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ABSTRACT

This research presents the application of a digital signal processor for noise
reduction and swallowing detection in surface clectromyography (SEMG) based on a
TMS320VC5509A DSP starter kit. The system is capable of reducing the power linf; noise and
detecting the beginning of a swallow. We use an adaptive lincar neural network (ADALINE)
filter and !east mean square (LMS} algorithms for power line neise removal, Subsequently, the
start of the swallow is calculated using the average power of SEMG signals from tongue muscles.
The sampling rate at 1000 sanple/sccond was used in SEMG data acquisition. Each sample was
collected with 16-bit resolution. Parameters used for testing performance of the ADALINE Rilter
are as follows: number of tapped delay line = 10, delay = 10 and learning rate = 0.0156. Results
from the real-time implementation on TMS320VCS5509A demonstrate that the system can
successfully eliminate 50-Hz power line noise and its harmonic components. Moreover, the
appropriate beginning of the swallow can be correctly detected at approximately 90 %. The

processing times for noise reduction system and the start of swallow detection are 4.08 and 0.52

usfiteration. respectively.

(3)
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Q0.15 2°=32768 7FEFh (0.99) —> 8000h (-1) 0.00003051757813
Q1.14 2M-16384 7FFFh (1.99) —> 8000h (-2) 0.00006103515625
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15199 2-2 (91D)
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Tagi w = b, w,y oo w!_}TLLa$ p=Ip, p, .- pL]T

3.1.3 1393050315062 ADALINE (ADALINE adaptive filter)
m3lszynaldlnsaniolszam ADALINE Wuresnsealfuda
o 9 ~ . - 9 o a 4 9} P
a1113071114 Taun151A1 Tapped delay line 11l32naUA I8 IMWNTINI L 19 MHnININa I
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a(ky=w'p(k)+b = Y, plh—i+1)+b (3-8)

1=

=y

314 SaneinumuuAuadeiidigesienfign  (Least mean  square
algorithm)
. 3/ A [T ]
Widrow-Hoff 1di@uangn1i5ouiNiSonii Least mean  square
. A A = 8 £ 2l A Aa = a J c? @ Lg
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Tasas ADALINE  TaoldiToulunsansrundsvesnnufanmamdeans Ele? 11918
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e(k) = t(k) - a(k) (3-9)
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Z"[ﬂ (3-11)
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a1 1!fﬁjﬂﬁlﬂﬂ'ﬁ‘iﬂ"lﬁ)i’]J'ﬂiﬂ'if]ilﬂ‘i‘llﬂ'.l ADALINE 'ﬁﬂﬂ‘i‘OWUUIHN lﬂﬂ\‘lil

a=x'z (3-12)

Il 5
AnndvrsMURRR A desTsadan 1§ mannsdneaiail

Ele*]= E|(t—a)’] = E[(t -X"2)*] (3-13)
= E[t’]+x ' Rx - 2x"h {3-14)

_ . 2 _ :
Tas R = E[zz’ ] U1 input correlation matrix

5 :
h = Ejrz| 13U cross-correlation vector

'
a =} =) =S 1

y . - . - o .
01 correlation matrix 114 positive definite 1TTISUIAMTAMNOIYALALUTINTT strong minimum

a L q

4 ¥ o (Y dy
WﬂLLﬂﬂﬂqﬂﬂﬂﬂNﬂqﬁﬂﬂu
=R 'h (3-15)

