HAPTI C CHAI R SOUND ENHANCI NG SYSTEM W TH AUDI OVl SUAL DI SPLAY RELATED

APPLI CATI ONS Thi s application clains the benefit of U S. Provisional
Application No. 561/098, 294, filed on Septenber 19, 2008 and U. S.

Provi sional Application No. 61/098,293 filed on Septenber 19, 2008. The
entire teachings of the above application(s) are incorporated herein by
reference. BACKGROUND OF THE | NVENTI ON prsider t he ki nds of nusi cal

behavi ours that typical non-nusically trained 10listeners w th normnal
hearing engage in as part of everyday life. Such listeners can tap their
foot or otherw se nove rhythmcally in response to a nusical stinulus. They
can quickly articulate whether the piece of nusic is in a famliar style,
and whether it is a style they like. If they are famliar with the nusic,
they mght be able to identify the conposer and/or perfornmers. The
listeners can list instrunents they 15hear playing. They can i mredi ately
assess stylisti tal fp@ﬁ trther or
not it is |oud, q{@ﬁg¥fg§fggﬁﬁhﬁg fAn Eﬁﬁg?kgpvggﬁéFg¥g§Ha ééllng of
anxi ety. They can al so nake conpllcateQ socl o-cul tural judgnments, such as
suggesting a friend who would Iike the music, or a social occasion for

which it is aﬁﬁtgﬂﬁtﬁgﬁg%ﬁgﬁ?ﬂ%egf the listeners are hearing-inpaired, what

woul d their mnusica Partial or profound | ack of hearing makes

the other vays hunpps yse kg, SENSEqSQUALk DU 8% Y aNENLcHER T @

i nportant for the dea peoplé W't

transm tted toroeybo4, figedoon S@ﬂdnbéingymomh&ﬂ Sphmlsficaial Kpﬂil@t@nﬂ,\l’b as
floors, walls, chairs_and nmachines act on _the entire human body, not 25

just the earsOl/9% 2% filgd an SePrﬁﬁH’eréh? m@gemﬁe@tﬁé tesehivgpt 6 aBPVeusi ¢ and
envi ronnent al @ﬁgﬁ%@&nlé‘@éljﬁog?me%lglegg?efe&ng rticular fo_r the_ deaf In

fact, it has een at sone peop e process vibrations sensed
via touch in the part of the brain used by other people for hearing. See D.
Shi bat a " Br ai BACKIGRIeENIPOOPITEE TINSENTIODSI c* in International Arts-Medicine
Associ ation Newsletter, 16, 4 (2001). This provides one possible
expl anation for ho@wmﬁmﬁtmmghéhahnuﬂamb@ﬁﬂhﬁmmﬂwinpkahdnEdemmueaﬁnpbople
can enj % OC ° ri?s%err;[erss wit dn(())}rrt] ? Elegrlljnsgl e%aglageel\rllears]tpart of everyday life. Such listeners can

tap their foot or otherwise move rhythmically in response to a musical stimulus.

They can quickly articulate whether the piece of music is in a familiar style, and

whether it is a style they like. If they are familiar with the music, they might be able

to identify the composer and/or performers. The listeners can list instruments they

15  hear playing. They can immediately assess stylistic and emotional aspects of the

music, including whether or not it is loud, complicated, sad, fast, soothing, or

generates a feeling of anxiety. They can also make complicated socio-cultural

judgments, such as suggesting a friend who would like the music, or a social

occasion for which it is appropriate.

20 Now, if the listeners are hearing-impaired, what would their musical

behaviour be? Partial or profound lack of hearing makes the other ways humans use

to sense sound in the environment much more important for the deaf than for people

with normal hearing. Sound transmitted through the air and through other physical

media such as floors, walls, chairs and machines act on the entire human body, not

25  just the ears, and play an important role in the perception of music and

environmental aspects for all people, but in particular for the deaf. In fact, it has



These findings may suggest that a nmechanismto physically "feel' nusic

m ght provide an experience to a hearing inpaired person that is
qualitatively simlar to the experience a nornmal hearing person has while
listening to nusic. However, little reseagch has specifically addressed the
question of how to optim ze a 10 nusical éxperience for a deaf person. Sone
previ ous work has been done on providi ng awareness of environnental sounds
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rel eased a noWisuatialngedon-Fperch Sbandswbethe [vaif,iTad ParesdihdsafltASSHTSII al ogue was
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Music and the deaf
Profoundly deaf musicians and those with less pronounced hearing problems
have clearly demonstrated that deafness is not a barrier to musical participation and
25  creativity. Dame Evelyn Glennie is a world renowned percussionist who has been
profoundly deaf since the age of 12 years but ‘feels’ the pitch of her concert drums
and xylophone, and the flow of a piece of music through different parts of her body
— from fingertips to feet. Other examples include profoundly deaf musicians such as
Shawn Dale — the first and only person born completely deaf who achieved a top ten
30 hit on Music Television (MTV) in 1987; and Beethoven, the German composer who
gradually lost his hearing in mid-life but who continued to compose music by

increasingly concentrating on feeling vibrations from his piano forte.



and novi ng objects. (See J.B. Mtroo, et al., "Myvies from Misic:

Vi sual i zi ng Musi cal Conpositions,” in Proceedings of SIGGRAPH 1979
(I'nternational 15 Conference on Conputer G aphics and Interactive

Techni ques), ACM Press (1979), pgs. 218-225.) Since then, nusic

vi sual i sati on schenes have proliferated 0 i nclude commercial products |ike
W nAmp(r) and i Tunes(r), as well as visualizations to help train singers.

It is not thepurpose aof this work to discuss full history here. B. Evans
in "Foundati ond® 's'éfg\ﬁgﬂﬁl Musi ¢, " Computer Music Journal, 29, 4 (2005),

pgs. 11- 20 24 gi Vehe isa@MeeDhatiohDI dusitis 6. lotfonRV@lourf @isedrl, e¢d thef t hese

different nusic visualizatjions on the hearing inpaired has not been
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rol e in pescejainyanBisaey, Dal94(; widdsky a hvid dtled GataSas atleeraniationconcept ,
R Palnmer, in 1994, devel oped a portable music floor which he called

Tac- Ti | e Soun¥itheytanydialoguegeys uspdigavisialispplassicah Aiusich A0 ths exyarls iabl e t o
find a report | i ] . tly,
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di fferent manner and this enables the wearer go feel the difference between

not es, rhyt hneorapuder based appepachovasidi BaMiwes whagn | 97% inputpnesicad @ditibutes t ed TTSS

by Pal ner, not ny.techpi cal or user test details abqut,this device are 5
avai lable, mteramEao hopdl a§ily \ERbefor R Cr PRk bR G “an
audi o signal iditRodingobRES. (S OB MEkdd, 6t AYEMilvies Tasm 8l iBidi Siinialiainkbdel
Human Cochl ea (I\/_HC% and these out put. channels are presented. in a | ogical
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Conf erences oppsAdVBRZES Simce@hern uwiwsic- Hiumhinationt sehanéd tenws prai@jed tp nc2ddd- 254;
and M Karam et al,, "Towards a Mdel Hunman gochl ea: Sensory Substitution
for Crossmodafompercisl pradurts ikpWinAmes an 'ﬂwsoc@eva?%ﬂ Vlatrﬁ@ itegelp

Interface 2008yin angx%.o i is Ot @E .E)Qmogéaﬂ@?s’ wdo %%‘cﬁ&fuﬁ A0 %ry M. BGRagd4-)

@Qunther, et al., 1ntroduced the concept of '"tactile conposition' 15 based

on a sinlar isy'§pemdationpof & ¥duel Mukics tempiterdvisio dewrsalng?.rt @085 nees.tthe body
with the aimof .creatin sic,specifically for.tactjle di I . (See E.
Qunt her, &t af* Vo exIF VI@%H@’@? P&ngiﬂﬁegefﬁf?ofh’gs%‘gﬁ%’geng% uch,” in

Proceedi ngs ofisiZPi0#:i SaRh R ERGRInG imPeived Hh%tnbﬂff@ﬁts%iehﬁﬁcdﬂgﬁhﬁ@sﬁgﬁ&@ BESHHON
(NIME-02), Dublin, Ireland, May 24-26, 2002, pgs. 1-6.) 20The cl osest

comer ci al | y riispedifiieapmiepten Homkis perpappisikeanndo Appbeadéed i nventi on
include the 'Vibrating Bodily Sensation Device' from Kunyoong | BC Co, the
"X-chair' by Ogawa World Berhad, the "Miltisensory Sound Lag' (MSL) from
Oval W ndow Auedliig néinic Snoezel en(r) vi bronusic products from Fl aghouse,
Inc. These devices are designed to process .sound, incglyg(g' ng musi c | nputs

accordi ng>to 25 pr%? prertionsd abpyh d¢OgRP TS PEEPBY @r‘?ﬂ' PGt H’%Stqféheout put .
one part of tioey Bady Sp B0 Fhl Aok Pk FEAAL. B g e, e e
sensitive to dnahisrcohcapyRRzlmen) in 1994, developed a portable music floor which he
called Tac-Tile Sounds Systems (TTSS). However, Applicants have not been able
to find a report of any formal objective evaluation of the TTSS. Recently, Kerwin
30  developed a touch pad that enables deaf people to feel music through vibrations
sensed by the fingertips. (See “Can you feel it? Speaker Allows Deaf Musicians to

Feel Music,” Brunel University Press Release, October 2005.) The author claimed



SUMVARY OF THE | NVENTI ON Applicants address the foregoing probl ens
and shortcom ngs of the prior art 30 and provide a system which has three
mai n nmusi c-driven conponents: (i) a Haptic Chair' that vibrates with the
musi ¢ providing tactile information via the sense of 5 touch; (ii) bone
conducti on of sound; and (iii) a conmputer "display of informative visual
effects. The conputer display generates different visual effects based on

nusi cal feature uch as note qnsefs, . pitc anpljtude, tinpr.e, t hm
beat s and- key [haNadnHE Ae LonabeBitih TeCchih ot ialrvioscrtabeL i PIT boe
nodul ated 5 UhidPaBRLG if AIEGEnShaRRt Snd thR&NhPIES BcGRIRINE Ke tHERM BRniSEd 1N

any conbi nation or independently of each other, corresponding in real-tine
to features obetwigen neisschythms gnéinstrnmdnicsvivddiations.s As ithdepaptiouslye bigddr
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specific inpairments. T uman CNS is sti argely a "black box' in data
processi ng t einteactivas,i 2008h pbE4B Sdndol Mi Kating ct ol..ddouwaslsondodelwnaat e a

conputeri zed em,to replace it ny 20 var i.o ilities. Therefore,
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sounds (audi op&tédiiids)of REBhi¢sOnEeHcdP0GH) 8V ind¥ENOh@A Haptads, KBRDR-300 si nply
anplify the natural vibrations produced by subject nusic and give the user
of the systemiOepgs eeltdnd @m&n ¢lel 4 Harodugndrthe eoriciepldy “tepile commesitienal .
Prelimnafry t i t ; i I a
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exclude specific anplification or attenuation of the sound spectrum
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i nclude: a chayjoh @ dhrNéthﬁ‘sfn%Hf‘e%%?l\@QiéQi EQidd\RIfA120%), DB,
speakers 30 receive audio input froman audio source and generate

cor r espondi ndredandy §ayi B-26,20015 pgIHed.3peakers. are coupled to the chair in a

ranner | deli Vet ng Hhe, genet at ed i Dratl Stk BNl Spalagr seated
invention include the ‘Vibrating Bodily Sensation Device’ from Kunyoong IBC Co,

the “X-chair’ by Ogawa World Berhad, the ‘Multisensory Sound Lag’ (MSL) from

Oval Window Audio, and Snoezelen® vibromusic products from Flaghouse, Inc.

These devices are designed to process sound, including music inputs according to
25  pre-defined transformations before producing haptic output. The Kunyoong IBC

Co’s Vibrating Bodily Sensation Device only stimulates the one part of the body

(the lower lumbar region of the body which is more sensitive to lower frequencies).

SUMMARY OF THE INVENTION

Applicants address the foregoing problems and shortcomings of the prior art
30  and provide a system which has three main music-driven components: (i) a ‘Haptic

Chair’ that vibrates with the music providing tactile information via the sense of



6 touch) and delivering sound to the user by bone conduction. Such delivery
enhances user experience of the subject audio (e.g., nusic, real-tine
stream recorded stream of audi o data, speech, other environnmental sounds
and the like). A visual display corresponds to the audio input and incl udes
any conbi nation of text, color-based 5indircati ons of respective features of
the audi o input, and variance in visual brightness as a function of

anplitude of the audio input..ln other enbadi ments, the visual display
el des  t hr el epe AT RSV ARG R R yes fial of Hormiaite

Enbodi ment s ofishl@fREQS §RE chAYERE HRPlafBBRNSSs MRt (RUAlIPhecRARId gNCes for
both hearing-inpaired and normal hearing people. At various stages of 10

devel opnent, Appicalcigatueesisach asiase osetsdpisehy smipbivgestimbrendryehng Heats B8d oy mal

heari ng peopl g who t)ied the tic.Chai,r and received posiit]j f eedback.
B EF Deacn PO teons g Rfieh 6r SRe e B8 St ERGP RRINE, L oP ool om
the foll o nguRlEehiPadrticLib@ls. dBRCthideicdofpofénteRIBL @s&ITAQel FBRbMatbn bhe
invention, as illustrated in the 15 acconpanying draw ngs In which |ike

ref erence chaidepadsnthepigach gtheneoggsrondmetia reaffigigdn deatiren el Giemusicep
ARSIl e ne .
VI ews e ar ﬁ@t&g@ e%b%éiﬂgér%ggli?eﬁﬁéa}ﬁ% 'ch%(lr @%ﬁd%@'t&he‘%{gm{iéﬁt%é B&heRdsRE

ng
pl aced upon i atin ts o present 1 nvention. i gure
1 is a bl ock dftagetamdiionsyshductian ofisduadt ure of a nusic visualizer in a
preferred enbodi ne

ng. 20Figures 2a-2c arg_ schematic vi of enbadi pents of
the present invent Ifameaer cforSYrisg PR ranane SLF PP ?Saglgef
Figure 3§ aplbeka SHIRGARAL Abt AcGRITAIS prbRIESIAE ntW SPrAMRL QY&Rctd the
embodi nents of Figures 2a-2c. Figures 4a-4b are block diagrans of
respective sobpohusiysBenmis¢ ppaak eans@ 5eyicakyrdyriedplirgeehsithrougboiding badychai r
enbodi ments in Fiqures 2a-2c.. Fugyr%.S if %1ﬁh§% offpv i OI ﬁSS,(FIow
State Scale) SBYHEPTR BRIt BRI FrifReshedlste® THORREIGN.
Figure 6 is addivetedQhroi@Stis sl Bighf Ssfuptibeh@isenl egmhaadidans of the
Exenplification I. 30Figure 7 is a graph of overall FSS scores conparing 2D
vi sual di spl a§prfepndmg effect is potentially more significant for the deaf. Since the human
15  central nervous system (CNS) is particularly plastic in its intake of various sensory
inputs and production of often different sensory output, it is important to support this
ability to create new sensory experiences for people with specific impairments. The
human CNS is still largely a ‘black box’ in data processing terms and it would be
unforgivable to assume one can create a computerized system to replace its many
20  and various abilities. Therefore, Applicants decided not to alter the natural
vibrations caused by musical sounds (audio stimuli), but to design the invention
Haptic Chair to simply amplify the natural vibrations produced by subject music and
give the user of the system the freedom to acquire the input he finds most beneficial.
Preliminary testing suggested that the Haptic Chair was capable of providing, not
25  only haptic sensory input (via the sense of touch) but also bone conduction of sound
via ear or directly to the CNS. This does not exclude specific amplification or
attenuation of the sound spectrum.
Sound enhancing devices and methods embodying the present invention
include: a chair and one or more speakers coupled to the chair. The speakers
30 receive audio input from an audio source and generate corresponding sound
vibrations. The speakers are coupled to the chair in a manner delivering the

generated vibrations to body parts of the user seated in the chair (through sense of



vi sual display and human gestures in Exenplification Ill. 7 Figure 8
is a plot of the nean FSS score for three different conbinations of the
test conditions shown in Figure 7 of Exenplification III. Figure 9 is
a graph of overall FSS scores conparing §gqchronized gestures versus
asynchroni zed gestures in Exenplification Ill. 5Figure 10 is a plot of the
mean FSS score for three different conbinations of the test conditions used
in Figure 9 o enpl if.ication I1] Figure, 11l is,a t of the nean
USE (aset ul noloH EXRIAEREn o g asery B o Suiioh s Rubadivefysabited
Exenpl i ficati gger kkperichbd 6 thERIPESCRIBTE N nfdsic] Hal-LiNKENEAIN e 8l 88&4nh Pt i ON
of exanpl e enbodi ments of the invention follows. . Misic is a

nul ti - di mensi ehaidiedsarspessdeothar grvireamytahssidnendethe hike). e aisualglisplane and

i s thus accessi . Of i RN i.cants present a
met hod and sy%%gﬁﬁgggfgnégﬁﬁg)%ﬁ?*%ﬁqﬁﬁg&%%%ggP%%%gﬁé?Oﬁﬁgﬁgg%ﬁ%ﬁﬁﬁriIy for
the deaf Kt aldiatibys @faegpeetiaf femrdyrif theadioi@pak bhd varesice Byviswhanci ng
sensory 15i nput of information via chanpels other than_ in ajr_ audio

recepti on by PHERss as ghmchan Rhampligde gEthe prdigdnpyy dxothar empriimenigr thgen
conmponent s:  ay; ; i [ i } i Lon via the
segge of touc%@égg%%kggﬁﬂggéﬁg%@g' g%&ﬁl1ﬁﬁ%ﬁﬁgﬁggkgﬁgpﬁgéggkﬁoduIated

ul trasoni c carri er Embgdiaients itk presarpuestiordésphaymodic (avdor)rapéremced fual
effects that @obéesPond to fea ureslgf t he nUfIC. These 20 canponents may
be used i ndepRHASRTIREGIPalsd And pergal Braring RFQPiCo 4Y YEBRE Y14 Ghs t hat

correspond) i NdéveRlpnichiMRA ppficdRahal BforRial HRSusBMAS Fith Tste BRI Indefa@l r provi des
i nput both via the sense of touch and al so bone conduction of sound. The
present i nventdapng pyele mhadgedidy dlappe & hbasnd rasaivied positiug fasdbasit ai ned from a
background survey conducted wth deaf people of nmulti-ethnic backgrounds,
and nusi cal | ygrpdephai Pack k omtwo deaf nusicians during

i nf ormal inte?%leMBESt%gpfﬁgﬁe eﬁ%§§?§%¥?ﬂ¥%%und enhanci ng system 10) is
illustrated in Fi i ned.ud h i hai,f.. 31 and visual display 21.
The Haptic chair g]iheﬁ?g%gt\?@l% %%ﬁﬁegg{mlglﬁg% é#oﬁ %83%,0 ge pca,rﬁcu?%rener ally
referred to akssperkerexddpleRadolimdedoxhe Wdkhiois ak dhRtrhedsn fier del i vering
sound vibration to the |listener-user_seated in the 30chair 31. In

particul d°, tIFECTBBHYHYE drapEigRép whiph likedelsauice chpaciens selgelq the parae pFE

throughout the different views. The drawings are not necessarily to scale, emphasis

instead being placed upon illustrating embodiments of the present invention.
Figure 1 is a block diagram of system architecture of a music visualizer in a
preferred embodiment.
20 Figures 2a-2c¢ are schematic views of embodiments of the present invention
formed of a haptic chair and visual display.
Figure 3 is a block diagram of a computer processor system employed in the
embodiments of Figures 2a-2c.
Figures 4a-4b are block diagrams of respective sound systems (speaker
25  systems) employed by the haptic chair embodiments in Figures 2a-2c.
Figure 5 is a graph of overall FSS (Flow State Scale) scores in
Exemplification I of the present invention.
Figure 6 is a plot of FSS scores for four different combinations of the
Exemplification I.
30 Figure 7 is a graph of overall FSS scores comparing 2D visual display to 3D

visual display and human gestures in Exemplification III.



