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Development of stuttering treatment practice device using stretch sensors

Byung-Seop Song’ and Kun-Min Rhee

Abstract

Using stretch sensors, a stuttering treatment training device that improve the abnormal breathing of stutterer was
designed and developed. To improve stutterer's inadequate breathing method that is one of principal reason of stammering,
the device estimates breathing method by checking the changes of the stretch sensor's resistances those are put on the
chest and abdomen of user. And a vocal exercise program that carry out exercises only when the user maintains the
abdominal breathing was designed. Using a PIC16C711 device that includes an A/D convertor, a main controller was
designed and the vocal exercises software was developed using Director and C program with graphic user interface for
user convenience. The controller sends the resistance data of sensors to PC through the serial port and the software verifies
the breathing method. And the device was designed that the RTS (request to send) pin of serial port in PC is used as a
power source so that it can work without any battery or other power source. Three stutterers have carried out the clinical
experiments using the implemented device for two months and the results showed it was excellent to alleviate the

stuttering.

Key Words : stuttering, stretch sensor, rehabilitation, abdominal breathing
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Fig. 1. A concept diagram of the stuttering treatment
training device.

—416-



2EH A AME )8 dUF A=

3. StESIoel A

3.1. st=floje 74

WOE A2 FAs)e] smglols HASE S5
Ao} B A5 4G S2l7 e4e sl A
soles) o AFEE PR 25T 4
o S Felst] Aol AEdA AN
1G5l 3 o) T AR AeAte] Tt 2
—r°ﬂ gx‘ 0}4— "ME}- ig‘g % o—r°ﬂ*‘ % thP
Aol wEbd MAE 2EF A AL Aito] A ¥
shelA) o AgA o) WalE Wasle] 24 £

T2 539 ARE g = AN EE 22
7)ok AHEAYEIS AA PIC A7)0 QB A)
A7) E 42185 A/D HMES F RS232C A Z=2
EFo) 8= dlolg] A EE Mele] Hay HREE
255 AgsA €t pIC xﬂowit §H|E A/D 7}
WgE o A ATt A Aganst 2o
PIC16C711& *P%PML TN ANZENE AL
ste] seu9] ol 5-E A FEV)9) A ERLE S
AA ST UME&%% kAo 7w e
o] o] AM2E+ adonishte] srs- 2020 nRo]TE AR
som AgE HLOW ATFEIY] wlola gEdo g
A7t ALEEEE ) 9 ALAkY) HelE 9let
o] AJojzgza] el d‘ﬁf?_ AFE 2 %iiEA RTS &A=
o83t} ol PCAM $EEE ANathate] Mgte
ol &-3to] MAE Aoz ek viE L}t AY
71§10 qﬂ] Adoa LB AHUHE d4do
24 J2E A 4 U= 87 9delth RTS
G AE dlolE] $5alalel AFE 7} vlolB E
—8: E Xé-do}?ﬂ 16—}"1 »t— RE i*‘%ﬂ—oﬂ °Lﬂ7

10mA7J}21 @%2} = ‘E‘r Ao A Li
3] AP%EJE U 8705 HFdio|ElE ALg3led RTS &

ko) AP 5VE WMER)  AYoz FFEHT A

A Ao 2] AFAHE 10mA oW & Ak

3.2. 3t=¢lo] 2MA
ig WH-E Slsly] 218 AR 2EG R A4
9.5 cm® ZolE 7FAH HFAAE 2.47 kQo) A7
< 7R 43 emE EoE A% 3.84 k0 A &
7}x]7ﬂ HEZ 101 eme) Zolo) ozt AahHslg-S
7HAA = Fode] oF 75% ol oA AFH AL 8
Shot. B A& AR 2 58 A S 7t
AA = etk Al Wl ol AN HE &
< & o S0l A= 1w 2F 500ml BE oy

FUIO o°“ F‘F

AN

O o

-M7-

TE7) Y 49
o Cc
1 Vee % -
[ j
| IStretch F/\v/\/\ —
‘ Sensor Rs
i A R,?\ i b\\\\ |
A BN
//\ [~
Vee [ = i To
o ) L controller
< S
< a < i
~, Ri S

Y 2. 2EYR AN APERE Aghasire
=
Fig. 2. A circuit that converts the change of stretch sensor
resistance to voltage change.

