b@ﬁﬁ%@%@@@ﬂ%@?ﬁ%%%ﬁl ated visual icons.
Thi s creates many opportum ties for incorporating | earning concepts

rel ating to spatl rel ati onshl ch as o er - under, above- bel ow, besi de,
and |eft-rifget 14 é?fd‘&lwsl At @rxémﬂ%ﬁz%l%’[ W@eh EB%(ﬁdF‘P@t'Qﬂﬂ' é&’??n?ré@/a)’a 80 be

taught by usddagrot Bestiuethed i@mﬁg%éhaﬁm @ﬁ.%ﬁwuﬁ%éﬂé Hropsdibn! @fm@m In
Correspondi ng sound Iayback via 25 the host device or one of the I-Cubes

may be lthcopgdedaed Fio. t146)l ehpningjrustion stage, poe oéthgrplCebes hbam'ﬁmkel@sors of
the i-Cubes.my, Hﬁecﬁ’!d)%rﬁ ah %s@%ﬁ{&%fb %ﬂ&‘?tﬁ’% Staltk tév@ttﬁ{%%cttahgxe IfSIBQr' es

via their output sys e conten eractive change
accordi ng tlasetrl“@raautlwmfmm’ssthm tagke a péﬁbﬁmdmeﬁeedbabk tfbre edampé, ahe vi sual

icons. 30 WO 20430 1613 PCT/bSGZO§2 3)220 30 |co of a f ﬁmd a
second i - culi@aRaWyelFalels g1 o9 Ygha yrr%'b%o (?S ] es’ﬂ%‘%l?%ﬁ:g he

fFirst i- QJb@otQprdrﬁ;lStsQfsnrﬁdWorS@mWel w@UQIeoutbb’BerﬂféaCQﬂm of diffefert uIdeHNg
"over" the npoon be represented, The line "The. cow junp over the noon"

may be har ri@E r%t%y P?IQ'VPPrtQt"h? ugerh¥ernal profpRisdNanbe Giyesriothe usersaidhad

i - Cube. Thi garh@tif@tyi®BndBY tHa- @%Jﬁmwmtﬁg dp,“t systemof the first
i -Cube. Fig. 16(b) shows an exanple of how th be educational system

may be used for |earning the casual interaction of "knock". In parti cul ar,

a first i-Gyhe  £0p0RdRGydnal SRl £60 RbwEAIMLANSE DM, AgSERgAT, ! - Cube

havi ng a visual 1Tcon © are used. asua eract on o aknock
can be repruasesriteety prmtes differem laifeleb|- -Cutdesgnd Iselidiisr atrrespGudiagivettzal t he
second %O Cufb Sounds may be used to highlight this casual interaction. For
i nst anc 5@?} in Fig. 16(b), as the first i-Cube is collided into the
second i-Cube, the first i-Cube is configured to

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

25  “1+2”. 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.



15 verbalize the word "CRASH' whereas the second i-Cube is configured to
verbalize the word "QUCH'. ADVANTAGES OF SYSTEM 300 20 The foll ow ng

descri besweans/masant ages of the system 300 conpri si ng trhe/Scul®so22dhe
system 300 is able to deternm ne the 3B spatial configuration of a plurality
of i1-Cubes. For exanple, the 3D spatial relational semantic of the i-Cubes
such as 25 "above", "under", "beside", "in-between", "to-the-left",

"behi nd", etc can be determ ned. Furthernore, the relative orientations of

opposi ng i-Cub ces and the vertjical orientations of the i-Cubes can al so
be- dot erm ridl: e enomRean apmbepb il i EEUBR Skafonal RUteRt LRS- Shaped
TU's as Wrﬁdé@%ﬂe%@@kﬁ@o@%‘éﬁﬂé@mﬂ@ éf‘?ﬂe%’&ﬁé@ptlﬁlﬁ'c@for%léndTr#él?m tﬁé‘ﬁc_ﬁﬁét' al
relational infornmation that can be 30determ ned fromthe 1-Cubes is not

