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ABSTRACT

The objettive ! of this. .project. is—to build  a..noise cancelling
communication/ device prototype from (parts which are, easy to find. The
technigue cused. in the device is adaptive digital filter based on Least Mean
Squares technigue; also known asLMS: To reduce sound interference in human
desired speech, ithis device must have two-microphones for receiving the
desired speech with_interference hoise and the interference noise. Adaptive
digital filtercalculates a, sound that looks like ithe interference noise. The
difference ‘of the calculated sound-and the desired speech with'interference
noise are the output desired speech.
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Tassadrsvuulaladd agvilisaslianes

dleladeudagraudhfidaladmtu o uteszozinamiauiasnsesdyyia

Fauasiananouaussduiadlisiin Wedmamvidmiuiesnsesdyauuds dwald
Aedaaaanoaniidaliviiiu 0 uazavildygueanaaentiana feudiindyenedd



“1u1ﬂﬂﬂﬂau1‘ﬁLLﬂ‘Qx‘l"tl'iLLﬁ"éﬂG]’]ﬂJ "UQLUMaﬂ‘l‘:}vaQW"I”WEN'NQ‘Eﬂ‘EENﬂfUiU']iUL‘NLﬁ“ll?jlm
Nﬁﬁ\@UﬁUﬂﬂ@MWﬁEﬂMﬁﬂﬂﬂ LLauWJE]EJ’I\‘laﬂEmu'N’%‘iﬂiﬂﬁﬂmm?fﬁ‘ﬁuﬂu&ﬂﬂﬂﬂ‘S'NGN‘S%W] 2.2

x(n) S i)
B(0) > 2 >
» ¥

delay delay

xn-1) b(1) all) e yin-1)
3
[
delay -i delay
|

x{n-2) b(2) a_€_2_J_ | yin-2)

delay l ‘f;gl
x{n-3) L b(3) —g“a(—:.}) . y(n-3)

5UN 2.2 fragrslassainesasnesdyniailavuilanans uauasdunadlidin
nnseslanaineslugdi 2.2 amnsadsuannisianaamsi (2.1)

y(1) = b(0)x(m) + b(1)x(n — 1) +b(2)x(n — 2) +b(3)x(n ~3) + (2.1)

a(1)y(n = 1) + a)y(n = 2) + a@@)y(n—3)

y(n) fa dgnoieen

x(n) Ao dyaaIUIY

b(n) Ao Aulszavsiletludimih (Feedforward Coefficients)
a(n) Ao dunsedvistoundy (Feedback Coefficierits)

d -] L L o

naunsi (2.1) insudasuen (ztransform) wazidsuliegluguuinsgiulaas

aunsh (2.2) Ao aunsildsuIusihaaidyadviniu 3 6 wagldimau
wihenatdygaviesnyiniu 3 fm lunsAnnudyyiaeieon

Y(z) _ Ti_ bkz¥
X(z) 1-Z5_,alzk
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Y(z) e dygrauvieaniigniulasuan
X(z) Ao dygrauvdiignilasuan

= A DXy ' Y o o y 2 o a
Waaun1sninsldsmhwawislanduazilineendudnnule o Wevedluslinsgiu
aseaunisn (2.3)

Y(@) _ TRoob®z®
X(z)  1-3M,a(zk

(2.3)

P
W
N A8 Sruusmhaiailsdyanad

M @8 qmumwmmm&‘la“ QINYNeBN

2.2.2 /vasnsesdynadinasviananauduasduiadiana

1995n 589 sl av AN oAU B 1B ad 1 (0 Lﬂ'ﬂmwiﬂsmﬁmmm%ua%
yflanily 9lndey mmaammamauammmmwmm1u3umﬂmuaa{lﬁ'{'ﬁm 0\ 24933

o
8
o

ﬂiaaammmwﬁum-"Lwé‘tgfg'lmmaanmmwwmnmaaﬂlﬂ Favndaradiidan
Havuadiawiaiy 0 'Lwamuman;f.mmmaanwmmimaaammmm"ﬁmm'mu 0 Ui
w.ﬂuﬂman*uzuwm'u'va:nw'in'3aqasgf.g'\mwaLawumwamauaumamaafa'mm GANEARE
'.m'sn'iaaammﬂmmuﬂuu‘[ﬂwaswmiﬂw 23 e mualy h(o) luaufis h(M - 1) fie
HanoUAURIR R UDITAFYR TN TR T UAY

) xn<1) x{n=2) %(n-3)

U7 2.3 Tassainneasnses Fygandaavriananauauasduinddie



annsadsuannsdyaansenvanasnsesduaveiiananauausduiadiinla
s PN = 1 = (Y] R [ 1 1
W@un1s9 (2.4) videnanlainde nisaeuligdu (Convolution) AUTEWINN KANBUAUDIND

as a o a

wauduaduensasnsosdygyia h(n) fudyg vl x(m)

&

y(m) = IMFh®x(n — k) = h(n) *x(n) (2.4)

b

y(n) AD dnyeyauneen

b

x(n) Ao Sy

=

= o € ) ot - 4{ ar
h(n) D NanDUALDIRDEY N INIUNRE UTpdUUTEANTINITNIIFYY N

b

M Ao SuudvataIniviuesnso g

1umiaaﬂLLUU'miﬂiaaé’fymmmmmﬁwm‘aﬁwuﬂﬁnwmsé{mmwmﬁﬁmm':s N
Jasnsesdngialiduavviananpudussduiaddniala TnsnswAsuulasnanauausine
FoyrauduadueneTnso Iy Ly FoennsamesnsssdnaaBdaueuiidn 263
ﬂiaaéi’fgmﬂm%uaﬁummﬁunumu m‘%ma%ﬂiaaé’fgcgﬂm%mwmmﬁqa ansavilasne
N15USUARAR LAY IR (IS Ra A U919 NI I YN 923957 08dn Q1 uiay
u,wﬁ%ﬁﬂ;mmaaﬂ'fmama‘uauaaﬁaé’zgzgwmﬁmﬁaémamwsnimé’mmmﬁlnimﬁauﬁ'u

INAMENUATOINITUU DDA

y() = h(n) *x(n) /= H(@Z) X@) (2.5)

y(n) = h(n) #x(n) & H(Z) - X(Z) (2.6)