generated vibration to the fingertips, palns of hand, el bow, |ower/mddle
back -8 (especially along the spinal cord), upper chest and feet, for
exanpl e. Applicants' prior study found these body areas to be especially
sensitive to vibrations. In Fig. 2a, one speaker 33a,b each is

| ocated at the distal end of armrest Zo"gérticularly ai med at delivering
vi brations through the sense of touch to the listener- 5user's hand area

(e.qg., fingertips and l ms),... 1 h, anoth enbodi nent. shown in Figs. 2b-2c,
Speakers 39a. b may BB Mgk ERR ESSRRE R R T doPebltng 08 ne
toward the |i gicasgottti@bnsshelvBawrased7 oPEkéBpieidationiiodi nent s enpl oy

di fferent nunbers and tgpes of speakers fromflat panel speakers 29 in

Fi gs. 2b-2c to confrete %peaKaploBavergl FhYyscopes qoampapng synsdrondens geseizgser
| ater). The fbﬂ%WRggﬁh“&ngk S@gégﬁfﬁ%m%ﬂﬁégﬁﬁﬁh?"y referenced 29) may
I'n one enbodl

have a textured upper surtac nent and snoot h upper surface
30 in another enboHigmant0 isGyiveuT theibadBS Sischrertanisre¢ diftdrerdicombivationd &ff S)

for providing texture to surfaces 30 are enployed. Further in one
enbodi ment , aWeé‘iPﬂF%“%Bﬁ}@rusﬁﬁlrﬁiflgP@agt‘?fr e fica e Bl unit 43 incl udes

adj ust abl e control g;.6RaP| isAB1ENE tiSHEard OSENTAhedsNGibAEEASAdYeaRl of 1R
vi brations of the 1E§peakgrg)29, 33. * qT%e v?shaH %i§gfay %€ %ay %e a
| apt op or ot h&oreonput@pantomi Exemplifivatéersil.ay noni t or, ot her out put display
and the |like coupled to a digital processing system50. The

processor/co I ' {deo display 21 and chair 31
sound vibratr@%ggi¥ﬁb§%€$¢§ﬁngﬁfgﬁ3??%gﬁyggﬁiéhgsysten123 drives the
20vi sual dj splay 2 ccording to the audio so e. 41 th is used to
gener at e ﬂLe soundgﬁgﬂFEPPBﬁgeﬁFn@ﬁgnﬁﬂg'en%fﬁQ&BWWWgF“§%p8WFS of the chair
31 and visual di sphRY¥ic3da tiuledindériibahi S@erisnteSyHHaAA BY nudh enddE @sant ed
below. Fig. 3 is a diagramof the internal structure of the conputer (e.g.,

client proceskesripgelpne end sghpnacspisdds repropleott alldsagegphilideth ahpilisgntsy st em 10

of Figs. 2a- 0 50..: i NS t 7 e Jus is a
set of hard rgéﬁf%ggﬁﬁgégﬁggg&aa g%ﬁ$%ﬁ§¥§$ﬁ§%g%§%$%%eggg%%ﬂ@h gS%Bza
conput er or phodeskhiigutsysttgpeoplesof a8rma hessenibititiésy ba eslitaceg seasoeyi t t hat
connects different el ements of a conmputer system rocessor, disk

storage, MenofRut QAN Cdimels othes thisrR aﬁ&ufiéqerégépéipg byt casndBFes t he
el of LARALIBI Snpiyesi e, TR dbiarber | tyggher b T
(e.g., keyboawhich poysdes tatitibpinfyrsiatipn viatthe sgnse p€akieh;shonettonduction bhsoundnput er
50. including amplitude modulated ultrasonic carrier signals; and a computer display of
informative visual effects that correspond to features of the music. These
20 components may be used independently of each other or in various combinations
that correspond in real-time to features of the music. The haptic chair provides input
both via the sense of touch and also bone conduction of sound. The present
invention system was developed based on information obtained from a background
survey conducted with deaf people of multi-ethnic backgrounds, and musically
25  detailed feedback received from two deaf musicians during informal interviews.
One embodiment (sound enhancing system 10) is illustrated in Fig. 2a and
includes haptic chair 31 and visual display 21. The Haptic chair 31 has multiple
contact speakers 33a,b,c,d (generally referred to as speakers 33) positioned at
various locations for delivering sound vibration to the listener-user seated in the

30 chair 31. In particular, the contact speakers 33 are positioned to deliver sound-

generated vibration to the fingertips, palms of hand, elbow, lower/middle back



Network interface 86 allows the conputer to connect to various other
devices -9 attached to a network (e.g., local area network, w de area
net wor k, gl obal conputer network, and so on). Menory 90 provides volatile
storage for conputer software instructiong 92 and data 94 used to inplenent
an enbodi ment/system 10 of the present invention (e.g., visualizer 23,
sound subsystem 35, and supporting code 5further described below. D sk

storage 95 provides,non-vel atile storage for ¢ ter software instyuctions
52 and dat a oF RETRE0he e ShishCeotlt LARS sh AL af TR LSRR A SpUsEY o
Central procepgerstudyi fouldtheSe BdEmradsttadbeshecully yeistimeausibi&ianrd provi des
for the execution of conputer instructions. In one enbodi nent, the

processor routi nes!mobigadd onaspeeabar Head each dnlecated atthe gistd endrphirauigst 20
(generally refer. 92) 1 1106 [ : eal ' : , a
renmovabl e st op%g{ﬁ%gg fu%?ngdsatﬁ ((::1 Eﬁ%éégl ﬁgb%l&%oqﬁ%h%@§e§%g%§%ﬁ@g%@s§§e&r

di skettes,5t apes’s hahd acatdigl fipgavipsdasl ptimb)edatanathpoerhbaiimefit shbhendntigsar e

instructions for the invention system uter progr roduct 92 can be
instal l ed by éh-ﬁcsw%l@m @%ﬁﬁ%@?@%lﬂ@%@gﬁt qmﬂxwraiggﬁam*r%{n %8 780811 known
inthe art. | {bw%?@fﬂéqfs%e%@pﬁ&k’{g%%w Aeat DiBast: &%@frﬁérﬁ@erﬂﬁlo?!@lﬁf@r@ﬁﬂ war e

instructions nmay also be downl oaded over a cable, comrunication and/or
wi r el ess conneanhbamand types dfsspeardroftomeit pandl kpeakens@3tin drgspLioge doveordace a

conput er progra r opagat e i gnal. product enbodi napro at i gnal
on a propagat ?pﬁgf(%égg Uﬁ? I@egagfisqﬂﬁpﬁé?@%\ﬁg‘n\? e,rq%ﬁgi ﬁ?‘?ﬁ?&l&ﬁ’\fgﬂggﬁ Sﬁgasi’r
wave, a spund(gsasmally Riferdicedl 286 fdydake Wadi@ured OpFaatidacedeih ohe ¢haaimdigt wor k
20 such as the Internet, or other network(s)). Such carrier medium or

si gnal s provi @ul smodtieueper sugenctI0on appthenankesimepty £amysen methodhend Breanshe
present invent] . tl oqr, I I s, the
pr opagat ed si {jfrlfg\gdll{lg Hlé‘h&%r?}!&?‘%rg& 8%&“%3?“3\%&8 sgxlrf&:(??glbt% é‘inﬁ{s’@aﬁéﬁqﬂlﬁ F%and on

t he propagat eshegmthddimerttoin fxiderpdeer dofidifRanpagal @ntsl gniak3 dehms be a
digitized signal propagated over a global network (e.g., the Internet), a
t el econmuni caddedlnetislsenabling theaperfarcapirel the miewdy eftisaibratiens affle

pr opagat ed Siﬂ)@gﬁeré $9 @3Signal that is transmtted over the propagation
medi um over a peri od ’of’; time, such as the instructions for a software
application sent iThgasketsphyer] raaynet avmploporerthea cpmpuednwhitor | TVseconds,

seconds, m nut.es, or |onger. |n another nbodi t, t.he conput.er

readabl e rredi(il?ﬁﬁ'@f m@Bﬁ‘Eﬂagg’rﬁr B‘t‘%b‘i"g?ﬁlfﬁ @ﬁtgf%g% C?@qui?rao{)‘ﬁﬁ%}tar%. SHB8i um t hat
the conputer S¥RhESD. SPhdM¥cdsS&RioNHuatdy§ead0 ssHeHtoMSede KRB IdVIPNY d1he
propagation medi um and identifying a propagatéd signal enbodied in - 10 -

t he propagat iand dieidBlispurakvibiesions. bedagiamas, 4 vsudrepsibeystpm @gdaivepihspagat ed

signal pr2%dUC\FiSual display 21 according to the audio source 41 that is used to generate the sound

vibrations of the chair 31. Further details of the chair 31 and visual display 21 (i.e.
visualizer subsystem 23) are presented below.
Fig. 3 is a diagram of the internal structure of the computer (e.g., client
processor/device) 50 in embodiments of the sound enhancing system 10 of Figs. 2a-
25  2c. The computer 50 contains system bus 79, where a bus is a set of hardware lines
used for data transfer among the components of a computer or processing system.
Bus 79 is essentially a shared conduit that connects different elements of a computer
system (e.g., processor, disk storage, memory, input/output ports, network ports,
etc.) that enables the transfer of information between the elements. Attached to
30  system bus 79 is [/O device interface 82 for connecting various input and output
devices (e.g., keyboard, mouse, displays, printers, speakers, etc.) to the computer 50.

Network interface 86 allows the computer to connect to various other devices



General ly speaking, the term"carrier nedium or transient carrier
enconpasses the foregoing transient signals, propagated signals, propagated
5 medi um storage nmedium and the |ike. Enbodi mrents 10 nay utilize a
live audio stream a recorded/stored audi? file, or other audio source
(generally indicated 41). The visual display 21 output may include text
di splay of the lyrics and/or ot her text, graphics and the like. In one

real -time by

enbodi nent h,and in tiwve . visual dis

vecor 10u grlsP AL et PBR GRhbeu Btttk o BuRrfntY ks ol Gfidre
The display 2ietiv@sip@ndso bR d) tMIEmBRPd0 predricaNeladléatdrige PF cSAPNEr MFvare
alternatively to several different instruments (or voices) played at the

same tinme. Tolnsbeeimsidstnd Hptg 94tused muigintenént ga Ieh@éﬁm@@t/ systaren af 8isi t ectur e

of Fig. 1is n n
visualizationg&gég %ang@ g@ﬁggggéfg %8“R§%bgsua gﬁ%%rﬁp%%Q%hs to
this studys Aﬁptheﬁamﬁbaiew@dmpelﬂlsa s&yﬁgeem ;trhaﬂes:mdesolstelqu&m@g%%@f

i nformati on about a piece of nto a visual sequence that would be
bot h nusi cal | OMPHET %?étwa\t;%mawpt@@g f)% é’fl‘il daip Py ustelad M mqnsae eigbediment of

Nanayakkara” gl @lsent 1%9%@%%@?}&%?&6@&9 vl 8@&9% ! tdé’l;}% B}%ssﬂal | zer,

in Proc. of 1C 2007 ernati onal erence ormati on,
Conmuni cat i onsndgprSiighaafor Brooe@sstiagf, cohi;‘ﬁt‘er@rmmat)qnspgs. 1-5.) Applicants

built on this work, with i.nput fromtwo deaf nus ianist and a
per cussi oni st). Bag’e‘ﬂqecﬁ?’lfqr‘)?gfl?mf & BERLERSOT FQLInES %?n‘ﬂ%éig §4 TCALAMRLET on

system 231018e&og&@&hu&qg&&ralwmﬂmbé) ﬁifbf’fud{héa'@&mﬁét@f fe88dble medium
correspondlng to note onseéts, note duration, pitch of a note, |oudness

(anplitude), Gerg,tarmmwblﬁmeagetmmu@ suclhgr&morb@at@\élhd@l&&s &Hérﬂ?@‘d’s
Misi c-to-vi su skenpg) R%pap éét‘g 5’%?8%%%@5 p l%fl% gtpogtlon &t i& ng?w%}? érrstru %fféef?ﬁ ditive

| ow notes to Targe’s vappr i I's nore “nat

than the reveuhsemkeaﬁam}%tdnﬁ CSmpmrespﬁ)tgmﬁ widubt EXparbeangsdl«afbyt 46 sattysie cal
world. Simlarly, there is a rational baS|s for anplitude being mapped to

vi sual bri ght ipédere mgfallatiQreprgcedyirg @s fseyvell kepwipin the agtg g another embodiment,

15 atleast a portion of the software instructions may also be downloaded over a cable,
communication and/or wireless connection. In other embodiments, the invention
programs are a computer program propagated signal product embodied on a
propagated signal on a propagation medium (e.g., a radio wave, an infrared wave, a
laser wave, a sound wave, or an electrical wave propagated over a global network

20 such as the Internet, or other network(s)). Such carrier medium or signals provide at
least a portion of the software instructions for the present invention routines/program
92.

In alternate embodiments, the propagated signal is an analog carrier wave or

digital signal carried on the propagated medium. For example, the propagated signal

25  may be a digitized signal propagated over a global network (e.g., the Internet), a
telecommunications network, or other network. In one embodiment, the propagated
signal 1s a signal that is transmitted over the propagation medium over a period of
time, such as the instructions for a software application sent in packets over a
network over a period of milliseconds, seconds, minutes, or longer. In another

30  embodiment, the computer readable medium of computer program product 92 is a
propagation medium that the computer system 50 may receive and read, such as by

receiving the propagation medium and identifying a propagated signal embodied in



that both anplitude and brightness are neasures of intensity in the audio
and vi sual donmmi ns respectively, a concept which has been experinentally
explored. (See L.E. Marks, "On Associations of Light and Sound: The

Medi ati on of Brightness, Pitch, and Loud s,"” Anmerican Journal of

Psychol ogy, 87, 1-2 (1974), pgs. 173-188.) bApplicants' informal interviews
w th deaf nusicians suggested that they would like to differentiate between
the various ipstrunments that are  bei. | ayed. licants therefore used
colour i nf or mAEISIPERLaN Prdvaner drgribat Mgk o esrPiss i e dnartiRaticach

i nstrunent bekiggalphadieel at a given tine is mapped to a unique colour. Since

different keys function musically as a background context for chords and
notes 10 without clanJRrhysreBkingaihabmmc caricamediEni ¢ thasigabepttitlem this

anal ogy was e i S ) . [ ol our of
t he di spl ay. éﬁkgggggfg%fg%%§$%g§%§§§ﬁg%F%§é?%@%%gf?@%%égﬂﬁﬁggﬁgve reported
that they Seemedivaysra miditymhadrhesitkends - see A. Tone and C. Tyl er

"Neurosci ence, History and the Arts Synesthesia: Is F-SQ%Q?tColored
S

Viol et ?" Journal ofmpRdingnty ) mapntilizee Hengigiqgreapnm e gecorded/stared sedia) | pgs.
58-65), for e | foq iR Yy I e an
associ ation bg?ag%ﬁh§5§§§§%%5§3Qgﬁghgg%ggﬁggEgkegﬁgﬁéghaﬁphgéﬁﬁgﬁﬂgr

f undanent al dingpimjuddaeitsiispayoafitbelyniss tindombthelawxtpgraphige andthodikei $uahd sed.

Two distinct types of vispalisation can be.identjfied:. a ''piang roll' and a
20 movi e rol | HbGHRmeerh e gnd fomeiive Ypalunta bt ite HisnatuliShbay °t ha
scrol s froom digftal rh@sid 0@ Bthek BooMal solirc8Y/SHvhali CAI i @RSRH I THe dishlay Bl ven tine

wi ndow are displayed in a single columm, and past events and future events

are di spl ayedresirpndpéo thefampdifudle and quelitylof seundeandfaltetnativaly tesaveral diferent
respectively.. . ' | & -t ati,on, t.he entire
display is u§géﬂggag%g&ﬁ%ﬁ?#ﬂ%&ﬁﬁ%@ﬁ%”@%%ﬁ#%iﬁ%?%ﬁBQﬁggpﬁggf(%ﬁg&ﬁnre
freedom of exyesigerds. systeam atchitsaturebf Bigt 1 fiopresenpal dnideh &€ usdiiobuildatdlr e i s
visible on screen for as_long as.that audio feature is audible, and fades
away into thelBgpuigls visiatigdions mpidly sadisressehaed: away. When |i stening,
peopl e onlsy hear instantaneous events: future events are not known

(al though they m ght be anticipated); and past events are not heard
(al t hough t heVismalglisplpe renmenbered). 30Thus, a 'novie roll'-type visual

presentation nore accurately represents the nusical |isteni rocess than
Phe < pi ano rol I - dBriEes brilsaE: SaRpantda6EPel Gayiom AHe Qe SRISPERans
ggnfi rmed t heMBlofmMdiddtt 4 fRbe 8f mbifig intdR%iKal Rghende¥RR WIESBOb&NLI on. -

musically informative and aesthetically pleasing. (See S.C. Nanayakkara,, et al.,
20  “Towards Building an Experiential Music Visualizer,” in Proc. of ICICS 2007 (the
6th International Conference on Information, Communications & Signal
Processing), IEEE (2007), pgs. 1-5.) Applicants built on this work with input from
two deaf musicians (a pianist and a percussionist). Based on their feedback, the
final music visualisation system 23 used in Applicants’ experiments has visual
25  effects corresponding to note onsets, note duration, pitch of a note, loudness

(amplitude), instrument type, timbre, rhythm, beats and key changes.