restricted edicationsl p3ygiRiR iedHgi dhicat diFfarent\imary 391088PR9ROT NBEXR2 PO 00220
31 Figs. 17 ” |Fﬁﬁ'§5 I [ art
syste% I n I@;ﬂ)é%d tég%tgépg%wegg%ﬂ%u %dziér @gﬁ%ﬂﬁ&%%f.'? 91 e?{?:ﬁ’ e(:[Jrs "1
- "6") &nd dfasCieasuineFigadde),( hsalted eGubaon tHeFHght (benthirar block)l iarglighed. 17(a)
shows a priof { s em 0,.conmprjsi plLural jty cube-shaped TULs.
For the sys\&'éqn%&%da@i)e \)\&}l{;% 9}%”%"29 gjg%c%nh? l?g‘oér?fgh'lfeﬂn'gﬂlea"eyg?cal

pl anarI con;dr(amlgéf i@ Bn@shat houblé iy tﬁét@_eeglg@);olo]t Ofltg@rthrr@btoclé(l?gg.théﬁgb} shows
a conpl ex configuration that the_i - es of - yste an be

T anbed | i1 BRCEUEG Le80 BORTT dhEES BAK beA0ped JaBNS PR GEL EvpSe0
because t heargPagRachaturihel figupesiii AidrbVesrs e the (iR F80LES hahge M ned.
Mor eover, as shown in Fig. 17(c), system 300 is sensitive to changées in the

15 rel atd vebasedeaan heiconcert sleotpr Rigndiag thancegneatingTuliple mid-roipissSE®l e t o
det erm ne tkﬁlﬁto?r?@étirﬁli- Uedtih ?gf%ﬁ:g)bet ween opposi ng faces of the adjacent
y | S

i - Cubes. This great ncreas t nunber of ways in which the i-Cubes can
be arranged (in other words, the nunber of conbinatorial spatial

ar r angenent 2 the i-Cubes) as the constructional elenment in this case is
not an enti Cube but one of its

15 Using the i-Cube educational system, musical concepts such as harmony,
melody, rhythm and tempo can also be taught through physical play and
exploration. For example, i-Cubes labeled with various musical notes and
instruments 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 learning musical concepts.

In particular, Fig. 15(a) shows how the concept of harmony; the ‘vertical

25 relationships between tones in chords (two or more tones sounded
simultaneously) and chord sequences (e.g. I-V-I) 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 output
system of the i-Cube labeled “PLAY".



20 faces. The i-Cube faces may be uniquely marked with pictures or texts to
al | ow neani ngful mani pul ati ve sequenci ng of semantic concepts using 3D
spati al awoangawersvs of the i-Cubes. Fig. 17(d) shows hearsieeoryseem 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
useful when a different visual icon is attached to each i-Cube face and the
visual icon at the top of a stack of i-Cubes is to be determ ned. The
ability of the system 300 to determ ne the 3D spatial configuration of the
i- 30 Cubes is partly due to the use and configuration of certain

conponent s Fig, 4B@)@Havs oW dohceptsaBIAIE as adelbdl -(HER SROCeSHIBR ofSBNds
physi cal sensing systemfor determining its vertical orientation and/or

tilt angl e.ParaRINed 28GRI HOURICRTD I OD CRsORE PREIIRS bY GOergings
conpri se Prevbdd IehrSaHR St AbneS I e baichiBe rIRRENGR) Bl AP £Blinks Cubes,

W th these proximty sengo.rs arranged 1 n ways to al eterm nation of
opposi ng Cukepreseoting pawmsssiandnsthenends sucly as sirimatiaaceentoétettheeabppdsi ng

i - Cube face eal ye:al e L.oure L relessl QM icate

rel ati onal @XW@?%@%@&M@ %{ah?)gi dgéﬁ'[ééhg{éé {ﬁgg’gtfﬁ%é%ggiﬁ%\?feceac n

det erm ne tdrearijodsipat spEcificanbngarrsat aoto ‘etedtea imdlvde Furtheamsies -Subdd0 may