H(Z) Ao awnasunanayuaueInodynabiMadvesiinTniosdnyn
X(Z) Ao awnasudygimnan

Tunisatasrziuinetdenisuiasianinyifasnsudnes (Discrete Fourier
Transform, DFT ) wmﬂﬂmau‘ummiﬂauhmmmaumw (2.5) wavaunIs (2.6) naA8
LuamﬂmmmmammwLsmwmuamimaqmiﬂau‘haﬂjusvwmmﬂuﬂiyawmwaﬂsaa
Foynauasdyaandd a].vmml,wmuﬂﬁﬂmﬂummamﬂmmammmﬁmLﬂmﬂuamﬂmum
auﬂivawwaawﬁﬂiaaammm Q’mﬂmﬂuUWUWWﬂW}miﬂTﬁ‘HQﬁLUﬂﬁ‘iuﬂ’]ﬂﬂ‘di“ﬂﬂﬁﬂj@ﬂ
Nasmaaafggywmimﬂulﬂmwmamﬁ 2rA1U150LUAINAUNIATHAR B UAUBIA B Y IM
suiadvtodulsyAndvansasnsedygaldiduiu



wdnlesdusnTedynaduavriiananauaueduiadinin 81aRa1IuNNn
msUszananaadsvoloya uansfadiiedei 2.1

o ' P ° a v v s W '
G814 2.1 wmndasmsniuiinusadeseunifdunnieluvisassnduailugiaan 5
W uavildoyanimsni 2.2

o 1% o
M1519N 2.2 m@i&ﬁ%'\u’lu‘ﬁﬂ

Wi ' Frunusadeunit () | Swausawwds ()
1 TR W
3 — —~
4 ! 42/ _
: i e g\
(] —T 8 N7/ iR 838 \
9 p3 o T TP

NRATS 2.2 Winseenn s staYsawadouIluganaad 55 mildainnis
T uvessaluusazn it Sauaudfia T auauniti 5 WARaEE anuasavinnsinunale
il (10422+28+82+37)/5:= 27 Aumouil wndaansnsIUs s Tnedeseludianan 5
it Sanduaii 2 Waudeuniii 6 anansavinlaludnuasdiennu (22424442+37+77)/5 =
40.4 FUABUIT IINATATUIUTNAY hswsuausadouaasludae/5 uniiusn awnsa
Foufuaunslddanmsi (2.7)

y(5) = [x(1) #%(2) ¥X(3) + x(49) +x(5)] 2.7)
= = 1 qi' o 1 ] dql [ -:l
‘m'Emjau'l,um'immmaammusn'lum& 5 U Q4 YN N AauN1Th (2.8)

y@ =2[x(n—4) +x(n—=3) +x( - 2) +x(0 -1 +x)] = ST ex(®) (28)
il
y(n) fie ALadsdusaReuIin n

= ° o
x(n) A9 IUIUTAUINY N



= ° d = o ° -

A1NEAUNST (2.8) MIMIIWIUTARALUNAN n a@ansamldandiuiusawiin n uas
o A = P < oo = ]
$1UIUSOUNT n-1, n-2, n-3, n-4 1aAe aunsaldsuudentaesunsulafigun 2.4 g
1= -] g = = = L € o s n:l
Jriidnwuzsnuduiesnsedynaduasedananavaussduiadinn lug 2.3
Ao ﬁ'fp,zynzmmaam}amaﬁﬂiaaé’@@wmmﬁﬁﬁmzQﬂﬁﬂﬁw'amaﬂmﬂuﬁmw M A1
smualiinves M whiviwudeyafiszdeddlunisdmna waglunisauadyainm
panTenNRINIdaLduavrtiananevaueBuiadinin Aein1sFuINIINFyy NN
Wiy smnudyaianeenteumihiuszlildgninnidlunsdnnle q Hedu

10

Suusou 42 24 22
#is

STy
YW 5 = 27
funauh

e

Ul 2.4 USonlapyunsunsII LS aLRARATT 5

e banaslugU 2.4 Uazgui 2.3-Ae Tugdil 2 drsldrnanoyauesdody v
SuRadwiniu /5 wihiunmue Felunsaildensts AMransvausdedyyiabuiadiunes
efiinilunnaeiul flunriase anaaqUsyaifuan s 4 AineptRmIAINARRe
$WAuTOUITE N sTRRa B aTesnsIRsauseTuniiTlnTantidly Wesesiu
MsiEeusuntwessnausa AT n Tassadnaiildnsruaunistoudwmisesdyaan

Weul Tnevhluazsenin Taseas awuy-“Transversal”

2.3 2esnsesduasduavsiausuaala

1e9snsesdyadaarsiauiuiile Wusesnsesdygmnamnsayiinisuium
fszandlialaesaluiRlidnfuannsuasioulas q Wweliduluauinglszasddie n1s
1 ‘dl - o o v L) v A =) = 1 ¥ 1
anAlaBAURanaInfdsdes (Mean-Square Error) Wiwdetesiign niedigidng o u
wtorsnseddyadnaveiiauiumle szndnfadnnisinnuvenesnody g
Faavsiauiudald uagndnmsvhauvesnszuaunsindsaeniutosiign
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23.1 ndnn1sinureesnsssdyaandaavsinuiudala

wann1siuTetasnIesdy g anduariauiudila LLamﬁqgﬂﬁ 2.5 NFTUIUAT
USuna (Adaptive Algorithm) Sudun1sUsuAduUssAnaveaiasniosdy g uiiiold
foyey1aunLan x(n) uneesnIosdy R aEAEIUsEAVE VA wi(n) IénadnsAedyaa
Y1890 d(n) fmnulndfsstuduaauiidonis den) 2sasnsesdyarandaaviauiud
azilnszuaunisvineuiudn 4 Tunsansnedeanuiiananiddediviedosiian 4
fuunislungaufunsuiumdulseanivenasnsedyyin wagmAnuRana1n e(n) b
HunsFuusnud ssgnilldlunssuiumsliudvensasnsosdyayn

d(n)
x(n)

e(n)

Adaptive

Algorithm

A as L] an hrd ar
JUN 2.5 vaenlapzunsuvesNesnIodyyianduaveiinUsusala

- ' a a o
mmuﬁan‘lmazuﬂw‘lugﬂw 2.5 pranuRawaIsa s uIalRINaNN1TA (2.9)

e(n) = d(n) — d(n) (2.9)
Wle
L= 1 =)
e(n) A AIANUNANAIN
d(n) 7o dynIuiifeans
d(n) Ao dyauvieen

nANNTT (2.9) Avesdyginviean d(n) Wekiurasnsesdygradiavsin

<

JSusle TifAduuszans wy(n) @unsamiaainaunisy (2.10)

din) = Tt wi(mx(n — k) (2.10)
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d(n) fe dygnvesn

o

we #8 dulsrAvsvensesnsesdyanaduavriiauiudla

M fp urududszanslueasnsoddeynu w%aﬁwmu%’agamﬂumaﬁ'\mm

LarnsinanduusEaniasasnsesduaraivinliaadsauianaiaindsaenvie
o o v P .
tosign anmsalaninaunisi (2.11) vsedun1s Wiener-Hopf

RyWy = Igx (211)

a
W
R, Ao smavduus(Autocorrelation) vosdaya/ MU x(n)
= o) s 1% L 1 al
re A0 @VEULSIYY (Crosscorrelation) s¢winsdnyaaideans d(n) uavdeyay
191 x(n)