Aol s o2 A% =
e} B35 Aol 4
= momu A
o) 67

7
501 A4Ae arlsl 4
=3

EgA] Aol AgHstE ko] wste WHeka

At 2 29] 2 E AE8 Tt 3 RoA

= 2EH A A 271X Aol 2E of &
Vot oS 7RIIEE PEARS 2488 &

IAjo] A|gto} wislabd Roﬂ 17 = Z‘i

°]& Op-AmpE %3 SE5 o] &84

oAt}

EEREBEEEY SRRt S
S AROIZ) 71EH RoIA ) ¥iskere A3t ATz

_ Ry AR
(R.\‘+Rl +AR)(R.\+R1)

Vee M

[
Im
o
S
=
=
)
b
=
tu
iy
3L
o
£
n
2
o
_O-‘lg
fr

Agrol sveba A dghashs oF 50 mv7} %U:}.
7(

= 5vel Jsprt %QR OLE L}F/Mﬂl EIO% 7% &
= (sensitivity )& 7FEA A k. F2M €9 G
R} AE ol o] AR7|R Faate] AFuigel

J. Sensors Soc., Vol. 14, No. 6, 2005



50

of

N

Mé&rd'PUEOJHE

Hrg AASA €t o]eigh 3B E o] &3t B
2 7ksEd e WskE 2AY e i“é% A
HlEe o712 8 sl ABEES 39

2 A AlofrloM e Zhzte] Ay #hE ux 1@5}
T zh dlolH kg A R3] YA BR 2E
A Aol e Mok BAEE, 7 2EHA AN
og ke T Tuajsld PHER A5ach
rq] 94 Sfﬂq ]\?ﬁ_X‘Z‘E‘: 12V d¢1e }\}g_s}mg
max232 F& o]§-3te AeHo] X =g 3i%ich o
3 3olAE olH T A8 L Tk AAE HA =9

F\
_ﬁ'l

F Vee .

| —
i ‘Sensor 1 (J\/\f\/ :
L {chest)

A

- olzHl

2 A|7ho E g Fhef |
%2 YehH AE22e ZE7]9] 25 A%E e
w Y= Ao & 3 7l 2 VE YeERATh 283 ch 1
o] FH & ERE FEL Sl SEYRA A 1 o}
o8k AghAste] 1, ch 29] FA(BIE)E THEol AR
d 2EG R Axd) od APists viepdth 5%
ol whgh 7hzhe} 2B R AMTE FAC goldE

j_ﬂ/\ AN _Léf\.;\\
(M358 > :

L % p -
< S |
1 , (18171615 14 18 12 11 10

| PIC16CT11-04
TVee ~ 12345678 ¢
| Sensor 2 ?--J\ﬁy‘v- o
(abdomen) | Vee
T§ ; LMSSB\ LA

o +
L Ve FL
f::> o
| &

1
{ i
E [

161514131211 109
MAX232
| 12345678 |

-

R
T
L
T
H 1]
I
il
s
E‘ 23
i :::8

O 3. 4A% =1 A7)y f2%
Fig. 3. The designed amplifier and interface circuit.

(a)

J8 4. dAlE JRE ol &

(b)

sto] ZAT BAEE() E FAEF(b) A9 Ahas)

Fig. 4. The output voltage waveform when user has (a) abdominal respiration and (b) chest respiration.

AXEE A A 149 A6Z, 2005

- 418-



ZER ANE o) g

Max232

Chest & Abdomen belts

38 5 A9 sedgeje) 5F
3 2% 3
Fig. 5. The implemented circuit and belts which is used to
check the breathing method.

$E W) AW ks

£ ch 19 Wat 23§
2l i 2 48 2 4 glovt 4

4 sh=go] 328 74
of M W )] A 5 Gl DB A Aete] 1
5o vrep ik,

ok
=
o,
In}
%
>
ﬁ
m

Aol ofsl] 7R St 28 o

= gL
34 ‘4014 H”‘éoi’k lal ool thk W
& @ 7 AEF AAEC vk 2289 GuIrt
H2] 3t Director TE -G 0] &3}315L C A ZE o]
&8te] HolHE F4E 4= Sl siinh. 28l a A
SR WA A A AR BHE AElE o o
Foll ek @ = 7] o] Ape] APt Eule
ALE AT T 4 =g MAZEE MY T L=
SHRAIL AREALe] B E el wheh WAzl A=
718 248 F JEE Solch WAHE-L wavertd
S AT 5 AsS 2 FEoR sert 2
EE S ARATE 2 A8 24T F 0lES &
Z13hdo) fAAZE 2 B AR A o) 2}
A5e sgle] A7)k Do S Bl M E E 4E)
o 718 A8 AT AEF st 7Y 6ol B
UE A8 Fd7]e] 27] g9S Yepfigin

—419-

ZHE A8 FEY A 51

VisualRET

]

J% 6. UEE X7 7] AZEYe] 3l
Fig. 6. The early screen of vocal exercises program.

