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Noise Cancellation using Microphone Array in Digital Hearing Aids
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(Dong-hyeouck Bang * Se-kee Kil - Hyun-deok Kang + Gwang-sub Yoon - Sang-min Lee)

Abstract — In this paper, a noise cancellation-method using microphone array for digital hearing aids is proposed. The
microphone array is located around the ear of a dummy. Speech sound is generated from the forward speaker positioned in
the front of the dummy and noise sound is generated from the backward speaker. The speech and noise are mixed in the
air space and entered into the microphones. VAD(voice activity detector) and ANC(adaptive noise cancellation) methods were
used to eliminate noise in the sound of the microphones. 10 two-syllable words and 4 sentences were used for speech
signals. Babble and car interior noise were used for noise signals. The performance of the proposed algorithm was evaluated
by SNR(signal-to-noise ratio) and PESQ-MOS(perceptual evaluation of speech quality-mean opinion score). In babble noise
condition, SNR was improved as much as 7.963+1.3620dB and 3.968+0.6659dB for words and sentences respectively. In the
case of car interior noise, SNR was improved as 10.512+2.0665dB and 6.000+1.7642dB for words and sentences respectively.
PESQ-MOS of the babble noise was improved as much as 0.1722+0.0861 score for words and 0.083+0.0417 score for
sentences. And PESQ-MOS of the car interior noise was improved as 0.2661£0.0335 score and 0.040+0.0201 score for words

and sentences respectively. It is verified that the proposed algorithm has a good performance in noise cancellation of
microphone array for digital hearing aids.
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[ A Aol
czEdoldor F&E AAse WHE ARIHAAA

FEAALHE F=doidd i AZEAAA W Aee AAse AHA FHFAdgeAM FEEe AAse
Wog TR Hud & rh sogolden FAeg ol gtk AZFE A e FEAA WRdds ANC
AAsE Wol= WgA wlo|ZREL ALEFE v (adaptive noise cancellation)¥3[4]& °]&3sld F&E& Al
[1-2]5F vwle]lamE  ogold o] gste W E T (beam- Aste WEI VAD(voice activity detector)[5]E ©]-8-8t4
forming)& AAsE W3] Fol Utk BIFH vlo|ZEE &AL F8ta A5E AAS e PHE AHEEH ANCE
S ol g3ty WYL welmzgEow JHEIE Awid dY HgHgor #A&e AAse WHEAH o= kA Y F
uhakol webd AzgaAe] #7)7) e EA4S ol4ste o) 7t wol AH4HE WHol LMS(least mean square)E ©l
olZREY Ay A &4 glo] JEutm Aol 23t FeAr otk IMS & WHE FEAFE
99 thE "M B0l A¥E ZHEHE S4E of nAse] F&E AAsSE WHE AHEEA HewE o2
sto] &S AAsE Lol vle]AZE o] o|E o & nAY FELFE A st FEE AASE g9 F2
St WS uolanE o AE ol &ste ALFS ) Zol] Zo|EAR SANESY VAR EdFHe TA F
L% H(beam)s s Aol dE5e MNie F Ak B =EoXE wtelazE ofgole Hld A
Ao r thee] A3 E FTANATL LN Bofes BA7)o] o] ARE ojyelE A, 5%, ¥ F=
AzE ae] AAATHE o]&Ey &S FHAANA FH % nlo]a g ES AXsn AEAY BAA VADE &
S AAsE dgoltt nlelaRE ool HEZ W Esl g 24999 R&d9e steAE gdske Wl At
= e 537 S8 B4 wixgs A wd Eils g
* £ 3 94 sty AxFE - -
I 2. HXE =yolg nola=E ofslol W
tORAAR, FY : JsgEn AA43ER ARANTE

AT 2.1 olo|3 2 E9 KX
E-mail : sanglee@inha.ac.kr
A2 20099 19 62 vlol A2 &L SONIONALS, mdel wholZ2 ¥ 9346/6%
AZ g : 20004 29 199 ol 23t 2 ECM(electret condenser microphone)® o