AU (2. 110 smAldiUs A vesaies sy g andnaveiinufudale
Qe ERIVTIUAITDT Ry UAE Ty TeAUTIONIATINAT Yz AR Wotlezanpugeinly
msAaaliteras lunszuaumTmfdussAnTue s sdaja iz as ¥iins
fnsaamsmaTaulsyarsaesiasnsesdiyr s Wiainisi 2,12)

wy (n+ 1) = wi(n) — Awy (n) (2.12)

~
o
Awy(n) AaAUUUTIEIUaEavD

'vmnafmcg%mmiﬂimﬁtymmmtawuﬂﬂ%’umﬂmﬂﬁ n1sAdgfiens Awy w30AN
Uiulgedulse SSAafinss MR A situinagaels Fawilietdnaniliunadeainld
AaasRanainfidaedliarantdasal uazlunsy muﬂ'ﬁmmauﬂ'ﬁuﬂwwmw%ﬂsaq
Fyaraiuandefulludazia ﬁ]vmmmmauummmaumw (2.11) mﬂmmuma’mamav
Roulvdng 9 1:m'insmazgfynmsmmmLuun'ﬁsmumﬁamﬂwmﬂ‘sw;ﬁws avis Awy
Tunearidlionarnily mdulssansvensasniesdygaaziedagdilndaduesa
YRS RANFURNUS Qv LUT Ry Qmﬁ’uﬁmwﬁ’mﬁus‘lﬁu"iixwﬁNﬁggammﬁ'ﬁaqmma:ﬁ
Fryay v rag Faun1sd (2.13)

lim wi(n) = Rxrax (2.13)
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2.3.2 MANNNTINUYBINSTUIUNNIANGAaRaedesiign

nsgvaunisiaenadedesiian Wunidunats q nszuaunsitldlunisdfus
HuszaniaenainTesdyaanday Tnehluudriuunfnfiuguiiunainnssuaunsaid
Wadlaawud (Steepest Descent Algorithm) Faduvildunszriunsiildlunsuszanme
uffy wdnmMehausesnsTrumsidmesadstosiian BGuduainnsimun1uiuuss
Hulseans Aw(n) Faaunsi (2.14)

Aw(n) = uve?(n) (2.14)
il
v Ao imiduprs@eeyiusiiniied
m Ao AduUsEavEN15gN (Step)Size)

e2(n) FaAIAIURANAIANIAIADY
JNaAUNNSA(2.10) ANSOTASRNANNTT (2:12) Feulnd i saannasi (2.15)
Wi +1) = wi (n) = uVe?(n) (2.15)

= s  a = - AL i3 s ~
Renusaniundeuiusnaes vV asaunism (2.16)

a a d
Iwo 0w, OWM=1

V= [ N (2.16)

MnaEuNsi 2.9 wavesmsandumsiloyiusnnmairinuiamann avladsdaunisi
(2.17)

Ve(n) = ~—x(n) (2.17)

A o - - at £ 1 - o s el
PNANNST (2.17) MareansRiunEdeyiustininaiAeulanain el azlad
=
#un19 (2.18)

Ve?(n) = —2e(n)x(n) (2.18)

Fatuaun sl EmTunsUssInaaduUseanssasnsesdyaandaaveiinuiudilacig
nsrUIuMIIaERRdTosiign Lanwaaun1sh (2.19)

wi(n + 1) = wi(n) + 2pe(m)x(n) (2.19)
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& o o w & & o a
INELMFMUATBINTEUIUMIMadeuafelosfign am1saajuiunaunluunig
=
Tugunnineslansi 3.2

d 3 o = o L2 i v |
A19197 3.2 a5UTunauINaINIaY wanadsaviensyuiumstidseaiutosiian

mim‘nuﬁmuﬂmaumﬁumu

Endn . nwesduUseans wi (n) = [wo(m) wy(n) ... wy—q@]”
LNABIF AV x(n) = [x(n) x(n — 1) .x(n — M + D]T
oy Q1 uNRBINTT d(n)

fuNeaN : AQIMYIBEN d(m)

o

nnwasdudsEavsAUSUALEY  wi(n + 1)

Aasussinana
1 el a
JuAdUN 1. AMINITDIAYYIEY

d(m) = wy (Mx(n)
3’: d 1 = = ai L7
YUANDUN 2. ﬂﬁiﬂi%u’lmﬂ’lﬂ’ﬂuwﬂWﬁﬁﬂ (Lﬁ&idﬁﬂ%ﬁ\@dnﬁ]
e(n) = d(n) — d(n)

gl' o at " = at =y = o ow v

YUADUN 3. ﬂwsﬂiumﬁuﬂ's:awﬁmmaaasn‘smafgtmmmmwumﬂsum‘lﬂma
o0 S r—a

ATLUIUNMSTIASdRaREURUYIR

wi(n + 1) =wg(n) + 2pe(n)x(n)

2.4 a9asdiannsetinanidluyiyaiinug

sdorinsdianmsaindfiltlunyaniinus avaaiomg el PR ULAYENNTS
A m'l%‘[umwsmmmaﬂwwmaasynpmwmﬂauwla wmwmuﬁmmﬂmwﬂuﬂamw:ﬁ
2astiies 2asnsesAINnnEY 'm'sLmaqammﬁmmmaaLﬂuammmamaaﬂwmmm
Fumututula uagrsasitausasulitib

2.4.1 2995vn8dyIYianauwE

'qumaammm“fjuﬂﬂauma L‘Llu’m?umaammmﬁhaaﬂuawLﬂu’aqaiwumu 1ag
FURIUVIBDNIINIAT muumﬂammaﬂu 180 99A" Iﬂiqammamwmmmiﬂw 2.6 10
FILE Lﬁmﬁammmmm ﬂm’jaumwmawaaaaﬂt,t,auﬂ LLawmmnmaﬂmaL‘mﬂUﬂ'inwuaa

1995 dyauiigndeudndiudifiuviu Rl uag R2 Fadushdeundunuuau a1u1san

o/

amwmaammmﬂ,mmﬂﬂgﬂiyualwqﬂwmma‘sen@wwmaumim (2.20)

oo

Yo% Too Tl — (2.20)
Ry R3
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o 173

v, Ao WTIAUdng ey

s

v, AD LSRUAY 188N

v, Ao ussiufidravveesuuend
LA ) o
i; Ae nszualwatntiavvesealueud

esnmudunuidygineidivesesduenliidigannutiseius Jauisulainlil
nyzudluaiihvdravvesesuend Rarsunivilansaunisn (2.21)

Vg Vo

R, R_2 =0 (2.21)

