BEREEMEREMITAREN

PREBBIKMRA "i88, B "EE ., RZNY

B

—  EREWMABEGM:

mEe A ABEZNBELIN -2 TR, B TR NENRER  $ERFE
HMEMANIEEBE EMTEEERE - BERI - Speech and Bio-signal
Processing(SBP)ERZEZF )TN "i28 , B B8 , BMEMEBEMAILF - WES
"TALEZL R THER ) SRIAEEMBEEY  UEBEAERELR
HEARNEHBSEETHBRUR EMRFHEABENEEmE - FAE
BENMATSE "SBPLab #H58 i - RRMEDIE RISERISRE A E 21
MA - BABRBEEI RS !

— ~SBP Lab iRt T2 - FBEE , HFRARFAERER:
A. "EE, BEmMKKRIG:

MFEBETESHREMNMAE - BHEREENIIHAKHUIHNER - RIE
2022 FHFRFEABOFAAEZTRER[] - BEIRKANE SBWAO (N 43 E
A) SRENERNOFE - WFEMGE 2050 F - E—HF5iEE 25 B - HRAR
208 7 BRAREZERENHENHE - BLEHIBEZEOE F RREERAEZH
REFURAREHEEMUSHINEY -

MEZE =R over-the-counter (OTC)AZEMEE @ TERSKELIR 7 —LEH
SN EREm AR RAEREAENRENE -OTC g EmE
ZNENZFERES "R, WH T EERAEETTMER - IEREAT™
EEXERABARZUE - MEIKNGENAFEHEREESNRR ZBE - M
R OTC SR EmPIREMNRRE "R, Bilts - SBP Lab RBEHEBZESRN

"APP B FHMIRRMETE AW . T IRIRESEN FWESRENE LK
"PUREBRBRIMEBEHERE R VS SN ETRANHAR  HFFEAR
D RIFRABIN T

1. LIAPP ESEEMIRFIMMIFRE ZEN N 2B AR

HR OTC HA 2K - REAZETETRIORABZEERREZN RS
2 MERREEFOMREE R AR ERERNERZE - BEMAREL -
RIRRSEEYRRENRNBERES - EMFEERAR0ERM - BAy - &
AEETRNRANRERYLZFRIZPET BEHEAB SN AEERE
TIRRIRYS R - AUL - SBP Lab B ERMIEPRARE L EE TR


http://sbplab.diskstation.me/index.html

( Active Noise Cancellation, ANC ) [2-4]|00FER - WWETTZIEMELFEETE
EORPaa T -

1 BRTARMEEBER 2022 FHRZNIBNE S APP 45T ER ANC
Ei#% (%0 BOSE ~ Apple Airpods Pro % ) ETERARRIGI ol i T4 RMEET= - &
BN EIREIRIE MEA ANC BilisEBZENEWAIER - WHEEEERESE
MERAESEMHBMRIR (MXHRBESEEZE2) 2 £ ANC EmfAEAE
B BRIEAACEEHEBEEMTE SR ANCENTNE - BRIGRZ ZEHW
BELAIEREL ANC FRIERE N EEE HEm e E S 2 BrORA% - BELL - SBP
Lab BIBXFEER 2022 FE—DRE T RRYBEUBERM I A A REUEEM
AEEE (B 2 ) WEBERARESE 7 ANC FRIZEENBEIR A& R 2B
HER (B 3) SRENERE D ZEGRAIFEERNEERAENNRMTEAR
R 7 REEANRHERAEGRNEENE - EM " INERERE ANC B4
B (WX RBESLEEZEG)-

ON/OFF 05,1,2,4kHz Accuracy (%)
at 25 dB HL
ANC ANC
headpho function
model switch

(©)
m ﬁ h Noise type

i s |

Stationary/Nonstationary H -t 1}

Earbuds/ 50 dB SPL H — | |
Circumaura v ?8 dg giL H H

d L H H

Earbuds + Circumaural 80 dB SPL | l I

90 dB SPL

1: SBP Lab BEIREIREFIERIE METTH ANC PRSI ES 1 ERtR 2 RE M RO BR R
BERRE - (BBEF2)



2: BEREZ ANC RIZEREB LT - (BEE(E6)

0.5 kHz 1 kHz
A, (82,97) A, (80, 99)

100

B, (60,83) o B, (63, 77)

;: 60 2
2 C, (48, 41) z
< < v C, (49, 30)
D, (42, 18)
E, (35,0) E.(40,0) /o D, (45, 4)
.
30 10 50 60 70 80 90 100 20 30 40 50 60 70 80 90 100
Correlation (%) Correlation (%)
2 kHz 4 kHz
A, (84, 100) A,( 86, 100)
100 B, (63, 91) 10(
B, (66, 99)
=" - C, (44, 84)
% o C, (46, 55) %
g g D, (34, 44)
D, (39, 14)
E (35, 1) E, (30, 15)
! 10 50 60 70 80 90 100 20 30 10 50 60 70 80 90 100
Correlation (%) Correlation (%)

3: BEIRLA ANC RIRERIRE S LG 77 AFT S Z 0 B IR R UG BRRE 45
RZBEREBIREG - BRFE/ X MARRLTEAEENDE - Y BRIRREKR
RANGERNEEY - (2EEEO6)

A SRR T EENEIR AR ER AR L MR Z RN EZESR ( SMERRE
mEFER )NERISERREENRERSS B 7 LU AHRNEREMm

ANC Kemar's ear
headphone canal Mic

High B
»  pass »| FFT > )
filter \ o(R)
i {(P,P,P,.. P} )
Pure tone (S)
covariance (P;, B;) .
ANC Kemar's ear Op, Op; B p Pl. ) pl
headphone canal Mic k
P
High ‘
»  pass » FFT > -/ o(P)
filter
(P, PP, ., P}

Pure tone (S)

SRRV SN R 80Rg - LS - EEEﬁ%EX%E 2022 F 4 R S&ETHI
AT

BEREEXIN

TEMRB(SEEZE 17) FARRFBLEE LB



(https://rehearaudio.com/) - B - & EBEE D FLMT AR T EER Kim ( 21625
HER ) BARWERANESIE  WHREHRTSE 2023 RERFRE 172023
BZRFMEIER , W EMNEE -