Music-to-visual mapping
Applicants mapped high notes to small shapes and low notes to large shapes,
30  amapping that is more ‘natural’ and intuitive than the reverse because it is
consistent with experience of the physical world. Similarly, there is a rational basis

for amplitude being mapped to visual brightness. This seems to be related to the fact



I n one enbodi ment, one or nore of the elements (visual effects) formng the
vi sual display output 21 is user adjustable. Known techniques (e.g., user
settabl e paraneters or variables, and the like) are utilized. 5

| mpl enent ati on Extracting note and fnstrunent information froma live
audio streamis an extrenely difficult problemand is not the main

obj ective of the present invention. Hence, in the first phase of the mnrk

i cants degi to e, Musi,cal. | nstrunment D er
P rant ot t Sl 6h shstRfae 3 pERhne e B e iRt R SRECeAd ViR, o
that cont ai nedom#ing rd¥pédiisaly, 5@@ﬁdﬁgt Wwhichh@s P&InMExp&ithERal0f expl&@ﬂ meddednE.
instead of a |live audi o stream M DI makes determ m){ngg note onsets,

pi tch, durati ¥Hrks odadsseciafinms |0ﬁ§t§f1@|ﬁ@h§01ilft§1effh¢ Mediationof Brichinghs. Paethar d.
Ho t t
Pt al iy oxt PEELSdnEs R Rk (RERT oe PE¥NGRADNCR 1 G RL B iR Pl

task AppliTanipplicatsl nfomiml dhttivieves Withl dedt mesiiias suggadadaehaithey whalddie i n

nmusi cal key in enbodi ments, and |[n ot her enbodi nents apply a method
devel oped by @ds %ﬁnéwmﬁ PR theavamiopn BIFHHERS b gk CLefrtgrplemsiamg}wé@m ed the

" Spiral ArrayyMpggh uséc%ol@tﬂt %gﬁi’?rl(ﬁ)ydl f%%ﬂﬁété bgt@stebﬁ) fhstrﬁﬁl%?tts%ﬁ@d"{hgyes for

i npl ementing the Spiral Array M are own in the art or exanple at E
Chew, " Model |¢ﬁghT1mma1menybelﬁ@p]Ap@d atcagivemsme ¢s iobsped t@aglmqule@n],oum fince

Proceedi ngs o nual t| ng.,of the Cogniti.ve, Scj e Soci ety,
i mbur gh - scdfeAREE SRRyt 5 sgekertd it b Eaords SR o}
preferr edloenb@dhmrahangﬁﬁ@hmﬁhﬁom AR InSEib RIS A R, thifshiogy wayal | zer 23
architecture) is formed of three main conponents: Processing |ayer 13,

25Ser ver / XM. Spegesed smappidg amslcablaety tothaobackground celouseighp displagi dure 1. The
| h d
processing aé’a“c‘i‘tlojn?’ %{§ %‘}?nes{?l ﬁc Q{{t éﬂ%&@@é’iﬁ?@% ggﬁ%f Bht AeV'§le & odrgﬁrgfgt )

and extracts no e C)nse ness nmpi i |ns unrent

rhyt hm beat Sthaﬁﬂedfeyurfdaarsgzea IohB@anMDTyat Nesit sserftd]®istbey marthexarpl e from
an external M D keyboard, read froma standard MDI file, a generated

random M DI s@%%ﬁ?“%r s Frihagpfplesed Yol ? plovenad of the Hisipir ofithe| preferably
i npl enentygd LﬁéﬁQscﬁ&%eMérf@-gxa%?'S%aésgsfogg%@ %eng}y B,@ii_ﬁ A AGgR5lP9 and

progranmi ng envi ronnent server

Ext ernal for RimskMBRyrsakevshava niadé an2802jatibn betwaxe natsicat kéy3and background

www. nul | medi um de/ dev/fl ashserver. Max mdiin and m di parse objects are
used to capt lﬁon}eo"énd process raw M DI data comng froma MDI keyboard. The

seq object is USG%ﬂ&h&%ﬁda‘fﬁén’fthﬁ%la? cﬁ@ﬂﬁfn‘%oﬁb&ﬁi ﬁletvﬁﬁg&vw%eftb bes. Note
and velocity data are read directly fromthe processed M DI

Per cussi ve solivalsal el segatiagtéxbebyl Ssonltiatien pargbe identMiddt « mmnebll andizer .
Key ¢ han%@s aﬁq%viedrgﬂt-%}fﬂe?(’}hlej sllmglgo roqle pr slerlitgélor‘isl L&Y 1'% glsplag%gt Isc(:)rr(])ﬁ(s:I ﬁ%r%ove
left to right in which events corresponding to a given time window are displayed in a
single column, and past events and future events are displayed on the left side and
right side of the current time respectively. In contrast, in a ‘movie roll’-type
presentation, the entire display is used to show instantaneous events which also
25  allows more freedom of expression. The visual effect for a particular audio feature
is visible on screen for as long as that audio feature is audible, and fades away into
the screen as the audio feature fades away. When listening, people only hear
instantaneous events: future events are not known (although they might be
anticipated); and past events are not heard (although they might be remembered).
30 Thus, a ‘movie roll’-type visual presentation more accurately represents the musical
listening process than the ‘piano roll” depiction. Applicants’ pilot study with deaf

musicians confirmed the more natural feel of the ‘movie roll’-type presentation.



The extracted nusical information in one enbodinent is passed to a Flash

CS3 programwitten using Action Script 3.0 via a Max fl ashserver external
obj ect which is the server 15. The basic functionality of the flashserver
15 is to establish a 10 connection betvve Fl ash CS3 (display/output |ayer

17) and Max/ MSP (processing | ayer 13). TCP/ I P socket (at 15) connection
that is created enabl es exchange of data betvveen both progranms in either

di rection thereby nabll Wotvva Vax- con edta |rra fﬁn in

Cs3TM  The vi sual O sRcrabe e i He e Paftal e Prsing sk em

One embodi nen{isgdTRlipy: m@nzsqyﬁs‘eeahmaﬁaeymwt@am s Qg Ofisekkétibldar ticl e
System (at flint par%%ll es. org) deveIJo ed by Ri chard%rd %or thi s purpose,

and runs the pirsgicry@rvasiablessnd phepldk ﬁl’wmié@vs XP or Vista machine with 1
GB RAM conpati bl e processor 84, a 1024 x 768 nonitor resolution with 16 bit
video card, and ASIC or conpatible sound card. O her configurations are

sui tabl e. 20Cuhpléinentatéon 17 provides through nonitor unit 21 display of the

generated visual effects corresponding to and cqordi nat ed with the source
audi 0 41. | ncl udedCaFetiagapieApd tntirumsht Infergmagion fapa v andiasirems i@ g, of

respective feath,es, Hf?ﬁ@xﬂﬁ?x%bl%i’x? and‘ﬁ@hb%b%%xﬁlélﬁgaweﬁrtﬁ dbx@se\ﬁ't ﬁ%ht on

brightness (e.g., to signify respective a ot her ormative
vi sual effect Hendenmdhe fiestripbakiere it werdoa pplicanirededidep It(aymMusmaldhstﬁﬁnérft ects

are user adj u t ab er .enbodi nent,. t he ut 17/visual. display 21
i_ncor por at es tglt@l ﬁ&tfétaca%%ﬁb %P)COWLE‘&‘F’%‘OW Woglﬁf’ﬁe@{ﬂsﬁqtmgﬁﬂﬂ%\ qgest ur es
(i.e., inRgeSin@rmatifeSinfifs & taNEhtai AADintaNBuditd 8cork R tROMhirAdoRr@YIChr oni zed
vvlth the nusic (audio source) 41 and used to convey an inproved

musi cal / soundinéxpetipeimstead of alize audlﬁptr@aanatnchI mIBsalgtermagng peict er ns
|t can be ar 9 nsgtfs; lgellgcﬁmsgurgp 101 1319 NEsS an%pm %/ ngl(fenp ﬁ?e}ﬁtoﬁ str%Elﬁ’o VP fhons to

di spl ay vi sual correspondi'ng to turedo Af‘f bei ng

pl ayed. In SI{g@awreyhsta?smm Jusits sbaes k%?ehémgtegiﬁﬁelr@lt ekplicitngneaighy t he
ri chness of map as well as the aesthetics of the display over a 2D

desi gn. The Fq&trﬁﬁta &rffqr%rﬂh@ MRk agty siyeans prsh toaggompfish Fhl?ﬂﬁélaﬁtpph??é‘és Weg) s
used to imp 'j‘]{{%ﬂﬁuﬁ,tl Cu{a&5B&Qéssto'd%ﬂnhié%gé{ﬁ%%ﬁm%tkﬁgﬂ%lﬁloﬂagi one

enbodi rrent I mprovenent sin capabilities was
maki ng t he 10qmmdduméxﬁs, andrin eﬂ)pnﬂdbmrgntentsmpplypaneuhsé dyveslopedthyuiretitesy appear

hen accel er GntP AP aREEraodrd dir pritbetled Be bat Arad OLALOR 7 osul't.

it appears t o idifat$REy Fd@ﬁt‘iﬁéaﬁ@np%& teehsighds ot 1ﬁﬂ@§1§nﬁ:ﬂgot%§r8pfr91rAﬁ=a§ hor t
instant, and then recédes, slowy fading away as the correspondi ng note

"dies out” i rVibdd amlgmvrpmetb@aﬂ,lfor Prringplerat/ié rigrew, GMealeliye Tonatpyoves t he
appearancg of pqlcatlonsqatl\?usw éogm‘uadd% rocEst mglsI Jf%hef 2”3‘;‘1 Rnnua? D}Iee%n fﬁlleay

Cognitive Science Society, Edinburgh, Scotland, UK, August 1-4, 2001, pgs. 206-
211.

In a preferred embodiment, the music visualisation scheme (music visualizer
23 architecture) is formed of three main components: Processing layer 13,

25  Server/XML Socket 15, and application output 17 as shown in Figure 1. The
processing layer 13 takes in a MIDI data stream (and/or other audio input) and
extracts note onset, pitch, loudness (amplitude), instrument, timbre, rhythm, beats
and key changes. The MIDI data stream may be for example from an external MIDI
keyboard, read from a standard MIDI file, a generated random MIDI stream, or the

30  like. This processing layer 13 is preferably implemented using the Max/MSP™
musical signal and event processing and programming environment. For example,

see O. Matthes, “Flashserver” External for Max/MSP, version 1.1, 2002, freeware at



21. The colouring and presentation of particles may be kept consistent with
that of the 2D inplenentation descri bed above. As for the percussive

i nstrunment based particles, the positions are still kept at the bottom of
the screen in the 3D view. However, the bghaviour was changed so that when
such a particle appears on screen 20 21, it shoots upwards before

di sappearing. This behavi our was introduced because the upward novenent is

attention-grabbin and th enhances t visual effect of th er cyssi ve
Mstrunment o | Ao g fef S ARRORE s S hElFiaad miFPhrsR RIAE EEIFHIE 28
has of t en beegapi@tadd phrbsshaarVIt ddpaimag fReepMIDEKeyByard.i Phe eadivjectas
part of the effort to understand what is being said to them One possible
expl anati on f rusethiosdeabmith the %ﬁﬁqaﬁbsmgrlﬁ@taﬁ]éé/ﬂg)l@ﬂes“ Ao and Haleeily ¢fta atseech
per ception” .60 i g I ifyi e vocal
gestures rat \rll@ra 8? hrg%{g?@é%lﬁ ??6‘?’2%3%‘?‘@@28%% %glfét% %}rl]vnéso% ﬁfés}tegwdé%tg d égul d be
even nore i goedsideaing tHeavilpEdpinge|3midet. NKbe alidnggs gt fiddntitikdl usiag thenspivt Gur k
effect (H MGk and J. MacPonal d, "Hearing |ips and seeing voices,"
Nature, vol. 2% Mpfe! mepgionomaboys76: and L. D. Rosenbl um " Per cei vi ng

arti cul at ory event ghe Las2QATy |l loREAIA%h 6A embodifent RIUFIOROOYRLHCS, " 10

Ecol ogi cal Psychoacoustics, J. Neuhotf, Ed. Sa El sevier,
2004, pp. 219€338loguggestes usingtAatmndieripg3.Auman Maxdlaseseerss skermil ghject

substantially influence th i for ercepti r k . Mac al d
(1576) 1 ound’ VhER S BT o bt e B RPbL Sl orse o WERIIRL S n ¢ ne
audi bl e sgundcdmmb@iontttwgnaahet Y didtay/slaput IMRE QY 81d Mdx/NIBN (515843sind 993) |,
Boone and Cunni ngham (2001) have shown t hat body novenents contain

i nportant i nf lgyeralt3) ok ha BeE IPtsreked € dih sonpendomibiss is crosted enablpgoxahsogs of
s o5 ane. ey Ao gy B RGRDS T G ey RGEPYRIRRL B8V 1 moone

and J. G CunnichgbHed anifdatibaly i@rF1sshX 053X Mhs Sison! effecarmt implamenedns ag i n

musi ¢ through expressive body mpvenent," Journal of Nonverphal Behavior,
vol . 25, pp. PAUYS anisphien systEns Qg emPogENGH SMBIOYS KBS SR FH I RIABK HTEARL i ons

as to why SmnMOPﬁPPﬂirﬁ Hafite S?stﬁrﬂj(&yﬂihi !ﬁic&%fo&@rd@%géd 93‘; Rfeﬁﬁid:]’rox%‘{ﬁp. t hough
a quiet roomat hone seens to be a nore intindte and pristine ['istening
envi ronnent . t@omirpusagnidhesetht acelizy stlisystefnf Bodrs Wamdb vesB o &ite macliind 5

hear{ng.| mpaiy g, REPRLS, hers Sipored voen Lhor s posed o Sple
hle gﬁ IF?:; _ei ?rg ; Ir@e g@gbaga{}ia,cé{ng%g@orfaompaabﬁrsslmmeﬁ@.r Diies 8bnSdustyondiakd
suitable.
20 Output layer 17 provides through monitor unit 21 display of the generated
visual effects corresponding to and coordinated with the source audio 41. Included
are displays of text, color-based indications (e.g., of respective features in audio 41),
variations (contrast) in visual brightness (e.g., to signify respective amplitudes), and
other informative visual effects. In one embodiment, some of the displayed visual
25  effects are user adjustable.
In another embodiment, the output 17/visual display 21 incorporates 3D
(three-dimensional) effects. In particular, human gestures (i.e., images or video
recordings, and the like, thereof) are synchronized with the music (audio source) 41

and used to convey an improved musical/sound experience.

30



20 show that a facial novenment involved in saying the syllable "ha" with
the beat of the song m ght be hel pful. This was assuned to be particularly
true for songs with a strong beat. The cl osing and opening of lips while
maki ng a "ha" novenent, was sonet hi ng de_aII people were likely to understand
easily as verified by the prelimnary user study. As a result, the video
display at 21 was replaced with a video 25 recordi ng of a young woman

maki ng the " ha" "ha" |ip novenents. I n one enbodi nent of invention
system 10, a o recordi a human character making |ip/facial
nmovemnent s cor E ﬁﬁoqgfméi’ﬁﬂ%td’aﬁ'ﬁ% pI ayed is enployed. Apart from
maki ng t he I|p nov rren S, es other facjal changes to

rrgg) char ?ICt ma
conpl enent the |ip'ifalaRd ue Ratp D Yipusd dislay npigherrAvide mase opiiRNpePi ds cl ose
a bit and theggyg R/%‘O@l SRR c‘g%ﬁbonﬁlr@(ﬁ) g edeAde Mdsf@lsgél@ﬁlhye& @ the

front like it wou when a person listening to nusic i s begihning to get
into the rhyt peneofl, 313 vispals eonthapotengall t pecrease theglidasedfntappings aapatltas t he

Ferk to move Backiarise of heaiiey S ao o, R AR IR PG Tl iofad OF

the face. Con@fgligipaicksRresis ui@l BamipWnesmt e E@edtaintd hp vﬁB@M hy 31 rat egy
descri bed above is nore suitable to express nusic with a stron eat

However, a sitipins emhodimeténi mat i on seemed insufficient to express t he

richness of a clasgj¢c ?iérﬁlgﬁe'lg} ﬁnoﬁ‘as&ﬁent R r& lllé/ Bh %%La}l')%tfe% &t ilking th ﬁ

performance, an exper woul ransm misi ca

i ntention w pdrtitlegbdryespapligs ®i noa-paraissilve Ilm;fmrrﬁﬁtslappea]:ﬁhﬁ tlfewegtlne gedkures. In
fact, it has been r orted tha conductor's left atm.indicates features
such as dynarﬁ"&%en&t |“agh. Hgniia ivéow towapdsdhe pghthengesleraliparwey A heat .

Therefore, tous‘éP(lMi%%h@sé?@éntzﬁrzl '&gamgﬁlg mﬁéﬂs%@ﬁﬁudg?ﬂ thst thb E&ﬁele@astt 0

cl assical nusic, Applicants decCided a con pressive
gestures on ammswktsexjfosplshw mbtefnnrantlhlwnlmsﬁdemeioxﬂ$§ad1n@aweﬁawnbl e sitting

on the Haptl c Chair 31 | ner,.and Auhagen W) | ner nd Auhagen,
"Per cei vi ng cORFRYY Ibgm?( 8%%‘?tvén ST Sr‘?“%Yeé]ﬁ?n &l

per spect i(ses. inf¥oR% Pho4 élfaﬁcecmhéBrﬂ%ﬁ)rraﬁt%%@r&a‘llﬂﬁé’fe{'ctd%ﬁfédz’ﬁile%eptiOn,
vol . 26, pp. 143-157, 08) have shown that watching the conductor from

positions of Ao dhacaleuringged presantationrod pawiclsinsaysbe keppeansistant aithythatmfe
i nformative CthEBrlgl%lethenRQ%tn Je cormeh aBoves lAls%Id t?llé% I%ugswe instrument based

particles, the positions are still kept at the bottom of the screen in the 3D view.

However, the behaviour was changed so that when such a particle appears on screen
20 21, it shoots upwards before disappearing. This behaviour was introduced because

the upward movement is attention-grabbing, and thus enhances the visual effect of

the percussive instruments in the music flow.