CIxIE 2FI)olA Blo|Z22E ofzl|ol& 0|8

ol

FEEHA 857



HolEs =2 Al 583 45 20094 49

2 FAE welazgeltt ECMY By 947 #sg
2388 2y Zd9 REHA(polymer membrane)©] ),
ECM } ]:‘ii% vholARE YR FET7F WA 9l
Fol "Waslt) ulo)lmBE 9846/6-L HFERA
BV ALsE welazEolny violm

gty oz 13VellA F2tstn] o 4KHzolA 713
& oE BAE /MY AN ¥@elE 100Hz~10KHz

-

22 aloj3 2 E ojzjoie] 7H

29 12 vpolARE ojglels] TAE HAFT ot v}
o|ARE ojdlole TP wolaZE 37)
T vtelazEe x
tE% ste] FAAL Ao BIFE melste] A
Ay $Re £EAAE
2le S6mmoljth. A542
&9 EolE 40mmeli HW vlelazER FHPAYE
28mmE A G o] vlolmr g

2 9

A Forward

Rightwan

{1 Microphone
i

Unit: mm

Oy 1 oojlaRE ofyolel A
Fig. 1 The configuration of microphone array

3. "ot edaplF

a9 28 ABgGelne] FeAA BHEE Y 9

o} F(forward microphone), R(rightward microphone),

B(backward microphone)E& %38l Eoj& A3E
(analog to digital converter)® Z8A tAE Alsz ¥AF
#Hh OREs gy JNIZE ol&sld FLE AATE
WS IMSE 888 ANC Wis) ulo|m g2 Eoa Eoe
E Y9EATe 91y #H4Eg vug VADE 043t e
< AAsch VADY £8AEE oj4sle] SA4FTEF
$RAEAAY EANE FASS Agstan FErLe Fe
FEAAY JMEAE A FEE AASTLAG. ANCY
7tEX7F 28 e SHAURA L ol AAHL 71EA
7} Zowd SAAIRG FSAuXI AA AADY

5

r

¢

;,* :F(t) g’ Fin) R | Tnterior

CANCELLATION
P

conversion ﬂ}ter
]

| RN o e

i

I

|

1

1

i

=

) |
B(t) D Bln) Array B.A" | Adaptive !
|

[}

)

i

|

|

']

i:{oﬂammm"m” f VOICE
- " ACTIVITY i
L e ) DETECTOR /
a3 2 Het gdnalE
Fig. 2 The proposed algorithm

3.1 010l32Z Mg HAES ol Aot

2az| &9 VAD

Ad, $&v, Tbo) HAd Sy vielAnEzoR E

ey YEANEAVIE ol &dtd HAWAA FAE S4H

Fpoll A wAste e A E vEEed §4TFLH F
|THE TESA "k VADS] EEERE ¥ 339 #oh
AR (F(n), $+E5LERM), HBMm)d A8 F4eA =
AR EL Bl B0l E A3 E o84 Ay goz
uhE el s qunl ke Aoleh AW &% AolE ¢
gk A (D8 Awka T Aol g FE Ho)a 4
(e A4y e Aol & 3k Hojrh oA
wil(weightl)-& 055709 2 AHg3lx w2(weight2)=

°H

Bin

Absolute Forward-

m Backward

I!I’l]

Threshold
(200ms average)

;

Leval L Speech

Moving
Average

Filter detector Decision
W Forward- i
%,\ s » Absolte | Rightward P

O 3 Mgt g1iz2[Eel VAD
Fig. 3 The VAD of the proposed aigorithm

858



062759 e ABaANT. wiel e WL 2576l
§48 A4S g ALY sllazEa
Zo) Qo &4 oue 2o
el e AW AAAAN S48 LA
ol AR ER 24 o2z Ee] H ol
A9 2 ge wuse e P volanEd 9

gt sholARE 709 UA Aol ol §F VADY 54
& obdsh 2o 2 4 g 9
A AR o
Age wholZRE o) Ad e g4 SE

mE o L
o
of
ook
o
a
o
lu
it

difference, (n) = ((|1F(n)l—|Bn+2)*wll— |R{n+ 1)*u2)) 1)
—{|B(n)I=|Fn+2)*wll~ [R(n+1)*w2l))

difference, (n) = (|1 F(n)l— | Bln+2)*wl|— [R(n+1)*w2)) )
—(|R(n)|=Fln+1)*wl|~ |Bn+1)*u2)))