2 40)x19} 7ho] T F ol whe} FET|A &
HEE el "yt 2] g o] & o] &3]
SE S 1T ek oln) Rgo] FEe A
grog Fol7] 9late] ] Fke] MY whE A
ato] Bluo s SFUNS AQleith By dA
| 2EYA A oz Watste A HE Y,
Pl A 22 A A o A g 1
3k, ghp7] Sete] dsre] wWske] AR 3 Vi Vet
1 R0] Ve

Var= Z A1) )

5§ F719) A0 YA A Waksh] ool
A%H R AL o Folof st Hekgh ¥, e
Vo) Bkl Aolel A7 Aol g Tald & FoIA

Folliz o] gro] Yt 51w
2 UehtE A% Ve
) 7Y % gl
waste] ds

N
N
10,

2

o3

0,

lo

hl:l *\:

oz

J. Sensors Soc., Vol. 14, No. 6, 2005



52

i,y o

mlo 2

-

T
1_,

,]

o]
¥
&

4 rlEi rr Hol' nE

im o o

gl

v}

Al 827

TN
’k START |
J

Vocal practice begin
(word display)

W—J‘@(\i “Input sound O. K. 7 :>
— S
5y Yes

0Odd_Data <= Received data
e e

Receive Serial Port Data

— > -
L«'\lf(zf;i/i;iecelvec:l Data is Even :?F\ T < Recenved Data is Odd ? M\NO :
T /‘1'/ \‘\ //////// /"’/

YES} YES y
Even_Data(n) <= Received Odd_Data(n) <= Received
data data

v

FEIR dolE1 g ddale HFE
Fotd HQr@)E ol8st] 2F ¥y
o ad TN E ZRagdr dehdss dEw & uwHdse
BATE ARAAE B T ubgds ZRod 52 o) shEs o
% }— L¥Egole] &M xS el
& AR A)2Flo) ANAHE AZE el 6. HCE X2 HAUE
A iﬂ%‘% NAG 7 rlolARES B3 ¢
&7k SMhE R Ao/ 2R SFHoHE
etk oo AL wolEls) ApolE R 2 Ir 5 A )A A Ese] AL FHEF Fof
AA ) 215k A ol L B4 o] T 2B
12 Ao o3 Wk gholth. £F & F7] B9ke]

. TuYes
Calculate Var, Ver, Vo
,/‘/i""\‘
P — [~ hext vocal
T Va>07? — Y& ractice
\\\\\\ . e i rogression

| Vocal practlce Stop
| "Warning® Message out

T

The 's'ﬁﬁ#é’ vocal
practice again(word
displa

a3 7. EAFE SRS E%L 2o E A8 FE7) 9 Ao ZEL
Fig. 7. A flowchart of the software program.

AAE 2hE ARTEE A

AU Al Zodg gl
1Mo ® b7k 38, 26, 25412] A<l

[o;
r

A 144 A 65, 2005 —420 -

)
o
Gl
=
rlo
:
Y
M
2y
e
N
N
-4
o
k]
o
o,
_>|.1_|‘
o,



LEHA AME o8 BTF ANE FH7e A 33

Stuttering number

spoken fapguage speak aing rend pioture

talking to one

monclogue uention & answer dinieg tolepty usual state

test items

32 8. Akt A YHE ME A o)
Fig. 8. The stuttering conditions of three participators.

EO7 2lgt IEL F43ke AlgEoITh A &
A Adgdodo] tist 5o E 73 F wA g E A
S U] flshed TUE NS FAIIL A7 2
97ie] FHEE e &, g R NES RAkse] &
Ao wiz e} njwgko gy W 43l g HE 2ol
BlS3th. EH A} o) "] ZAS AFARIES] U
EFAZE ZH B9 1.90%0], 33750, 051901 &
CEe 208 Ao o] A9E 18 gof] Vel
welom Azt 2 g X5 TS o4l U4
A5 ks ARS 28 9ol YeRARIT: 2 92 X
W 7hgah o] 2EH A X7 Eolole WES &
28 T 0AGE e 4GS B Sk

28 FUNE o83 A AFS ol 8AMY A
ol Z WA SR st 7H 2587 5S4
AR, B TS A8 oA HESelH
A8 e F F YTE A= FHo) of- F
T &3z § gidAE ASEoZ Tl FH e
AAletglon F71A o2 Joixgale) gs wes

Stuttering number

utterer A
Stutterer B
Stutterer C

spoken speak along read picture
language

toaling to
oneself

by
5
7
a8 9. AAE ANEIEHE o] &t WIAFS HA
S B
Fig. 9. A participant training the vocal exercise with the
designed device.