Music visualisation with human gestures

25 It has often been noted that hearing-impaired people employ lip-reading as
part of the effort to understand what is being said to them. One possible explanation
for this comes from the hypothesis of “motor theory of speech perception” which
suggests people perceive speech by identifying the vocal gestures rather than
identifying the sound patterns. This effect could be even more significant for people

30 with hearing difficulties. The McGurk effect (H. McGurk and J. MacDonald,
“Hearing lips and seeing voices,” Nature, vol. 264, pp. 746-748, 1976; and L. D.

Rosenblum, “Perceiving articulatory events: Lessons for an ecological



20 position. Therefore, Applicants positioned a video canera next to the
woodwi nd pl ayers, and recorded the conductor's expressive gestures (e.g.,
during a music director conducting the Mendel ssohn's Synphony No. 4.)

The proposed approach of showing lip/facigl_ novements and conductor’s
expressive gestures synchronised to nusic were conpared with the previously
found 25best case (show ng abstract ani mations synchroni sed mﬁth t he

rmsi c). The_ rg%hlgascoﬁgt?css’qp@?}o%fc%l PE)/C%XEJTB!S‘Z‘IZCTSI f ét oft IEd §an D1 Pg%&

Chair' Applic propose i ons cause soun

anplified andEB@sened4 .ty augh48hwighatkythaswitbigig atan ﬁpﬁﬁ(ﬁ\tﬁiriislnts mxght
envi ronnental conditjons (feeling vibrations through sense of touch and

sound throughsﬁﬁﬁ@“é%hHﬁE@P%H¥eaWﬁFﬁyH@ﬁﬁ@“mnkk%%%%a@%¥wéﬁP@§ﬁéHV of nusi c
over a nute Vi oﬁ{ﬁalthé? g%flg Hl%%tssc'offgéﬁénﬂmfgjtg “5a” e GF HNd lp@so\ﬁg\dums of

sound. Thus Icants anong ot components) a device designed
to achieveSt hi‘ba”vtmrrgtpetr@lveelfasr‘de’d M(orea\&r,th@avidam (109 &oone 3dd | ni ti al

tests suggest that the en the |istener taq be confortably
seat ed whil o it B B G PELOSEHENS PO OBy t he
Sreceived s Ouﬂﬁonﬂa@ﬂéh %H&Ptttﬁ‘é é&@mganymg ARSI G Sl 18 Plav I9KE e‘msu'df‘ﬁ@&ﬂﬂoﬂg)f the
Haptic Chair 31 is to anplify vibrations produced by nusical sounds without

addi ng any adpirfaronaatce menner it ihglmefeigotsofisploonusi¢isns D pohwingy obbions
channel , al t hgugh, suc ac ypbe us in.s %@9 ments. In
one enbodlnent/Li ?h HQI??%?EEQ? ngfg? B?ﬁ?&@g?Q%QQFpﬂﬁﬁ & b 13%8 ﬁDuntlng
of several0 vi &paéssion oF @Hoti6al AMdaBing if ARisic BRfgh eletNiiObdly ek, ” Mappi ng
audio signals into vibrations to be felt by the sense of touch and t hr ough

bone conduct i -S4 € derverBy! Bahevigserol (%:?epeo%l -4l 208Y). Thistaeeldheaine)of thehe
chair 31 has é&@lb%oéf ‘fian;lﬁ@ﬂgaas% fnlxzﬁlg &H%qgﬁﬁto eﬁfok lfue pl%gﬁ)gﬁ%l?cgggf cont act

of the vibrating sources wth {he terial sol
constructed fmosicimtetlicagh aguod résn woladne seetralto bphasdre éntonatghadpriinevi de a

ood nedium for transmttin he .vi brati oned chairs constructed
from sof t nat léﬁitfatgsewmaaﬁgg ﬁO,m igg thsee gagtogaotf%tf A PREIIGSHP t he
vibrationg w fdariRg idBAREDBYIeiGe SRPIbrddBIIRN tBPart SRESIA YindplOSEicb8F Of

“ba” “ba” lip-movements corresponding to the beat of the music.

Lip/Face animation

The results from a preliminary user study with hearing-impaired participants
20 show that a facial movement involved in saying the syllable “ba” with the beat of the
song might be helpful. This was assumed to be particularly true for songs with a
strong beat. The closing and opening of lips while making a “ba” movement, was
something deaf people were likely to understand easily as verified by the
preliminary user study. As a result, the video display at 21 was replaced with a video
25  recording of a young woman making the “ba” “ba” lip movements.

In one embodiment of invention system 10, a video recording of a human
character making lip/facial movements corresponding to the music being played is
employed. Apart from making the lip movements, the human character makes other
facial changes to complement the lip movement. As the lips come together, the

30  eyelids close a bit and the eyebrows come down. Also, the head tilts slightly to the
front like it would when a person listening to music is beginning to get into the

rhythm of it. As soon as the lips are released to move apart, the eyes open more, eye



20 uni form conposition. The vibrating sources are provided by speci al
speakers that convert audio signals into powerful vibrations that are
transferred onto solid surfaces by direct contact. These special speakers
are comercially available fromseveral mgnufacturers where they are

mar keted as a nmeans of providing an acoustic source 25for audio
applications rather than a neans of vibration for other applications. The

qual ity and fyequency. respons f . the.sound. that these ,speaker roduce is
1 a) To.t nBOVBTRE ERRREHE A6 ndle 35 shORls LRGH: SRRENT PR < nee

many parti al | hedpahopeed & Sa0 witethe S&0Bf howds via in-air conduction
t hrough the 'conventional' hearing route: an air-filled external ear canal.

Some non-limti ng exanpl es of these 30 speakers include the N ney Vi bro Max
and the Sol i dOonguctgpis exressigpiesdresve(r) SD1 in particul ar, provides high
out put power maeking it nost suitable for the construction of the Haptic

Chair 31. SThe Sol i & fagei/tip n8DEMeanymtegy deperitied abovrais nzave suitab: to dxppssiance

of 6 or 8 ohns_and .has .a freguency response.ranging from70, Hz t.0. 15 kHz.
They can wor KUPER IR sfbme e FOS e 2 0P ilp FBH Tobyighoemed infuffiignLio
preferred enmbegirem e ri¢Hhesd&rt dlsssichmisidpicdesi gn starts with a densely
| am nat ed wooden chair wth a frame conprised of |ayer-glued, bent beech

wood 5whi ch provi dByring amsal procsrid pedoinmnse datexperinsed eendustor Mguldor ovi de
rigidity. The . L 1Sy - . ir is able to
vibrate rel at ?@‘% q%l%g @Gég%% llg[érrlld({aﬁll;?g %gglgcrggé%g%‘f ﬁggﬁéugﬁg@gg Figure 2a

i s illustitatitheoughwestamst adhctsipdakieden r@riciehatouwohduttomndiert drivdndicaes est s

20, one under.a simlar rigid, |amnated woQ oat-rest, 22, and one on the
back rest 24 BRUEEGUFRIRIY MRS nladﬁ%frtylgmlﬂg tP? Hehtgsmdndisites thsbeahi oh al so

i npacts the thragle Ebrlgfeﬁg'ﬁéftérmsﬁénﬂ% @(E)@HEHC@ ’V\rf]ﬁﬂéﬁis}wnmgytgw@{bigﬁl%ﬁ@&(

speakers 33a,b are placed on the underside of the l'eft and right arm’rests
20, where eachppipeatselktided idnhani ngpnduetbes expraises ghistueestoncovisad displayt? It he
wooden franme of .the chair. A thi.n but. rigid plastic.d 25 is placed on
the top si de_fgf th«?_ggf'?ng?'}ﬁerr é%?eeéﬁl“%s&'tnpgc‘?glﬂiﬁ @B@{fe&%aﬁlég ers 33a,b and hel p
to anplifig vibrati wagnémducedsdy(iwbllid @ad NCAuERBN dPerBRIGENSed by hands
‘and fingers by the sense of touch and through bone conduction of sound. The

domes 25 al scopfesipidecicssivgassics fioandificessyt visnakpepipesigvesi Agerpiqsatorshand
bones and wri st .. j ont Act 'tgg he vi hbr atq LU N the main
body of the c%%flgl?@%ie#ﬁ%&asgﬁm r e@?’ﬁglc (‘j);%e gén’ls)\/ é)?'ngr’] g %’Slc43 n@t&g?@g 151 i
20vi brati ons showh higat eentehigf the kendiged' flonb pokitiach v dsdnthpllagérg aad fitss
presented in conventional stereo qutput to the ri t%ht and left armrests 20.
violists is perceptually more informative compared to that from the cello/double bass
20 position. Therefore, Applicants positioned a video camera next to the woodwind
players, and recorded the conductor’s expressive gestures (e.g., during a music
director conducting the Mendelssohn’s Symphony No. 4.)
The proposed approach of showing lip/facial movements and conductor’s
expressive gestures synchronised to music were compared with the previously found
25  best case (showing abstract animations synchronised with the music). The results are

summarised in Exemplification II1.

The ‘Haptic Chair’
Applicants propose that if vibrations caused by sound could be amplified and
30  sensed through the body as they are in natural environmental conditions (feeling
vibrations through sense of touch and sound through bone conduction), this might

increase the enjoyment of music over a mute visual presentation or simply



Fig. 4a illustrates this speaker subsystem 35 configuration. Froma stereo
audi o source 41, left and right channels are anplified by power anplifier
43. The anplified left and right channels are then fed into respective |eft
and right speakers s 25 33 (e.g., 33a,b);, I n one enbodi nent, power
anplifier and audio control unit 43 (Fig. 2a) includes user-adjustable
controls that control the intensity of the vibrations of the speakers 33.
For the speak t to th ck..rest 24, t eaker 33d is
preferably nnﬁ%?%%ﬁ%EagaﬁgggP?%%g@kgﬁu%égpégyégﬁgaaﬁgff LIS of the chair

31. The 30 vi bsrapdrrgiss Hdbdcedaigricieo sgeakahis3ddcidRasfened tamkiae aHyptRNysi cal
contact with the chair_ 31, but Is instead mounted such that it nakes

contact with Ehelrl dwenitivl iraiseusgrskthebihe peptetiee sibis the bstenerde behe user when
the user sit Sc&ﬂﬂ)rﬂaﬁ@%a@@%ﬂe %giglg%ﬂgag%ed' inhg ehrigﬁerq]sgﬁ%géﬁ c%%?ed;@eté%aa thin

| ayer of cotton cushroning can aced covering t t ir.
From user ¥ eedbaivkd sdumds arrangenent does not significantly reduce the

ef fectiveness of the vibration fromthe back of the chair. At the footrest
22, a speaker 33c (e.g., a SolidDrive(r) SD1) is preferably 5 nounted
under neat h t hgpRAGR RO rest 22 where the speaker's vibrating surface
makes direct contact wth the wooden base causing it to vibrate along with
t he audi o source 4The qhfent convkpigundatlyiog tizd Haptes Clsar 31 isdo heplifywvibragiohons

hrough th f h_and by b ducti.on of f b
of therr f oot DT AT TBRGAAER: oL ERE i En LB RN ISy B e

foam filling wasmiMdasingBshreD afthbudhn@ch kRBBprodchi gy Bhadehblen koiaE ease
physi cal confort but not significantly interfere with haptic perception of

the nusic. Vatmerimeras inencambndimentethsdiaptip ChairPhds farmsd/cengshatsddyribe e i s
to provide usrﬁBérﬁYM tdF s8eh5aLibANSn E(ﬂl{é&t\l’sﬁ)lniogg ?i}]a?ﬂ; m‘?ﬁ?%ﬁ?ln%&snég%gtof are

synchroni zed w't n audi O source posi tion.
Thi s concept mapgingaidio signhleirgo atbritiveseo bs fadi ekt sedotodeduchahidveesughhe

vi brating speaker 33 and the map body of the yser or if there is a
conduct i ng meRANSPEIHERA ﬁ%%mﬁ%ﬁ% f‘gwaﬂséﬁegsl@st@ﬁ&%&mﬁ 3duy.

Exanpl es 16f cpRGEdnNOwTE (fllia’tjﬁfai%@snthﬁtrkﬁfg%%rw BRLE! dfdhe Vbfdfing s{)tl,u?%lses urface

such as wood, glass, netal, plastic and others. The intensity o
vi brati on t endih the chair ynapéridh Ahselid@Hansorsyrucitd filver mateginisalich #awdodur f aces

duct th i bratjons bett il ft terials,.qi L i bration.
B acenent of THAL PISRSeT At deiRer S8 eh i en el TS SRR, posi 1§ ons
wi th di fferentuspamks cRiirstddastiii@NOadyf atdis SRheral, ard@t ok siikdddsih@ t he

| ocations used in the above-described enbodi nents. Different configurations
wi th di ffer eriudigrithevibpasions wvilhbe dpoped bt dieantl myt¢rialpespocidldy thobé aeterdit

20  uniform composition.

The vibrating sources are provided by special speakers that convert audio
signals into powerful vibrations that are transferred onto solid surfaces by direct
contact. These special speakers are commercially available from several
manufacturers where they are marketed as a means of providing an acoustic source

25  for audio applications rather than a means of vibration for other applications. The
quality and frequency response of the sound that these speakers produce is similar to
that of conventional diaphragm speakers. This is important since many partially
deaf people can hear some sounds via in-air conduction through the ‘conventional’
hearing route: an air-filled external ear canal. Some non-limiting examples of these

30  speakers include the Nimzy Vibro Max and the SolidDrive® SD1. The SolidDrive®
SD1 in particular, provides high output power making it most suitable for the

construction of the Haptic Chair 31. The SolidDrive® SD1 range of speakers has an



25sensations to the human body. The concept of the present invention also
wor ks on a bench, bed, table or any other furniture that nakes contact with
t he human body of a user. The present invention is also not limted to
furniture. A vibrating floor (i.e., wooden, platforn), a portable vibrating
device (e.g., a vibrating sound board), a“wearable, vibrating piece of

cl ot hing, shoes, are just sone other exanples since they 30 are objects

h ke cl he_ h dy. Th d i i
bl aced on t ho SRRRB-cd e TSI Piene ks BaBBR3R TEROZSSP ' °

Fi gures 2a-2ckHa. They em wordtiwitlsausaslifide psayr beupieedo watts. t he - 20 -
concept can be generalized to a nulti-channel audi o source connected to

nul tiple vibratinf speiiedsengndipent, g Haptie kanindl datign gfafts withtagdespshe| y

used in novie one. ' Vi t d

ot hers. Accorg%ﬂ%ﬁ%?&éﬂggﬁgﬁgﬁgggéﬁﬁ?%ég%ﬁggﬁH?q?%% 1 |bk&ﬁg€&%5§?%gtalled
in theaters, ohivhgrdvidad flexibiitycandssid bbah di@sssimg thatpeoviderigelap) @hean
experience Iiv§"or prereco%ged musi cal performnces to a

| evel of .
qual i tativel y’SAMG am ehpipRb Pl exeridanraSuplarhii's aRleds ViiaedrBEtent
can be mde pRELABE caPabdB rRKOPAY IMAGbIDR! FRAPE ROMsdifD! PnbRof@ll Y 1!

I E
to a live perforhance. I n another ‘exanp enbodi nent, the present 1nvention
syst em may bespenkas pdratrecuritedt andeatiy aam-tests 20 burmemderusitrhler rigialt lanhisatedr y

10l east, nbodi. nent t tj ti b d id i
Fararna o phag RIS Bl RoR AP Ry TR PEA TSt Al 1T
ent ert ai NIENt offdes @MWhRK aRBARpEctMHeth&Yak )Tk ANRALIIMBInk @x KPR IR EnAT™

enhanced sense_of nusic. The strength of vibrations were neasured in
di fferent parVreoMaxipeaiesy $3adiae plasad op tsodidasside affhe Epadsight erngiestser ent

i nput frequengi Sl 1 t lL.nstr nts,
Inc.). The ozg%ﬁﬁwo &gﬁ58%%§§%g#%%%@%%ﬁaggéggg%é?@gég%%{gﬂgﬁd%%P&ﬂ%
condi ti oner. f{thee ofithphaief the signal conditioner was collected by a data

acqui sition nodule (USB-6251, National_ Instrupnents) and processed

b
I ﬁpt op r unnic ng LabtEwbyt Beil plaste depreiZars plaseieh By t?lééiﬁ_@)ﬁg%ac\]&égntr@ﬁégg in
the rangeso ﬁ%‘cﬁg) 905% sp%%%i%ia@aﬂﬂ@%%%ﬁrﬁ%ﬁ?ﬁ%am ﬂrbéﬂc%ﬁ gg @r}_’lght e

response of the contact ers 33 Imt ‘was c such t hat
it effectivelfyeqerer®untieandsegeeddfy mnds amliSngeas by thetsensrariteuchind thresglonse

AR TN AT T T AT T N
nore fluct uatdgRsidgeddBlantidoled MWK rigMHBhES Md@ntabt whR thcORBAIME driididls t he
strength of the vibrations felt through the hand-rest
in the main body of the chair 31. The arm rests 20 also serve to conduct sound
20  vibrations to the core of the user’s body and the sound signal is presented in
conventional stereo output to the right and left arm rests 20.
Fig. 4a illustrates this speaker subsystem 35 configuration. From a stereo
audio source 41, left and right channels are amplified by power amplifier 43. The
amplified left and right channels are then fed into respective left and right speakers
-25 33 (e.g., 33a,b). In one embodiment, power amplifier and audio control unit 43 (Fig.
2a) includes user-adjustable controls that control the intensity of the vibrations of the
speakers 33.
For the speaker 33d mounted to the back rest 24, the speaker 33d is
preferably mounted on a metal bracket and attached to the back of the chair 31. The
30  vibrating surface of the speaker 33d does not make any physical contact with the
chair 31, but is instead mounted such that it makes contact with the lower/middle

back (along the spinal cord) of the user when the user sits and leans back. For added



25 dones 25 was consi derably weaker conpared to those at other |ocations of
the chair 31 (especially back-rest 24 and foot-rest 22). Therefore, in

anot her enbodi nent the rigid plastic domes 25 are replaced by a set of flat
panel speakers (e.g., NXTTm Fl at Panels Xgy 10 from TDK) 29a, b (Figs.
2b-2c) to inprove the vibrations felt by the finger tips, a particularly

i nportant channel for sensing higher frequencies. 30Fl at panel speakers
29a, b were f C |-t ye e _stronger

Vi by ati ons. at YD GuREpEee SRR e BBk Ryl AR R T SORREE s ¢ e

pl astic dome badkudlthy €had Feomtser dedtaak, tBRAr@hgdnteit doddogsigndlkantiy th this