= Y i - =4 i 1 o e
1ANNITA (3-15) Womeat h uaz R 18 Aewsonigadige 1 Taeas s ualumad fiants
w1 R OTu T 8en SandnifAsaTaomsiiiegtugilupvueanissiid (teradon) 19

et o 1 = o . 1 = & o @
N33 UIUID Steepest  descent DUANATIAGUA (Gradien) Tun1stizuiuAunTRsUAT MY
[ o =] - [ ¥ o =3 o a rooas 2 4
gano3iny LMS Uszuia Taonisdmua limmdsuasnnuianaiamasaauninny e’ (k) 9

paraas s znaun s Fond 188

Ve? (k) =-2e(k)z(k) {(3-16)
VIANTZUINIT Steepest descent wla

x(k+1) =x(k)-aVe’ (k) (3-17)
ilounuaumsi (3-16) adluaunisi (3-17) 9218

X(k + 1) = x(k) + 2ae(k)z(k) (3-18)
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wik+1)=w(k)+2ae(k)p(k) (3-19)
nae

blk+1)=b{ky+ 2ae(k) (3-20)

i o = é g =8 ' L .
FuA137 (3-19) wag (3-20) Aedanaifiv LMS Feluveniuiondt ngeadi nIonssuiums

]
= a 3

o Y . e ¥ o v 13 w Py e oA @
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1 ] o ] 3 1 ! 9 1w
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O<ox < —— (3-21})
max
| 3 = o w o o . . &
1 /lmax Aoml eigen value PIYAVDUNATNUDAAHTUWUD (Autocorrelation  matrix) %3

andszmirna A awisamldan R1ae 4 <w[R] = Y{ Diagonal elements of R}

max

snaumsiaua aunsaillgnisdnuuioimsinasnses
U5t ADALINE e I3 lumstimsaadaayiasuniu i tezansoantnsGenives
TAs 1w ADALINE Jédail [4]
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2. fouduwm pl) MHunlasane
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a(ky = f(w'p(k)+b)
4. MaHasANUAANaIa e MnHaR RN MY (k)

ar

1 “'mdnpmamﬁwmawwsmm ADALINE (a(k))
e(k) = t(k)—alk)
5. sudAnimiinuas ludavasTasssredsyam il nnaunis
w(k+1)=w(k)+ 2ae(k)p(k)
bk +1) = b(k) + 2ae(k)
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Tapped delay | Learning Convergent rate Correlation cocfficient NMSE
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20 0.0078 170 0.82 £ 0.02 0.44 £ 0.04
| 40 0.0039 200 0.88 +0.02 0.26 £0.04
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: 50 o009 | 200 0921+ 0.02 0.16 £ 0.03
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Correlation Coefficient = 0.92, NMSE = 0.16
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Abstract

This paper presents a simulaton of a noise
reduction system in surface electromyography using adaptive
linear neural network (ADALINE) filter and least mean square
algorithm {LMS). We implement the ADALINE filter with the
LMS algorithm using the fixed - point © program on code
composer studio (CCS) for the TMS320VC5509A. The
findings show that implementation on TMS320VC5509A has

the same performance of noise reduction as MATLAB

simulation [3]. When the t{apped delay line is 80, the
processing time is 31.90 ps/sample. This allows the digital

signal processor more time for performing other operations.

Keywords: Adaptive filter, digital signal processor
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Abstract

This article presents an application of TMS8320VC5500A
DSP tor reducing power line noise in surface electromyography
(SEMG). We use an adaptive linear neural network (ADALINE) flter
and lcast mean square (LMS) algorithms to remove power line noise.
The sampling rate at 1000 sample/second was used in SEMG data
acquisition, Tach sample was collected with [6-bit resolution.
Parameters used for testing performance of the ADALINE adaptive filter
are as follows: number of tapped delay line = 10, delay = 10 and learning
rate = 0.0136. Results frem the real-time  implementation on
TMSIZOVUSS09A  demonstrate  that the svstem  can  successfully

climinate both 30-fiz power line noise und its harmonic components.