Soict. FRNZE tlAe] nje} 24 o)t U]
g meEeol B ARG B S0 F

of Y7 RS AT Fh& AFE A8l

monolgue question & dialog telephone usual state

answer

Test items

a7 10 FANE F AYE WE wab e
Fig. 10. The stuttering conditions of three participants when the training was finished.

—421 -

J. Sensors Soc., Vol. 14, No. 6, 2005



4 A
A g AG A9 ZAoA AEEe] 2F3Y AAEE
g ERIstH o HEHo g Feo] A Fo=
PR} 242 B Eo] g3td AL & £ IS A
2 A 34 FEE A §F 3 o g E
AEE 2o 28 100 2RSS AAZ &
ZARSE g S AEHE g =2 JehiQch

R

2 8 108 s e Agol Uy

o,
g
2

5 AH7 21" AE g 4 o E3] dy [1] Hugo H. Gregory, Stuttering Therapy Rationale and
5 34 Y AdE £8 T 26 E dabo] Ve Procedures, Allyn and Bacon, 2003.
U e AL o 5 QT B8 F A man 2 GRS 9, BUE 949, @08,
§ wel e o R 077E0] 0340, 0% AP i p
= _ — . A. Shapiro, Stuttering intervention. Austine: Pro-
°1F HEE A8 ZAHUG. o)ele Ave ur od 1999, ¢
= % 5 = O A F O o)== ? '
5 ABFR7] a7 b S8 AYE Y5 [4] E. B. Cooper, Intervention procedures for the young
= Aol stutterer. In: H. H. Gregory, Controversies about
stuttering therapy, Univ. park Press, Baltimore, pp.
7 A B 63-96, 1979.
[5] O. Bloodstein, A handbook on Stuttering, 5th edi-

D ES PNAZ 5 QTR 3] st BaEE Eon,d Sing]gl;; Publishing Group, Inc. Dan diego-
2 FEFoZH 5L oLA )] T2 3 HEA) o] 2= ondon, :

i I{Ei‘j i L]_E 2 = — ; = O}E e Shed :;O‘; R [6] C. Van Riper and L. Emerick, Speech correction: an
= o =2 JE‘ A5EH7IE A, AR introduction to speech pathology and audiology.
ZEHANME o]&3te 7 L wjo] MEE U335} Englwood Cliffs: Prentice Hall, 1984.

Aol AastE AEgozN 359 RE 3 [7] O. P. Skljarov, “Neurodynamical route to chaos and
QU3 = AEE UL AMATE A sle] EATE normal speech vs. stuttering”, Proceedings of 2nd
o] 749-ouk Hhg Ao HaE S Qe e s} International Conference on Control of Oscillations
of MG AT EY S AAs A=Edct Az and Chaos, vol. 3, pp. 449-4‘152, 2000. 1 )

9 B E N2EA/)Z o)l 3o WHRE 1) [8] E. L.lMTti, E. i tsvontui: an R tH Co 30;1, Temi

N _ N poral relations between the respiratory and laryngeal
Ao 2 Z@AHL0 Aa)Ele] o 7 3 = . . .
°© LE&:' v 2 ob"";tq_j‘ _éﬁr RcE) “l‘j‘_" system prior to stuttered disfluencies”, American
AAM ErFol B e Faigln). ol Speech and Hearing Association Convention, Hous-
OE XNE5Fd7)9 MEe A7 1-3%d 0|2 ton, 1979.
DT & &Rl A AiAe] Hn o)5e] Aelg v [9] http://www.sts.co.il/DrFluency/Index.htm
A}3] A-gof & w.8o] G Aot} [10] http://www.hsdc.org/Business/Speech/speecheasy.

htm
48y of 2 gl

+ 19949 AE st Aabgsty) &

+ 1994~ 1995 (Fpl2gl 7189

+ 1997 AERugkr gty AxZskt
Y @F8Ah

<2002 ARt digkl AAgslst
ZY9 @AY

2001 ~2002%4 AA71EA74 AdR7

2003 ~20049 A58 B A
T AT

DA
PFBAROE : ABALY, ATHIAS

o, elgas) )

A 83 A] A 144 A63, 2005

* 19843 University of Wisconsin, Computer
Science A}

« 1987\ California state University, &
FAIE A

+ 1995 Johns Hopkins University, A&
R Erus3s it

+ 19979 ~ @A) TSk ANEF S} -
B

« TRl ABR2FY, B2

—422 -



