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<?ael varzion="1.0% encoding="Shifr_JIS™ 7>
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Audjtory Orientation Trainjing System ’
Tuin?n‘g’ Field Descripter ingx}‘l{ ver 1.0
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004-05-19 ver 0.4

Copyright (C} 2004 Yoshikazu Seki {AIST} & Tetauji Sato (NRCD). All right reserved.
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<tem
<IDOCTYPE aote SYSTEW "http://staff.aist.go.ip/yoshikazu-aeki/AOTS/sots.ded">

SiRTERE " %ade ftitle, fiald - HAEE
acts tle, ald+)> € han -3
g Eﬁx’aﬁ s 'E’a m{:lan }mrox - "?I' tae RHMOefault THRE -->
<] ELEMEN Hald RAFE] - WHRAOE MR -->
<Etaue e 2 i) . R -
RO velvec atart? Iepeat)> L-- BN -->
<iELEMEN davice RSS-%E' CRTTIY L et
<! ELEMEN hrase < AR-3000 = T=X -
<{ELEMER! ntlec ’I o
<{ELEMEN e 1eC0akRY > < x
<IELEMEN inty 4PCOATA} > < ¥
<IELEMER intZ APCDR < z
<{ELEMEN' vaivac velxn? wely?, =
<{ELEMEN velx 1PEDAL <
<!ELEMEN valy HPCOATA)> <
<iELEMEN valz #PCOATA) > <
<{ELEMEN atazt #PCDATA} > <
<iELEMEN stop #PCDATA} > < -
SlpLmMEN repsat FECDATAI> <
< wa WX
< ELEME jen Yeeita i Y
<IELEMEN wy SPCOATA) > <
<IELEMEN e SPEDATAL> <
<iETEMEN wd SPCTATAS > <
: %&g: ros dt po:lmt., Tldth >
£ o ® A
<1ELEHEN B? Fhimbiis Prée
<iELEMEN BY APCDATR > <
<IELEMEN px APCDATA} > <
C!ELEMEN Py T <
<{ELEHEN width APCDATA) > <
<!ELEMEY »ark ¥A <
<{ELEMEN =X $PETATAY > <
T> LEMER ny Ab> <

<i-- Sample wo>

< Mhitp://st -aint.go. kozu-seki/NOTS/™ H =" ja"
acta xmlps= ngn}‘éis:ﬁglﬁi?h Eﬁ;plyoshi BZuU-34 /™ xml:lang="ja">
Y 3

<name>car</name>
<sound>

<dsvice>l</device>
<?hrisu>A0001< phrase>
<intlcoch i
<intx>100</ intk>
€anty>oh000</ inty>
</intloc>
<welvec> <valys-1000</vol,
valy»- vely>
</velvecs ¥ ¥
<start>l0</start>
Satosriduciatops
Lapeat>ons/ repaat>
. </zound> pe s
</field>
<field>
<name>fence</nane>
<wall>
2%;%2?0(.&%)
<w¢)100‘g¥1‘m>
Jall WP/ >
<fwall>
</fleld>
<field>
<nama>route</nape>
<road>
<point>
<px1>1000</pxl>
<pyi»-1000</pyl>
<EKZ>1000</px2>
<pyld>1000</pyad>
</point> A
< > Cwidth>6000</widthy
on
</field>
<field>
<nane>house</nane>
<mark>
<mx>1500</ B>
</mark> <my>0</my>
mar
</fleld>

<faots>

K3 FISREEEERTAMT 7 A LOFR,
-3.
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1) Yoshikazu SEKI, Kiyohide ITO, "Obstacle
Perception Training System and CD for the
Blind," RESNA 2004, Proc. CD-ROM
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BEEERT D ENTER, ERITHRERROTHFER & LT SPR(Stress Pulse
Ratio) ZAWIERREEIER (RB 1), EHSITER (F8%2) 21Tok. *
OFEREINLOERBADCHEREDA NV AORELEMTERZEL, 290
DFHERE L TN THRENBNI L ERIELE, =/, ER BV CHERE
MARELASERELOBRBAEZHLMA L, BESICBW TR REEE
BREERERR 2> BT IICBIT 2R Z R U IER RO EEN B Sz,
Il G MERIIH T o THERER 2B LB TER,