A (DF A @29 Y A3E Y3 A3 e
o] <& MAF(moving average filter)e] ¥dog F
gz A3E MAFZ 253 HestA ¥ %ﬂ% ot
W H&7)9M VADY & zk(threshold)® H]x3}A
714 MAFE 3# F2& ol &3ty Mgt 4
£ MAF & ¥4d53 LMAF(ength of MAF)= 400£
ol g P AAA 400& A¥Hoz F5I Foloh
MAV(moving average value)= MAFZ £33 £ 3 0]
o}.

3k
o]z

)

Fkﬂ oo

8w &Y

wa[n—l]ﬂm) (3)

* (differerwes [n]— difference, [n— LMAF!)

MAV[n]=

i
)
9‘15
4]
Q

{
e
MN
ue)
_>"I_'4
i
lo
=l
rot,
£
2
N,
z

A, = o4/2log, , (Nog, N) (4)

4 B 23 EE#E Tike Aok

ALESHIL o] g AHH o A
& s,
A= AFa (5)

AL FUE EYA(Schmitt trigger)®l UTP(upper

trigger point) #}Co % o] &3t 1 A2 LTP (lower trigger

CIX|E 2HOlo|A pio|z2Z ofelo|g ol 88 &HEHMA

Trans. KIEE. Vol. 58, No. 4, APR, 2009

point) e o} &3¢t UTPS LTPY & o434 3
2" g A 2 (hysteresis) EA42 2 Hur]d FHE EF
A He st 4 Ao
\'\
¢ 5
/ \
| H
v
YAD output =0

VAD output =1

: -CL current length

| +UTP: upper trigger point
¢ «LTP: lower trigger point :
; WAD output: Output of voice activity detectm
'F ag: state ofthreshoid current

e e

£l wHe 283 4 HI9

bot

(i f

el

Fig. 4 The flowchart of decision process for speech and
noise using Schmitt trigger method

o] AHgEE ANCH R =
& 18 e EEHo BEgAEA &
He) o]HE EAE A7) HaAAM saEPA s B4

& z2te #HE EYAY U e $83td EAE d4sd
o oE A dgle] E38 AFEW MAV g&& o
43t UTP % Bt 2 g& A&384 VADY £9¢ 12
2953 flagd] #E 12 AAEY flagrh 022 A4 E 4
2o MAVE ge] UTPEL ZATH VADS &¥& 00%
2337 @k flagd] ol 12 4" g&oe= UTPY #

wrl gx9 LTPS grth 2 A$odxE VADY &3] 1
2 ZE3H EJE} flag®l Zto] 12 AAE & 002 WA
o] HE ALE LTP #RY & A5 flage] #e] 0

oz MAReIAn VADS] FAE 0o Hol Ak, BERE
He 4 (©)F 2o

1, w= A%
Tuy My M )= {17 flag=1%w > 2,9 A% (6)
0, Aelete s

859



ol =gX 58 43 20094 4%

o8 T} MAVY &= 3 #38geod, 4 ()44
w= A4 N9 flage 12 2A4Hn Y5 12 43}
AEAQ 24 FEH% P MAVY %%‘ grol mA FH
#FoHg 2 e 98 #E agE 28 B =Ed
AT o] #HE 839 ALg3r| Y e 1i 283z E +
Astvh. 13 022 FEE #2247 FLo) A4 ¢
=ogddn zhewt Este dUe PR g g4