2l nsvenedyanuvisennedyg aund)faunisi (2.22)

w_ Z%
5 T SR (2.22)
i / iy
L LENYY S ¢ (R E
i | R
A Ry -

= v - w
JUN 2.6 laseaitensnsvetodya v lanauind

2.4.2 y5veedyauvlalinduind

2vsveneduasinlindua Wusesvnedygraildosdiendiluinasiugu

Tnedayrneanameasiuiiyumaivinfudygruvidt 8aseedynunadenti 1

o

wilassadswensasuansdaguil 2.7 aangUaziuidyginidigniewdindivanves
aovuoud awrsamsrsvensdygnlannngnszualiihivennesven daaunisi
(2.23)

0—v; —
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v, fiD usssudyuuiean
a o o8 r
v A9 Lssiundauvesealuend
. = v & o
i, fe nszualwaltntiavvesesyuend

A & G ] 1 | a o
esananudununiglusedusudfiaigunn dualililinssualvaidnnuidunmis

frunnuazinauvemaluent wazIsuiaiiouinndunnvesisaesiutonfiniu fansanle
Aeaun1sh (2.24)

Vi = Vg (2.24)

=
iio
v, Ao usanudyainuta

naunsT (2.24) aunsaldoudunisi (2.23) Tnd IAaaauns (2.25)

0=V

Vo Vs
+ et

R, R =1 (2.25)

e [ w e . \at o
Feazldgasueneduninoenaedy MY AEINITN (2.26)

Yorg ke (2.26)
Vs Ri
iy iy
N
R1 li 1 RZ

ks . @ + _L_VO

Uil 2.7 Tassainsasvenedyaeiinbinduia
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2.4.3 2995Unas

hastiiersolsasanuLseiy T8nvauzadeiuiulasvensdyanwuulinduina

‘Lmﬂ‘w 2.7 meaauimwmmuﬂa A1 R, = 0 #39778A997 WATAT Ry = o0 “35973LUA
1499 Iﬂiqaﬁmwmammﬁw 2.8 aaa}iquWaiLﬂmmwmaammmuwlmamwaw

o

fns1vnedygIuming 1 vidosnianils dyauidiniudyaensen \Jureesndils
Lwaﬂmﬂum'11.1NmLwaumaaar:gﬁy;lmmaanmsmmumauﬂlﬂmaﬂuiwaﬂmd 9

gﬂﬁ 2.8 Tassasaasivlies

a8 0
2.4.4 997NT9ANUAATNIY

St snssan TR AL (Dusssvsarlrnndvesdga v d g 0 Bsed 1
udsauddanilaivualddnalaglifinasaaveu mmaawﬁmummm?{ﬁﬁdwué’a
é‘ﬂ’msummm'mm'mnawuavgaawauaﬂdmummu TS ea39va A sNF0eA AN
amammmmmgﬂm 2.9 mnsﬂwmmﬂwsnia\ammnmmuammam’[mwmme
mumuuaymmuﬂswmwmLmuu FadnnsamulnmARa R (Cut-off Frequency) &

mnaumi‘m (2.27)

We = é:- = 2nf,. (2.27)

= du a P 1 & a :s
w, fAe muddade dmhedusinow/und
= n‘ L3 = = 1 =
£, fo avwdsadadu dmhodudmd
R Ao avusnunnlii fhadule
< @ =l 1 [ o/
C Ao Anugeaminulssy imbeidunnim
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R
Vi C —— V(;
O O

lﬂ‘ A o 1 ] 1
gﬂw 2.9 [WITNTDIANUDAHNIUDE Y

245 2anulasdyprundneadudyn swdenuiiaanuduniuduiivla

o

215w Uasdey ﬁmmmaaLﬂuammmamaanwmmmmwumuwuulm Vimtailunis
LLUaaammmmﬁmaaLﬂuammmamaaﬂ IﬂamﬁwanmﬂumﬁLuﬂawwuﬂ‘umwa
wgiuansfidnanlalasreulvsataes vielulasnoniinned Luaatymmﬂwaammws
LLUaaa:umwmvﬂmaLﬂuammmamaan ﬂ'mavl,aamaal,l,'smuﬁmmwmamaanuumwaa
furunalnvedieasiuasdn i mﬂ’[mw3u;dmﬁfgfgﬁmmmaaLﬁuamaan'umm n U6 9%

= ) v <l
AUNTNWIAITURE LGEJWUENLLiQﬂuﬁél_J,fg’lm‘U‘\’aﬂﬂlﬂﬁ]'lllﬁllﬂ'l'iﬂ (228)

fggie=alion (2.28)

Res & ANUALIBERAYBINYYINUIODN
n e whedersrsssiadynnuninealivenden

mmﬂaaazutuﬁmmmaatﬂuammmamaammﬂmmmumuwwlm:J'u'am Tumu
ANSERNLUULALNNSAS 1923959 98- i1z iimsldaapnugimiuiiiss 2 Auvitdu o R
ay 2R maﬂ’l\‘n\':%‘imjmﬁsgm”lmmmaaL"f]uazurg1Euamaan'uummmmumumwu'lww'm
n Un LLammsUw 2. 10 uwuuﬂmﬂmmaﬂﬂa Un# An awmumwﬂuaﬁmmmqws Uil
Baﬁﬂmmqﬂﬂa Jnii AL aqwmwuwwuaamaﬂam WAZANNITOVIAILIIAUAEY QY 10UV
sanldanaunisi (2.29)

An An-1 An-2 An-3 Al
Vo=Vttt g (2.29)

b
Ak o deuvvesdadl ko k = 1,2,3,....
v, A9 UIIRU1Be
v, AB ULIRUFRYIMUeeN
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o o aa e ar ] = £ )
5UN 2.10 199sutasdygnunnealy wanuewdenvdamuiuniutudule

2.4.6 2995uUansanulndN

1 s = ai t 7 1 ad s 1 1
Nsosulausssulntin A SeesTiEr T lun s iU sus il La S usnannuwa sd el
W3091n29939u 9 Ysenevludedafaumusiie 2 maull deaynsuiu dwumuwiased
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3.4.7 299381593U DC/DC Converter

';Wia"wwiﬂ DC/DC Converter LLammﬁUw 214 mwmmﬂmlﬂmnmemasm
mmu’tﬂﬁq 3.7 Tas Iidunsasulngn £12 Iqaw daldludulniasddiun ledwed TLOT2
mumwmmmuammwmuasmﬂaqaagfym

U7l 3.14 2assd3agU DC/DC Converter
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3.4.8 293581393U DC/DC Step-Up

’Nﬁ]‘iﬁ']l,‘iﬂi‘ﬂ DC/DC Step-Up LLamﬂﬁﬂw 3.15 ¥wifiwdadinainuuninedi
wsanulviin 3.7 Thad Wduunsesuludda 9 Thas w3e 12 Than doldludulds sl
luilasreulnsaaaig 2 i