A WEREH

AIGE7 —< T, BEEFHETE - ) Y7
—¥a BT, 3DV Uy FEIFEACTER
Mg, Bb, XTR2KELER,LYICAEE
REW 2 Y OMEDTFEEE ML HELEETS
ORI ST AORETIZ LEBRLT
P

B RS

Brgesrfa e LT, SBEBUEEEBE e, 1
BV FaTF ARROERERYT S, HEMRII
3L L, 2003 FREHEERE, EEMAEEMEE—IZLY
mEahi, 3D EBURFAORBEIHEL L
ML U ¥ =T AOFEBEER LI, REEITH
V%o AORUEORMNEVED Y7 by T
b L FHHRERBRE T, BREERTh L ORER
RRIzESE, ZRLEMITT, EbitHYHa
FLDHEBEITY,

C #FspE
1 HREEEAR B RS 3 2 AR oD YERR
FHRM L REEEE OSTHROER CH1T
Rl BT 3 ARRBEOFEMICOWT, FHAKE
ER L, TR EFNOFMOEENE - Y2 RE
TAHILLEEBRMELTITo A, TAEFROIEMR
Eix 2 (i (O X) TiTof, BITHRETA
EWTHR, THEoRRIZ vy LELEZA
HO., vz LEUAARX) 28BALTYH
Bote, FEEIMIZOVTIE TEMORRIZFE
PRUAARO, BRURW, HFVRELRVAR
X] ZBBALTH b2k, ¥HLOEMIZOWNT
b, SHMEE T 50 HA, #IAmER 44 &
HEFFHPERUESEE (EFRICFHEER) 31
% H6rAM (H2HE) OBHTERE), RERE
F(2EE) 64 (BITE 25 E~43 £, FHy:32.2

F£+6.2 £, H 5 AL EBMBT) . HITREBRO
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T e [F5EREASE

No. K ¢
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2 507 10.14 22.33
3 390 7.79 30.12
4 3.02 6. 36.159
5 2.98 5.32 42.12]

v 7 RERGIZ L AEFATEITo/, TOREE, 5
HF (HEERIFESE 5% & L) Al E
i (F1-1),
BEREREER TV L, Zu—r 2y Da
FEDS 0924 (n=45), F v b= O EEEEE
¥ 0.884 (n=45), RETFT v —7F 2 OE
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— T 5 ERARFTEE
] F No|— %) %)

11 5.52 11.04 11.04
2 481 9.63 20.67
3 451 9.03 29.70
4 445 891 38.60
5 297 5.94 44 55
qd 268 535 49,90
7 2.64 5.27 55.17

EHEERBEEZR TV L, 70— Ry 7 Da
24003 0.939 (n=45), K v b= OEEEHE
A 0.867 (n=45), AT < -7 rOEHE
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Lo T, EHECEWRET, o, AW
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SRBRIOREZSDWTHE, SHIER%E% - HEBRA
BOHHOZRMNBALETHDI EEZTVE, |
BEXRZNZ ENERTFOARIZSEMNBEZ LM
FHENINETHD, . HAEAARIZSONT,
REOBRARE N LN, RESHOEER
REERNT, ELIZEBOREEIToTNF
ETHB,

FBEA L LTR, SAITRBOLZWEIZLE »TiX

-
—
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ERBEOBETHRA A=V LI WO TRV E
Wiz &, LEdN-T, R bOHFOFEMEN
TINGOFFMRENBZHETHLINE S LS
EBBTFLEND, 2 AEELT, #HRFOBIZ
BEMEENDROVIELHY, SBYEE, £
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2 EBPWEOA ML AHE