Keywords: aduptive filter, digital signal processor

1. v
o 1 oA N
oy Irlfhindiloain Surface electromyography-
o .
SEMG) ilidan 1mun ana i aTinae1nn 13 A unamuaaE
¥ o ¥ & 13 . < sale
winanfulssam RAMURNAN LD 111\}‘7 TR HRgY s aly

o v ¥ A G ¥ w A ' R~
Aty l‘i‘h"hiﬂﬂﬂﬁ”Jlllan‘lv‘l“lﬂﬂ1ﬂﬂ']Fﬁi]']ﬂ ’U—lﬂluﬂlﬁ']‘.l'\]ﬂﬁ

a ad a4 o . . w4 a
81ﬂ7‘iilﬂﬂﬂﬂﬁlﬂﬂﬁ]u BIODIUTU DINITUDILTANINADIN

Wiudszamdaniruiady ldamsorivauefuaz1d ifudu

LI

M o & a
Tausia T dyar A vinndwndowsrutndszlindacuaes

Fryapaagludiun1ud 0 -500 Hz widygiudiulnginiwdey
=

Tudn 10-150 Hz nasmnavosdy g il sm 50 pv-100 mv

4 . : : . .
11 Fudunnmvasdygradiseudedr lumsiaden e Tuis

a

3 ! oo ' - 4 - .
immﬁ']mﬁmmwmmﬁmmmlsumumﬂmumua lagwizosn

i)

tadnausuniueaszuy i 5o e vardyaiwsuniuadue-

»
A w =

in dyaneruniumaiiinnavasdyyiuiganndygioldd

e

v & FEITRE R i Y A de uya
yoand o n i 1 Foa o I nndudie i i tAifany

Lt}

a o ¥ da 4 da aa a ¥
Aafiou wuamalunsudilymmifesuiiiiva1o3s eviaiu nsld

o

=5 ‘e 7 s o
TR eR WA (File)  waitmistannsodiianieandya o

[

sunnldmmizaawindn Tuswnsoddadyagimsuaiuid

¥ g '

o o v o ¥ a =
grvuainoanlyla llﬁZU\i1‘1111’1I.ﬂﬂfﬂ‘i’C‘Ifglﬁ!l'llﬂﬂﬂﬁ'lﬂﬂjlﬂiﬁ’)u

% o
o

] ' . v
1 desn hianseswun i@ hdgguladudyaiusun

” o v © A
wazdyonulaiudyaiuedindanis vinilanidinania1an

sv 4 o ! o v
nsdtueandyg s unIuifavnns Tadygie Iddwos

»
b d e

admniiefamreaadyausunuidnsdyauautudnuas

D,

4 - o ae S Y .
AryREfueiin 35100015390 [2] nuiimsinaesnsesliuda
ADALINE n'lilddynndndminmouen Tanummzauiiga
dniuanfy g InsUNIAING

dvu 77 ¥ e w
unanuildnausmstszgnd 19di)szuianadynn

o =5 e & onr
Atmon unusyuuasFynsuniulaems 19uesnsaaliua

ADALINE #1¥6anaTiy LMS Tasnissenuuvuazdsu flsunsy

» .
msdszauIrimanedmngsy T a5eH 30 (BECON-30) 25-26 anu 2550 uwiinerduna Tu Tadwszveundisuys

709

DS12



¥ o 4 YW X i A
AumE® ¥aoz lga1duay Fixed-point ?ugﬂuuu Q.15 [3] annu

MDA DSK TMS320VCS5500A

1. nanmsanduiasuniulagnisly13asnsealSudn

e s
ADALINE ilyaanaIiunuy LMS [4]
nannIsvoTzuuaadyy s unIu Inems l4aesnseq

J5ur ApALINE DTl Fyawd wdaninnwuon uaaa a1

stn + ex=s
.s-———»_’?::- —— —e— (T} T >
\Z/ . \
Uium was E
1IN0 NTUATADALINE
= o Ay vy W ¥ o=
i1 srnvaadwmsunoui i lddynudusanneuon