5Ui13.15 29338015951, DC/DC Step-Up
3.4.9 UUANDA
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3.5.1 daulssnananazdsdoyadugiandesiuuliane
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nsrvmaaudududsndulunsdeulvsunsy Tasagldlunisuszniade
FUUsHa 9 %'!\‘IIUiLLﬂ‘iﬁJ“UﬂﬁqUﬂggﬂﬂﬁﬁﬂLaEJQ‘EUﬂ’Du‘l?‘lﬁ?’iLﬂuﬁaﬂﬁﬂﬂ’l‘iﬁﬂﬁuﬂﬁ’lﬁuﬁuﬁg&
Tudnuszanauasdoyadaygaudomuuliane uavdniuteyadygrasdowuulias
LLé/’JﬁQE)EJﬂ‘fJJEJNUaLﬁEJ&vLUgﬂ‘lﬂﬁx‘liﬂEJI‘U‘iLLﬂiﬂJﬂ"m‘UENﬂ’]‘iﬁ?‘lﬁl‘u{ﬂﬁ’]L%lJﬁﬂiﬁLLﬁﬂﬂiugﬂﬁ 3.18
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S/ imawasauds
volatile boolean £ sample:;
volatile byte badc;
volatile byte badcl;
volatile boolean divé4;
volatile boolean divz;
double u = 0.0000005;
double E:;

double Y:

double R;

double X[5]:

double De[5]:;

double wnewl;

double wnewz;

double wWnewsd:
double-wnews;

@double wnews;

ing T =< \o%

st balalid, er

intd Iny3i;

suUi13.18 TsnasudaufivunaiEusy

3.5.1.2 msfuteyaiunisduineiing

nsussinakasudaginidosainurasBidnuselindnipsudygnuudneg
T4aridu ADC (Analog to Digital Converter) lunsuvasdgiauauaantudye widnen
Foozdouitaiduifludumesimilasgudl 319 sfuefumiinsyiviuedumeiinide
vunmAvesBumeisviogi 8 flaisad wirananilioyil 2 AlaiBsnd uazvihnsiu
adeyeyndalpsTaLisuidssdyaiasifossumuinanniudyyiaeuiden A0 u&sandi
AU lufILYs badeo anthisuadanalilailiuiiudeisunauifssdisanuiv
Fyaraeunden At wdiiraiildludiulilufius badel aduuluGeos 9 Taenisvinau
yosdumeswiuutaevilviausafiumdyancemndon 2 ey wieurtuld Salusunsuves
Sumedimituliuandlfogluzui 3.20
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Fuwmadiny
ATNE 8 kHz

uiisrderitivng

Fumadinv

uirdern e
Sumadin

FurrenlslasTvuing 2

ifuys badcd uazfiuslfduys badel

5 \\N\\\?l V//// e

ISR (TIMER2, QVF.% # 16000 266/8 = 7812 Hz
divd = !div4 \,\ mexzbgv sl 3506 Hz

if (divé) & Q) '
2"3‘1 7 u \!M’\Hﬁwr\t@\: 2_MpSoviiadn 1953 Hz

divz =
if (div2) { /
badcO = ADCH: SR a0 (AUMAAEINLS badeo

" Qa&l/ll&ﬁ gaal

sbi (RDMUX, MUXO); analog 97 al

else
{badcl = ADCH; // sua1 analog 910 al IfiMIAGUUT badcl
cbi (ADMUX, MUXO0): // @ienthsian analog 970 a0
f sample = true;} /7 @en flag 1w 1
}
sbi (ADCSRA, ADSC): /7 15uduadnnss

}

5UT 3.20 Wsunsuvesdumeisn
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3.5.1.3 psUszananalagnsasnsasdugranduaviienszuiunisindsdes

msﬂazmamaImsJawﬁan‘svmumiﬁﬁé’aaauaﬁaﬁaaﬁam Ao Undann
mmaamnLL‘Uaem1mﬂﬂaﬂszjumsLLanammmamaamﬂuammmmmaa Wvin AU
Tngl¥nszuiumsindaeaieiosiian em’i,umam'ﬁuummimevauameﬂmammumaq
Audeyadyanandesiogluguiuuvesensd Wielinesensiuasaimuadisideya

YDIDSE ImaT,UsLLﬂ'immmimwummmwaualmLLﬁm‘Lﬂusﬂm 3.21

Deit] = badch; /7 udad analog W array

X[t] = badcl: /7 ulay analog (0w array

fi/set case loop fozodndex

b=t + 1;

c =t + 2;

d =t +F58

e = g4

if (bfe=TY i A SRS IATR X[b) = X[t-4)
B b="I;}

if fle »=Tr°f Lrnsniisvat, X[l = X[t-3]
c* c 3 LTH¥

if d eyt ¢ FeEaviasyint Xidic= X[c-2]

d=d - Tr}
if (= »=T)

/ /Asndmesintn XTe] = X[t-1]

= 1 o o vy
3UR 321 Jsunsuduimuauiveya

N hAL RN Hauve sl vsginanauavdsd sy 1o deyadiudidg Ao
nsvurunmsfidsdediadeesiian lavatinnstug 9 wmanann i (2.10) Feaeldlunns
UsaanuanduUseansinsnsesdyanluden o uiiafivunzan Tagatnsfananannse
Feulusunsulldidesuin .22

//Adaptive Digital Filter base on LMS Rlgorichm

f/LMS algorithm

Y = (X[t] * wnewl) + (X[e] * wnew2} + (X[d] * wnew3) + {X[c] * wnewd) + (X[b] * wnews):
lerror=input-ouTput

E = Deft}] - X ;

/ieneat sdeaananmTiueess CODE

R=u* E:

/ fupdate filuer weight

wnewl = waewl + (R % Xitl};

wnew2 = wnewz + (R * Xiel}s
wnewd = wnew3d + (R & X[d]};
wnewsd = wnewd + {R * Xiclls
wnews = wnewS + (R * Kibl};
in = E; /7 wasenn deuble (0w array

Ui 3.22 Tsunsumavhanuweseasnsesdnyaanduauaensz uauns
frdsanuadeieniian
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3.5.1.4 nsaveondoyadaynaudes

J LY

nsdseandeyadyanaideaiuldlilaus nRF24L01 Haelunisivdsdoyalae

oo
= 1

v o 1 d‘ d s 5 i at 1 U A
ALHADINTNUATDINTADHT LAZUYDYDINTIEDEAT Iﬁﬁix‘lﬂuﬂﬁﬂ'ﬁULLa:‘JV’\’JﬁWNEU'ﬂ 323

$PI.begin(): //8Mm Wireless
SPI.setBitOrder (MSBFIRST);

transmitter.channel (50); lf Aa2raansaodis
transmitter.T¥address ("ALL1"); // fvuedaapdnsands

transmitter.inic();