Fgoen A&d £YNZ 03 1 #& AEsd ANCY 7}
2z 7

At due)Ee] ANCE st Fwre Fekd wlelz
BE YHANLE ol &89 F&8 AAstdd Fiad vl
olARELS H&ﬁml mEA gEEE A5 uvlME 2ozt
A=Y o] A5 AV|Ae)E ol &3t AL AAC o
g3t @%JL ANCE FH&x7 A glolM
F&erl 29 e gol EEXT SAHE FAd &9
EE EA%E AT FE4EE A W AL 9 A
39 EUdA HAD FLE 2F Foj=y: ARE YuY
A gtk ANCE LMSE $-48591 VADSY AZE wolA
449 AfolE ANCY 71EAE &4 4485 459
ALl e ANCY 7152 2A sto Z&e WA =9
HEE T35 ol¥A HFAE WA ANCE T3
A grezMd $ATTY Afde f4do] &dEE A

HAstn #FSTF0Y HSoy #HEE wol AAYEE

3z

130 7424 wn)e 989 239 Fe yin)
& Tk 4401 AN BoA'e wide e Jehum
B A'e) wja7ols 128709 M E(sample)e AEEATH

yn)=win)* B_A'(n) )
*—1 (8)e Aeol AAR ANCY 2843 eln)e Foe
ojt}, d(n)e %Ag-v Feo] FHelR Nsolu y(n)

& aﬂ;s—w e EIE-T-
e(n)=d(n)— y(n) (8)

4 @ 4 10e $4% Feol BN £AY A9
% AT W VADSY 2HAEE oEsd AEAE o
dol= s Aolth 4 @ $4TLY B9 Holrh

wln+1)= wn)* weighting1 9)

4 a0e &7 A AFA e A4
£ rdsEg wAE el

S Aotk u

win+1)=wln)+ 2*u*B_A (n)*e(n) (10)

860

49 A @ 10E A dzIAE F ANCY &8
< Jeda gk &5 BEE &

o 7}E2] dHolE Algd weighting]
Zol e BHE ALEste] JdBUt 51
78 g g7 A weightingl & 001-4 g 9
3t HET0d W FEEEE IA Fo] FEA
o] whE A WMastA sl FAFo] F AAHEE AT
Hin p 0282 dtod Agsign oA FHESES
vl 2oag SRR 45 FAE MEsHT

=

=y AL 3 o ao

4.

=

o 74

e
ks

e
o

i
rit

4.1 ddEel o o dEel 7Y

{Rightwafd

Tackward

) Im D] Noise #1 |

o8 5 HolHSMN BE e Y #F
Fig. 5 Experimental setup of speech and noise experiment

forward

oy 58 dolE £HE& A% vlolazg ogels W
o] e Hel9t speechdt H-S(noiset) LA FHE oA
el s 2tk Speech® Dummy® o)A A3l

Ftol M AES DS vlolRRE ool E F3)
HE NFE =£3t9th Dummy AL Fol9h A
Eoli= 125emelx A 9ol A% A2 Dummy$]

Img FAsY 4894 7 Dunmyd A%
g AavAge zZeE %o AR)EPI Dummy)

AAg A3AE 180°d AAFHUD vielARE o
= Dummy Ad AA3E 297 Hgoz vhojaR
& FEE AU vtolARE ofgole FAL =t
ARE A AE olg3td 2, T $SHoR FHEE
AzE ool TSI
Y 62 HolH FHE 4% 2438 AY MdxE RF
Z 9ok &23AE Dummye AW FHe HAstm
Dummy?] #of wtelaRE ofglold HAT vhg A& ¥
Az A @%3 29 Fujg A9, $4059 F
SHNZE A Ay ZEaBH AE 27 (Audiofire’)
o]-g-&f o] z}z},} 29AR Bojgo, 29AF Fate @A
3 MNEE vlolaRE owo)E Bitel ArduRz ¥E
53 A3x DAQMData acquisition)® A2l NI(National
Instruments)-9233 2E-S o] £38l9 UXE A5s 5 ¢
AgatA |k,