4 de vva_ o da e )
Nl L dwaaiide laRadyayaiidyausuninnndae
v v

A " [ ¥ a A W
UAD S + 1y dIUFYY lmﬂ’lw‘li)Q‘ﬂﬂﬁﬂﬁuﬂ'ﬁllﬂ'ﬂﬂiﬂ?ﬂiﬂ‘iﬁﬂ’l

—
=1

U

' v
=

o & a " o o @
adyy I p Fuinannsminaveadyyiuiniald nimiu

b

S

¥ e s A o

MVTNTAAAT NA YA HN () ioUszmaiveadyyiu
. e N M e ¥ oa e o oyy o LAY YA

sunau () uaxin W lhindedudyniuida'ld nadwinldden
“ A 4 o a e o3
dynuanuianain (e ) Fadynpuanuianaiatidhunuailunis
d3udAnimin o) uaz luda () vevrvinisaliud Tasnsiliue
inineaz ludavo i el 50 Widrow-teft Tdiauangms
= Yed = ' - 4 ) - @ aa
GouiiGeniingnisseui Widrow-Hoft niadanaiin LMS Tauld

dovlumsannundevasnnuAawaiaiidiaod i ldaniovige

S A g dad o da 42
mmnmuIfuwswr:'(mmi:Uuzmﬁﬂgty"rmmmuuﬂa az=ny win

'
o o0 o

oA - ¥ o
¢ = § HunaauInien Ry oonan s HiavlﬂﬁiUWWmﬂYﬂﬂﬁﬂﬁlﬂ

oo
v

AYRIUTUNIULAINTUD UONIMTUTZUURINAIIDZAINITON I
Idanaoioduan ny Tanvuzilua wadyonu s Sdnuuz i
Wuay Wit ewseagUnszuiudtmsiuuuesdanaingldas

uaagilii 2

(Y] G ad
3. Jangunsaiuazizms

¥
-

w w v ad = a A
TumsTadyyiu lddind e ldaian Tnsaxiinga
Hamia (Surface electrode) PBIUTEN 3M (3M red dot 5.1 c¢m. foam

o 4. . & S 5 & ad 4 v 4
solid gel) #3311 3 wuianum 3 3u Tagdasian Insainanuiie

a4 w3 . . & \ '

Ui Tuay (Biceps  Brachin)  97U7U 2 TU TE0EHINITZHIN
a2 B & - a d a A .
SanIngaia 2 Fudszuiu 2 wufns uozAnfuTnudeiomen

Y A P! O o & = a ad ¥ o
'r’llﬂﬂlﬂllﬂi'}')ﬂf)ﬂ 1 U ‘ﬂ»‘?ﬂﬂ 4 "ﬂ@ﬂﬂu'ﬂﬂﬁﬂﬂﬂlﬂﬂiﬂiﬂﬂﬂ%ﬁ"l

a o

a o A i
ANNAZBIAAIMITIAILIBANBFBAINDAARIAIUN LA IMITIAS
s > L " dy v yaa
AIMTUNTUUNNTTYTYIUAN 9 ﬂllﬂ‘ﬂ'lﬂﬂ'ﬁﬂﬂﬁﬂ'llﬂi‘al‘]fﬁi]ﬁ'f]ﬂ
ooatalad Indtio Tekwonix Ju TDS360 TaviTmiInadounTa

Al s

‘ Define and clear the parameter J

.

/ Receive input data from A/D /
1

i Delayed version of input data |
]
l Calculate the output o(k)=w p(k)+b ]
¥
Calculate the error '
e(k)=[s(k)+n, (k)] —alk)
| Update the weigh & the bias
‘ wik+1)=w(k)+2ap(kle(k)
‘ ‘ bk +1)=b(k)+ 2ae(k)
e ]

71 2 AsEUIuMININUYassuUaad AT Un U Taams 1y

] )

o= 4

1993030415077 ADALINE #l98anasiuuuy LMS

v

TMSI20VCS5509

& us

Computer

51U 5 3T msnadou

nmsUszguimmamairns syl asah 30 (BECON-30) 25-26 ganu 2550 umiinedoma TuTadwszvomndisu)s

710



=

13U s day

v ad

,
g IhinduniiefdaldandidnInsassgadan

4

N da cas av .
wenedyana Tastinasvnehiguauiase Tdasinisuee 1200 M7
HARDUTUDINITNOLI 10-500 Hz waz CMRR 11U 98.06 dB i
A g oy o a ' vy o