- 21 - nodification, the |ocation of the contact speakers 33a, b was

shi fted furt hEdUERER cfispibiensalof tha Ghigtion&ogr thedadt of2be ebatar ds where t he
el bow of the |ist eR?EHe%S&es‘E‘Q&}H%'eLIYe ‘3?9&%}% ﬁ&]ﬁri%@%ﬁg%} rel:é}?blgurpose of
ne felf Wwa the R

this was to maintain the vibrati wooden res 0. These
nodi f i cat i bnsmanetes lnodernéath Heguscelen 2dpten2 SRbere Bhggspediterisllibrating e fact he

speaker subsystem 35 for the.six speaker confjgurati.on of haptjc chair 31
of Figs. 2b- 2@?1?%@%0500&6& S AP BoG e caint L VoAl s wiliors
anpl i fies audifrdaiia andcsmRAs RN Bblvs Gh@DRElec CHbRKbNS @bl heGBARNE!

out put and a nonaural output |line. These anplified channels then drive or
suppl y 10anpl iot¢leandnbenc(eodiagionmdgoynd) sronethpdosd afgh¢iefaet.and ri ght
speakers 33a, b, 29a, b (at.armrests 20) and.t.o nono speakers..33c, d (at
the foot rest 22 aﬁﬁhfﬁ ﬁpdgg%ﬁ;%%éﬁ?%éy%ﬁﬂfpdVﬂl8% aéﬁ%&ﬁ?ﬂéﬁ??ggﬁﬁio
power anpld f i @dsigaed tecOnthe Glaméndfithdchairay ihddedsd PRy dic codfjrtibhtatdk € controls to
control the intensity of the vibrations of the speakers 29, 33. 15After the
nodi fi cati on, Slgrﬁéczfméqa@rfésﬁ Widls patisepepreptipreotthaimusyy Varioug sorfigirationsnd of
armrest 20 (geogrfdle Position of flat panel speakers 29 in Figs. 2b-2c
enbodi nent) was conpared with that of the Fig. 2a enbodi nent. Since the

flat panel speakerBh@at ethphBischesd isac padidetustRavidi sheadtioanth e famiof est 20,
t he response t%on1th osi.tions of t chair was not affected by

ot her 1e 31.
the addition ¥ raflP%%t%@a?ﬁ%PYr?g%]é%QQeW‘éh %?“J?%?‘EHF%%%%%W?WWWQF panel

speaker s 139a, pRitRA, NPs &B@é}lﬁt&ﬁll bk Q?lo%g% HRAY isABrebNOERNbAGkSn fREaKEr S

33a, b. Since the flat panel speakers 29 operate simlarly to conventi onal

di aphr agm speakutisg speakgr Boanddhe bimacbody ofithe ntes ot Hehat ivctandectitey are in
contact wth. nc the flat panel eakers 29a, b.did pot introduce

si gni fi cant éH%ﬁPP@ﬁQV*Wﬁ%ﬁ5@F§Wg€8ﬂﬁﬁé?§ﬁ%f?wgwh@PPaé¥uE§¢nP%%° he
frequency respafs@ngQiediiifs eirsihalude Rty RhtelbIMVItRalfla Qurfdte ke Anasl, ment  of
Figs 2b and 2c is nmuch higher than the frequency response of the distal end

of arm rest Zbassrmetak plastc 2ad ethpsdilie tatendity odthreyibietipd ssnds evarpitvithdbet i on
o e, o0t PRl AREPAEL5 R PS50, RO DR DREL 10
materials give less vibration. Placement of the vibrating speakers 33 which defines
the contact positions with different parts of the human body of the user, is not
limited to the locations used in the above-described embodiments. Different
configurations with different contact points are possible and will provide different
25  sensations to the human body. The concept of the present invention also works on a
bench, bed, table or any other furniture that makes contact with the human body of a
user. The present invention is also not limited to furniture. A vibrating floor (i.e.,
wooden platform), a portable vibrating device (e.g., a vibrating sound board), a
wearable, vibrating piece of clothing, shoes, are just some other examples since they
30  are objects that make close contact to the human body.

The second emphasis is placed on the audio source itself. In the illustrated

embodiments of Figures 2a-2c, a stereo audio source 41 may be used, but the



- 22 - EXEMPLI FI CATI ON | A user evaluation study was carried out to
exam ne the effectiveness of the invention system 10. Participants were
asked to follow the nmusic while sitting in the 5 Haptic Chair 31 and
wat ching the visual display 21. They were,also invited to nmake thensel ves
confortable in the chair "as if they were rel axing at hone". The studies
were conducted in accordance with the ethical research guidelines provided
by the Intern Vi (1.RB) of .t i ona Lversi of . Si,ngapor e
AR IS S b C T TR A S R A e
partici pants ¢bBatinglspeskely 3¢S, andti-Lhadeiildio sulji@ctvely Use@k pakte i n the
study. Their medi an age was 16 years ranging from12 to 20 years. All
partici pants HsalcHohoae theater systenth @amane soirpaments ppd pWes. Aderdinglye not 15
t he sane grou : i [ d
nfor mal . dosy Ba S RERLSRA MR AREnBRLh) Be LUGLOTRLALAUR LENRILSE,
per specti ve. Apthhi leanhg irnpamdyicopleedn ek pdrichixeli paort prerepadt s miukicalugh an
. , - ed
oU i a qui cherTEBRERR UG e R BriTeRple Ao reRBb Al N vt h
a 17-inch LC%@e&%&mm;&%%&%&agé%ﬁh& Q%eé(ﬂi@ﬁ%paﬁ%{l B&kSn i HBR! docant s

did not include the size of the LCD display as a variable in this study,

and chose t hecatonirtmd liveapeafdraighes. 17 anpidbhr ereniploembodimentathelpedentasi |y 25

ortable and widely available in hones, and workpl aces. rin t he vari ous
Sudy bl ooks, MuEjS SePeY Be lSertPERE) Ebs T heCnERERs iR iRl ng
their feeto flRhstodh drilsodierit ofeisd pragieht afveBticicanlR REdELET S in RAHIRS tof © wat ch
the visual effects while listening to the nusic, or sinply listen to the
nusi c. The viRla\p mysigs] wytromenips tping dytuae, o as 6n shigHeinmsat Bsmafordi st ance

appr oxi mat el i 0 X4 .ely 80 cm from
'Ehgpf | oor. P %Oﬁg%g%%&%&hg%ﬂ?&g%&é%%?%{I?&u%}g‘?férﬁﬁglgedgs(ﬂIglﬁjl%l(l'e'ng t he study.

- 23 - The strength of vibrations were measured in different parts of the chair 31 in

esh

one embodiment in response to different input frequencies using an accelerometer
15  (3041A4, Dytran Instruments, Inc.). The output of the accelerometer was connected
to a signal conditioner. The output of the signal conditioner was collected by a data
acquisition module (USB-6251, National Instruments) and processed by a laptop
running LabVIEW™ 8.2 The system frequency response was tested in the range of
50-5000Hz, where the lower frequency was limited by the response of the contact
20 speakers 33 and upper limit was chosen such that it effectively covers the range of
most musical instruments. The response measured from the foot rest 22 and the
back rest 24 of the chair 31 was fairly flat (= 5dB) while the response measured
from the arm rests 20 showed more fluctuations (+ 10dB) with lower amplitude.
It was observed that the strength of the vibrations felt through the hand-rest
25  domes 25 was considerably weaker compared to those at other locations of the chair
31 (especially back-rest 24 and foot-rest 22). Therefore, in another embodiment the
rigid plastic domes 25 are replaced by a set of flat panel speakers (e.g., NXT™ Flat
Panels Xa-10 from TDK) 29a, b (Figs. 2b-2c¢) to improve the vibrations felt by the
finger tips, a particularly important channel for sensing higher frequencies.
30 Flat panel speakers 29a, b were found to be a cheaper alternative to produce
stronger vibrations at the hand-rest area compared to vibrations produced by the

plastic dome structure 25 on the distal end of the arm-rest 20. With this



Procedure The experinent was a within-subject 4 x 3 factorial design. The
two i ndependent vari abl es were: nusical conposition (classical, rock, or
beat only) and 5prototype configuration (neither visual display nor Haptic
Chair, visual display only, Haptic Chair pnly, and visual display and
Haptic Chair). The nusical test sanples viere based on the background survey
results. MDI renditions of Mdyzart's Synphony No. 41, 'It's ny life' (a

song by the band.cal.l e n_Jovigy, an hi p-h eat pattern re,used as
ol agsi al o RIS s s i swaBEE B aR): AHRAEHEREEE G T hese
tracks are avgrbabla®) Herd the adh-rest 20 towards where the elbow of the listener-user
artsandcreativityl ab. org/ publicationi chi 09-nusi c-tracks. The duration of

each of the tp#e@llngentagied thesehajsiddeEhe prrposspt tlbix ivvpate mpindgia the yibrasions "
o . _ ; j
For each nusi Fe@évtﬁ ﬁi%tw&dd%ﬁ%ngﬁgﬁ?g.nifeggp{?gﬁgca%ﬁscﬁé sfw {nélﬁ#&rtefglgggng abl e

1). In all four ocks, 1n a rototype sys nusi ¢ was
pl ayed t hrbughc.a 15 normal di aphragm speaker system (CreativeTM 5.1 Sound

Bl ast Systen) which, i st co n practice. Before starting the bl ocks,
each pattici pant b 5‘_&5 SFN_S%%E%%SW%%S@F%?E@@?&%%PWC?ﬁgg”tr%ﬁ%’t udy
the effect Ofoftﬁggﬁt@%m SULns m.tm@mvasﬁ%b_aga@ghg%e41,%@ dgn, they

were given the ance to becone confortable wth ptic air and the
di spl ay. Al soamplifgerddumplifiey ebdio dfitatand feqde allelt shameeleoutalti drightedagefo t he

P e Bl ko PRSCTAL BRLRAFL RO RS SR AL
nusi c. Vigual ddaplifiee sbuh@|dddfrinpyiPaicsR ke RERMAFhekparek B8aBISE b (at
BONOFFFol | ow t he nusic while

arm rests 20) and to mono speakers 33c, d (at the foot rest 22 and chair

back/backrest 24). In one embodiment, audio power amplifier and control unit 43

may include user adjustable controls to control the intensity of the vibrations of the

speakers 29, 33.

15 After the modification, the frequency response of the chair 31 at the distal
end of arm rest 20 (general position of flat panel speakers 29 in Figs. 2b-2¢
embodiment) was compared with that of the Fig. 2a embodiment. Since the flat
panel speakers 29a, b were attached at the distal end of arm rest 20, the response
from the other positions of the chair 31 was not affected by the addition of flat panel

20 speakers 29. This is because the flat panel speakers 29a, b do not operate in the same
way as the contacts speakers 33a, b. Since the flat panel speakers 29 operate
similarly to conventional diaphragm speakers, they do not directly vibrate the
structure they are in contact with. Hence, the flat panel speakers 29a, b did not
introduce significant additional vibration to the chair 31 structure.

25 The frequency responses of the distal end of arm rest 20 in the embodiment
of Figs 2b and 2c¢ is much higher than the frequency response of the distal end of
arm rest 20 in the Fig 2a embodiment. In other words, the introduction of the flat
panel speakers 29a, b provides better haptic input to the fingertips of the listener-

user (i.e., person seated in the chair 31).

30



paying attention to the visual display CO-FONFol | ow the nusic while paying
attention to the vibrations provided via the Haptic Chair DONONFol | ow t he
musi c while paying attention to the visual display and vi brations provided
via the Haptic Chair After each block, thg subjects were asked to rate
their experience by answering a questionndaire. The questions were designed
based on the Flow State 5 Scale (FSS) of S. A Jackson and H W Marsh,

" Devel opnent i i f-a Scale to Measure Optimal Experience: The
Fl ow St ate ch?éet,Mﬁmﬁg(%Au?ggﬂlof Sport and Exercise Psychol ogy, 18 (1996),

pgs. 17-35. Each question was rated on a 5- point scale, ranging from1
(strongly disagree) to 5 (strongly agree). Upon conpletion of the four
trials for a gi venApisecevabptignsiudy wapsasisd optiopxangiaae effediveaessof ths r ank

these four c Oﬂlfvglgt?k%uﬁstyisﬁﬂlsl d. %C?rgeip&ltélaigre[&sg?de%@}g@vittlgber-ﬁggg I%vfl%ll: sﬁﬁ{fé) [di,09 to

their preference. I'S procedure was repe erent- nusi cal
pi eces. Each HapieChait ®bkndapptchingnind ekyal dxphayrdlt dhey ovecoalpd atvitetl lemake

experiment. It took 8 days to.cqllect responses from43 participants.
15Resul t s andﬁlﬁﬁla@y%% comboriabIe i theicBai e L Hhep pderal e 1 foBes ed Heeliitses to

find the answgeg bAdidid indlccHUERle RS hRTeHidH] Sesdiref LRI fos pIBRIQVEY B! FSS
score was used as a neasure of the optinmal experience. The FSS score was

cal cul at ed asIngernaliRgtvievdBasdr(HyB) ofthe hetional 2B versitt dfrigsgagoveeandf with (R
guestions, and ranged fromO to 1 where a FSS score of 1 corresponded to an
opti mal experi@hCE™ Prelininary investigations were carried out to
exam ne tfe effect of the proposed system 10. For this purpose, Applicants
graphed the mean FSS score 5across all experinmental conditions (presented
as Fig. 5). FPy#cimaty esults shown in Figure 5, it is clear that the Haptic

il for ¢ he contonr i ieaars Bipdie fe SRR @8 il eicciPadd TS RERLS ves
subjects) took part in the study. Their median age was 16 years ranging from 12 to
20 years. All participants had normal vision. The participants in this study were not
15  the same group of subjects who took part in the background survey and informal
design interviews and therefore provided Applicants with a fresh perspective.

Applicants communicated with the participants through an expert sign language

interpreter.

20  Apparatus
The study was carried out in a quict room resembling a home environment.

A notebook computer with a 17-inch LCD display was used to present the visual
effects. Applicants did not include the size of the LCD display as a variable in this
study, and chose the commonly available 17 inch monitor that was both easily

25  portable and widely available in homes and workplaces. During, the various study
blocks, subjects were asked to sit on the Haptic Chair 31 (keeping their feet flat on
the foot rest and arms on the armrests), and/or to watch the visual effects while
listening to the music, or simply listen to the music. The visual display 21 was
placed at a constant horizontal distance (approximately 150 ¢m) and constant

30  elevation (approximately 80 cm) from the floor. Participants switched off their

hearing aids during the study.



di splay 21 and Haptic Chair 31 were turned off. A 2-way repeated neasures
ANOVA (Fobs 2.851, p>0.05) suggested that the order of bl ocks (different

pi eces of 10nusic) did not significantly affect the FSS score. The
average nmean FSS score was conpared acro%ﬁ the four different experinental
conmbi nations: music only; nusic and visual display 21; nusic and Haptic
Chair 31; nusic, visual display 21 and Haptic Chair 31. A one way repeated
measures ANOVA reveal s a significant difference between the different

15conbi nati ons (Fob, 584.208, p<0.01). Applicants used Tukey's
honest |y si gnPtécedate di fference (HSD) test to conpare the neans. The
outcone of this test was as follo Mean FSS score, of nusic with visuals

(Trial B) was signif§ EWW“F]W@%%W@&WW 4epataciong] designonldetei al  A) .
20Mean FSS Scﬂ'gdglg(ﬁxfae%'rlﬁbl\é@ WRrdaRkIcS1 %anfoy(bl%ésm@ M@? QP 'ogﬁ'ofnl)fggﬂal y.

hi gher (p<0.01 n nmusic alone (Tria score nmusi c,
vi sual s and I—lpapnltotypeﬁhmnﬁtgutaﬁg&(rhmﬂhe( Jlisuad [disPlaywas Hstpnghalc,anMaj/displghenlyg p<0.0

) than nusic Ione Tri n FSS. scor sic, al s .and
lapt ¢ Chal 1 LBGS: FeRT oy S wyuab iGBBEGRLFERNY Aotk ot chisical 1L HRlF O
were signifi C@Bﬁe' Basé &h@l’éb@i ound Sub@sy rBHsC Mamst ré’ﬂcﬁt‘ﬁ%s%f(l\féia@ﬂ sB). The
di fference between the nean FSS score’of nmusic with Haptic Chair (Trial C)

and rmusi c, vi Symplonaio. Hdpﬂi @rr@hlafﬁr(a(svngéy tiwy bapd sahest Ben @}ml)‘ |anénﬂn;(b0m 05) .