2. RIRIREBER THESTHTRIRIENE:

HREEEMS iR (IATLEFE ) EEIRERNERAGE - £
EWNL+FE WERNEREESACKNE T RIER  SEREES NG
B I2EHREEE  REEERE - GBEULL  DAGTEF SR ERFEIUEN
o AINEREREPNEERIR - B rASHREREAZERIIRE Pk
RSk JERTHERG AMEZMEMER  FLRSESHRERLE ( signal-
to-noise ratio, SNR ) - 1385 ZHIEREE ( speech intelligibility ) F15ECES =
REIE ( listening effort ) [5] - /HEIRIE—HZ - SBP Lab BEE F MiEAME
MFAZE DRI "TREBRBESERE . N " REBBESHERA , SWmiElE
EEBRAFIA - IE9h - SBP Lab iR BE— L Mg B EMAENZ A0 BT ER
REPEEERAZTEMEENZHR  ERER T UREEBRERNETES
D BERR A L - T Lt = IB R MTAIEEARER BRI T ¢

i

v REBEBESEREIEEHRKI:

REBBRITIFEREHEREIEEERERBEENE - R - MBI
R NIEIZERRARNRZ (EAH ) UBREGESNRE—EFES T
MR - ERE—EE - SBP Lab IFRBEAEREBRIMEBERLEMN
"DUBIRRA AR E R 2R EHPREE (NC+DDAE ), #T 7B - RETER
NC+DDAET WH/AE (RE 4) BEBMIMNERBAIGRES
NC+DDAE_T gE50i2fHE2 NC+DDAE ZAHEM ( BIREZ B ) WEEIERE
R - ULSN NC+DDAE_T 757205 — BB ZRESRE DI 76.5% NWERSHE:
EIAEDHNEFRESBABEREBEBIRASL  KMEERE S 2ARBHERIMAA -
HPERUZRBEAR I0S FarBRREINT @ il FRE ARG EST Al -
LR - 2 A REEHNRRAE 0S Fa LBERAKES - RKoH
EALTEZEFERERNVRIREEE T - BRAEEINMEBERAR - FER(8%E
=1F 10) -


https://rehearaudio.com/

An environment-aware-based NR for CI users

peech

DNN-based NC

NC+DDAE_T ;. a3, &

7~ | Feature .

f U > extraction  —» e (..
(MFCC)

Output

Cochlear implant
speech

" Feature extraction (LPS)

a4
plosc)> 0,
W+
se

_______________________________________________________

B4: MIBERAMBER Z IR HREE (NC+DDAE_TRE - WEZREBEEE
& NC+DDAE R EEITHRE - W5 ABB BB (transfer learning) 1T
BANEEMAREHERRERE RESTRIZEEINE - (B2EEELO)

v FEBREATERETHBRIEITEEE)

HAMES ARG FEERERMAHENESERAAERESHE G
ZEBESBRETCANS  BAEAY "HBEBEEHEE, AN TE SNR REE
1% BIAEEREMSEENNAL - BERE—2R - SBPLabiFiEE T TR
HEE WERN  SEERLEAES - WA RAREEBRIKIEARFENES
SERME - BRI FE 2 RAIFEEII0Y BRI 2R ( AINE HE S E[6-
8] ) RENZETR (NHMIEA ) EEXENEHET  FRAAARRIRIRSMINZER
BERUSCE - SBP Lab BSR4 SRR - BB EE LB R iiE EREL
LEEAN B AR MEWSERSEESEANES  WIRAFEAEZELE" & SNR
RIEIRIE ) M "EERER ) MTRENGE - #EBEMRF(E 5) - HfMEEL
Rl YRR ERNEEMERRAZERGER SN OEREET  RERBES
WE AR E Y ELET - ERGERERIE  EIEFIRIET - TRARNERCH
FEBEHEIR AN E R RRERRENEB I WERE - BERREK 2022 F 5
BERE (JASA express letter) HATI(ZEZEE 7)M IEEE APSIPA st &ias’

! g%~ Enhancing the Performance of Automatic Speech Recognition with Optical Microphone Technology
Through Data Augmentation Approach: A Pilot Studyz&3Z: https://reurl.cc/V4aQ5n -



https://reurl.cc/V4aQ5n

. FRFtRRIEEYBEHEE (RE YY) WERETERERE - Ihoh 5Lk
PNLRREMBNTERRINERZEFRETHRERRR(EEEEF12) -

LDV sensor
s B1 B2 Lems Ty
\
‘/ [IIeNe- fo Object beam R J\ fo \I
I » le=—d] e s
: Laser i ‘U’ ot 15 :
| 3 | :
: S & : I Target Speaker
=~ = |
: < ] fo+fa : :
I & I |
| | I
| fo+fulN fu+f '
+ + |
| ot/ bt/a . FM- z(t)
: :
\ Mirror BS3 Photo ¥ Speech signal
N Detector 7
. 33 =p =48 2 Xz 7ED = O 2F = 4t NS A 25% = u} £2 =
5: PUCBRARINRTIREIRIE NA B MG NRE ZARRBE(SEE

E7)-

BEFLAMECKRET " RXAEE ) RINERTIEN FEAMIEREEN
mEREYG  BIATE—LREZBE—DTENNEE - Al - RAOZIRBRE
AEIEFRESIENIREZEM BB RERTE9] - ERHNAINES B
EZE FEAREIEIRENEFREENR EMNrEEEHaEREEIN
BEEmE - ENE—FIRE - SBP Lab EBERLE 7 —EFESIZRET(E 6 /Y
speech enhancement unit) - FIFREEE MK EEABM S HHE S m
BERNFE  EMEMERENRENG - ERERER - SEMELN " RXHE
B ARERSNEEREARABER MLERNERRESREEERE(E 4
RRIBELE - EREBENETERINBERE  EIREEEERIIRR
hE St R 2B S - BIEMITARTZ R IEEE Transactions on Biomedical
Engineering BATIAVS B FLATIE (ERRZE 2) - BUER - 5 —IRRIMTRE
ERETEBELSIERER WINBBEMNERARMNER 7 EinE RN
IREMAEY  BRIE—MRAMRRSIERE IEEE/ACM Transactions on Audio,
Speech, and Language Processing HATETES ( BRIS&KET 7 £ _ Rk
g EAMEEENEBIIRER )

P ZEYEMESE (REZ¥) (AIP Scilight) 4 Z#R3: Optical microphones measure speech through masks:
https://reurl.cc/DolLyO -



https://reurl.cc/Do1LyO

Data collection:

Speech enhancement unit:

(a) Training P!