5UN 3.23 mﬁmmlamss dadiayraunisdeanslians

5 [ [} @t al L s v o a ool
Mntiuwharsfmuaiudsiszdideyadynalulusunsuvedsiaduasimunisnis
1 2 s af d
detoyadyaniiuanilugun 3.24

transmitter.txBl(im); /e Anvsaa i ls An IDwASi:dy \wireless
transmittes) s=nd (FESTY; LR8N wireless

= a i - o
EU“ 3.24 TU'SLLﬂ'iNﬂ'ﬁ‘YIN‘Iu‘U ENﬂ‘Tiﬁiﬁi}!fmmﬂ‘l‘iﬂamﬂ‘?ﬁ’w

3.5.2 dausuteyadunandeauuuliasudadeaandoyaidoaludeyile

dudegadyyanfuwuylFmsumdeendoyadosludoyite & ml.u'mmmummi
yiaufagui 325 dems Sudeyadannaudes maqumimﬂwmmsﬁams wardavoanis
ﬁaaﬁ‘lumqnumqﬁ@awauamaswauaammmﬁmmum winTsdioyadynyinudes
sonlufiudygyuidnea nsldFada PORTD fa..'Lﬂﬁrgrgqmaﬂﬂmmuammmmmaawm 8
Un mlﬂaa’miLLﬂmatym'\mmmamﬂuammwamaanwﬂmmmumumuuu’lmum 8
Un LLasaaazgt;gmamlUw‘;ﬁq Tma’lﬂ‘suniwaaﬁqm-sumuﬁmﬂugﬂw 3.26
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frwuadTGusu

V
LOOP

fangunal

Fox1slime

receiver.init():

int in;

void loop() {

}

if (receiver.availabls()) |

}

/7 RIVASHDI

receiver.r=ad(); _
/7 Mo wATIIGLYS

receiver.rxPL({in);
PORTD = in+127;

A y s 2/ o L} dE v
U 3.26 Tusunsuileisudeyadynandosiunsiomsliany
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unilzifunmsiiauen1smeassnuannsalun1snseudesunIuLeIIINTes
Sunanduavienssuiunsiidsaesaietesiian TnewSeuiisuainuanisasis
Tusunsa MATLAB uagnanisuaasspadnnsolunisnsaadsssuniuyesgunsaldedns
wwusadessuniu Tnefineandondal

4.1 n1sansnaelusunsy MATLAB

Tun1s31a03d8TUsursu-MATLAB azld Simutink ¥ian13918097993n309d Ry
daaudiensruiunsfidasuadsdesiian Taldsiuruaidutssavinsniesdyya
v 5 6 uarldfidFiosnnfymieiwnensdunsiaggamsanseadessumuaenly
1§w3elai Tnouanlnezunsunansluguit 4.1 feasvhmadaediaensUaaulfidessumu 3
wude daqiadsssunauaduled (Sine Wave) fryggrandsssuniudvn (White Noise)
uazdsaafoednslulsany
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7 Kz semping noise Gain3 C]’ Sepuze Ertor -4—» #[E]

male2khzway :
A 2000 Hz, 16 bt, rhetE°

2 kHz sampling speech

Outpwt
oot LIS Fiker R —|_, ‘D

Gain2

Uil 4.1 windaedlneld Simulink

© d ar J
4.1.1 wan1sirapudieldnyyrandessunaunduley
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Sine Wave Plot:

05

Amplitude
o

05—

0 a1 02 03 04 05 06 ar oB [+1:] 1
Time (seconds)

l-vi as = o L =l =
JUn 4.2 aagzgmmaasummau‘lwmmn 7003504

o vy 4 s -
Tnenanmaassnsitasssyuuaeiiulad WedhdymiaaduasuniuuinTewneeas
o = v o s < 2 - =l
nsasdnraldsavignizuannsmasaennfsdesiign dyniudoesuniuazgnniad
= & k7 = =l e -l
senluiisusuysel Taeldiaartsennn 0.15 i swandluglin 4.3

Sine Wava with LMS Filter Plot:
27 T T T T T T

— —

Amplitude

L | i | 1 L 1 ! i
o o1 02 0a 04 oS 0s or o8 1] i
Time (seconds)

4.3 Fyarandessununauluinnud 700 Bsed Wenwisesnsesdyganduauiie

-1V)]
c
=n

nsruuNsiaEesaiutieean

s

4.1.2 wan1sdnaedislddyyrandsssuniuiunn

nsnaasdlaslddygrandsssunuden wlddynradsssunuduninuansagui

o
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White Noise Plot:
T

Amplitude

Time (seconds)

=D.

JUT-4.4- Fgyaynudeesunaudu
ToenamInaInITIaesEuREiulad s dya audeasun NN TeRiua9as
ar = o ot P L = as =i

nyesdInldnaviiensEuaunsidsaniadetesign dyniuideasuniuIzgnnses

1Y) v = v a as =l

sonlulFusdl¥iaauiuiu Tngldnandseanal 2.5 Junil sawanaluzun 4.5

White Noise With LMS Filtar Plot:
T

Ampliluce

-05; 1 | I 1
o 1 2 3 4 5 6

Time (seconds)

i ol = ld 1 ot = 3 d r
JUT 4.5 e randeasuniudviilenueasnss sy g IanTuaTmIen I UIUNINIANHEeN
\wastaydign

4.1.3 wan1sonasuleldideansasdnslulssny

minmasdlaglfidsaniosinslulsinu edldideaniasnslulssnuduansisgua 4.6
ntuthdyaindinaninsesdieasnsesdyaandaatiienssuiunsmdideady
peiign
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Machine Sound Plot:

Amplitude

Time (seconds)

= - = w
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v 1% o Zoa v a &l s =
aanlldudldnauudaiudn Tealdinausgana 5 Ui flansluguy 4.7

Machine Sound With LMS Filter Plot:
T T T T

Amplitude

2 1 | i | L I 1 _I
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o
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-
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= = o s P 1 s = v o o
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n.1 gilonsldeuled TLOT2

e =i RIDI. Xk BEh.

%m TLO74, TLOT1A, TLOT1B
INSTRUMENTS TLO7TZ, TLOTZA, TLOT2B, TLOT4, TLMAA.TLmB.'nmu.Tme
TLO7xx Low-Noise JFET-input Operational Ampluﬂers

1 Features 3 Description

s Low Power Consumption The/ TA07xx JFET-input., operational ampﬁnun

. . Commonihade i ; ) incorporate well-matched, high-voltage JFET and
gﬁgﬂ : e iSRS bipolar transistors  in a monolithic integrated circuit.

s & N N =

& & »

The devices feature high slew rates, low-input bias

Low input Bias and Offset Currents and » offset currents, and low  offsef-voltage
eumsmnym Erotection temperature coeficient: The low harmenic distortion
Low Total H Distortion: 0.003% (Typical) ;ﬁummw fhe TLOTx am;':‘uaalry aulh::l
Low Hoise

o The TLO7? device has cffset pins to support external
Wy =18 nViHZ (Typical) atf =1 kHz input offset comection.