.EAQJX_‘A

of
I r1r

iir}méﬂéimlnm&tﬁm\m
[¢]

o



42 A N 9 A A

A AHEE S Fmof 2

TS o] &3t 10719 284 dole gz EEsty

RMS(root mean square)

A3HA whEo] FuT A Abgd FAe] g “Fu
&

rol

H o

T e SH4EEE g 2w oA
290 4% 4L 9A o Zmgsle] Ao A&Ed
ot &2 W& S (babble noise)® AT A}

(signal processing information base)olld =¥t F&S
o] £3tATHT7]. & 1€ 10719 284 ol HoF

ks 1 Aol AMBE 28E o &

Table 1 2-syllable words used in the experiment

= ol & do

1 2} 6 2171

2 T 7 29

3 Rl 8 5

4 =e] 9 S

5 ey 10 o] v}
AYALE 7F220] 20m, AEZ0e] 30m, =] 5m =7 ¢
Z7HE ol &3y HSTAL 27.1dBAY AN A APt
Ark Ao AT Ade FFUdo] e A8

Az #Ae) AlEH AHELS 2F7, ATET EH,
. 28 #AE ESIAF nEar 05
eXperienceE A& = EchoAl Audiofired
£ AHEEAT E 295 AYgAT=d A
453 §$8ZZ YL Cubase SX3%
ok AEe B AAH
o] E(shield cable)2 At NI Fuj7|e} ERS del
B AolER A4t MIAAYL ERM SLgEZEa
W o) g5t 4 A9AE APsEt. A #HE Hol
B 441KHzS HMZHT A2 © 16bite] HolHE &dE
P ko l=

A3 Z7] &AL Bruel & Kjaerrle] Al$= 4 o
El(sound level meter) “2¥] handheld analyzer type 2250&
o] g3ty &A43 Y Dummye |l HF G 2¥A7t
FgotE WEgos A= A deE AXA L A%
+& 27 67dBAY AVIE ZHste] H¥3Hh

2z H5L2 tr QEXK Fo HAXH nlo]aZFE o

i

CIX|E 2EH7|ollM olojZ22E ofzlojg ol28 F2HA

Trans. KIEE. Vol. 58, No. 4, APR, 2009

#olel DAQ &L aH AlolEg olfdty Ads)
DAQS =EES diojH AoEE © il

stk DAQ NI-9233¢14 = Az gadatel s 2mAe A
F7F 285 o AFYE o) &3t ECMe] FEHES
Hgo7 WHI2E FAslo] vlolmEESL T
AEEE  ¢gmFaUWe NIAFS SVAS(Sound  and
Vibration Assistant Software)Z °©]&3lth. SVASE A
o IEL AATteZ el AZE ¢ e $EEZZ
"ot ATY FEL A
Az dste] ANEE g5}

1=
w4

’

Z o 24bite] =719 16KHzE

£2)

R
£

Oft

gngEe Hrie Mg E4 ey AdHd Hrt
e Abgste] Hrbeloh AZE BA Bl & 7}
A oz BAEh A HA w2 FEe] AAHT
H3 B ANZEE ANEIAA ReFUAT F WAE
71E ANCY "lmsle] At dmelFol Ayt e
o AZRo o] EIEE ATt 7]E ANCE ot
olmRE F /2 Mzl o dX st 54 HoHE
o] &3l LMSE &3t F&& AAste F¥elt 4%
2 Hrp dlele F 7MA UHeR HUMSETh A WA
e Aot Al PHE o) 8ste FEE AAs A
I Fe] SNRS vlwEh F M4 WS 7€ ANC %
Hat Ak 2SS SNRIY  PESQ-MOS(perceptual

evaluation of speech quality-mean opinion score)& B3}
A THEl PESQ-MOSE 71:48¢9 #eAA @ A58 =
Fog Huwsle WEEE ARHOE FHUise ITU-TH