Feature Conversion Unit

hase (b Application Phase

i . Recorded LDV data
'

Recorded Target
LDV data speech data
x(t) y(®)

Feature Extraction
(Mel 80)

Feature Extraction

)

i
4
lx'(l)

(Mel 80)

Feature Extraction
(Mel 80)

_______

Waveform Reconstruction Unit

Target
speech data

|

Feature Extraction
(Mel 80)
[

Y(m, @)per

6:SBP Lab BIBIHARE " RACHEE , BMEERAR(ERNRZE2) -

BR 7B A SN -
SBP Lab EBFRFEs®EHZ "R
JEER IR R A AR
ERMHMR Z AR
(2024.01.01 £ 2024.12.16)-
BRE-—DPHRRIERR
ABREPHNEGAERER
BiRP (FERAESWE 7B Fi
R) - EBBIRER - BEAEER
ERTHTEREREK  BX
FITRBRE(WHRE
AOFT K ) 21T BE 8RS - 28T - 78
BRLARTEREARST
ETHEPRINHESZRE
BIBEKE) MELSERFH
BEABUBEEBEASZEN
kg mEREASENER
REER SAEWRILERBETERNEAERIEZ(WE 7A) - E ML
EAEBERNTHHRAER - 155 - ERICEETHRER - BIREFHEEW
BUE HEAERER  AEASREAIURRERE MOBRBIN: H%ILEER
TREZWEERE RIERE LI S)ETHE - MEBSTRT RIS ALK

(A) B#73E

7: BACEBRIMARAIEE T LB 2 BT -



FRENEREZEINE—& RILEAER N SRAASERZZZ2FR =K &
RIRE & TEERR ) BESHRIANEBRETEREIHR+HEE - 815
Z - BEEBBILIR LRV R E S RO 2 AR e — B R EEBEULE ZI08E - H
RAPREREABULEZENM G ETERTE  EMEATEIAEZZZ -

fram= SBPLab BExTEEEMALRBIES /MEEEE TALES »
TRBROR L LUK TERANRS L FI - SERBZR—RERIFRIWE A - DUE
RBESNEREPHMAREDE - RMFEB—2IZEDMTNEARERE - B
refe MAVTAPR R RAED - DIEBNERNIEARE (S EMERBR FERE )
ESEENAEREBMR - tMREAEERE -

v PREBRARER LTIl

REFHBNZESHEFTHAEHRARER LN —BE8E - DURTTREH
O EREEERERTEMBZIRZIELREAREENEZSTR  MBERE
—RRLEZFRFENRE  HEERNERSRIE THESHSE - RS %
R EFREHNBEETAE  EFEHITESHARNERRE - BEFERN
BIREZIRG 25 26 HEEHNERXLXE ; RBENSE  BRBHASE
FEERAEHDRENIRE - MOBOMRIEL  SREFEFRAENRSR - &£
RESHARSEAHABTHAGNHRFTES sz 2T - 5.5
MEHEAR - BEEABIARZRTEESESNRENS - BiENLL - SBP
Lab B BRASFEFERERERRBES R 2 WaE - RRE 7 ERERS
Plim#lm U-Net 28 - SRERNAEBE BRI ERRENZSMO AR
(B 8) - EEFAEIRIEST LN - BBt ARIRAL LT k(e . ALk
) BEBETENH  ETERCZEREEARTEBIN  HEEABHLLEE
Eass Al - DL TEREE  2ENEH. WA BHECABNESZEE
BR7EE - RAMMENEHRIEERENR  BREAARTIRBRRIBIRSE
B8 N 2 =130 baseline A#AREEE; LI - 1 vocoder & #HE VIR 1A
EEERN - HigH 24 MUSHRA RlE P th 2 RIS MfE baseline %4t - 518
MR AR 1152 2] Journal of the Acoustical Society of America (JASA) B8 HIRY
BETFLUHE(SEEE]L -



(A)Training stage

Source signal

Vocal

e 44
Q.
¥l
<112,

Accompanimen

: 5
e
53

(B)Testing stage

Noise

Vocal + Ace. + Noise

Sj

Live music

8:SBP Lab BB 2 T

Source separation model

Decoder
(6layers)

Target signal

Vocal

Acc.

| LSTM l
°
°

°
Encoder
(6 layers)

\ —

’

—_—

~

; Source : Vocal
Sj=> :Separation' Rhythm
L Model V\Harmony
------ —_—

Proportion
Adjustment

-

Sound
Remix

_ Implementation

3. REBBRINEBICEIRSER R VUE:

SBP Lab #TFMRBNER=RAR D - RV HIREX ~ BRIRR
FZIEMAOMFUIN - EREFXE

e S

E =] 1° r%ﬁ’f@&%%%i

BHEEXUNBEERMENNGES
SRRRETHIE O PAVR) - sESEBEIE B8R 2023 F 7 BEER "5 198
MaAXBRGEMRATEERMXE-F R, Mk
REBINEEGESTHR)NESENEHZIREE R

g ==
CENZES

SLEAZN
T B R

Rhythm

Harmony

Noise

Self-fitting process

-> 5’

BRSO, (BEEE] -

RERGREIRE - AR
RERFEEFEEE

BRI
FETRUNGE  EMRE "ALTEZ
|, & "EFENRER . BERTHRNNHNIEES
BUBNEE 2% (over-the-counter hearing aid, OTC HA)ZEm - BELLETFZE XA
HY . SBP Lab 8151625 ABEIBX AR 2022 FHIENH EREE OTCHA BN 2 2B
B (f4n:Apple Airpods Pro or AirPods 2)#ETHEEEIIA TR (SBE(ES E 8) H
BRI - AR RA B R T ER(E

EX IR L
ﬂtl%.ul:u%



ZERMEZ OERM
B EESF & R B ld
CEREGREMHEES
W=RERFAVEE

1M L6 38 40 /Y B SR 0 7%
2022 F%%| iScience
B IR EA B 7 AT
S (BEEEDS) - AMm -
EEBRMRAPERML
ERANBIRERDN
ESFRRBRNEER
% OTCHA EmNE
EFZHEMRKER
MRERE - FEEEERE
E1S OTCHA EmBZ
VB - BRI SBP
Lab 758 2022 £ E
REINGRRZEE
ETRAENAFERE
(B 10) - WEBEZFEIH
RS EF TR A R m
It ExXZE-JAMAR%
¥ ffg (APP EE 4 - Al-
based EEEMEREK
RERE),NILEEMRP
SBP Lab ZBAIE#EE
BEENICT EZXEGLE
IR - I EEB RIS
FYER)VA-_FHNE
BEfFstE - WETHK
— I B R T iR