High-Input impedance: JFET Input Stage =
Device iont"
J ¢ m m p h AU 2N i~y " b W A \
Lfprohely * ? S0IC (141 usm-mm
High Siew Rate: 13 /s (Typical) e &2 'smc:m 4,00 mm 2 .90 e
hc«:]mmn?iodﬂw Voltage Range TLOTRJG CDIF (8} 5.59 roen x 6.87 mm
e ‘[TLoaxd CDIP (14) 19.56 mm.» 6.62 mm
ﬂppvli' cations TLOTxxP POIP (8) .50 mm x 6,38 mm
TLOToPS S0(8) $.20 mm % 5.30 mm
Motar Integrated Systerns: UPS TLOTAN POIP (14} 1.3 men.x £.35 mm
Drives and Control Sclutions: AC Inverier and Vi TLOTANG 50 (M) 10,30 'men x 530 mm
1 TLET W TSSOP (8) 3,40 mren x 3.00 M
Rmewaﬂes Solar Inverters. TLOTAPW TESOF (14) £.00 rem * 4.40 mm
Pm&udh-lihxfrs (1) Fer 3 available . see the orderable sddendum at
DLP Front Projection System the end of the <ata
Oscilloscopes

Logic Symbols

TLOTY

TLOT2 {ench
TLOT4 m —m

Nt ———— +
our
N~

Copyright © 2017, Taxas Instruments incomoetad

An INPORTANT NOTICE at the end of this data sheet addresses avﬂ% warranty, changes, use in safety-critical apphcations,
intellectual property matiers and other important disclaimers, PRODUCTION TA




TLO71, TLOT1A, TLOTB '@ mum
TLO72, TLO72A, TLO728, TLOT4, TLO74A, TLOT4B, TLOT2M, TLOT4M

pad 197E-REVISED JULY 3017 i ticom
& Specifications

§.1 Absolute Maximum Ratmgs

0.3 36 ¥
Vee-m03  Vope+ 3§ v
50 mh
Unirmitect
150 i
Case femperaturs for 80 seconds - FK package 280 *
Lead emperature 1.8 mm (118 inch) from case for 10 seconds 300 o
e Storage tamperature -85 150 *C
451 Smmmdmmﬁmmnm may cause permanent to the device. These are stress ralings
only, wﬁmmﬂlamdmdmaﬁum«m\y cwd‘msnsbwmou under ting
cmw onditions for extended periods may affect device reliability.

Mﬁ fimited by
% The output may ﬁmmwm"%&m ?twetmreaﬁéﬁmwmhmmmmmﬁmﬁm
rating is nol sxcesded.

6.2 ESD Ratings

A R SSSKTTTIF et B R
_ xmmaoaymﬁmgmmvesmcmm 2000
Vigay  Electrostatio discharge gmmmmm per JEDEC specification JESD22- 100 v

{1} JEDEC document JEP15S states that 500V HBM aliows sale manutacturing with 2 standard ESD

5 tonfrol process.
{2) JEDEC dogument JEPTST states that 250-V COM allows safe manufatturing with 2 standard ESD cofttfol pracess.

6.3 Rat:nmmende& epemﬁng Conditions

Ta Cperating free-air temperature D

TLOTXAC, TLOTNBC, TLOTAC ! o 70
(1) Veg. and Vo are nl requised 1o be of squal magnitede, provided that the total Ve (Vee. = Veq | isbatween 10V and 30 V.

E Emm TLOTA, TLOT1A, TLOTIB
TLOT2, TLO72A, TLOTZB, TLOTY, T‘LDTM TLEI?-‘B. TLO72M, TLOT4M
www il com 1 i ¥ 2017

TN F] 1 nverting input
i 3 i Nanirweding input
1OUT 4 ) Cutput

AN~ 8 i Inwerting input’
2N+ 5 i Soninvering input
20UT 7 o Output

VEC 4 s Power supgly
VCCs 8 o Power supply
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n.2 gfiannsl¥enlugadosns nRF24L01

nRF24L01+
Single Chip 2.4GHz Transceiver

Product-Specification v1.0

Key Features

sl e # & ® e 3 = & 2 * @

- s o= .

Worldwide 2 AGHZ ISM band operation
250kbps, 1Mbps and 2Mbps on air data
rates

Ultra low power operation + Advanced Media center remote controls
11.3mA TX af-0dBm ocufput power *” VolP headsets
13.5mA RX at 2Mbps air data rate »  Game controllers
900nA in power down +  Sports watches and sensors
26pA in standby-| v _RF'remote controls for consumer elecironics
On chip voltage regulator s Home and commercial automalion
1.9 10'3.6V supplyrange » - Ulfra low power sensor networks
Enhanced ShockBurst™ * - Active RFID
Automatic packet handling = Asset fracking systems
Auto packet transaction handling *  Toys
6 data pipe MultiCeiver™
Drop-in compatibility with nRF24L01
On-air compatible in 250kbps and 1Mbps
with nRF2401A-nRF2402, -nRF24E1 and
nRF24E2
Law cost BOM
+60ppm 16MHz crystal
5V tolerant inpuits
Compact 20-pin 4x4mm QFN package
All rights reserved.

Applications

Wireless PC Peripherals
Mouse, keyboards and remotes
34n-1'deskiop bundies

Reproduction in whole of in part is prohibited without the prior written permission of the copyright holder.
September 2008
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nRF24L01+ Product Specification o R D

22 Pin functions

" Digital Input _|Chip Enable Activates RX or TX mode

1 CB

2 CSN Digital Input SPI Chip Select

3 SCK Digital Input SPI Clock

4 MOSI Digital Input | SPI Slave Data Input

5 MISO Digital Output | SPI Slave Data Output, with tri-state option
5 RO Digital Output | Maskabie interrupt pin. Active low

7 voD Power Power Supply (+1.9V - +3.6V DC)

8 vss Power Ground (0V)

9 XCc2 Analog Output |Crystal Pin 2

10 XC1 Analog Input | Crystal Pin 1

1" VDD_PA Power Oulput |Power Supply Output (+1.8V) for the internal

nRF24L01+ Power Amplifier. Must be connected
to ANT1 and ANT2 as shown in Figure 32

12 ANT1 RF Antenna interface 1

13 ANT2 RF Antenna interiace 2

14 vss Power Ground (OV):

