[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

oo /00000
Article / Book Information

oo@a) OO0000000000DO00DOO0DOOoDOOooooooon
Title(English) Synthetic audio-tactile stimuli generation based on human multi-modal

perception
oo@a) OO00000 00000
Author(English) Alfonso Balandra
oo@a) O0:00@0),

oOooooo:0oo0ooa,

OO000:00111140,

O0000:20190 30 260,

ooooo:0o0o0a,

oo00:00o0o0Oo,000,0000,00 00,00 00
Citation(English) Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:(J [0 111140,

Conferred date:2019/3/26,

Degree Type:Course doctor,

Examiner:,,,,

oooo@oD) oooo
Category(English) Doctoral Thesis

oo@o) oooo

Type(English) Summary

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

(L)

Doctoral Program

WX R

THESIS SUMMARY

BIL s o = gy s HRE I (BB0T) it .

3 ) b, -
Department of %D RE ¥/ A TA*P% Er ﬁ Academic Degree Requested Doctor of ( L¥ )
2z . CE e () -
FERA Alfonso Balandra Antelis PSR () A& —

Student’ s Name Academic Supervisor(main)

REHA &) -

Academic Supervisor (sub)

FE (Fa3C 2000 FFEEE)
Thesis Summary (approx.2000 Japanese Characters )

%5 1 #”Introduction” TlE, AFZEDBELERIC OV TRARTND, B4 ZRBEMER T /A AL
7B BICE B LA RIREN O A ) FEZ G271, B LT O~ VT B — X VIR A 4
THZEDOMEMATERL, & ORERA2 VTR0 O E B B AR A 17 LS 2720 ITiRE
BT FREZ o~ VT — 2 L8 BB E B ER, Haptic Music Player & {ERR T 2L T5,

% 2 FE’Related Research” ClZ, it 2o H R ERER DM _E4 B ELT-BEG O B A 2 4%
i, HEEL T2, IS ViR SCTIE, SR B R BT T D720 I E AR B i3 7 i
WATAR T 2VERL, YRR, (B EEITRET T 7D ST AR FIEEZ L 0D, 0, A
FELPALRDSR Y, B A S A Al IR E) F 72 3R - R RIS AL CRBLT D RE O IO
WCEELSEY BT Tng,

% 3 ¥ Human Perception” T, MR SHER ORI DWW TGRIAL TV 5, 9K B O
HIMEE B L O IXHI 72 REZ I LTe b &, SR DT RE S LR T, TR LT D BR S o ik 2370
HENTNWD, Fiz, —ETH~/NVT T —F /L5 R E IR BE O &l T A5 500 03 B S BR | 22
22DT, AL E RO OV THIAL TS,

% 4 #” Evaluation on Multimodal Envelope and Frequency Perception” Ci, it (2 5 AR FIEDOHR
FHI LB DE Y LR R IZ O W TR L T0D, £, EBRX OO AT e L, &
AUTEE DWW THEEATAZ 5 DR E DA T DR HE OIS E 2 5H T 55> D FEERATHH L T
%o AND2ODEERTIL, HBRE IS ES FRMBORIEROF BOUKI(= Nn—7) &, filit(5 5
DOELAEHROFERNEDOFEFRAE TN TV D, 10 B OFEBR TINS5 O B % 85 5 OERITE
UTEES A, 2 & H TiE 250 Hz ICHEEL TD, il E 5O = A1, ERRL0rJn
7 (GERIHDD3 AN TN, ZORER, TR 5O EENEE THLLEEIZOI, ZINED
TSR IR OB EZ AR CEEHEL TD, — 7, JEEE SR ICh DT GE, ZIEIEL
D HZR TR O TSR A B IR A M 8 Aoz LA LT, 3 & H OEBRCIX, WSRO 5
18D BRI B R BT DA R L T %, 650 MIDIZEERH O aliitz HERL, =AY,
I, s, EEME B L ELWERSEI A TSR R L TD, LT, BEO I AT RO
FREFREA B B WG A ITIE, B2 O G R AR O 58I XN D2 ENHHEMEL TV
5o B 4 OEERTIL, TERLAR OTAEHRIT-OUVT MIDI ZEERO &I THWSILS Attack, Decay,
Sustain, Release DZER DR AT L=, 2L, AV OEfEHRE, Attack, Decay, Release %
IR U SO L CA, fEREL T, Attack OEFZIOEEM: &, Decay & Release 735
72 BPE DB ITHRNE D/ NSTRiE WD SN EDVREILTNVD,

% 5 & Haptic Music Player” T, EBROHEE )Y Haptic Music Player @2 E O IH 120 A S -




DEFAL TS, Fo, 5, ilfE, BIOWRRIE RO FEEOFTEMAFTHIN TN D, BT, ZEdho
FEIE DBEERD AT 1 2 FAR AR 5 2 &% S 3 D R Al TR R O F 0 2Rl L T D,
FEBRIE, FEHEICLD, HR AR RN 0D 3 ST, MR DM E ORI D AT 4 EETD
ZENTERFRZFHAIL QD BT 3 DI T3 w77 —HERH, 30 ADOPERE 2OV THT-
TD, TORER, TLRATE AR BERE OB AR EDORIERO AT NIZEPSE LD R T
HHZEPRSNIZEIR R TG,

% 6 T Conclusion” Clim X Ofima R L C\D, £T5F 4 FEO.LEYPLSEER O RA TR i 75
FORRREAEE ESEDIDD 3 DOHARTA—T Zy 7 1ZRISNRT TS, METli/has
EIE A CIT AR CE, A IIIE FOMBMRE ALY —ICELDTND, £, A% OFEE
LT, BREE, ~VFATATRE, N—F v VITUTAREEICBIIDSESEFRT AV r— a1l h
ARTAL T FIEFTHZLRET B TND,

i« FRSCEE BRI, FI3L 2000 2 & 9532 300 34 1T ORI 52, b L<ITIEL 800 554 1 HiRH L T 72wy,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).