Laboratory  BasicHA

Evaluation f‘

Electroacoustic Analysis

HAs vs AirPods

Electroacoustic Features
Speech Benefits

AirPods Pro
_ Unaided
Clinical 9

Assessment AirPods2

Noise Test

Premium HA

% Basic HA

Premium HA AirPods Pro
m@ -

s L

Hearing
- P9

9:SBP Lab EIFx/% 2022 FEILEEHRIE R SF - #
REFEEGEFHEREMUSPRIITHEZHAR

EQ_EL-I_;J'%*% o (%%%{’E 5)

=R A R B

1. APPE# (Beth & IR A %) -

2. Al-based¥t % 1E S B A % -
3. TEREE , #EB4 (Rehear mode):
D HHE - FPATAREIBERETE=_FHEK -

nnnnnnnnnnnnn

Aid Earbuds

10: SBP Lab BIBGB AR R REENEE
RZREREREBE  WE—PHWHEEESF
ENERE - (28ZF 1113 Kk 17~21) -

(2EZF 11 13 R 17)RAHFF(SEBZF 18~21)F R - E 10 H0H0
HERMAR - ol LIEBL TN B RN BENEREENERAN 7 #

B

(R ##ss 1~ &2

4G 2)



https://www.youtube.com/watch?v=LqpiE0tALkA
https://www.youtube.com/watch?v=cRjrtFl4ZeY

#BASHS SBP Lab 5—8(1n T IREBHWE L WK S - AEXTEEER  EEIAH
FRSBCSE MR - RS E LM R LA mi i E R AL ETEmERN
BE ZERERERESRNEXEIENEmENREHE - LM Eits

ERENBENE -

i

I

B. g, HEWRAREM:

ANBEEBRAET  RYEENEZEZAEIN  BEEWMNESTEEEAE
BZ2H - A ERBRALIRERE  REESEEZENAEME  EMTE&4F
mE[10, 11] - ABEHNRBBEEFEHSAMATTENER - ERITABBIXEN
Zf FEFT LHNMEBEEERE REEBESTRESYIEMNBR -FE K.
BIR—ZIRE (HIUWR - O SEASE ) WHEIBETEENHKA - RES
IEE TESRENTE THEE SEEMNEBRRESIAEEIZES -
FLE - SARKBELANEFEBERFEZIE - AP RE[L2] - BEEME[12] - 1H
ERECAE[L3] ~ #ERA[14] - B&EE[15] ~ ZEMB(EAE[1S]  BEBE— B2
BEBRELIRTHAEAEMELRERER  EMEERELETRE - REXZH
EEEBEBEGASHAWME - BEEREIZEHN LiliEREE R AT T

SEAEANIA  EMTEESNEMEEBAE  FEMARDIETIERE
EWER - SEEEEEERNRENARER - WIHEE - HABHNEHEELDL
HERE - ERS|IRBZBHTERE -

HRBEREREEMS BRIBRNAESNEEBEXREFEAEHEER
MEEETZE REZEHER MKABEASESKSR  ETEREE AW
A ABRMREEEREREZNEERTBAENERRE  EIEUSHEBEER
BIEFESHNANE - BIRIIRE[LE] - AT - ELEEANREREXBRIM D
BEMESEBRI  HEEFELD  EBENHER - EEEFES/EE XBENEE
ABEEHEHBEEANED BRNFEENFEZ(LE AEYRgEAEMS ABE-
IS IRBEENBEEETERE  UERFE2NEREERER  F5% FFAEE
SENETRENR  RSEMEZHE BB ZRA ( Augmentative and
Alternative Communication, AAC ) A BEB B AN ZEITIE - 281 - BLE AAC
HIEREZERERAESNERRRNAERAWERE[L7, 18] - R iR - 1
EERNEEHERSANRINERRBENNEEATEETERTRERE
RAGZSEMEEEBRUE RERENEERE -

R LR PREIRE - SBP Lab RN\ FERIBEIRR ¥ —RIINAR LTIF - WEAF
REMN ( BitA AT ) RIS ETHBRRNHENRE LEES - EXZ2MR
BEMOREENNE ZEERAR BZEVERA ES S M ERHEIEEM -
APP % - Eln 2 MBUFER AHE TF - BE% - SBP Lab E—M R EEH




EF 7ERE 107 £ 110

T THAFE L O i rep e et
E—DEM T —ELURE Size: 128mm x 40mm x 23mm
BERNAERNESE e
MM EEEESIEE
BERLBEMNZES - Ib

9k SBP Lab BEEAPIER "7
BERPLO(TEBHR
ERBRIE - MRSEE)
EFRENEZEERZMR v .

mh RERRE(E 11) -2

BEiERE Y ERSE . 2 1L AEREP I EREBR AP LOEIFRBZES

TE—REsERESE DornmR REERE -

MmERNERE  DIEREZESZMERNOEE -

EBEMIRD - SBP Lab B ESLEA Y " EREH , WL RRFAE—(E
BEERZEEIRAR - &% dysarthria voice conversion 3.1 (DVC 3.1)(R &
12) - Z B X EZANBRLIIFNE B E IR IZ NG Z BB = (Phonetic
Posterior Grams, PPG) - B8 EEE BENEZ T ER AT X RERFBNEE
o - #E  FEAMESHEBAHRRE(gated Convolutional Neural Network,
GCNN)#& PPG Bl IERZEWNZES - BEZREELANA PPG &K - BN

micro US

speaker
(line-out)

BAHHIN GCNN 2818 - SEA0 ARt HIE S R 2 BN R % - DIEEBRAM
BEMSERES - hoh - KBERIKE IR - DVC3.1 Hiltse AN E MBS =
R[ERTTETBEWE  THLEERNEEZLZFHEEENBERYUR - ZARTRN
2022 F£1£ (Computer Methods and Programs in Biomedicine) EIFEHEAHI &
BRERREES) -