Aun 50 Hz e Dilnnedyapuinmzaunoudatidnaa
ﬁ@i‘ymmumumﬂuﬁﬁﬂaa (AD  converter) ARTMUATATING T
dyaalumnilszuianailu 1000 Yayadaiuii (Sampling second)
finnuaziduavua 16 1a (16-Bit  resolution)  BImiudadaynyim
an A Y (e e o o e a 3

Atnaai ldhlgadaneT ivandyyims uniu s muanisiimos o
ﬁana?ﬁuaﬁf?iyiymmmu?ﬁ'ﬁﬂ"m’m Tapped delay line (L) MRy
10, T50EMINUIAWNINAY 10, Sas1msiTous (o) i1y 0.0156 (5)

o

Taunizvinis Tlsunsudanasiuasuudls suianadynyuAiaea

e

o3 TMS320VCS509A iy DSP Starter Kit woauS¥m TI [6] #il

D.

M52 UIAHANA 1WA 16 TR Fixed-point ﬁuTuﬁ:gupmﬂ
12 " - T Hoe 0. y A&
ndano T auaadyanusunis iudyaa e and wnile
4y v . FA P ,
Alasumsaadyyiusunnds vimiudygyiudindnizgnda
ao lldwinlasdynmaiaomduouiaon (DA converter) 1ite
B Y a - [ F= ' =
urrasdadvaoadalaa Inmlde T datimsnamausziniseanitu 2
' =

dune

L msnadeumsiiuveaszuaadyniusuniuiiie

w

vinmisTadyuia Tiifweandileais Tasmsldsesnsoalfud
4 .. 2 4
FavzuaaransnadounlSvuiisusznindyana i indmdlon
a ¥ ad ' [} w LY
Jaldnndiannsaneudiunsandygiusuniududan i
ndonaw umsandygmsuniu
2. M1iNa FTD'IIP‘I’J'ILI'*!IlJHU]HH12ﬂﬂﬁﬂ]l‘lﬂmluﬂjuﬂ"ﬂﬂﬂ
50 Hz wazinduolnoonaind ool Tihnduiioaw Tavezumn
P ' o - w v 4 a
Awunadmlaniuvoadyy i Tihind e luanizlnd uax
: _ 4y oA 4 ' ¢ o de oy ys
Tuanzndand s Famsmswwnedanlaafuiin 14 Taons
2 W A o W A do yw ad ' "
wuuinFyg i IWihnd e daldendianTnsanourmnisan
¥

dyuiusunmuuazdgaia Tddindudendsdunisandwyiu

¥ aa A e T o o g e &
sunIudlwiinaaoaaga laalndduau 1000 g9 Safuuiindy
e o H " A ' ’ v
Wd.csv ndmmiviahWlsznanaieniauwuieimulansy