be made nore error-free by using certain conponents and. configuratjons in

Che |- Qube. TORFSENUEH CEIMS 1% RENNSSPN HSkahARLAGHAD e A RBRUONEIHHE ayst om

300 in an eatdrfen®difl tORFSatE ABHAM AREISdted MRENRIA MHeEmelddy US tikh played

i nducti ve-based sensors as the prokat%ﬁsensors in each i-Cube to detect
e W

t he pre¥end®y BPVingjand<ribg labglgds PLA pésssersingkgistanca@f ane @hthf iended 3D

confi gur ati @by indHeLharkémgnan i ntended 3D configuration of the i-Cubes
(due to sl i(g%tégrﬁnsa??gr%né%t gnof the i-Cubes) can be reduced. The proximty

sensors 15 may al so be arranged such that even with slight rotational

m sal i gnnen t j i - Cubes, the intended spati al

rel ationshi k t\f@nﬁ%{o cepls may still be detected. In addition,
cube-shaped TU's such as the i-Cubes or any other TUs wth 20 identically

PR S T L S
physical manipulated. For example, they can be moved around, rotated, made
to stack one on top of another or made to “knock” into each other. Visual icbns
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 opportunities for incorporating learning concepts relating to
spatial relationships such as over-under, above-below, beside, and left-right.
Casual interactions between specific objects may also be taught by using the i-
Cube faces with the associated visual icons. Corresponding sound playback via

25 the host device or one of the i-Cubes may be incorporated in the learning
process. For example, the processors of the i-Cubes may be programmed to
narrate concepts or interactive stories via their output systems. The content of
the interactive 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



faces, the sensor pair has to be aligned with each other to a certain
extent. It is easier to design a sensor arrangenent that aligns sensor

pai rs on wpposimgi3vdentically shaped TU faces than a sens®G2aroarngenent
that aligns sensor pairs 25 on opposidtg differently shaped TU faces.
Furthernore, even with a nore intricately designed sensor arrangenent, the
user nust still take extra care in arranging differently shaped TU faces
to achieve sufficient alignment of the sensor pairs on the TU faces. On

t he ot her hand, .the yser can mani pul at ntically shaped, TU faces in a
ror e casual MREHER OkBien AY 3 PRAIIaEHPHBRUNG R HEVdeah CAGeBIeN BB use

differentl yuﬁmrmﬂstaék.ﬁg shmrém&émdmoﬁw §5BoAlJ-CuUdl, $hé ToREsAWIE 1 N
sonme cases, it may not even be possible to have a sensor ar r angenent t hat

enabl es t hetheepayy beingn‘avagHheunoen deay be Appigsenieth Thadineyidhe cow jump
2013/ 00613951/ tﬁ@%ﬂ& 091%?%% ﬁﬁrrﬁ%ﬁ&’é ?hé)ﬂrﬁ'r?-\CLﬂ)tehﬁrﬁZ{:&eJ @ﬁﬁob rbftthg
atly h e used.

system This gre cat1ons

Each i - Cijbeseﬁonslws@lma 3i00s maya%rsmayebemeﬁpgneédbysuhemutpm systtemsofnbaer 5

efficient. Jhis~nay be achieved through the use of | ow powered conponents

such as a I<5r\?/t 'gb\nbﬂél'ed processor and a | ow powered primary conmunication

system and through adj usting the ratio of em'tters to receivers in the

proximty s’gnsi n st ens of on?
ig. 16 ) hows an exampie

of h%‘\?v the i- 8“‘ be educatlonal system may be
used for learning the casual interaction of “knock”. In particular, a first i-Cube
10 having a visual icon of an ambulance 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 interaction. For instance, as shown in Fig. 16(b), as the
first i-Cube is collided into the second i-Cube, the first i-Cube is configured to
15 verbalize the word “CRASH” whereas the second i-Cube is configured to

verbalize the word “OUCH".