#22 DVC 3.1 2 CKBEOAMM B BRERAZ S EMEFN BB
BEZZAARNEAESHWZE[ - AU - ZR2FPAERRN PPG FHiEE ERETE
RNBEFEIRERER  MEY —ERENBEREEEAENEZTEE - 5—
HH BERAEEERMNERENEREEAENZREBZTUREREEER
mEma TR FEEEEEE - EREENERES - EES DVC3.1 24
REWRAENT[ERBTURMREER G - BERILHEEL - SBP Lab Ei&E—F
WERMEEHHZRRER Y DVC4.0(E 13)%4 HEI 2T ERBAE T
BRAN TEESELE WERREARAERSEEAZTEEEEALAEM I TE
AERAZRFERAR LAY - RMTRERNEIR  DVC4.0 24586 "3
SEE NERT WERRASENERER FMrEERENRHETER A
EMENBREZERALRAA FAEENUR - MIERRTR 2023 £33



Biomedical Signal Processing and Control EFEER IS
fE 4) -

SD-ASR Training

Conversion M

odel Training

|
!
: |
Dysarthric | Dysarthric Normal
Specch i Speech Speech
Corpus | P P
x(0) : x(0 | o |
Feature | Feature Feature
Extraction i Extraction Extraction
(MFCC) i (MFCC) (Mels)
XxMFcc l |
i
SD-ASR # Trained yMels
Model Training T SD-ASR mn
XPPG
Gated CNN
Model Training

12: SBP Lab B2t~ DVC 3.1 &5

Dysarthric Speech

ETLUHZE

Conversion Stage

Dysarthric
Speech

Feature
Extraction
(MFCC)

IMFCC
Llﬁ

Trained
SD-ASR

1PPG
X m

Gated CNN

y'Mels
Yon
—_—

WaveRNN

oR

Converted Speech

_ “Tex.’”
o) e \
Acoustic Model
(TDNN)
Feature
Extraction
‘||-1|7|1
MFCC
l - ASR \ Mel-spectrum
/" Lexicon
m-ihiyy{h Text
Ihn is sp«ch
/_|ﬁ TTS
Language Model
(N-gram)
Waveform
s alfice] day today]
Today [s}a rice] day Output Speech
W14
“Text” Waveform

13: SBP Lab B3Rt~ DVC 4.0 &5

S (ERRE

BB LHF(ERREES) -

BEHF(ERREES) -



Training Phase Application Phase

Data Augmentation SD-ASR Training Conversion Model Training s
g » 2 i S Converting stage
Unit Unit Unit
- = - = D I B o Dysarthric Speech
is nthesis
e Norm: al
0 rpus
t)
d'(t
n(t)
Featue eature ]
Extractic Ixtraction
(Mels) (MFCC)
MFCC Fec
M
SD-ASR
StarGAN-VC Tramed Me Traned
(Fig 3) Model Training :> Acoustic model N Acoustic model
(Fig.4) )
“JI" XhHe D'Fe l
Synthesis Gated CNN ] o )
Dysarthri Model Training ::> Gated CNN
_Corpus_ (Fig.5) J
NMels
WaveGlow
Vocoder
n'(t) l
Converted Speech

14: SBP Lab EIx#2H 2 DVC 3.1 plus B ERZFA(ERKZEL) -

#28 DVC 4.0 £ ARKREAR AR ENELR NG - BUI5 DVC 4.0 2
HRINBEREBENAS TR AGRARROWENE - AN BEEEREE
BEHHEREMREESES  HUBRENESEWSSBAIEIRE[19]  EES
BERBRECEREALEAAREREANRERE WoEEREAEM
PRE - BA#ERRLE - SBP Lab BEIBGARAEIRY ¥ —ELL Text-to-Speech (TTS)A]
Star-GAN Z¥Z R Vocoder B " ERHRIR R4 1 KReRIIRERAZE 2
w8 - # DVC 3.1 plus(B 14) - 2 F 2 Ao LUERVPENBEBUIERBERET
Alge - ERAENEREREREDZS  DER DVC 31 2ABNEUBEE
TREDTEREL . WE DA ERERY - IS RAETEB R
MEFE 7 ARBHERNRIRRAMAENEE 93%WERS (WE18 18.8 /NEHIEE
F)UIEHE TEAREEREERNENEREZENEEEREAESTW AT
Ut A% SRt 5% 4T BR 8% 58 &£ IEEE Transactions on Neural Systems and
Rehabilitation Engineering BIFEEA TP (ERFRZ(E 1) - 4148 - SBP Lab thE &
—IWESFSFENFREERSIE - RHELRY DVC 3.1 plus 24 R " ERHE
BARF L BEEFREEMNERELH BIEW ASpeak E m &
(https://www.facebook.com/reel/847127216791719) - UEBBESEREE
RIRABEZAREMFEEZENOLIEE AiSpeak BRIFHIES HHEESN - M Lt
SEMNMEARER 7 EmEE  BEEZLGETEMACER ZMEI - SBP
Lab 1 EBRELTERENBEGIARAB LAEBLEBARSANER MUY
REEEMBEESNMRSE MELEETNEEIEENEEMEEZ R
Fiie DRSS EBRBWEG TS - BAIKR - BL DVC AT
BEDRIER: 2020 FEREBME(WELE, RS 10 81) ~ 2021 FEE#E
EWMNEEIERE RS 15 8r) 2022 F2HBEE T ZAIEHmEGTRIZE-1HmE



https://www.facebook.com/reel/847127216791719

Eap i, RE 3 BJr) 2022 &£ gSIC-TW £ - HAGR IR REIPAHIAN 2023
i-CREATe RIKBLRIF B EMRE PRSI BLE2 1,500 70 PSME-
MELMRIPIF1Z SBP Lab BEAURIZNNTTE - HIZBEB B AR
BEPEEIE TR, B THBAT L BE - RAERASERILERE ERITE

oE =

BEE °

PR ST EESEREBER D AEMNEZTETEIES - SBP Lab 8X 8150 5R
BiRERESF BREFEREREEERIMMEL 7" EBETARA(EE 15)
ARSBREEEWMHEE)ZZETIFMEBESHEEN - SE2#ENEEZRETH
BEEDPRENEARNEEEER RUREBRENSREREWEZ R
AEE=ETER UG EBEERTEAEUR - LAALBHEARAUGREE T
ERERADEOERTIHBREREE SRR 2023 £EF 7 IEEE
Systems Journal BIFRERHI S B F RIS (ERTREE 3) - Lboh - &t
FEFES TPERBEERN  WEETHRNER DUETEMRZ(ZEBEE 14)-