15 VDD Power Power Supply (+1.9V.- +3.6V DC)

16 TREF Analog Input eference current. Con a 1 resistor to

round. See Ei

17 vES Power (gBmunq oV, )M

18 VDD - Power Supply (+1.9V - +3.6V DC)

19 DVDD Power Output | Internal.digital supply output for de-coupling pur-
poses. See Fi

20 VS8S Power Ground (0V)

Table1., nRF24L01+ pin function

nRF24L01+ Product Specification

12~ Blockdiagram

RF Transmitter

%‘::

RF Receiver

ANT1
ANTZ 8
P a i L]
gt
= T = .
2Sgsy
g

Figure 1. nRF24L01+ block diagram



n.3 gilen1sldenilulasaaulnsaiaas Arduino UNO R3

DIGITALLPWN ~ ) & &

PELLTTTTITETTEE,

OO UND

CTX ¥l
| RX nm2 ARDUINO

1anearseser’

gt {mm) .
(i) QmdOer) aom)  (em)
-Jis i. =3
= {141 Wi, ARDUINO.CC = MADE IN ITew

1y

O e e s R e S e

ANALUG LN

@-—quruﬁ"“
TTCTCTT

iR VEN l FECHISBECSY v \D 6 LAENEA TS b

RiNg J-{of i R0 rows E- Dk
OPins
D P 20md,
n f ch 0.5 KB usea b
Flash Memaory
: hootloader

EEPRGM KB (ATmega32&8P
C St d 6 MHz
LED_BUILT 3

Length 68

Nid 53 nim
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The 9"' Instrumentation, Control, and Automation Senior Project Conference
Faculty of Engineering, KMUTNB
May 2, 2018

Noise Cancelling in Communication Device

Warayus Sombatsri and Wechpisit Sarik
Department of Instrumentation and Control Engineering, Faculty of Engineering,
King Mongkut's Institute of Technology Ladkrabang

Abstract: The objective of this project is to build a noise cancelling communication device from parts which are
easy to find. The technique used in the device is “adaptive algorithm” based on “Least Mean Squares”
technique, also known as LMS. To reduce sound interference in human desired speech, this device must have
two microphones for receiving the desired speech with interference noise and the interference noise. LMS
algorithm calculates a sound that looks like the interference noise. The difference of the calculated sound and
the desired speech with interference noise are the output desired speech,

Advisor: Assoc.Prof.Dr. Taworn Benjanarasuth

e(n) = y(n) — z:‘_nw,[n)x(n -1 (1)
when y(n) is speechwithinoise, x(n) is noise, e(n) is

1. Introduction

In most factories,€ar plug are used téreduce, noise duthuf, wi(n).is filter codfficitnt, and k is filter order

The-filter coeffifients are updated based on LMS
algorthm-ing(2),

wiln + 1) = w;(n) + ue’ (n)x(n) 2)

exposure of work bt people cannot talk"to each
other with ofdipary speaking Voice-so, they have-to
speak mofe doudly. The problem can -be, fixed by
using the proposed noise. cancelling ‘communication

device. LMS algorithm iswa, -part ‘of an adaptive
algofithim which.=€ah  reduce- sound~intérierence
althoush attribute of a noise has changsed.

2. Methodology

The hartware ‘consists 'of ArdlinoWNO for process
LMS algasithm, two microphones (Mic 1 far speech’+
noise and Mic 2 for noise;only)and wireless module
nrf20l01 for sending_the filtered signal to’ anbther
device. THe conceptils showrtin Figure 1.

e

i ) i S e
)y

w }

Figure 1 Conceptual diagiam

The software is implemented mainly as an adaptive

filter. The output can be computed by (1),

when uis.Step size

3. Results
The-developed ndise ‘sancelling communigation
device | uses /& taps -filter, 2kHz ‘sampling rate and
0.000001 step siz& . The results when interference
noise s contindolsly-woking machine sound and the
senderissilent aré shawn in Fleure 2.

Withiout fitter With adaptive filter

Fleure’ 2 Exparimental results (bluegioput, yellow: output)
4. Conclusion

In this project, the neise canfelling communication
device is” suctessfully developed based on LMS
algofithm, o adjust_the fitter weight of the adaptive
filter. From.the resdlts, the device can effectively
féduce thesinterference noise from human speech
but the sound quality is low because this device uses
only 2kHz sampling rate due to hardware limitations.

ICA SP-CON 2018
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Communication device
w1th nolse cancellatlon

ot

Warayus Sombatsr;, Wechplsu Sarlk and Assoc Prof.D*rw.Taworn Benjanarasuth

The abjective ofthis work is to build a dévice for comnmcllm fromn
materials which are casy to find, The mhnupmmod‘rfﬂwdmn’rl
“Adaptive algorithm” in parisof “Least Mean ‘iqnnlts plgl.rhtn_!,
known as LMS$ algorithm, To remove unwanted signaliin huniat I{S;c'cl .
Onc uscd TMS algorithm to calculate 1 geta sourd that Jooks like xthg
original speech and commumicate with, people \who sls has this dovice
Arduino used for processing all'of works sa devcloped hmni whleh has {1 s
an ADC/DAC and mmrmnlwllct fl'lSldﬂ. <t 4 W

In most factotics I'nbum uﬂu:llll an tlevices |
exposure of work and (o communicate among workers,  people cannot ik
10 cach other with ordinary. speaking vmeﬂn;.n the © wkkudly
the probilem can befixed by laing wmmunlcmn vica with' “Adaptive
alporithm”. LMS algorithm is i part of s mhpuw_- ‘ilgerithm which can
remove unwimted signal although anribuie af'a noise has ehunged. i

Step | : Design cireuit board communicalios device.
Step 2 : Build circuit board.

After 200 ms

) ’ . i“ignn.‘i. Noisc source . White noisc
Step 3 - Progrom Andigoo usang LMS algoniinm Yellow “Input (Mic] )

Step 4 : Equipment assembly R Blue . =Output (Specch”)

Step 5 ; Testing device and summanze, : 1 w

Sencier In this project, the communication device with noise cancellation s
developed.  Using. LMS" algonithm adjust [iller weight of LMS filter for
consistent with the noise all the time. From the resuls, the device can
cffectively remove periodic noise but cannot remove non-periodic noise. This is

because Arduino UNQ ean process LMS Algonthm well using 5 filter length

which is not cnough for non-periodic signal This issuc can be solved by using
microcontroller with high clock speed like “Arduino DUE” This will allow the
system to process in 40 filter length and can remove non-periodic signal.

e

[1] M. Nawrath, “Arduino realtime audio proccssingy
index. php/lab/experments/arduino-realtime-audios
[2] “Arduino limer interrupt™ hitp://www.i nstruchy
Interrupts?

131 8. Haykin Adaptive Tilter Theory, 4th Lditiofig
[4] Mr. Tamer abdelazim Mellik “LMS Algorithi
https:/fwww.mathworks.com/matlabeentral/fileexcl
demo