Fig. 6 presenis.a plot o GorLe 0 Fldenc (C) for
50 our i 11 P eh b o RarFaRe SR g P s DR Ll L

di splay, 1@ n8@hsleaotihtiaticks Qjeajvaﬂabamdnl[ﬁernum c, visual display and Haptic
Chair. As seen fromFigure 6, Haptic Chair 31 had a substantial effect

on the FSS sc%ﬁSéndcrea%tylab\m&/ﬁul?lrr@tlﬁ%(ﬁhlp81%@%)@r dhg dragon of paghiofithe most
preferred CO%&‘&%@%&&@%S’[@%@SMS& M&ehp&ﬁtrgﬂg QM th the Haptic Chair,
visu

46% r anked nusi c S toge er w t ptic Chair as their flrst
choi ce. None of t hEorpach nmsmalmtﬁ pmce;‘tberreedere eirdl dods oprseds (sbeTage |19)n1‘n
(nusic al one, di splay). 5The | ow FSS sco

e ar ome aibfoyl iRy i adtiiar Hrthe Bt ftsmtdvsteRn. the motic W3S pli 2d Boldl a

15  normal diaphragm speaker system (Creative™ 5.1 Sound Blast System) which is
best common practice. Before starting the blocks, each participant was told that the
purpose of the experiment was to study the effect of the Haptic Chair and the visual
display. In addition, they were given the chance to become comfortable with the
Haptic Chair and the display. Also, the sound levels of the speakers were calibrated

20  to the participant’s comfortable level. Once the participant was ready, trials were

presented in random order.



be expl ained by sone of the conmments received fromthe participants. One

said: "l can't hear with the visuals alone, but when | get the vibrations
[fromthe Haptic Chair], there is a nmeaning to the visuals."” 10
EXEMPLI FI CATI ON 1 | The statistical_ppalysis given above shows that

the Haptic Chair 31 has the potential to Significantly enhance the nusical
experience of a hearing inpaired person. However, this does not adequately

reflect the e i i ceived fromthe deaf community.
After the forQ%PH§¥3§®h@§§kg§ﬁ%#%?%§Fh§$§Ticants had the opportunity to
interact with the deaf participants in a.nore informal way that provided

i nsight into how the inveptio fgyéte #BUGor ked in a_nore natural

envi ronnment . Appl i cant 58k| ecPBBIAY subhgioup of el evE#karticularly

ent husi astic subjects 20 and allowed themto [fsten t0.songs of their
choice. They were askedAto i magfRe t heOHapt i Eollomathe migic t heir own and use
it in whatever way they wanted. They were atso given a denonstrati on of how
to connect an audi o devBce (nobIN e phda] CO¥'qloayte mysppivkilé Pod, or

not ebook conputer) to the Haptic Chair 31, amyidgwtentven ® theee to choose
whet her or not to use their hearing aids. Apghiatdispmyobserved the behavi our
250f the partici pant ; oh ir
reactions to the experience. QOFF OneQ¥Xery mikiwt g npatd whilgpant reported
that it was an amazing experience unlike anydhidpcht@hfor@cthexperi enced
before. She said now she feels |ike there is;pg:ghd 8(BEGiARL Ween hersel f
and a person with normal hearing. She preferged the.30conmbination of the
Haptic Chair and visual display the nost. She said, if she could see the

lyrics (karaoke-style) ﬁnd if 6@? had épp OQQQ%%H@E%Xm&Qﬂ%ﬂ?”ge t he
properties - 27 - paying attention to the
visual display and vibrations
provided via the Haptic
Chair

After each block, the subjects were asked to rate their experience by
answering a questionnaire. The questions were designed based on the Flow State
5 Scale (FSS) of S.A. Jackson and H.W. Marsh, “Development and Validation of a
Scale to Measure Optimal Experience: The Flow State Scale,” in Journal of Sport
and Exercise Psychology, 18 (1996), pgs. 17-35. Each question was rated on a 5-
point scale, ranging from 1 (strongly disagree) to 5 (strongly agree). Upon
completion of the four trials for a given piece of music, the participants were asked
10 to rank these four configurations (A, B, C and D as shown in Table 1) according to
their preference. This procedure was repeated for the 3 different musical pieces.
Each subject took approximately 45 minutes to complete the experiment. It took 8

days to collect responses from 43 participants.

15  Results and analysis
Applicants analysed the collected responses to find the answers to initial
questions of this disclosure. The overall FSS score was used as a measure of the

optimal experience. The FSS score was calculated as a weighted average of the



of the visual display (colour, objects, how they nove, etc.) whenever she
feels, that would make the system even nore effective. Many of the
participants reported that they could clearly identify the rhythm of the
song and coul d hear the song nuch better gonpared to when using standard 5
hearing aids. Another nentioned that he wanted to use headphones toget her
with the chair 31 and display 21 so that he could detect the sound through

e, headphones it Uk o/ LABHLLEA PROL NS, L £y 0014 Ll f ound

deaf ness sai d ey actua eard a
song and t heycow¢spordddriearloptimabpgypedbaet it. 10 They expressed a wish to
buy a simlar Haptic Chair .and _connect it to the radio and tel evision at
hone. Appl i cEFRIEIBYY ARYrsHeations WeERATHebIW i axamige dre gitsct pidhpant s wer e

actual Iy ' heagjng: i o d L i 1. The
fol |l ow ng congtaoﬁtg %ed\%g%h?ndg%uoﬁlg?ﬁg&%%{%" ggcéﬂlté %ﬂgﬁ dgtg? %ﬁg%@%&?égs! "
will ask ny fatrheraltaxpbumentel eonslitinink dpresengidras'Fig. NowFtdne (e resultsghawh firer ence

bet ween nme and. a nor.pmal . hearin erson.. | feel proud.” plica consul t ed
deaf nusi ci anglgt”{)e %é{%tcl?éf ﬁ‘a%‘ @g&%&&&%’]&ﬁlrﬁdthﬁgé d%@“%\?@ff) r?é‘ﬁg%ig %glsc‘irﬁ'e
invention syshem 4. FsSnRoRfwiNBmiha eak beRenghatin Mustiel bsditkk (8@l she

enj oyed the experience provided by the Haptic Chair 31 and suggested that

Appl i cant's shéigpldy gl evd dlepan Chald 31 insnatursgli off. of 2ewa eapeitoh alcatigesdphones

t oget her vvithmﬁ, ti ai t o assi;s artial eaf..peopl.e wha can
detect certaifl sou‘%@g"bi/lf'gg;iplfbboéiauﬁels 8%l[}{al&ﬁf’l%uoé%ertorfll'ealyor&%Ec{lggﬁﬁfplg%ﬁs Oganal .
25A pr of oundl musiepdideonsighificptBrifsdet thelR$SApRpPlel cants t hat he coul d det ect

al nost all inportant nusical features via the Haptic Chair 31 but wanted to

feel musical pitchlhoperagedpsandiSg soppeatiasgopmagsdycsoss i foupddiorend opti ons

o e eSS AT LA ALk A sy o
initial test Haptichehay3l; emsandiswalulichlaodt amlidapte Cpad t.i Aiopateyirepeaeddi ni ng
the concept. measures ANOVA reveals a significant difference between the different
15  combinations (Fops 584.208, p<0.01).
Applicants used Tukey’s honestly significant difference (HSD) test to
compare the means. The outcome of this test was as follows:
. Mean FSS score of music with visuals (Trial B) was significantly higher
(p<0.01) than music alone (Trial A).
20 . Mean FSS score of music with Haptic Chair (Trial C) was significantly
higher (p<0.01) than music alone (Trial A).
. Mean FSS score of music, visuals and Haptic Chair together (Trial D) was
significantly higher (p<0.0 ) than music alone (Trial A).
. Mean FSS scores of music, visuals and Haptic Chair together (Trial D) and
25  music with Haptic Chair (Trial C) were significantly higher (p<0.1) than music and
visuals (Trial B).
. The difference between the mean FSS score of music with Haptic Chair
(Trial C) and music, visuals and Haptic Chair (Trial D) was not significant (p>0.05).
Fig. 6 presents a plot of FSS score with 95% Confidence Interval (CI) for
30  four different combinations, namely A—music alone, B—music and visual display,

C— music and Haptic Chair, and D-—music, visual display and Haptic Chair. As

seen from Figure 6, the Haptic Chair 31 had a substantial effect on the FSS score.



- 28 - EXEMPLIFICATION 111 Three different user studies were carried out to
evaluate a different (revised) enbodi ment having the visual display 21 with
3D effects and the Haptic Chair 31 of Figures 2b and 2c. The foll ow ng
includes a summary of the experimental Spjocedures, results and discussion.
Compari son of the proposed nusic visualisation strategies The objective of
this study was to conpare the performance of the two new visualision

strategies. T r sed techni ques. (3D ahstract patterns, the n

gest ur o5, er S BOPERE RS kSR (R G B bR RS S ot s
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(approximately 80 cm) fQantiheafh@Qhe \%{fais_rb%rfeh%t\@ﬁénmg%t gfoudy bl ocks,
participants were asked to sit on the Haptic 20Chair 3T (keeping their feet

flat on the foot rest 2@bragions|fomm theeHantwr@sirg, tB@eanadnfeamigeto ti ps on t he
flat panel speakers 29), and tq watch the visual effects while listening to
the music. Participant st§&l¥sked to switch off their hearing aids during
the studyl.p The experinment was a within-subject 3 x2 factorial design. The

t wo
EXEMPLIFICATION 11

The statistical analysis given above shows that the Haptic Chair 31 has the
potential to significantly enhance the musical experience of a hearing impaired
person. However, this does not adequately reflect the enthusiasm Applicants

15 received from the deaf community. After the formal study was completed,
Applicants had the opportunity to interact with the deaf participants in a more
informal way that provided insight into how the invention system 10 worked in a
more natural environment.

Applicants selected a sub-group of eleven particularly enthusiastic subjects

20 and allowed them to listen to songs of their choice. They were asked to imagine the
Haptic Chair was their own and use it in whatever way they wanted. They were also
given a demonstration of how to connect an audio device (mobile phone, CD player,
Apple iPod, or notebook computer) to the Haptic Chair 31, and they were free to
choose whether or not to use their hearing aids. Applicants observed the behaviour

25  of'the participants and, after the session, asked them for their reactions to the
experience.

One very excited participant reported that it was an amazing experience
unlike anything she had experienced before. She said now she feels like there is no
difference between herself and a person with normal hearing. She preferred the

30  combination of the Haptic Chair and visual display the most. She said, if she could

see the lyrics (karaoke-style) and if she had the opportunity to change the properties



25i ndependent vari ables were: nusical genres (classical and rock) and type
of visuals (2D abstract patterns; 3D abstract patterns; and video recorded
or otherw se inage captured human gestures synchronised with the nusic).

M DI renditions of Mendel ssohn's Synphony,No. 4 and "It's ny life" (by Bon
Jovi) were used as cl assical and rock exanples, respectively. The
duration of each of the tmn musi cal 30test pieces was approxinately one
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A few participants who were born with profound deafness said that this was
the first time they actually ‘heard’ a song and they were extremely happy about it.

10 They expressed a wish to buy a similar Haptic Chair and connect it to the radio and
television at home.

Applicants observed that many profoundly deaf participants were actually
‘hearing’ something when they were sitting on the chair 31. The following
comments were encouraging:

15 “Yes, I can hear from my legs!”

“I will ask my father to buy me a similar chair.”
“Now there is no difference between me and a
normal hearing person. I feel proud.”
Applicants consulted deaf musicians to get their feedback on future

20 developments for the invention system 10. One of them (a deaf teacher of music)
said that she enjoyed the experience provided by the Haptic Chair 31 and suggested
that Applicants should provide an additional pair of conventional headphones
together with the Haptic Chair 31 to assist partially deaf people who can detect
certain sounds via air conduction through their external ear canal.

25 A profoundly deaf concert pianist told Applicants that he could detect almost
all important musical features via the Haptic Chair 31 but wanted to feel musical
pitch more precisely. When Applicants explained the options and the need for
familiarisation with the system for such a high level input of information, he said he
learned continuously throughout his initial test of the system and would continue to

30  participate in refining the concept.



Remar k A2DONBest known condition (Exenplification 1) B3DON npl ementation of
the visual effects "ba" "ba" |ip/facial novenent for the rock song;
CONOrchestral conductor's expressive gestures for the classical piece
10The FSS instrunent described above was 4ised to neasure the experience of
the participants. This procedure was repeated for the 2 different nusical
pi eces. Each partici pant took approxinmately 25 mnutes to conplete the

experi ment. T@§E¥ﬁﬁﬁkg§g§gégﬂﬁlplace over 7 days to collect responses from

36 participan esu I'gure 7 shows the nean FSS score across the
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gestures) were compared with the previously best known combination (Haptic Chair

10 plus 2D visual display of Exemplification I).

Participants, apparatus and procedure

Thirty six hearing-impaired participants (21 male and 15 female) took part in
the study. All had normal vision. An expert sign language interpreter’s service was
used to communicate with the participants.

15 The study was carried out in a quiet room resembling a home environment.
As in previous studies, a notebook computer with a 17-inch LCD display was used
to present the visual effects and was placed at a constant horizontal distance
(approximately 170 cm) and constant elevation (approximately 80 cm) from the
floor. During the various study blocks, participants were asked to sit on the Haptic

20 Chair 31 (keeping their feet flat on the foot rest 22, arms on the armrests 20 and
finger tips on the flat panel speakers 29), and to watch the visual effects while
listening to the music. Participants were asked to switch off their hearing aids
during the study.

The experiment was a within-subject 3x2 factorial design. The two

25  independent variables were: musical genres (classical and rock) and type of visuals
(2D abstract patterns; 3D abstract patterns; and video recorded or otherwise image
captured human gestures synchronised with the music). MIDI renditions of
Mendelssohn’s Symphony No. 4 and “It’s my life” (by Bon Jovi) were used as
classical and rock examples, respectively. The duration of each of the two musical

30  test pieces was approximately one minute. For each musical test piece, there were

three blocks of trials as shown in Table 2. In all three blocks, in addition to the



- 30 - Chair 31 (Trial C) was found to be the nost effective way to convey
a nusi cal experience to a hearing-inpaired person. Tukey's HSD test was
used to conpare the neans. The outcone of this test was as follows: Mean
FSS score of watching human gestures (Tri C) was significantly 5higher (p
<0.01) than watching 2D abstract patterns(Trial A-best case from Figure 6)
or watching 3D abstract patterns (Trial B). The difference between the
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the participants. This procedure was repeated for the 2 different musical pieces.

Each participant took approximately 25 minutes to complete the experiment. The

experiment took place over 7 days to collect responses from 36 participants.

Results
15 Figure 7 shows the mean FSS score across the experimental conditions.

From the figure, it is appears that watching human gestures with music has a
dominant effect on the FSS score.
The difference between the responses observed for the two different music

samples (classical and rock) was not significant. This was verified by a 2-way
20 repeated measures ANOVA (F,,. <1) and suggested that the music genre did not
significantly affect the FSS score. Therefore, results obtained from different music
genres were combined.
One way repeated measures ANOVA analysis was carried out to compare
the average mean FSS score across the three different experimental combinations.
25  This revealed a significant difference between the different

combinations (£,,91.19, p <0.01) As seen from Figure 8, listening to music while

watching synchronised human gestures and feeling the vibration through Haptic



- 31 - distance (approximately 170 cn) and constant el evation
(approximately 80 cn) fromthe floor in a quiet roomresenbling a hone
envi ronnment -was used to present the visual effects. The experinent was a
wi thin-subject 3 x2 factorial design. The,ywo 5independent variables were:
musi cal genres (classical and rock); type of visuals (no visuals; nusic

wi th synchroni sed human gestures; and music with asynchroni sed human

gestures). Th ic saml e sed in revi ous experi ment
(Nendel sbonn CHEg o TH! oo PRLRYRG i it ARSI E MO U RBT A RAL usea.
Tabl e 3. Threexgbrich&s ®©nthearih@impditsd fRrdhe qakef’ s M kstwisuse® fletihRbe t O

conpare the effectiveness of 10synchroni sed and asynchroni sed human
gestures Hapthednemsi Fhwewspmac cbHtiy Spt wassas fedewsir es correspond to the nusic

musi cal test pi be TERe BastE Sannee, bt frr S, Epd8 P ol el 0"
alone, musjc wth Bighehrpr Ged tigesvdicaihg ADdabsuaétCpatetty ERjHN CAF-DRES eske
gestures as shown in Table 3. In all conditions, participants were given
tactile input from Figure 6) or watching 3D abstract patterns (Trial B).
o The difference between the Mean FSS scores of watching 2D abstract
patterns (Trial A) and watching 3D abstract patterns (Trial B) is not statically
significant(p > 0.05).
10 Many participants reported that they could “hear” better when watching
human gestures while listening to music sitting on the Haptic Chair 31. Referring to
face/lip movements and conductor’s gestures, some participants said these (gestures)
are more musical. Only one participant commented that the conductor’s gestures
were difficult to understand. Perhaps this was because conductor’s gestures were
15 particularly subtle. Overall, most of the participants liked to watch human gestures
synchronised to music. From the statistical analysis, comments received from the
participants and their level of excitement observed, it appeared that the use of human

gestures was the right approach for enhancing the musical experience through

visuals.

20 Synchronised gestures vs asynchronised gestures

The objective of conducting this experiment was to find out the importance
of presenting music-driven human gestures as opposed to random human gestures.
To answer this issue, a comparison of three different scenarios—human gestures
synchronised with music, human gestures asynchronised with music and music

25  without any visuals—was carried out.

Participants and apparatus and procedure

Twelve hearing-impaired participants (7 male and 5 female students) took
part in this study. All of them had taken part in the previous study. As previously,
an expert sign language interpreter’s service was used to communicate with the

30  participants. Same set up—a 17-inch LCD display placed at a constant horizontal



15t hrough the Haptic Chair 31. After each trial, each participant's
experience was neasured using the FSS instrunent. This procedure was
repeated for the 2 different nusical pieces. Each participant took
approximately 25 mnutes to conplete the 3elxperi ment. Data was coll ected
fromthe 12 participants over a period of"'3 days. Results 20Figure 9 shows
the overall results across all experinental conditions. As m ght be

expected, nusic. With synchronised gestures had the Xi mum scqr.e, sic
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For each musical test piece, the participants were shown 3 sets of stimuli—
music alone, music with synchronised gestures, and music with asynchronised
gestures as shown in Table 3. In all conditions, participants were given tactile input

15  through the Haptic Chair 31. After each trial, each participant’s experience was
measured using the FSS instrument. This procedure was repeated for the 2 different
musical pieces. Each participant took approximately 25 minutes to complete the

experiment. Data was collected from the 12 participants over a period of 3 days.

Results
20 Figure 9 shows the overall results across all experimental conditions. As

might be expected, music with synchronised gestures had the maximum score, music
alone was the second best and music with asynchronised gestures had the lowest

FSS score. A 2-way repeated measures of ANOVA (£, <1)suggested that the type

of music (classical or rock) did not significantly affect the FSS score. Therefore, the
25  FSS score was averaged across the different music samples and compared using one

way ANOVA. The results are shown in Figure 10.



"This is wong." 20"l can't understand this."” "lI'd rather listen to nusic
al one". "Doesn't nake sense.” Al the participants preferred to watch
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synchroni sed with nusic. Wen asked the rgason 25for this, some of the
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sati sf acti on. lidtenetiio sauaerkith asynchronised gestures. Only one participant could not tell

15  the difference between synchronised and asynchronised gestures for the rock song
(the “ba” “ba” movements). She could still differentiate between synchronised and
asynchronised gestures for the classical music (the orchestral conductor’s gestures).

Following are some comments received after watching the asynchronised gestures:

“This is wrong.”
20 “I can’t understand this.”
“I'd rather listen to music alone”.
“Doesn’t make sense.”
All the participants preferred to watch human body movements (e.g., video
recorded or other images thereof) synchronised with music. When asked the reason
25  for this, some of the participants said they could “hear” better; however, they were
unable to clarify this further. From the statistical analysis given in the previous
section and from the observations above, it appeared that most participants preferred
watching human gestures synchronised with music when listening to music. When
the music and gestures were asynchronised, the participants preferred just listening

30  to music without any visual display.