HE  WSCERIE, H LKV —FURIN (T2R2) IS TAU X — Ry MARSNET O T, AR ATREZRFIH O N TIERL TEEW,
Attention: Thesis Summary will be published on Tokyo Tech Research Repository Website (T2R2).




(L)

Doctoral Program

WX R

THESIS SUMMARY

B SEs = L2 HiR L (F204) flt: e
Department of %D REY AT A$+% EJ‘I& Academic Degree Requested Doctor of ( B )
22 . =P =] 8 .

FERA Alfonso Balandra Antelis fRaEa () ER)Igh—

Student’ s Name Academic Supervisor(main)

REHA &) -

Academic Supervisor(sub)

B (FEIC 300 GEFEEE)
Thesis Summary (approx.300 English Words )

Chapter 1 mentions the proposal and the motivation of the dissertation. It is
proposed that is necessary to study the audio-tactile multimodal human perception in order
to design a method to create synthetic haptic vibrations, which have a high resemblance to
their respective audio source, suitable to be displayed on diverse kinds of hardware. The
results of these studies are then applied to create a multimodal enhancement listening
system called: The Haptic Music Player. Which uses vibration and visual stimuli to enhance
the music listening experience of novice or young users.

Chapter 2 mentions all the previous efforts and projects which aim to enhance the
music listening experience though haptics. Different types of proposals are discussed,
described and compared. The discussed papers use diverse types of hardware and/or
methodologies to create, enhance, modify or design an audio-tactile signal or a redundant
audio-tactile-visual signal in order to enrich the music listening experience. Also this section
gives special attention to describe of the most relevant and recent efforts on represent an
audio-signal into a haptic vibration or a redundant haptic-visual stimulus.

Chapter 3 describes all the capabilities, strengths and weaknesses of the
somatosensory and the auditive senses. First the mechanical structures and the general
function description of each of these sense are mentioned. Then, the perception capabilities
and limitations of each sense are described. Afterwards, the auditive and tactile senses are
compared based on their limitations and capabilities. Due to the evident multidimensionality
essence of music it was also necessary to generally describe the human capabilities to
perceive polyphonic music in order to understand a proper way to evaluate the proposed
entertainment environment and execute the psychophysical experiments in order to define a
representative haptic signal.

Chapter 4 describes the preliminary psychophysical experiments performed in order
to find an optimal strategy to define the haptic signal on the proposed entertainment
environment. To find methodology to perform the experiments, previous documentation on
this subject was considered. Each of the five performed experiments had an specific
methodology in order to measure the participants response to specific changes on the
audiotactile signals. The first and second experiments evaluated if the participants were able

to precisely perceive the similarities between the audio and haptic envelopes for different




kinds of music instruments. In the first experiment, the haptic signal frequency changed
accordingly to the notes’ pitch while the second experiment the haptic signal frequency was
fixed on the 250 Hz. In both experiments the haptic envelope was defined using 3 different
envelope shapes: triangular, square and analogue (perfectly similar). The results from both
experiments, showed that the participants were able the perceive the similarity between the
envelope shapes only when the haptic stimuli frequency was static. While, in the first
experiment the participants were confused by the simpler envelopes shapes. The third
experiment evaluated the participants’ perception to the diverse audiotactile signals with
different envelope shapes. For audio: six midi envelopes were used. And for haptics: a
triangular, a square, a logarithmic and the analogue envelope were used. The results of this
experiment demonstrate that the participants were confused by the simple haptic envelope
only when this have a high correlation with the instrument envelope. The forth experiment,
evaluated the perception of differences on the attack, delay and release in the audiotactile
envelope. The participants rated the similarity of a midi violin envelope with a set of different
envelope shapes with differences on their attack, delay or release. The results of this
experiments shown confusion when the simple signals had a synchronized attack and decay
rate similar to the violin signal. Showing incapability of perceive small amplitude differences
on the signals decay.

Chapter 5 describes how the results of the performed experiments are applied in the
implementation of the Haptic Music Player. Details about the implementation of the visual,
tactile and audio modules are described. Also, the effectiveness of a redundant visual-tactile
signal to enhance selective listening is evaluated. The evaluation uses a self-reported method
to evaluate the participants’ attention to 3 different conditions of the stimuli: visual-only,
haptic-only and visual-haptic. 30 participants using 3 classical music fugues performed the
experiment. The results clearly indicate that the visual-haptic stimulus is very effective focus
the listeners’ attention into an specific instrument.

Chapter 6 presents the conclusion of this dissertation. Concretes the perception
experiments findings in to three guidelines to improve the perception an audiotactile signal:
the attack of the signals must be synchronized, small amplitude changes on the decay can be
neglected and the frequency variations could mask the correlation perception of the signals.
Also as future work, the implementation of these mentioned guidelines into diverse
applications like: music education, multimedia environments or virtual reality environments

are mentioned.
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