vosdyaudieTsunsu MATLAB

4. HamMInNaaou

4.1 anuannsnlumsanduasunIHimanmsia

v

dyanaliihvosndnnifoas

nail ldninmsiuesizuuaadygusunuiiiann

@

niiadyyiuTiivesndnlenwuanadaglil 6 uazzili 7

N

o

I3 w ¥ a o
A Faaz mu"lmmmmm"ivh’hmmmmnﬂ"lmmman'imm

o

. o
ndyyimsuniulzduogouinlyg mmwmnﬁ"lﬂwmwuu"lﬂmn

o

. £ ! .
Fygrwliihindwiiieata mamﬁtywmu”lﬂmus:uuaﬂﬁagtgm

o

a o a4 °

sunauTnndinaesnsaalsudl ADALINE uazdaneinu LMS 1
v ¥ ¥
o ® @ o - ¥ w 8 1 e

msdfuaniminiaz ludannadandauiamuaamdyyiw
a E] - e ad g VW w  #a
HAWDIA ﬂ]ﬂ'ﬂ'lﬂgﬂ‘ﬂ 6 W'U]76ﬁﬂ'i)‘ﬂ"lUiﬁl']ﬁfluﬂ'l.'iqﬂﬂﬁvﬂﬁﬁw‘ﬁn
v A4 e ad . v 1 e
maaﬂ"m]s:mm 400 ms UazLUon ﬂﬂ’f)iﬂﬂ'l"l']ﬂTﬂJiUﬂ114'11’11”751313
L i 1} = Y 3 ¥ f‘iu o ’
EUE]E‘IU'H!”U‘Iqi‘f;ﬂ'ltlﬁﬂUﬁ i'f(gly“u 1‘1““;1]llﬂlUlllUﬂWUhﬂ»’NﬂJﬂﬁ

4

andyyINTUNIULIAIAIT R 7

H w'\m Ml

I . |
! ‘e

: I
Eﬁ' ] 500mV CRZ1500mV ~ MT00ms CRT F 294V

» .
37 6 dyga Iihndunileniia1dnndidnTnse (uu) uas

w

v 4 4. o '
dryayro Tbihindnnileikunisandygimsuniu (@)

vu

Tomm T S00m ms

Ui 7 ﬁmmm"lﬂﬂmmnmamﬂ"lmmamﬂwsﬂ (Uu) taz

o Fa .
numpm”lvlﬁmammmﬂmumiaﬂﬁmutymmmumamqmnn:

@nus (@)

4.2 ANNANIDIUMIAATYYIUTUAIUANNGD 50 Hz

4 4 a o y A
uazANudasHeineanndya i Ivhnduiiieas

HansnarouA A s lunsandyyiusuniu
AW 50 Hz uazaudariveiinoannadyaw Iiind o

awuAAAIZUN 8 a3 9 Ay

M35z imnmamedninssu i avail 30 (BECON-30) 25-26 ganan 2550 umiinendomaTulatnszeemndisuyi

711






SeansTuans wy. U6 34 atufl 6 (683 - 691) woeinou - Fumey 2550 ynauisn
KU Engineering Journal Vol. 34 No .6 (683 - 691) November — December 2007

msaamwmznumm%’mmnﬁmraa
Lﬂiﬂﬁﬂ‘i“‘@l%lﬂﬁ’lL?jﬂaﬂﬂﬁﬂﬁﬁiﬂﬂﬂ'} NN

i‘lfymmsnﬁ%'[mmﬁ‘l%'ﬁfaﬂszmaNaﬁmmu'lm
*
AInoa

J A & ar a- & = = £ ar 7

Tanwssoe gr35meaina” weds wandininwwd” gt Suaniss™ amdn weddiamnmd’
g :
uarpAnh Anana’

1 e s .
WRFANILTIUE

il iedmdanss il asedeintrumaad wninoidoasuainaiund 90112

2) e 'y o = a 3 o ar = I
: PR LR AL RET madrdnanisy Wi angdainstuaiaad artdne uaITaIuaIung 90112
a1 v a o a 'y a o a 3
sgaenansansd mededisonstn Wi ansdmnseenaed i inoidoasvaiuaiund 90112
Email:sopapungggmail.com

UNARLD

g - .
unaruBnafinisasnuuuszuuaatuIaniu lapiinisnaunuioes
o a ' N o A 4 El - A o W
Siannieiindludmmonsvdwauadeiuls  Faduduniimaaianszduluindeidu
s [V ol Y ar -
dmduduiohddywinaniu omseenuuuusadoullsunsuaiunaadszuanadyyio
s e ey 4 <  a g .
faea lapizuueyiduendulisziimsdmw sfoeTaduganiuimizrauasa Ty gImy
= < v o v - & o w v e a a a
Fnnaflfnarefudygrunsdundids  teldsdihenidywinmsnduaaisonin
vad . dn x . : . .
p1m171ddtu wanmInamauszunaTduganduiildvanuuuly dnnghzuumuainauld
+ o . o P | .~ > & X
andasmuidoms ndnfia sunsodwmahdiadvsasFypuliihanndudiadunn 9 60
a _aa o a = a d a  w X
fafiwdl uazdodymramSninafiduian | Awfillaarianiadudusaininiu Naims
a - o . v m v
naunwTBEnniefndfindussrssrdmnnazdnduledumssanuuuuandoulusunsy
. . o 4 . s - .
aaundlszanadygI nidaesausnfzandwIugUnsaineBilinnsalingas vinli
o % & e 3 a Y & » ' P |
wizanseuliudsdinduiiminun wawildazainius wazannsnih llgmaamdalim
4 o 0w . d . r 4 Eww & oa
8lwr993 Sorinlimunaaldnuuuamasdentsmfalszanivassldoriumiuindy