DNN-based classifier

Training phases
Hidden layer
a

Input layer . Output layer

W - Feature extraction

(MFCC)

Corrupted speech Label
Application phases
\ pre— = — Ph tion analysis value
s + £ index
p LA 3
Speech @ E'L\] T Phonation ratio 10%
/ ' i Individualized wea Fundamental frequency | 110 Hz
(S AlvPod I— 3 Py
s ®) DNN o Sound pressure level 65dB
Teacherwith Airpods

Phonation analysis

15:SBP Lab BB H 2 " RBEZEZRM  (EXREE3) -

HER by 2 EME - SBP Lab BE—THURBEZRHEWFEBLL self-
attention #5| 2 X EEBBFEM(E 16)RE—TWEBBERLWIRZ LR
HEEEAEET LIER  BURRIEZENETRERN - RITREREIR - It
FEEEHRARZBEHEHEENET BB ER baseline 2 73RIB - WK
2023 52| Journal of Voice BIFFRHEAHIE E FLUHIE(E&EZEE 3) - 518 - SBP
Lab BikiE LiER NBEERAREEBRMINESSHEN 2R E—
THESIRENTET FHZEBSER IR —FR B ENRBREEN
ERNERE 17) BRIUI—XWEIAS ' BERERNHBIRAS .- B 17 K
RAZEmFrEREAEEREIEREEZRMZES EMABREEZHERNN

3 https://www.nycu.edu.tw/nycu/ch/app/news/view?module=headnews&id=2994&serno=9076c90b-2bc2-488 1 -
93d5-aaae8c6931ee



https://www.nycu.edu.tw/nycu/ch/app/news/view?module=headnews&id=2994&serno=9076c90b-2bc2-4881-93d5-aaae8c6931ee
https://www.nycu.edu.tw/nycu/ch/app/news/view?module=headnews&id=2994&serno=9076c90b-2bc2-4881-93d5-aaae8c6931ee

MBERRETESRAGIN.IERTERRZS FETEMERE.F)
VEBTEFARESRE LRE—EREREERENARZTA  EMEASEE
ERENED - ItH - RMTPORERRMERAREEGERESRANET -
A1) M ERSESWE KN (2)ABBEEREEHESE D - MBBYLRIME
FSRAZE - SBP Lab BIXPRIR L 23 0AR Lt TR B A 2RI E RN T -

Hi’%ﬁﬁké”%‘ﬁ’\‘ 98%L‘,{tE’\J¥ﬂ¥E‘E’&§ﬂ§ + ISR SBP Lab ARZRUCIRHX T EAE

NEERE—DTNEABEET LETRER -
Training Phase

R Pigw * P P
pitch — Feature tow ~ “mormal ~ “high Deep-learning

—‘—> GRBAS scale

: extraction model
vowel —— Vias > Vyis > Vyuy
Audio signal | sy P M ki " et nrr |
| saar | [ savar || savar savar || savar || sanar
* : - ‘ e ~— .
STFT : SANBL
1 =
I-I? |
: FC
log i I ! !
I G R B
' ! T T
! LPS : :

Testing Phase

itch —
P The proposed Predicted result
vowel —| system

& 16: SBP Lab EBXIZE 2 B self-attention #H| 2 B ERE R ZRE - (8
EEE3)

W

Deep learning-based 5 % #} 3 4 4t b % :

Hiuk | Mli)ﬁ — Cooperation with
PR A RAE

UFCC Hm‘-ﬁh DIN-H B &

%M*

V0|ce signals

R R AR

LT ELEFETR
FFEF -

Data labeler with |
B&K analysis

E E n:l:l%ﬁzw:l:j'b
&% CE—DHEE $AﬂETEHjE/J rﬁﬁxﬁﬁ&h%ﬁ— SN E B R L o SRR



TRE-ZMBIATNMI - B "BERERNABRAT .-

AT F RSN S0 - P EZF A AT ESMSERAIRI ( &2
BRBNNE ) ARESERMERNESE  LE—DRA "IE, M TEE
HEERAK ENERANE - EBENRRED - PSR INEELEZOKTERR
App Sl A D  RBERHEBEEENERTE - MRS S MFREEm
B - EREBLEMFERER - RMSEE AU SCERRRIN - WREHBRRESE
BRMRVRETE - AR ERBEMENERERELH - ERBRMANHEEER -
PR IFERNRESERR VNS  DE—PRABENEEIR  ERE
ZHEEHBIAM -

A ERKREE
IEEE
Transactions on
Improving the Efficiency of Neural Systems | Wei-Zhong Zheng, Ji-Yan
Dysarthria Voice Conversion 2023. | & Rehabilitation | Han, Chen-Yu Chen, Yuh-
System based on Data 11 Engineering, Jer Chang, and Ying-Hui
Augmentation 2023:31:4613- Lai*
4623 (IF=4.9;
HE5:4/68)
IEEE
Transactions on
Optical Microphone-based Biomedical o
Speech Reconstruction System 2023, Engineering Yu-Min Lin, J1—Y.an Han.
with Deep Learning for 8 70(12):3330- Cheng-Hung Lin and
Individuals with Hearing Loss 3341 Ying-Hui Lai*
(IF=4.6; #5:
34/96)
IEEE Systems Ji-Yan Han, Chi-Te
Ambulatory phonation monitoring 2023, Journal, 17,3, Wang*, Jia-Hui Li, and
using wireless headphones with 4752 - 4762 Ying-Hui Lai*
deep learning technology 0% (TF=4.4;5F (Co-corresponding
£4:26/36) author)
Biomedical
Signal Wei-Zhong Zheng, Ji-Yan
Comparing the performance of 2023, Processing and Han, Hsiu-Lien Cheng,
classic voice-driven assistive 03 Control,81, Wei-Chung Chu, Ko-
systems for dysarthric speech 104447 (IF= Chiang Chen and Ying-
5.1 HE- Hui Lai*
26/96)