Continuous monitoring of response to Haptic Chair

Although the feedback about the Haptic Chair 31 was uniformly positive, it
is possible that what we were measuring was due to novelty rather than anything

specific about listening to music hapticaly. Therefore, the objective of this



satisfaction was neasured using a questionnaire derived fromthe

"Useful ness, Satisfaction, and Ease of use" (USE) questionnaire (see A M
Lund, "Measuring Usability with the USE Questionnaire,” vol. 3. STC
Usability SIG Newsletter, 2001). The rmd_i:{ i ed USE questionnaire consisted
of five statenents where the 15 participants were asked to rate a
statenent (of nodified USE) on a 5 point scale, ranging from1l (strongly
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Mor eover, the satisfaction 15 | evel was sustained over the entire duration
of the exper ifrwcipaphearday oARENA anal ysis confirmed that there was no
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more than 3 vastarert (Bt iPR i 36 RalsPEhET R RPE Rl R d SRS nGe”
was so described above. The idea of this experiment was to continuously monitor the user’s

satisfaction with the Haptic Chair 31. Each participant was given 10 minutes to

listen to music while sitting on the Haptic Chair. They were allowed to choose

25  songs from a large collection of MP3 songs the included British rock songs, Sri

Lankan Sinhalese songs and Indian Hindi songs. This procedure was repeated every

day over a period of 22 days. Each day, after the sessions, participants were asked

to comment on their experience. On days 1, 8, 15 and 22 (Monday of each week

over 4 weeks), after 10 minutes of informal listening, each of the participants were

30  given the chance to listen to 2 test music samples— Mendelssohn’s Symphony No.

4 and “It’s my life” by Bon Jovi (the same samples used in the previous



20posi ti ve. Qobservations made: The participants' reactions to the
Haptic Chair 31 were continuously nonitored as a way of controlling for a
possi bl e novelty effect in our previous data. The | evel of enthusiasm was
mai nt ai ned t hroughout the extended experhﬂpnt. There were tines when sone
partici pants were unhappy when they 25were told that his/her session was
over. After two weeks, the 6 participants were told that they did not have

to come every day. to.t art. i e experinment (to "listen' to music for
10 monutes) | Pt A 8Rbinely pdSy BRRSERE, he7 perd BkElinddniki. o
reported that fdhgyesti GRkREvEQ VAT e USHE QR stidihBBl UdersaaSha@ibn Wik JadlatedS
mentioned in the previous section, all participants wanted to listen to
musi ¢ usi ng 30omHae Fapenses. Aradddit®n, their paciesnersrioyiie dest srysicNemploseied t o
get bored mﬁtﬂzgﬂﬁdkbptic Chair 31. Sone of the inportant comrents received
were: -35 - f amreally happy." "This is very good." "Actually, | like
this." "I feel like taking this hone."” 5"Can | sit for 5 nore mns?" "10
mns is nadt eReugh." "I couldn't hear the lyrics.” "So nuch better than
listening to radio at hone." Since all the participants were making

posi tive coments hlappddael thatel dx@artitpanstvesr mticlcérgoyd théexgdajphéccofGhai r 31,
they were specifically asked to nake a negative co nt. This was done on
the 18th day ﬁﬁptton@wé&p‘@rfﬁﬁe#fe.r ERBNEGET Of GREHBUS %?Téﬁwiﬁhqner%ﬁﬁtgd fade any

ROOELL Y, COMBELSEh S OmASEI T RA AR R 00 Deatrd 1 oo
prof oundly  duration for each participant was increased and each participant was provided the
10 opportunity to “listen” to music for 15 minutes per day during the last week of the
study. Figure 11 shows the overall satisfaction of the users measured on days 1, 8,
15 and 22 (Monday of every week over 4 weeks) of the experiment. A Higher value
for the USE score corresponds to higher satisfaction. As seen from Figure 11, the
participants were very satisfied with the Haptic Chair 31. Moreover, the satisfaction
15  level was sustained over the entire duration of the experiment. One way ANOVA

analysis confirmed that there was no significant difference in the observed level of

satisfaction (/7 ,, <1). In other words, a participant’s satisfaction with the Haptic

Chair 31 remained unchanged even after using it 10 minutes every day for a period
of more than 3 weeks. It was difficult to improve since the initial response was so
20  positive.

Observations made: The participants’ reactions to the Haptic Chair 31 were
continuously monitored as a way of controlling for a possible novelty effect in our
previous data. The level of enthusiasm was maintained throughout the extended
experiment. There were times when some participants were unhappy when they

25  were told that his/her session was over. After two weeks, the 6 participants were
told that they did not have to come every day to take part in the experiment (to
“listen” to music for 10 minutes) if they were not willing to. However, all the
participants reported that they looked forward to the listening session. In fact, as
mentioned in the previous section, all participants wanted to listen to music using

30  the Haptic Chair 31 for a longer duration. None seemed to get bored with the Haptic

Chair 31. Some of the important comments received were:



15deaf student) was listening to nusic, a recording of a speech was pl ayed
t hrough the Haptic Chair 31 and he was asked whether he could hear the
"Song". He reported that it was not a song! Another inportant observation
was nade on the fifteenth day of the expeﬁ ment. Usual ly, when the six
participants cane to use the Haptic Chair ~31, one 20 student sat on the
chair and the rest sat by the laptop that was used to play the nusic. The
nmusi ¢ was played through the Wndows Media player and apparently the Media
Pl ayer visualisati o%gm\?\”é?@ E‘Wﬂ"ched ON and visible on the conputer screen.
It was noticed thatThikes spdest 8 who were | ooking at the display were
commenting about it to ihg %i%g |,anguage interpreter. According to the sign
| anguage i nt er pr et efl€/4é li¢ 55"t he comments of the students were: "I feel
sl eepy.” "Looking ajrbiveee.nnt el Asmérakes ne dizzy." "I amtired of |ooking
at these." Mst of the participants were asking whether it is possible to
play facial 30ani matehs! (orRatoneieytshad seen before during ot her
experinments) with t »Overall it appeared that everyone who
used the Haptic Chap?m%%r}??ﬁteegoﬁhé experience very nmuch. This positive
response was not dikcaubln’veeddetbtibat it was a conpletely new experience
e o av s Bl YR IR g I, 30, esponse vould
response at the ensinoé all the daasdipahasyweva snasngewitiveoamaenedll thettings atdhan t he

response gn the first d On e |l ast day of the experjnment, when.the
partici paifts HErEUFSINg t?%%lfp%é%&%@ﬁ@%w reRgesg s Bl Grmiiarecaite sam
goi ng be deaf g0k, Thil Wi Reetoidhe §§\“edwtﬁeT%e;eri%ht.thsw&r@,%eto@the

experience the Haptic Chair 31 again. e conbi nati on of hunman

gest ures syncparideipadsimaile nymegat veremnipeest othee thab yepdrengdiat they pawmtisiodbver
abstract patterns that changed corresponding to nusic. This could have been
due to the pr}ée%ﬁ]fel 9% a human character. Silent dance can often be very

entertaini ng. Howeugkhe siehth B8y HIURBBxEREhdH BhedTthaPislicipMes @ prefoundly

10synchroni sed, alnost all the participants spotted that and expressed

t heir di diSi kedeaf student) was listening to music, a recording of a speech was played through the
Haptic Chair 31 and he was asked whether he could hear the “Song”. He reported
that it was not a song!

Another important observation was made on the fifteenth day of the
experiment. Usually, when the six participants came to use the Haptic Chair 31, one
20  student sat on the chair and the rest sat by the laptop that was used to play the music.

The music was played through the Windows Media player and apparently the Media
Player visualisations were switched ON and visible on the computer screen. It was
noticed that the students who were looking at the display were commenting about it

to the sign language interpreter. According to the sign language interpreter, some of

25  the comments of the students were:

“I feel sleepy.”
“Looking at these patterns makes me dizzy.”
“I am tired of looking at these.”
Most of the participants were asking whether it is possible to play facial
30  animations (that they had seen before during other experiments) with the songs.
Overall it appeared that everyone who used the Haptic Chair 31 liked the
experience very much. This positive response was not due to the fact that it was a

completely new experience for them. If it was due to initial excitement, the



This shows that there is little to be gained by show ng human gestures with
musi ¢ unl ess the gesturing patterns and nusic are tightly synchroni sed. The
approach of using human gestures to convey a nusical experience proved to
be much nore effective than abstract ani_{?ét_i ons. Wth this nodification the
overall system 10 15 becane nore effective. Deaf people generally take nmany
cues from wat ching ot her people nove and react to sounds and nusic in the
environment. This e one expl anation r str.o r.ef erence observed
For  hunman gestupu Saf B edbfe 058 AR S e rRbliR RS BRR IR 20 hey
provide a straegel Txptponid DMhd @ld dike REEIGVRRGE 206d ¥WPbCdich Bttt Thah the
gestures, though the approach was not within the 20scope of this research
wor k. Di scussiesponsa&n s et daydiQn ths 1@*@%@5@9 expeiineent, AR nothe partigienisc  Chai r
31 descri bed t he
nmusic (audio 4 gqu@tth%gf‘u “%ﬁelse%ﬁ’t%ﬁé‘@gﬂ %Ie%ﬁ ogebﬁc gf(?‘?a?h

25separ at 6 vi bﬁr&ﬁﬁg)thaﬁg&ﬁetv@dtﬁd haﬁ@ethengaﬁdeetofegﬁénenbaﬂﬂe Hegttio ¥ haé! J1aapginand
hands. In fact, addi tional "information" delivered through the haptic
channel might act t ubhe §OrBRIRUAR Ol A ASPIUERS SYRPEPT iR Ih BREICrRISPTelSHES UNdi ng

effect is pm@ﬁ%ﬂe?ahh;{?ﬂfs%x%% gtsynfab%%mfs%aﬂcﬁﬁlg@&%n fdih t@ﬁﬁé;éserh@keaf

peopl e have anm extensive experience sensing throug eir bBodies the
vi brations t h@aulcbhwrbematiwwlthy pretse@bjoéatlmrrxan|CQar|acrgr |$11®®dzrnca@am9ﬁmbe
envi r onnent ﬁ at ed rks ment.ioned in the

Backgr ound seY:etr?/SﬂteB?lgijgoégb V%ea&r»t‘ﬁben%% Y gL PRIE MStng a tactile

f eedback, 1(t akiyaghiohRed, l2@A6RANYhd pREEpSHts bFtftet teat 380 8AILRBI HH¥iAigacouNnt .
Applicants conducted a prelinmnary study to conpare the response to

unal t ered andlltis serendyt therglielittieua be epinad by slmwma@hn@hée%unqamlﬁhdn@m r 31.

In the case q 1%{]‘?1% ggégﬁbfmg&% Li&idls TP Sma?e?%ﬂtﬁras&ﬁ 19niséd) 9f e"‘%)splréacﬁ gd by a

factor of 5. ency sca y geneérate Y equency

vi brations (wmnghngfgestwesrmrcen@@zsa mys1éaelet<périha1le ptogbe to be mguienye
vi brations), the variatjons musi ¢ were di mnished and the richness
of nusical cdiftesie thas absitast amwaw WV ih tup mpdyication theevsiadsystem ¥ coul d

have Deen sone: s fhrd Ofiives P! sl Sildshil, L e BENGHARRIA U 0

during a prelimnary stu n qual 'ty 1s ea5| etected by
people with r;@nphlmdma@andngact td sqmaés ambmui;lamthece:nmmd)rend:rhaffhfsvmuldtb\aeone

hearin aired could still t hrough t he tic Chair 31.
i ndi ngs. of - tPEnEr PrstiengpreREaye et BEDBER EERERE SEBR conept o

not pre- procesgpHis. tH18inTHRisfhgl tBetAMcWatay Prbale h BEGhdeP cTMaibY fahur al
preference of watching human gestures, though the approach was not within the

20 scope of this research work.

Discussion
Unaltered Audio vs Frequency Scaled Audio

The Haptic Chair 31 described herein, deliberately makes no attempt to pre-
process the music (audio 41) but delivers the entire audio stream to each of the
25  separate vibration systems targeting the feet, back, arms, elbows and hands. In fact,
any additional “information” delivered through the haptic channel might actually
disrupt the musical experience, and this confounding effect is potentially more
significant for the deaf. This is because deaf people have an extensive experience
sensing through their bodies the vibrations that occur naturally in objects existing in

30  an acoustic environment.



15vi brati ons presented by nusic. Detecting multiple vibrotactile stinuli by
t ouch The work by Karemet al.(M Karam F.A Russo, C. Branje, E.
Price, and D. Fels, "Towards a nodel human cochlea,” in Proc. G aphics
Interface, 2008, pp. 267- 274), show that,the enotional responses are
stronger when different parts of the ZOhﬂ%ibal signal (separated by
frequency regions or by instrunental part) are delivered through different

vibration elenments,to different |acatigns on er's back,. One expl anation
or the inproved e me portion

Tor the T mproved oM SyHehe 8% nefes hemie Gh e FoShadierhi tr Bre bort)

of the audi o piogaabd thratdioSi@lal BEBA! GHdiing HicERAbEMacls @Rah@tHeAreq@bndyusi cal
or frequency conponents. Anot her explanation has to do with the difference

bet ween 25t heranat of @cie serratisn griabecouyipiApnlicgntp cordisted g migliminansithdy tnd t he
ear. Miltiple éﬁﬁa@g el %%?e X HaltEedY ﬁr%&’l?e'nrc‘g (U Rlsic g[a LhgGoshga. and
PRPR” SRS, O™ Y de

the auditory B as 0 perform-source segreg on under Such
condi tionsy whep@aShaitB1.i Bl e st €ieqadncl acdled musit] i lfieq 6@ty eandehvaugh
touch are typically represented by distinct spatial separation. One

possi bl e fut ut@ledttiycdyfagionphd haltheugherequsneiescahies pldsctiveivigepratesd@®ur ces can

be det ect ed "‘f}%ﬁhﬁg?}"r oIS Fxbl‘ii%%gl?ib%irﬂ(ﬂje%aﬁﬁﬁfgﬂ%an i%ﬁ’ 'r*?fe%%fc&i le - 38 -

stinul ation. It would sign cantly e nce t nmusi c i nformation
avai | abl e t o sipatioas)l thesagatbgatie tleounde sveferdimimsicid ant! hlger richdapt dfomusical

sensitivity vs signal conpl exi 5The current stydy deljvered the entire
Froouency. T anGutet "R RO Do FBRGN ERETRERI TROGRTS REIas paE s
tactile sty Wfoahk&grsutﬁ%/cg@cémgug E‘reﬂ@e?fcy%édlgdbﬁﬁlzié gReid a fntéﬁfnil@ar% gﬁlrtd'fv].le%gyst em

is only responsive up pproxi mately 10 I n addition

strat egi ¢ notiedagtionrin gfialifyts ersiy gefeeted by people solimosmsl kpasing flowas act i | e
S e CoP o B LG e BB MBI LRl il AU R ARG

I
frequenci es i MHACEi 1 ion"1s"s an -open question as

frequency resfpomrzgti€ ChyieS1r EplidBdfitls Ff@:ﬁniihetr? KAidy fertiasepsotey the@dign
measured with sine tones. It is possible, however, that the role of higher
frequenci es |99nAeie! RRENEPrecesHRIths ansimm Ay ey qthetthanie ammify padralng shar p

transi ents, QHHgﬁoﬁgég%ed%ag pLLtant. Applicants are currently exploring

this issue. Anothe Xcrting possibility is that in addition to tactile
sensory input, bone
Detecting multiple vibrotactile stimuli by touch

The work by Karem et al.(M. Karam, F.A. Russo, C. Branje, E. Price, and D.

Fels, “Towards a model human cochlea,” in Proc. Graphics Interface, 2008, pp. 267-
274), show that the emotional responses are stronger when different parts of the

20  musical signal (separated by frequency regions or by instrumental part) are delivered
through different vibration elements to different locations on a user’s back. One
explanation for the improved enjoyment is that there might be masking of some
portion of the audio signal that is eliminated by the spatial separation of musical or
frequency components. Another explanation has to do with the difference between

25  the nature of the signals typically processed by the skin and the ear. Multiple sound
sources excite overlapping regions of the cochlea, and the auditory brain has evolved
to perform source segregation under such conditions, whereas multiple sources of
tactile stimuli sensed through touch are typically represented by distinct spatial
separation. One possible future study would be to determine whether multiple

30 sources can be detected when delivered through a single channel of vibrotactile



15conduction m ght be providing an additional route for enhanced sensory

i nput. Bone conduction of sound is likely to be very significant for people
with certain hearing inpairments and a far greater range of frequencies is
transmtted via bone conduction of sound gonpared with purely tactile
stinmul ati on. Speaker |istening vs sensory 1 nput via Haptic Chair 20The
mechani sm of providing a tactile sensation through the Haptic Chair 31 is

st o ng 1 i pRr AER Y SR T RECOS e o el RERR,

directly on augipatisipesdgeiostetsoufceslrotn@chbiteat i ons. However, the Haptic
Chair 31 provides a tactile stinulation to various parts of the body

simul taneously in contrast to normal speaker |istening 25where only one
part of the body is stinmulated at any particular instant. This is inportant
si nce as nent Hapéig sgpoitizityfvssignad complexith br ati ons through different parts
of the body plays an inportant role in perceiving nusic. 1t is also
possi bl e that in adbeé ewromt siody delivdred the waicyrdqupray, rangreofifap mugicthrpiugh 31

m ght be provj,di an.additional ..av f or._enhan OLY. .| rough
bone 30Conduch§%§@FQ%%H%&?S§8%BU%6%%ﬁ§?P§HM§lgggﬁﬁ OﬁgpﬁFE%??ﬂB%&gégvery
signi ficant foat peeplegyvkintis 68ktraipdnkieanp agappipdinatin1G00 Banth atinibichi on

al so has the advantage of - 39 - transmtting a greater range of

frequenci es oficSBaSEICARHAHARY Of BotiigapYating the paures sigpal of @etilc music | { pese
regards, the | I Jo\VA i :

| i st ening. Th§§932§ gégb%§ﬁ%g§h§§g ﬁggﬁgngggéfg§E§%% 6%?% géﬁgggagﬁudies
5wer e conduct potcapiod i $tdt an genighiestiomi asdhbe Héquiteay rdspatse narvss reported of thehe

deaf participagnts ace their hands on.the normal .audi 9. speakers avail abl e
ot he school THAHEGAtS o0y PhiA Aatrirsccrish e Koar 1 1S REVIS RENECS: 1) O ¢ he

observations pgrdgr Higﬁé? Y Qetcidshh tndr€ RRAREE RS Kgndld fRRREAEn cR@kingven
those who had al ready experienced speaker listening preferred to experience

musi ¢ whi | e sshaty mansents, heuld ot pe irop@temitrAglicamip preecurigndy explenng 8vs has been
particularly sho and descri bed. w.th egere es .1 anpl e _enbodi nent s
Pher oot 11wttt Rl EF Qb AT M de DL FREE b it SRR YE
15  conduction might be providing an additional route for enhanced sensory input. Bone
conduction of sound is likely to be very significant for people with certain hearing
impairments and a far greater range of frequencies is transmitted via bone

conduction of sound compared with purely tactile stimulation.