3DV T RURATARRAL, TOBRELET
THEDOERFEOTHERE LTAERLT
of, RERTOERL LTI, A FLIEBEED
FEOEZEE LT, EBRENFO.LRAEOEMN
(SPR,Stress Pulse Ratio, ¥1) ##EEL+52
LELE, Eh, BITHORA M RRRACRE-
TWAEBLNL, RREVNVEIREHELT
TAbmEEL, TEOBEERG, FTEEME D
AEBFRIZSWTLHEL, ThL0NEmoRY
HOBRMEZIT L L bz, FlA»S SPR HOF
BE{F5 &, T, #EICSPR i bAEADTE
B2 ERE., AREMOTFRZITH L LEHB
&L=,

EEREEIEN 10m O 2 FEROBETHD, =
DER L 4 EFWT L., SRR O AR % ~HNT
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fpof, FRIOEEMEIT 0.10 CH-7=, SPR %
THESE, FRFEE BHEHEL LT, TRRAE
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TFTRIOEERZIL8.81 Thot,

EaEi¥ M —SPR MOMBEREN —0.54 THY,
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EWVZ A, THRITOW T RETME FRIE R,
SPR # B EHK L LT, BEHT B &L, Y=—
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FEBROERIZLY, BEMA MLV REELL
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7o, FRAIXZZ20FmPHoHB LER, RE
BHDIPLTEMERNEE ., DRENHNTS
DEEEZD L, REMZFRZEHE LT, SPR
EEENERETAFIREENTHILEL LR
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T, BHfilEEv A L REBELZD L,

HAHYBICRT L, REFEERAZ NN i
FORENPREIFTONZIDELEZDB I LNT
X5, £5, BExDHE, HRBIZOWTORAD S
ETRENE D DM, FEMREEFRME RE
iFffi. SPR MO AT RICERLE RS
ZEBEZIBND, SERFOSWLITITET
HB,
3D Vo FERAWEMESHESN VAT AR
WA T e /T AEERETAI LY, RE .
HEEE AL L, SPR lREtEh T Z &M
HBEBLTHETCENE, 20705508
MEERIETCE DT LICRB ETHRENS,

F, AEPMREL SPR EOMMARKWI L
o, HRE 12405 LREHHERECEROL
B 13 (REREWLOD 5 4) & T 13 R
LR EVWLD54) O SPRIEZEBERELT
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(3%1) SPR{H
SPREDQHHIZTREOKXTITo 1,
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R OIED) S HEBTR OB X100 (%)

K1, 2IZBWTERENEISHTE LR,
BURITRRLASICEV RS B,

B LICRBWTOBHSTRORARIY 10m (&
BRI EREAOIELFRC) OEEOESHLAL
Flof, R 2 BT IFERSTHLAL
120m (BT RERET OMERE & 131 URERE)
R 2TETCOER LB Lo, B,
FUBITROSTHEHEREREORELEL 3
ETiTol, £, LlEKZ 5s ZénbREEL
Ti&gIhik,

3 HRBITEEORX FLAHE
FERIZBWTIR, EE 1 EETRO SPR A
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'ABSTRACT

Obstacle perception is a skill to detect presence of "silent" object, such as wall, pole, etc., by perceiving
the acoustical cues, such as reflected sound, etc., through auditory sense. This skill is very important
for orientation and mobility (O&M) of the blind. We are studying the training system for acquiring this
skill in the blind education and rehabilitation by using acoustical technologies. Our training system
consists of sound processors for making reflected sounds and several loudspeakers, and can
reproduce ideal sound fields for learning the principle of obstacle perception. We are also distributing
the audio CD that contains these sound fields to the people concerned with the blind education and
rehabilitation. Our system is now used in the school for Q&M instructor in Japan , and our CDs have
been distributed to about 15 0 Japanese facilities concerned with the blind.