Phonetic posteriorgram-based

Computer
Methods and

Programs in

Wei-Zhong Zheng, Ji-Yan

Performance Assessments among

Individuals with Hearing Loss

voice conversion system to 2022. . . Han, Chen-Kai Lee, Yu-Yi
5 . o Biomedicine, 21 |
improve speech intelligibility of 03 5 106602 Lin, Shu-Han Chang, and
dysarthric patients ’ ' Ying-Hui Lai*
Y P (IF=6.1; #
#:15/111)
B. 2EE1F
The Journal of
. i . the Acoustical .
Enhancing music recognition . Yuh-Jer Chang, Ji-Yan
. . Society of )
using deep learning-powered 2024, i Han, Wei-Chung Chu,
1 . America, . .
source separation technology for 02 Lieber Po-Hung Li, and_
. 155(3):1694-
cochlear implant users Ying-Hui Lai*
1703 (IF=2.4;5E
£4:8/27)
Hsiu-Lien Cheng, Ji-Yan
Journal of the Han, Yuan-Chia Chuc,
. ) ) Chinese Yen-Fu Cheng, Chia-Mei
Evaluating the hearing screening ) ) . ]
. . . Medical Lin, Ming-Chang Chiang,
effectiveness of active noise 2023. o ]
2 . Association, Shang-Liang Wu, Ying-
cancellation technology for young 01 i
. 86(1):105-112 Hui Lai*, Wen-Huei
adults: A pilot study )
(TF=3.0; HE£: Liao*
78/169) (Co-corresponding
author)
Ji-Yan Han, Ching-Ju
Enhancing the performance of Hsiao, Wei-Zhong Zheng,
pathological voice quality 2003 Journal of voice | Ko-Cheng Weng, Guan-
3 assessment system through the ol " UF=2.20; 5 Min Ho, Chia-Yuan
attention-mechanism based neural 12/27) Chang, Chi-Te Wang,
network Shih-Hau Fang, and Ying-
Hui Lai*
o ) ) Asia-Pacific . o
Prediction of Visual Impairment Yun Hsia, Yu-Yi Lin, Bo-
. . Journal of i
in Epiretinal Membrane and Sin Wang, Chung-Yen Su,
. 2023. | Ophthalmology, ]
4 Feature Analysis - A Deep Ying-Hui Lai*, and Yi-
Learning Approach Using Optical | 12(1):21-28 Ting Hsieh* (C
earning Approach Using Optica ing Hsie o-
(1F=43; HE: .
Coherence Tomography corresponding author)
8/62)
Smartphone-Bundled Earphones Heng-Yu Haley Lin?, Hoi-
as Personal Sound Amplification 2022 iScience,25,12, Shan Lai”, Chii-Yuan
5 Products: Laboratory and Clinical 1 ' 105436 (IF=5.8; | Huang, Chih-Hao Chen,

His: 15/73)

Shang-Liang Wu, Yuan-
Chia Chu, Yu-Fu Chen,




Ying-Hui Lai*, Yen-Fu
Cheng* (Co-first author,
HEEEH)
Hsiu-Lien Cheng, Ji-Yan
L . ) Han, Wei-Zhong Zheng,
Objective signal analysis )
. . Sensors-(2022): | Yen-Fu Cheng, Yuan-Chia
approach to investigate the ) . .
o ) ) 2022. 22(19), 7329 Chu, Chia-Mei Lin, Ming-
6 feasibility of active noise ) .
. 09 (IF=3.9; #E Chang Chiang, Wen-Huei
cancellation technology for ]
) . o £4:19/63) Liao *, Ying-Hui Lai*
hearing screening application ]
(Co-corresponding
author)
JASA Express
Letters, 055202
(2022).
(IF=1.0; #5:
While journals
indexed in
. AHCI and ESCI o
Study of optical-based speech o Yu-Min Lin, Ji-Yan Han,
L . o are receiving a . )
acquisition system using vibration | 2022. Wei-Zhong Zheng, Yi-
7 . . JIF for the first . )
signals from speakers' medical 05 o Chieh Lin, Cheng-Hung
time in June .
masks . Lin, and Ying-Hui Lai*
2023, they will
not receive
ranks, quartiles,
or percentiles
until the release
of 2023 data in
June 2024)
. Chih-Hao Chen, Chii-
Comparison of personal sound o
. . o o Yuan Huang, Hsiu-Lien
amplification products and EClinicalMedici
. . . Cheng, Heng-Yu Haley
conventional hearing aids for 2022. ne, 46:101378 ) .
8 ) ) ) Lin, Yuan-Chia Chu,
patients with hearing loss: A 04 (F=15.1; #
. . . Chun-Yu Chang, _Ying-
systematic review with meta- %=:14/169)
. Hui Lai, Mao-CheWang,
analysis
Yen-Fu Cheng*
. i ) Kai-Yu Chen, Li-Wei
Human Motion Tracking Using L
. Sensors 22.1 Chou, Hui-Min Lee,
3D Image Features with a Long
. 2021. (2022): 292 Shuenn-Tsong Young,
9 Short-Term Memory Mechanism o
12 (IF=3.9; #E Cheng-Hung Lin, Yi-Shu
Model—An Example of Forward )
. 4:19/63) Zhou, Shih-Tsang Tang,
Reaching
and Ying-Hui Lai*
10 Improved Environment-Aware— 2021. Journal of Lieber Po-Hung Li, Ji-



https://www.sciencedirect.com/science/article/pii/S2589537022001080#!
https://www.sciencedirect.com/science/article/pii/S2589537022001080#!
https://www.sciencedirect.com/science/article/pii/S2589537022001080#!
https://www.sciencedirect.com/science/article/pii/S2589537022001080#!
https://www.sciencedirect.com/science/article/pii/S2589537022001080#!
https://www.sciencedirect.com/science/article/pii/S2589537022001080#!
https://www.sciencedirect.com/science/article/pii/S2589537022001080#!
https://www.sciencedirect.com/science/article/pii/S2589537022001080#!
https://www.sciencedirect.com/science/article/pii/S2589537022001080#!
https://www.sciencedirect.com/science/article/pii/S2589537022001080#!
https://www.sciencedirect.com/science/article/pii/S2589537022001080#!
https://www.sciencedirect.com/science/article/pii/S2589537022001080#!
https://www.sciencedirect.com/science/article/pii/S2589537022001080#!
https://www.sciencedirect.com/science/article/pii/S2589537022001080#!