Speaker listening vs sensory input via Haptic Chair

20 The mechanism of providing a tactile sensation through the Haptic Chair 31
is quite similar to the common technique deaf people use called “speaker listening”.
In speaker listening, deaf people place their hands or foot directly on audio speakers
to feel the vibrations. However, the Haptic Chair 31 provides a tactile stimulation to
various parts of the body simultaneously in contrast to normal speaker listening

25  where only one part of the body is stimulated at any particular instant. This is
important since as mentioned above, feeling sound vibrations through different parts
of the body plays an important role in perceiving music.

It is also possible that in addition to tactile sensory input, the Haptic Chair 31

might be providing an additional avenue for enhanced sensory input through bone

30  conduction of sound. Bone conduction of sound is likely to be very significant for

people with certain hearing impairments. Bone conduction also has the advantage of



the art that various changes in formand details may be made therein

w t hout departing fromthe scope of the invention enconpassed by the
appended cl ai ns. 15For exanpl e, enbodi nents of the system 10 can be

modi fied to capture specific anbient warnqgs and alerts (such as a boiling
kettl e, phone rings, doorbell, etc.). Thi's prevents the safety of the deaf
user from being conprom sed while he is enjoying his favorite nmusic. This
feature of thﬁaﬂ%?t'c chai.r/inven lerts Lo any

o o cver yatan R AR AR SRR AR BUFhARy et GhethS aer

exanpl e, the pimslafién.i nvention topic has con5|derable potential in the area
of speech therapy. During the first formal user studK one of the sign
| anguage i nt er pr et Bt hegeacgards.ithg Hapfgio@@%h } pov isdsp sruch ypose yntsenplge t he

Haptic Chair K‘éﬁﬁte‘%@ “f}%%%e%ﬁgxf V%Pﬁﬁ ?f{ oélﬁg‘t?é? &tﬁ@ﬂ&ﬁ%ﬂdf&% her

speech therapy progra alr e expressed
confidences t hazt:retdmad&’cﬁd:dhmd thaChaiisrtypioall af deef lastmks,laiuheoﬁtm deaf pdridpaitnd of
| earni ng. The Ha i SO t user was able to

ic Ch 1 was noqgjfie t
hear/ f eel thepk%fﬁ S’trlhé’ﬁ fg\ae}e@%ﬁlwg\?épée@rw %’I%‘e EACRNEMAH st and
hi s/ her own Vi &®riuWdnd 1kshingo MR IN6&kHR esst ﬁsmwgpbbéen%hg mage currently

being tested to enhance its effectiveness for speech therapy. The speech
t her api st i s doougbnet thisgesedwbtwarly, 1heppea@guharevsmé@sﬁwtlhéaa‘éplyqulwogr amwith 3

30 f student d di.f t diti 0, -. t h
S onps O T Bl SR e Bt Biete 0 eRat <y W&&ﬂwe&tﬁng GRS © char

sound/ vi breat | HaptUtME 3. Nornmal chair 5Each student's abi I|ty of speech is
bei ng assessed (before and after every two weeks). The prelimnary
i nprovenents di spl Whelg tyy investierehds bese particwlgily shewn prd grsesbest Wity of

significantly, fe'f@{cgé/ '[oncfg( E‘(ﬂ)‘?é EmBRARERS @l?e?ec{fnlt Wxﬁ BQYUAGL od'BY ﬂ?os ﬁlhi%ﬂ]e

usage of enbodi ent s o réesent inve ptic chair
of the lim taﬂheaﬂshanfvaﬁmm&ihaeguslmgormlmdcddtdirsomghbdxhedd-mpﬁenrcwﬁhémr was 10t he

fact that heari ai red peop coul d not hear the exact lyrics of a
song. One pos‘iﬁpﬁfl%é‘g R theskono? tﬁmryen%ort FeagRasip Py {REAPPRBRAH Higd- (AM
ul trasound. Staab g}, ngpfeoé’rﬂg &15’1@&‘[5‘@@% Qt%ﬁlcﬂ) SIndRahSdiBEE 1S qTréo
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enjoying his favorite music. This feature of the haptic chair/invention system 10
alerts the user to any common everyday warnings/alerts that require his attention.

20 In another example, the present invention topic has considerable potential in
the area of speech therapy. During the first formal user study, one of the sign
language interpreters (a qualified speech therapist) wanted to use the Haptic Chair
31 when training deaf people to speak. Upon conducting her speech therapy
programme with and without the Haptic Chair, she expressed confidence that the

25  Haptic Chair would be a valuable aid in this kind of learning. The Haptic Chair 31
was modified so that the user was able to hear/feel the vibrations produced by voice
of the speech therapist and his/her own voice. With this modification, the Haptic
Chair is currently being tested to enhance its effectiveness for speech therapy. The
speech therapist is currently conducting her regular speech therapy program with 3

30  groups of students under 3 different conditions.



perception of lyrics in a song or sinply nusic. This concept is currently
bei ng devel oped/tested and prelimnary tests showed that hearing is

possi ble via ultrasoni c bone conduction. One profoundly deaf participant
was able to differentiate AM nusic and spegech. He preferred the sensation
when nusic was presented through 20 AM ul trasound over speech presented

t hrough AM ul trasound, could not explain what he heard but sinple reported
he preferred the "feeling" of music through AMultrasound. These
observations open up an entirely new field to explore. Wth a

m crophone array, it d sHapssthMiewi®nb e6@ldiviBratloseupd: source. The invention

system 10 can be nodiy i edptiOcle@NRRE bothPletBuRd/GleRRANRART ay | nstead of 25
connecting to a recoggeglogygltgh-a udi o source. Miltiple vibrating speakers
[

can be rearranged and configured to indicate the direction of a sound

source respective LStener - JhLs i f t Qggg'
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and ot her qualitative aspects of subject nusic. 5pAs nmentioned previously,

addi ng karaoke style lyrics to the visual display 21 (when applicable)
and/ or provi di ng aOsep! f linitatighvplesxpruencingmkec dnoughthe Flatic kbee was

ef f ect & velo, STREUBN pearing iR RE SAROLAUR hol S, AR OR.SHSLBM, 1Bpgoul ¢
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as deaf but m ght cause annhoying Interruptions in their enjoynent
or conver sat i osenseTbghiglabten;gents CltaratiorB Ut ispossibledn usy 8t etechir®dmystotnh@lulate
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devel opment ddpBioh BY B o LRy rARR. | BAEShAB COR&t il scussi ons
W th nore thgjnerle? (r)lorrrgy?l hea??ér% peop & Wwho tried tch%qls-lapti c%eg?gr 31 and
Appl i cant s r etsetlppel/issistland prefisudiradests shoniet oy fraringas possyde mip wiesoniopt i on

o0, 0 00U Lok iy, BB TRl B REREL e SAARGPIRLAT S 1

confi gurat i ongudi endépeb@n| e pRfertaiinhe @ERAtdIOwRIDAd i IRAL pr3tntbderrPigs ent
i nvention. The above non-limting exanples are given for purposes of

clarity i2A i 1AMstlfratoung oxgrcpersh mresented thnopgly AMh altissash coyld pehexpdin 25
what he heard but simple reported he preferred the “feeling” of music through AM

ultrasound. These observations open up an entirely new field to explore.

With a microphone array, it is possible to localize a sound source. The
invention system 10 can be modified to connect to the microphone array instead of
25  connecting to a recorded multi-audio source. Multiple vibrating speakers can be
rearranged and configured to indicate the direction of a sound source respective to
the listener-user. This is useful for the hearing impaired in assisting them to judge
the direction of a sound source which might be a warning of impending danger or
required action on their part.
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- 42 - CLAIMS What is clainmed is: 1. A sound enhanci ng device, conprising:
a chair; and 5one or nore speakers coupled to the chair, the speakers

recei ving audi o input froman audi o source and generating correspondi ng
sound vi brations, the speakers being coupj,ed to the chair in a manner
delivering the generated sound vibratioﬁslfb body parts of a user seated in
the chair, such that the user experiences the audio input as vibrations

t hrough sense of tquch 10and.as und t hrough bone .conducti on, enhance user
exper Lence of & he. AAIRST PO o ACCEASE R AL T g GRUPeLe B8t g | n
Caiml whereftfréie @uein®@sdpit chisbOdSUTiedandishl§ hil8Vie¢8 M4l dasurenhanced
musi cal sound experience to the user. 153. A sound enhanci ng device as

clai med in O &ichas nyher eirsustoppaoiess, melodie gpntayrs avg fthres qualatiyg aspegigiof
enhanci ng dev&ﬁﬁ;@ﬁl Jaimed in Caim1l wherein the audio input is any of: a
0

real -tine strea USUdi o data and a recorded stream of audio data; and

20t he audi® input Qs nieheenaf prpvioasssdddhghetoke s eics RoBE vBdallisglfe21
speakers such that the speakers receive natural audio data. 5, A sound

enhanci ng devivdEnaepricablasadionpoviding a seied peadphprgs Vepidd Riske an fBPOFED| ed to

the chair in : i i t he generated sound vibrations to any
conbi nation o :&?gg?&“%§%ﬁ¥sﬁggﬂg and back of the user

Embodiments of the invention system 10 could also be used as an aid in
learning to play a musical instrument or to sing in tune.

10 Finally, Applicants also believe this technology might enhance the
enjoyment of music for people with normal hearing and those with narrow sound
frequency band drop-outs. The latter is a relatively common form of hearing loss
that is often not severe enough to classify the person as deaf but might cause
annoying interruptions in their enjoyment of music or conversation. The Haptic

15 Chair 31/invention system 10 has the potential to bridge these gaps to support

musical or other types of acoustic enjoyment for this community, as well.

At various stages of development of the invention system 10, Applicants had
informal discussions with more than 15 normal hearing people who tried the Haptic

Chair 31 and Applicants received positive feedback.

20 Although the forgoing description and discussions refer to particular make
and models of component parts, it is understood that various equivalent or similar
parts and/or configurations are suitable for implementing embodiments of the
present invention. The above non-limiting examples are given for purposes of

clarity in illustrating and not for limiting the present invention.
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256. A sound enhancing device as clainmed in Gaim5 wherein the chair has
arns, and the chair arns further conprise done areas delivering the
generated sound vibrations to hands and fingers of the user. - 43 - 7. A
sound enhancing device as clainmed in Caim21 further conprising a visual

di spl ay corresponding to the audio input dnd being informative of features
of the audio input. 8. A sound enhancing device as clainmed in Claim7
wherein the fﬁ@%g&§§ of the 5audio input include any one or conbination of:
anplitude, no et, pitch, instrument change, rhythm beats and nusica
key change. 9. A sound enhancing device as clainmed in Claim?7 wherein the
vi sual di spl awHan@ldlgedaly conbi nation of text, color-based indications of
respective features of the audio input, variance in visual brightness as a
function of 10anplitude of the audio input, three dinensional patterns and
human gesture$. 104 SRURGEHHNEABARUFHEORMYISEE: as clained in Caim9 wherein
one or nore elenents of jthe.vjgual display are user adjustable. 11. A

nmet hod of enhanci ng soun or "a user conprising: providing a chair;
15coupl i ngp one or nore epeakees speaketseonplail g thelvbaispbak@rakens esriwnglg audi o

i nput froman audi o source.and generatin orrespondi ng sound vi brations,
he speaker o boi no EBUBIEEHTTE HEOERIICE RS SR BT e

generated sound Vi fibakioRNIhd HeRRIY bAAE tSudd @ tHS BaiSHat BEhdeR diRrinBahd
such that the user experiences the audio input as vibrations through sense

of touch 20and as gamgrated douod gihrigmme tebediparisof 2 userrraated iythgsbeirexpler i ence
of the audio input,is,enhanced. 12. . The.nethod clained.,;in aim erein
Che auds o 1 nput | stitioE B RE onE % abd MO Tl SRR B S oudling
experience® to the aless.sound through bone conduction, enhance user experience of the audio

input.

2. A sound enhancing device as claimed in Claim 1 wherein the audio input is

music, and the device provides enhanced musical sound experience to the

user.
15 3. A sound enhancing device as claimed in Claim 2 wherein the user is hearing
impaired.
4. A sound enhancing device as claimed in Claim 1 wherein the audio input is

any of: a real-time stream of audio data and a recorded stream of audio data;
and
20 the audio input is free of processing before being received by the

speakers such that the speakers receive natural audio data.

5. A sound enhancing device as claimed in Claim 1 wherein the speakers are
coupled to the chair in a manner delivering the generated sound vibrations to

any combination of: feet, hands, arms and back of the user.

25 6. A sound enhancing device as claimed in Claim 5 wherein the chair has arms,
and the chair arms further comprise dome areas delivering the generated

sound vibrations to hands and fingers of the user.



13. The method as clainmed in Caim12 wherein the user is hearing inpaired.
2514. The method as clainmed in Caiml1ll wherein the audio input is any of: a
real - time stream of audio data and a recorded stream of audi o data; and
the audio input is free of processing befpre being received by the speakers
such that the speakers receive natural audio data. - 44 - The nethod as
claimed in Caim1ll wherein the speakers are coupled to the chair in a

manner deliveki ng the ner ated sound vi brat.ions to.any conbi.nation of :
feet, hands, 4rms ArUBLEReBrinegEVirea: ot inSiia” SEMer SRR 2 &Fu 15
wherein the chair bRplagkoEespdiding hetehaiiio iapund beibenfoeaaprd See4lomFe oar eas
delivering the generated sound vibrations to hands and fingers of the user.
The nethod as cl ai Bg@uii® iIaPEi m 11 furt her conprising a visual display
corresponding to the audio input and being informative of features of the

audi o input. §he gt Al j L ShBri NG f f the
audi o i nput i§§|ug§‘§ﬁ%f??ﬁﬁéﬁbgﬁg$ ﬁ%g%@%@?ﬁggéggf Thg H@fﬁ%g&gégﬁvgined
in Caim 17 wherei amdidvenput swhide dhg phayr ¢conthindesn dnympelantk, matd @netopittlext

col or-based indications of . respective featyres.of the audio input, variance
1 Vi suar bri ght neuSTBRERehERe BSHHE . heob SHPTETUECHIERE aud b 1 hput.
three di nensional patterns and human gestures. A haptic chair conprising: a

back rest; chair apmBindeifabing d0dcé 8PElainRYtin CAlch 7 whereirdthp hikual digmgpf
speakers coupled to any conbination of the back rest, chair arnms and foot

rest, the speaker sinebides synepnzhieationod tent. dolgrhasef wdisaBorsofreweetie
generating corresp i . V] i . i coupd ed to
Phe back rest. cnar R AR PLE Ry 1f VR IRERAGRS: §3 AERHY

25gener atied sound athplitatlé oftde tadib dshyut lrek fliénsionas pattesmadneichuniant destugsat |
such that the user experiences the audio input as vibrations through sense
e AN R SOl e 808 N T I 1 SAPRELAM R wiper ence of

elements of the visual display are user adjustable.

11. A method of enhancing sound for a user comprising:
providing a chair;

15 coupling one or more speakers to the chair, the speakers receiving
audio input from an audio source and generating corresponding sound
vibrations, the speakers being coupled to the chair in a manner delivering the
generated sound vibrations to body parts of a user seated in the chair, such
that the user experiences the audio input as vibrations through sense of touch

20 and as sound through bone conduction, enhancing user experience of the

audio input is enhanced.

12. The method claimed in Claim 11, wherein the audio input is music, and the

device provides enhanced musical sound experience to the user.
13. The method as claimed in Claim 12 wherein the user is hearing impaired.

25 14, The method as claimed in Claim 11 wherein the audio input is any of: a real-
time stream of audio data and a recorded stream of audio data; and
the audio input is free of processing before being received by the

speakers such that the speakers receive natural audio data.



- 45 - 21. A sound enhanci ng system conprising: an audi 0 source; a
haptic chair formed of a chair and plural speakers nounted to the chair,
t he speakers receiving audio input fromthe audi o source and 5generati ng
correspondi ng sound vi brations, the chaiaypeing configured to deliver the

generated sound vi brations to various body parts of a user seated in the

chair in a manner enabling the user to experience the audio input as

vi brations through.sens f touch,and as .sound.by bone conducti.on: and a

Vi sual | displ ay ot enn ety el A ClafE 13 hecras oG R BB he

generated sound vi blﬁafiiin%aﬁfé@d@l@de?ﬁﬁltmg&léialté@soﬂﬁdR/fv?atf{@ﬂ’sﬁ@ﬁrgonm ng audio
e

I nput such that user experience of the audio input is enhanc by any one
or conbination of ¢9BbiaRrign ofyyfegthbandarmes gnd basked! thawgrby bone conducti on

of sound.
16. The method as claimed in Claim 15 wherein the chair has arms, and the chair

5 arms further comprise dome areas delivering the generated sound vibrations

to hands and fingers of the user.

17.  The method as claimed in Claim 11 further comprising a visual display

corresponding to the audio input and being informative of features of the

audio input.

10 18. The method as claimed in Claim 17 wherein the features of the audio input

include amplitude, rhythm and/or beats.

19.  The method as claimed in Claim 17 wherein the visual display includes any
combination of text, color-based indications of respective features of the
audio input, variance in visual brightness based on respective amplitude of

15 the audio input, three dimensional patterns and human gestures.

20. A haptic chair comprising:
a back rest;
chair arms;
a seat;
20 a foot rest; and
a plurality of speakers coupled to any combination of the back rest,
chair arms and foot rest, the speakers receiving audio input from an audio
source and generating corresponding sound vibrations, the speakers being
coupled to the back rest, chair arms and foot rest in a manner delivering the
25 generated sound vibrations to body parts of a user seated in the seat, such
that the user experiences the audio input as vibrations through sense of touch
and as sound through bone conduction, enhancing user experience of the

audio input.
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21.

-45 -

A sound enhancing system comprising:

an audio source;

a haptic chair formed of a chair and plural speakers mounted to the
chair, the speakers receiving audio input from the audio source and
generating corresponding sound vibrations, the chair being configured to
deliver the generated sound vibrations to various body parts of a user seated
in the chair in a manner enabling the user to experience the audio input as
vibrations through sense of touch and as sound by bone conduction; and

a visual display viewable by the user, the display corresponding to
the generated sound vibrations and being indicative of the corresponding
audio input such that user experience of the audio input is enhanced by any
one or combination of visually, by the sense of touch, and by bone

conduction of sound.