ADVANTAGES OF SYSTEM 300

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

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

i-Cubes. For example, the 3D spatial relational semantic of the i-Cubes such as
25 “above”, “under”, "beside”, “in-between”, *to-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 art cube-shaped TUls as mentioned above

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



10 The system 300 may al so be configured to use two types of wreless
channel s, nanely, the short-range | ow bandwi dth w rel ess conmuni cati on
channel s woaotmeizong- r ange hi gh bandwi dth wi rel ess conrumiscGatizenoxhannel s.
Short-range | ow bandwi dth wi rel ess co¥truni cati on channel s may be
established by an i Cube to detect the presence of adjacent i-Cubes whereas
| ong-range high 15 bandw dth w reless comuni cati on channels may be
established to wirelessly commni cate hi gher bandw dth i nformation such as

rel ati onal nfo et he. i es to ost devi ce. onfiguring
cach type of SEnHALT LRGN T1d FoRGHGe Fsvsm Ba6 S5t aiaas Sibieghaneach

i -Cube to draibecw anlydy, @eca@uséﬂaé alu RieWityhDmbefs SienseNdarfl Rhsapce

whi | e avoi di ng the i ssue of wireless 20 data Stream conmuni cati on

truncati on G#REfacop(labetethed’ arfe).suddenly pull ed apart. Moreover, the system
300 may be configured to provide responsive audi o- visual feedback using
the output systens of its i-Cubes. This may be achieved 25 by equi pping

t he out gut ysarteanfFig.hie (a) shdves aiprior addsysterh dybaconyaisity & ipluraktyanid/ or
conflgurlngthe out yst of, th Cube At di fferent i-Cybe
Faces can pelBCsiPaBLl Y PO sibueln 700 iFe e Pl OBcset Y B8 Bvaiotd

mul ti nodal inenypicyl plassbegrfiglativhaswshewn iMFid 1t74g). abi lity to determ ne the
3D spatial configuration of the i-Cubes and to 30 provide responsive

f eedback, the system 300 can be used to inplenent intriguing interactive

tangi bl e bl pckshasedrigdyed)ishds @Icakhp?é‘o& BY Eotiguididh At tRAEEdnes of
sel f-di scovery pedagogies. I'n particular, the i-Cubes can serve as

2013/ 00 39PCTEEH0 2N (OIS i nBedh eajeplex SPagoriguEations kan ibstuserdees t o
I Tow th foof
allow e | il OB e S bl AMIchLEK Bliehans haspdenedinggo es

for young chil S can be con ure
context-amemaeﬂmedﬁack dependlng on how a set of Cubes are are physically
mani pul ated and arranged, via visual cues (e.g. colored 5 lights) and/or
auditory cues (e.g. nusical tones, associative sound effects) that wll

engage the Mptdovet,eass eReWI Yin m@lan , &sysim \B0ONig sdisitiveetd. cHamgebanhprads of
creative educators, the aeﬁ/stem 300 can ge used to de5|gn a rich variety of

pl ay- baked rﬁ@i‘é@dﬁie@?tpﬂ etypen paiaseBhifalPery Mg BdpRBFELISToAgte IR ng
tailored | %@@Pwapmnﬁﬁdsﬁesbetmbﬁ SO FRMabd ¢k end %dja%wntﬂ@ezﬁbéél hsch

children can i ndependent | Elore concepts through play 1n areas such
as nusic, |erﬁgh)ag@r%a$@8ﬁae ﬁéﬁ’@ter@ WAYS {mpi Obﬁygn&}lhega qa@rbq:)alram@e%hﬂ

arrange relgtagg%msowwﬁéhs Bﬁ"n@bsrlaF tn:ﬂ%‘(%nﬁeﬁ{éni’éf 8#‘@:6 bl o Bidsed on

t he i-Cube S a sing enbo inventi on has
been descr i#&ethe eonstructional element |n 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 system 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 useful when a different visual icon is attached to 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 tilt angle. Each i-Cube may also



15detail s above, it is to be understood that many variati ons are possible
within the scope of the invention, as defined by the clains. WO
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The system 300 may be made more error-free by usingvcertain components and
configurations in the i-Cube. This can allow the user to manipulate the i-Cubes

10 in system 300 in an easier 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 misalignments of the i-Cubes) can be reduced. The proximity sensors

15 may also be arranged such that even with slight rotational misalignments
between two adjacent i-Cubes, the intended spatial relationship between these
i-Cubes may still be detected.