Based Noise Reduction System 10 Medical Internet Yan Han, Wei-Zhong
for Cochlear Implant Users Based Research, Zheng, Ren-Jie Huang,
on a Knowledge Transfer 23(10), e25460, Ying-Hui Lai*
Approach: Development and 2021
Usability Study (IF=74; #F
7:3/106)
PUAI s s S M A R 20240
11 FIEEEE , BT EEPRIE 5 ’ Sl ES $azENE
FERN=RR
FEBETE R B MBI SR 20230
12 | HREZREAG EREL5RE: ) ’ Sl ES $azENE
YC-Y23T008)
PUB R B E R iR A IR E
3 HER j;T’z-ApijZS%E*%EI—WE 2023.0 I p—
B (AREHR:YC- 4
Y23C003)
SBERARAS (BRE | 2001 | AR
14 D -PEREER FEzEME - LB
#I5%: YC-Y22T017) 2
(1749663)
BEESDBNEBIESERA e e - -
1 | 4 mEmATOREERE | Epiiiﬂ R PR R
HEERE
6 T%%T%%%%EE%%%@Q%Z 20220 | TERBEEF | HEFEE - =W TR
ENSY S Yabr 6 (I766575) 15
IEEWE App FEBRAEE 50220
17 MR (1) GTERE 4‘ Sl ES fazENE
F111A40073Y 1 )
e &7 |
8 EEWmERERERZEERH | 2022.1 qﬂ;z%iﬂ SEH -
BREZENRE 2 o
(M635174)
BEEEEENERNEER 20230 PEREE
19 | EREREFEANEERHE | ’ =X HERRE - FEFENE
HEZIRNRKE (M636702)
2 BB RIENDE 2030 | PREEFL | pons  sasme
9 = F(M645890)
2o | mmmesErmwsers | 22 | TEEE O s mem
2 (1827009)

Key references:

[1]

WHO. "Deafness and hearing

loss." https://www.who.int/news-

room/fact-sheets/detail/deafness-and-hearing-loss (accessed.



https://twpat3.tipo.gov.tw/twpatc/twpatkm?.9e429F0040100001000000000%5eIe8b3ea689a9ee8974b:V%5e0%5eR00001000002300000000201EF1E16d30
https://twpat3.tipo.gov.tw/twpatc/twpatkm?.1a0b1910400000100000000%5e%5eebd58abb796e06e594:VI%5e0R00000100000230000000102001FEFE6f63
https://twpat3.tipo.gov.tw/twpatc/twpatkm?.049d1E1F100000000000100R%5e0V558898f9e5e9e5bcbe:I%5e%5e000000000002301000001020400FE96a6b
https://twpat3.tipo.gov.tw/twpatc/twpatkm?.049d1E1F100000000000100R%5e0V558898f9e5e9e5bcbe:I%5e%5e000000000002301000001020400FE96a6b
https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss
https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

C. N. Hansen, Understanding active noise cancellation. CRC Press,
1999.

E. O. Lopez-Caudana, "Active Noise Cancellation: The Unwanted
Signal and the Hybrid Solution," Adaptive Filtering Applications, Dr.
Lino Garcia (Ed.), pp. 49-84, 2011.

S. M. Kuo, S. Mitra, and W.-S. Gan, "Active noise control system for
headphone applications," Contro/ Systems Technology, IEEE
Transactions on, vol. 14, no. 2, pp. 331-335, 2006.

I. Brons, R. Houben, and W. A. Dreschler, "Effects of noise reduction
on speech intelligibility, perceived listening effort, and personal
preference in hearing-impaired listeners," Trends in hearing, vol. 18,
p. 2331216514553924, 2014.

P. Lutzmann, B. Gohler, C. A. Hill, and F. D. van Putten, "Laser vibration
sensing at Fraunhofer IOSB: review and applications,” Optical
Engineering, vol. 56, no. 3, p. 031215, 2016.

Y. Li, S. Meersman, and R. Baets, "Realization of fiber-based laser
Doppler vibrometer with serrodyne frequency shifting," Applied
optics, vol. 50, no. 17, pp. 2809-2814, 2011.

S. Rothberg et al, "An international review of laser Doppler
vibrometry: Making light work of vibration measurement,” Optics
and Lasers in Engineering, vol. 99, pp. 11-22, 2017.

T. Fukumori et al, "Optical laser microphone for human-robot
interaction: speech recognition in extremely noisy service
environments," Advanced Robotics, vol. 36, no. 5-6, pp. 304-317,
2022.

S.-A. Selouani, M. S. Yakoub, and D. O'Shaughnessy, "Alternative
speech communication system for persons with severe speech
disorders," EURASIP Journal on Advances in Signal Processing, vol.
2009, p. 6, 20009.

S. J. Stoeckli, M. Guidicelli, A. Schneider, A. Huber, and S. Schmid,
"Quality of life after treatment for early laryngeal carcinoma,”
European archives of oto-rhino-laryngology, vol. 258, no. 2, pp. 96-
99, 2001.

J. R. Dufty, Motor Speech Disorders-E-Book. Substrates, Differential
Diagnosis, and Management. Elsevier Health Sciences, 2013.

S. Pinto et a/, "Dysarthria in individuals with Parkinson9s disease: a
protocol for a binational, cross-sectional, case-controlled study in
French and European Portuguese (FraLusoPark)," BM/ open, vol. 6,



[14]

[15]

[16]

[17]

[18]

[19]

no. 11, p. e012885, 2016.

S. Kérner et al, "Speech therapy and communication device: impact
on quality of life and mood in patients with amyotrophic lateral
sclerosis," Amyotrophic Lateral Sclerosis and Frontotemporal
Degeneration, vol. 14, no. 1, pp. 20-25, 2013.

D. Crystal, Clinical linguistics. Springer Science & Business Media,
2013.

K. M. Yorkston. "Treatment Efficacy Summary." ASHA.
https://www.asha.org/uploadedFiles/public/TESDysarthria.pdf

(accessed.

H. C. Shane, S. Blackstone, G. Vanderheiden, M. Williams, and F.
DeRuyter, "Using AAC technology to access the world," Assistive
technology, vol. 24, no. 1, pp. 3-13, 2012.

A. Waller, "Telling tales: unlocking the potential of AAC
technologies," International journal of language & communication
disorders, vol. 54, no. 2, pp. 159-169, 2019.

V. Young and A. Mihailidis, "Difficulties in automatic speech
recognition of dysarthric speakers and implications for speech-
based applications used by the elderly: A literature review," Assistive
Technology, vol. 22, no. 2, pp. 99-112, 2010.


https://www.asha.org/uploadedFiles/public/TESDysarthria.pdf