g7 2gdgolt A4 A5E ENEE Aga 4

Of

% T3

v vlolAR2ENA HEH AT, 7]E ANCE o] 83t
FeqA & AE, At duHFS ot FEAA A A
32 A7 nudsd duE 5o dde -053dA
458 74A 2] A7t 2EH 1 4580 AEEE FL F

g 2990

a9 72 A dxgFe FRABES BHYFL Yrt
(a) HAAML AWe wlolaAZEE Fote] dEHE S
g 29F3n gtk (bh) FTALHLE MAFY £ E B
Z3 9t} (¢) AM HAe VADY EHATE HoFn
Atk o] AFE = FEHFGS $&3t9 TEHIS 243
gz BEg B EAEE EA4E ZaAI7]l fetd
#rE 287 4¥E S43AT (o dgd AHE A
gz FHAFo|th VADY 29 A3 F Z&7F7
M= geo AUst AAFNEE Fdst9 1 VADY AT
bl 249 o) ALHEE FHHAY



Mo|tE =R X 58 47 20094 4%

Amglitude

2.8

{a) Forward input signal{sample) % 10

3 3.2 - X 3.8 4

-

¥ T T H H

=
= 0.5
£
[u]
T T T T T T X T
1 g ——— - T e Oritput of proposed algorithm
i E [ O st Output of proposed WAD
0.8 - H H H =
£ - i .
= H H H
g o s $
<C
0.5 - —
| ) | [ 1 l I3 i
2 2.2 2.4 2.6 2.8 3 2.2 3. 4 36 3.8 4
(e} VAD autput and Qutput of proposed algorithmi{samgpte] % 10%

a7 7 ojojlaz2Ee I £ AMFE
Fig. 7 The input and output signals of microphone

522 Heor g3 7| E ANCO 23 d|

Aol A

LA AAHAR i 4G HL
Ade AL daFel o

-
49 €4o] Hgol FUo= &

A dneFEF V1E ANCH vlie NLEFAs 3 & she ket
o A2FdERIRE FF 2HE B39 AAHoE HY a8 9t FAEAA ZAnE 2¥ESOYPSR HAET
Fo 19 8& 71E ANCS A% duEe 4HE w w“ 264 wolzA AAE AEAET. @ ATF
AFI gtk (@i At Y EY ARE RIFi Y HAE rlo]AREE Fio] YHHAE YHAIE B
24 yuerel ale F&ol AAY FHoH ARg ne]  Fu fzb_ 54 gastel alf el $AABTF EAE ¥
F3 U (e 71E ANCY 23 wolzy fu 4 ot (bt A FuAFE Bad FIHE Azl
Uz bl ZASo] AAE el ZAE BAFa (c)e 71€ ANCE &3} E@Jﬂfﬂx A Zojrt.
ek, Ak daelEa 71 ANCY d9%E B #F&9d bl clel FHolH& Az EHAe|E Fgor A
1 T T T T T T
rrrrrrrrrrrrr Forward input signal
———— Output of proposed algorithm(u:0.20)_ ]
0.5 ]
E fz ikt
05 -
- = 5 e P 75
{a) Prop atgori % 10%
1 T I T ‘I - T
bl l—_:~— gz?:z:do;"cpnur:\rzﬁ?;r“al algorithmu 0,20
0.8 -
£ .
=
05 b -
B g 55 35 ¥ re
(b) C ANCH % 10

ag 8 &M 2o
Fig. 8 The results of noise cancellation

862



8000
BO00 98
400

Frequency [Hz]

2000

Trans. KIEE. Vol. 58, No. 4, APR, 2009

T 2

N
N
5
N
w

() Moisy signal [sec]

8O0
BO00 S

4000 RN

Frequency [Hy)

R0

1. 1.8 1.7

1.8 2 21

(b) Dutput of proposed algarithm [ssc)

BO0O pe
GO0 S

Elnanl

Frequency Ha]