KEYWORDS

B lind, O&M, obstacle perception, echolocation, auditory training

BACKGROUND

Obstacle perception (or obstacle sense, human echolocation) is an experiential ability to detect
presence of "silent" object, such as wall, pole, etc., which does not make any sounds, by perceiving the
acoustical cues, such as reflection or diffraction of environmental or self-generated sounds, through
auditory sense. This skill is very important for orientation and mobility (O&M) of the blind (1) . Learning
the relation between the existence of object and the variation of sound that is caused by the object
enables to master the obstacle sense.

Conventional training for acquiring obstacle perception in the blind education or rehabiitation is usually
performed in real environment. The O&M instructor instructs the blind trainee to approach the wall, or



bring a small board near to the trainee's face, to show the sound variation that is caused by presence
of object. The trainee should learn the cue of obstacle perception by hearing the shown sound variation
experientially.

'RESEARCH QUESTION

However, in the real environment, the sound variation caused by the object can hardly be heard,
because of imegular variation of environmental sounds, attenuation of the reflected sounds, or being
disturbed by other sounds. The conventional training in the real environment is sometimes difficult for
beginners of obstacle perception. In order to provide the ideal training environment for the beginners,
the new acoustical technologies that can reproduce an ideal sound field variation artificially should be
introduced into the blind education or rehabilitation.

In this paper, we report our new training system or training CD for acquiring obstacle perception by
using acoustical technologies .

METHOD

As the first step of applying the acoustical technology to the training of obstacle perception, we
developed a new acoustical fraining system in 1998 (2) . Our system consists of the signal processors
and the loudspeakers that are arranged in a ring, and can reproduce the sound field variation by
emitting the delayed sounds with respect to the direct sounds, which simulates reflected sounds from
wall. Our system produces the ideal sound field variation by assuming that (i ) the reflected sounds are
perfectly (not attenuated) reflected at the surface of the object, (i ) the diffracted sounds are
completely attenuated, and ( iii ) no other sound exists in the sound field.

The first mode! of our system had 8 digital delays (Roland SDE-330), and 16 loudspeakers (BOSE
_111AD). The digital delays are controlled by the computer (NEC PC-9821Ap3), and make the reflected
sounds by delaying the original sound signal. The delay times are calculated by the computer, and

. informed to the digital delays through MIDI . The original sound signal that simulates the environmental
sound is white noise, pink noise, or true-recorded sound. The sound signal was recorded on multi track
recorders (YAMAHA MT4X).

The first system can emit up to 8 reflected sounds, and then project "virtual wall." The virtual wall can
change distance, direction, and width. The distance is adjusted by the delay times. The direction and
width are adjusted by assignment of the reflected sound loudspeakers.

Many O&M instructors and the people concerned with blind education or rehabilitation have tried this
system, and they experienced that our system can reproduce the ideal sound variation that is easier to
understand for beginners than conventional training.

However, our first system was too expensive and too large to be introduced into the facilities for blind
education or rehabilitation. So we also developed the simplified version that consists of 1 or 2 digital
delays and 2 or 4 joudspeakers. The simplified version is now working in the Coll e ge of National
Rehabilitation Center for the Persons with Disab ilities , Japan for educational use.

Our training system, even if itis simplified, requires economic load and space to set its hardware, when
itis introduced info the blind facilities. In order to reduce econemic load and save space of the blind
facilities, we developed the training audio CD that contains ideal sound field data in 2001 - 2002, and
are now distributing it free of charge.

Our training CD can be reproduced by general audio equipment for home use, and it can also generate
the ideal sound field variation as well as the system. Our training CD contains one reflected sound in
the right channel and one direct sound in the left channel. It is just the same as the simplified system of
_ 1 delay and 2 loudspeakers.

~ When play this CD, the two stereophonic loudspeakers are arranged 2.4 - 3.0 m apart and facing each
other. The listener's head is at the center of the two loudspeakers. The "virtual wall" appears in the
direction of the right channel loudspeaker.