In addition, cube-shaped TUIls 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 TUI
faces, the sensor pair has to 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 TUI faces. Furthermore, even with a more
intricately designed sensor arrangement, the user must still take extra care in
arranging differently shaped TUI faces to achieve sufficient alignment of the
sensor pairs on the TUI faces. On the other hand, the user can manipulate
identically shaped TUI faces in a more casual manner. Note that it is even more
30 disadvantageous to use differently shaped TUIs 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



20l ntelligent Toy Enhanced Learning (DIG TEL '07). [10]

CubeVor | d, fronRadi caGanes. See
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[12] Merrill, D., Kalanithi, J., Maes, P. (2007). Siftables, Towards Sensor
Network Interfaces. In the Proceedings of the First International
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for use as part of a set of TUls, the TUl conprising: 5a housing having a

plurality Og %I@Q-%bes\ggtsxstem 300SHAF! @Qosb(étc%mlg@'@&ﬁﬂfheﬂwét% qghﬁ)%er for

each of sai aces anot her t he with
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to claiml,sysheneand tHreugteadjuBUngmd edtiof afrérhitersClonieceivess ia tBe toEmity

accel eronet er for@/asft er ni ns{the ogiggnt ation of the TU with respect to

t he directi¥'SH19 ?rHSQ BW‘% FPre 158998-Tu according to claim2, wherein
the sensing systemis further

10  The system 300 may also be configured to use two types of wireless channels,
namely, the short-range low bandwidth wireless communication channels and
the long-range high bandwidth wireless communication channels. Short-range
low bandwidth wireless communication channels may be established by an i-
Cube to detect the presence of adjacent i-Cubes whereas long-range high

15 bandW|dth wweless communication channels may be established to W|reless|y
communicate higher bandwidth information such as relational information
between the i-Cubes to a host device. By configuring each type of channel for a
different purpose, the system 300 allows each i-Cube to detect only the
adjacent i-Cubes within its sensing distance while avoiding the issue of wireless

20 data stream communication truncation when two i-Cubes are suddenly pulied
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 to the user.
With the ability to determine the 3D spatial configuration of the i-Cubes and to
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



configured to determne a tilt angle of the TU with respect to a direction
of Earth's gravity. 4. A TU according to any one of the preceding clains,
wherei n twe 288m®613g 20 system conpri ses at | east one i ne#gTiSiGeerwaeed sensor
configured to interact via wireless sHHort range signals with at |east one
ot her inductive-based sensor within the predeterm ned sensing di stance, so
as to detect the presence of one or nore adjacent TU's conprising the at

| east one other inductive-based sensor. 255. A TU according to claim 4,
wherein the t%r edet erm ne(% sensing distance is |ess than

5
accordi ng tBtetiognhplay Hlodk-likgralegages Hyalgw the,prlgmentatign %@C’B‘éﬁséﬂdsensor
conpr i Ses: (@ARe [AREaRRE pBRAGARES FF ySURMIAhNT NG, Heh6rTaRhgst range

signals to activate the a | east one ot I nducti ve-based sensor; and
2013/ 0061 39RaigSE0n2P BT gogext-aware medb@@tstde@ﬁ@dm@dm vew 8 et fuir ed to

receive t h%mécfeér%sﬁrfshc%ﬁg néé\ﬂ@@lraeas r% %nfah e Ry d a8k L B3 B IdiEd

i nducti ve-based Sen's one r celver el ng ated upon
recei vi ig d@htt)wnUMreamltstyocuesr @rg;ensslgalabaes 597ssécrﬁtm'e aoumnd difegs} thad:l a| m 6,

wherei n t he .nunber Iﬁﬁlers IS Itthan nu Er ofI tec% g
TU accor di'i et”&ag? ‘?n”é%J efenﬁﬂé(r’BP attive °h)i°“6‘8 (&1 10 the hands & of
recei vers ass@bicdddidardrs theybienat 0@ cands WedttbeickR@esricts Vatiety bplayhen one
or ,
based pedagogies that are both engaging and capable of delivering tailored
learning objectives. This can contribute to new ways in which children can
10 independently explore concepts through play in areas such as music, language
and mathematics as they physically manipulate and arrange relationships of

basic concepts that have been visually marked on the i-Cube faces.