ﬂﬂﬂd

o bl aa IJ A - 13 b o ~ o
@1d1a - aUTTuIANARY N LAINDR, lﬂiadﬂ?:ﬁlu‘lwﬂﬂl‘ﬁdﬂﬂﬂu, 1ammmmummﬁauh

D]

* W u v od e 4 Lo o A4 wod -
fuduatudioTun 11 wowmax 2550 wazldduunanvaduedludedud 21 fiquiow2sso



lawssn gasToiaing Wit wondimmuud oips Juauds? 684

a a w o
FITLRD Lﬂwgrwsumuuﬁ Ltﬂ;'\q@‘[ﬂ(ﬂ EMJE‘IF‘IN

Design of a Swallowing Detection System

in a Sequential Electrical Stimulator for

Dysphagia Patients using a Digital Signal
Processor '

Sopapun Suwansawang” Pornchai Phukpattranont ¥ Nattha Jindapetch? Kanadit
Chetpattananondhz’ and Chusak Limsakul?

Y Master Swudent. Departinent of Electrical Engineering, Faculty of Engineering. Prince of Songkla
Umiversity 90142

* Assistant Professor. Department of Flectrical Engineering, Faculty of Engineering, Prince of Songkla
University. 90112

¥ Assaciate Professor. Depariment of Tlectrical Engineering, Faculty of Engineering. Prince of Songkla
University, 90112

Email: sopapun{ggmail.com

ABSTRACT

This article presents the design of calculation and decision circuit for a swallowing
detection system, which is a part of a sequential electrical stimulator using a digital signal processor.
Ihe objective of this work is 1o replace the vriginal electronic circuit with the program based on the
digital signal processor. The function of the swallowing detection system is to detect the appropriate
beginning time of swallowing from a surface electromyography (SEMG) of a tongue muscle and send
the trigger to a stimulator circuit. Then, the stimulating signal is sent to the neck of dysphagia patients
in order o tacilitate the swallowing mechanism. Results from implementation and testing show that
the calculation and decision system based on the digital signal processor functions correctly. In other
words, the average power of signal from the tongue muscle is correctly determined at every 60
millisecond. [n addition, the trigger signa! is appropriately generated for 1 second when the beginning
point of swallowing signal is detected. The implementation of calculation and decision circuit based
on the digital signal processor provides many advantages, i.¢., less electronic components and lighter
weight. It is also the direction that leads to the decrease in power consumption and the increase in
battery lifetime of the system.

Keywords : digital signal processor, sequential electrical stimulator, calculation and decision circuit
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Abstract

This article presents an application of a digital signal processor for
swallowing detection in surface electromyography (sSEMG) to dysphagia
patients. The sampling rate at 1000 sample/second was used in sEMG data
acquisition. Each sample was collected with 16-bit resolution. Results
from the real-time implementation an TMS320VC5509A show that the
swallowing detection system based on the digital signal processor
functions correctly. In other words, the trigger signal is appropriately
generated for | second when the beginning point of swallowing signal is
detected. When total number of swallows was 40, the system was able to

detect 37 times of swallows correctly

Keywords: digital signal processor, sequential electrical stimulator,

calculation and decision circuit
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