Although only a single embodiment of the invention has been described in
15  details above, it is to be understood that many variations are possible within the

scope of the invention, as defined by the claims.



10 nore of the plurality of receivers are activated upon receiving the

w reless short range signals fromthe at | east one other inductive-based
sensor ofwOhei13mmel3oar nore adj acent TULls, the associ at edpCasegofooshe TUI
can be determined. 9. A TU accordinmg to claim8, wherein the TU
conprises at |east one 15receiver on each of two or nore of the faces. 10.
A TU according to any one of clains 6 - 9, wherein the at | east one
receiver of the TU is arranged such that when the at |east one receiver is
activated u op receiving the wireless short range signals fromthe at | east
one 20 otd&iﬁﬁﬁﬁﬁﬁive-based sensor of the one or nore adjacent TUls, the
relative orientation of opposing faces of the TU and the one or nore

adjacent I1li's can_be determ ned based on a position of the at |east one
activated rldt&iwarP. (Bd) (W9RY Expwsndi/agrming: cYating cbildramensi hlogkeolay

conpri ses %%W&k:iﬁ%xl@ha%?{at‘?ﬁm vers on at |east one face of the TU,
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15. A TU

| ong rangEoWHMAEBIW r el essl y,

greater th

cl aim 15, when dependent on any of clains 4 -

the long r
signals. 1

according to any one of the preceding clains, wherein the TUl
further conprises a prinmary comruni cati on system configured to conmuni cate

the range of said | ong raogscaogmad20 bei ng

an the predeterm ned sensi My di stance. 1016. A TU according to

14, wherein the bandw dth of

ange signals is greater than the bandw dth of the short range
7.A TU according to any one of the preceding clains, further

conpri sing an out put system configured to provide one or nore of the

f ol | ow ng: output, light for distinguishing the TU from other TUls,

| ight for distinguishing each face of the TU fromother faces, liquid
crystal display for at |east one face of the TU and tactile output. 2018. A

TU accordihg t d &piRpdiss intadage elddyiferqusa as mart Qliresel of THIS: phaiddlity of

faces are
pr ecedi ng

a

housi ng havi ng

configured
of TUs is

10

15
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25

30

andtheémofathpreetef &g irewitisiars pregietératicett serfigingrdistenceait@n the
face, and, for each face of the TUI for which the determination is positive, the
relative orientation of that face of the TUI and the corresponding opposing TUL.

2. A TUI according to claim 1, wherein the sensing system further
comprises a 3-axis accelerometer for determining the orientation of the TUI with

respect to the direction of Earth’s gravity.

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

Earth’s gravity.

4. A TUI according to any one of the preceding claims, wherein the sensing
system 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 the at least one other inductive-based sensor.

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

is less than 5mm.

6. A TUI according to claim 4 or 5, wherein the at least one inductive-based

sSensor comprises:
at least one emitter for transmitting the wireless short range signals to
activate the at least one other inductive-based sensor; and

idigentical shape. 19. A TU according to any one of the
g‘f”ﬁ‘?r‘% "qjgg/nerel n the TU is cube-shaped. 25 20. A tangible user

interface (TU) a’rMuaim@ha\én@amluraﬁtyaaféanesoancrms, the TUL conpri sing:

090k Seukify shef cbifiRen B Petect fop eafn & SR frsBihAller e <ot
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WD 2013/ 006139PCT/ SG2012/ 000220 39 the sensing system further conprising a
3-axis accel eroneter for determning the orientation of the TU wth
respect twot2hs/onervi cal direction. 21. A TU system conpPCIiSegoiz/opéaeal ity
of TU s based on any one of the 5prec¥ding clains, wherein each TU
conprises a unique identity. 22. A TU system according to claim 21, when

dependent on any of clains 6 - 14, wherein the TU systemis configured
to determne a relative arrangement of the plurality of TU's by performng
the followng steps (i) - (ii) for each of the 10plurality of TU s:

(i) activating @hdeagy omng '???'We??’ﬂf{ﬂl{r% tt receiygt thenwirelasst glorbramge Tul to
send the Wsrﬁa?sgﬁoﬁhﬂ{et eacﬁoﬁé%ﬁéﬁrndﬁ%e -based sensof! did GRLIBREY 1Y

whet her each’ recei ver remal nin I's activated so as to determine
the rel ati \recqverabﬁ;mmvam umretclaenrmcsaldMretesswhoartangmelgmaiserrau ni ng
TUs. 23. A TU. system according to claim22, when dependent on claim 2,
wherein the TU systemis further configured to determ ne a 3D spati al

confi gusat iZon ofA TUEapd:ardmlgitby:Ia]fn g Uveensint ther esmbet oft emitiees b keesthan of
Earth's 20 avi HBS mthe relati ve arrangenent of the plurality of TU's

and the ori ?IPH receivers.

8. A TUI 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

10 more of the plurality of receivers are activated upon receiving the wireless short
range signals from the at least one other inductive-based sensor of the one or
more adjacent TUIs, the associated faces of the TUI can be determined.

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

15 receiver on each of two or more of the faces.

10. A TUI according to any one of claims 6 — 9, wherein the at least one
receiver of the TUI is arranged such that when the at least one receiver is
activated upon receiving the wireless short range signals from the at least one
20  other inductive-based sensor of the one or more adjacent TUIs, 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 TUI according to claim 10, wherein the TUl comprises a plurality of
25 receivers on at least one face of the TUI, arranged proximate edges of the

corresponding face of the TUL.

12. A TUI according to claim 11, wherein the plurality of receivers are
arranged on the at least one face of the TUI in a symmetrical manner.

30
13. A TUI according to claim 12, wherein the TUI comprises a receiver at a
midpoint of each edge of the at least one face of the TUI.



of at least one of the TU s with respect to the direction of Earth's
gravity. 24. A TU systemaccording to claim23, wherein the TU systemis
conf i gur estot201ymepsat edl y determ ne the 3D spatial confi goarsGzer/006220 he
plurality 250f Il1's. 25. A TU system8according to any one of clains 21 -
24, wherein the TU system operates with a host device conprising either a
conputer systemor one of the plurality of This, said host device
configured to conmunicate wirelessly 30 with one or nore of the TU s so as
to receive input fromand provide output to said one or nore of the TULs.

14. A TUI according to claim 13, wherein the at least one emitter of the TUI
is arranged nearer to one of the receivers than to the other receivers.

5 15. A TUI according to any one of the preceding claims, wherein the TUI
further comprises a primary communication system configured to communicate
long range signals wirelessly, the range of said long range signals being greater

than the predetermined sensing distance.

10 16.. A TUI 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 signals.

17. A TUI according to any one of the preceding claims, further comprising

15 an output system configured to provide one or more of the following: audio
output, light for distinguishing the TUI from other TUIs, 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.

20 18. A TUl 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 TUIl is
cube-shaped. '
25
20. A tangible user interface (TUI) for use as part of a set of TUIls, the TUI
comprising:
a housing having a plurality of faces; and
a sensing system configured to detect, for each of said faces, whether
30 another of the set of TUIs is within a predetermined sensing distance from the
face;
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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, wherein each TUl comprises a unique identity.

22. A TUI system according to claim 21, when dependent on any of claims 6
- 14, wherein the TUI system is configured to determine a relative arrangement
of the plurality of TUls by performing the following steps (i) — (ii) for each of the
plurality of TUIs:

(i) activating the TUI by triggering the at least one emitter of the TUI to
send the wireless short range signals; and

(ii) determining whether each receiver of each remaining TUI is activated
so as to determine the relative arrangement between the activated TUI and the

remaining TUls.

23. A TUI system according to claim 22, when dependent on claim 2,
wherein the TUI 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 TUIs with respect to the direction of Earth’s gravity.

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

25. A TUI system according to any one of claims 21 — 24, wherein the TUI
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 more of the TUIs so as to receive input from and provide output to
said one or more of the TUls.