LA

i 1.5 1.6 1.7
{c) Sutput of conventional AMNC [sec]

a8 9 AHEZOHOM ZSHHe Zof
Fig. 9 The results of noise cancellation in spectrogram

Hsatm ble) 49l oiAL clud o e gl 3
go] &l s,

1.9 =2 21 22 2.3

® 28 Atd gl e 4eAA dA Fo SNRY Ao
g EoFa gtk NUIS)E AR AMEE o] &E
e AF4E vedn. Agdd ZeAA W3 9
SNR Z#e wiERS deolst Bl 47 7963

+1.3620dB$}H 3.968+0.6659dB7} &FAE itk
SA4A SNR&
6.000£1.7647dB7} T4 AT T ¢} &

&0}

A W g
Eagel A zhzh 10512+ 2.0665dB S}
Foll A} SNRo| o)
wojRTh el =

oj gt

SNR H| @ b UE olgl A URY HEgo
7] W Eoll F#olA 2l SNRe| wojrth A Hrh wole
A (1D SNRE Tate Aelth 245eld A5 s'5  A$E 107 wolE LA Bge UlY 249 UE
&4 FEol XYY AT NiSE olgste] U3 o F& & ¥U 74 294 58 e Hg4de 49 24
& F3tte SNRS =534 9. o7 olgadrt WEgge AY F EAAA N st
3 Bgol H&Hd olf e B4 58 0 F7h
( 3 571 A o)A 37]9] Bl wSEolfn AEA g 4
— = 7 2 o} = 0.t ] AL
SNR= 10log,,— ni-t . (Bl (1) = E:MW ]1 ¢ ;H:t 271%91\1;01;} ﬁuzlja A ol
N oy O, P o =
(33 (vt 82— 331577 5 xgHeld o 5g 2F7 BAHAY @l
= nt—1
3 2 Hot dng|Eg olgst MM Mo F2o SNR
Table 2 SNR before and after noise canceliation using the proposed algorithm
SNR dB N
T ] a4 )
: AeAA A ASAA F Qs 0] 7ol (=)
SRR N o -7 246+2.0500 0.718+0.6879 7.963+1.3620 10
(babble noise) =4 ~1.868+0.7483 2.100+0.1350 3.968+0.6659 3
A3} YEILS ol ~10.137+1.75% 0.375+0.9721 10512+2.0665 9
(car interior noise) 24 -3.848+1.9773 2.152+0.2056 6.000+1.7647 4

CIXE 23H2|ofiM oloj22ZE ool & o235 FH2HA

=

863



Toies=8X 583 45 20094 4%

532 7| & ANC% ¢t 22| &2 SNR

E 32 7)€ ANCe Agt gdx2Ed SNRE Hlas 7
FHolt}, vl EFHSAA Gl EAL 747 3750+1.8754dBSt
1.389+0.6946dB7} 7]& ANCHT} SNRo] 4=} 1%
2 WEFHE AAdAE dolet EFA 7t 2675
+1.3374dB¢} 1.5930+0.7965dB7} 7]& ANCEt} SNRo] &
FHATE FoA N& 58502 dolgt £39 M52 1}
e},

533 Mot 2T2AFS 018 HSHMA M3} Fof
PESQ-MOS #H=T

B 4+ PESQ-MOSE E3td A dnalFZy #eA4A
A3 %9 PESQ-MOS #A4+E 5t A dngs
< o] &3t F&AA A FE uAAEE EFLY @
ool e 01722+0.08614 0] FAHUZ EAAME= 0,083
20.04177d ¢] FAEHAT AFR WEZL] v E @
ojol A 02661£0.0335%8 ] FAHAYL FEFZAME 0.040
+0.02014 o] 4= e},

x 3 7I& ANCet Mot 2mz|E2 SNR

534 7| & ANCZ ot 22| E2° PESQ-MOS &%

E 5& 7]€ ANC 93 A¢ ¢udEFE PESQ-MOS
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Table 3 SNR of the conventional ANC and the proposed algorithm

SNR dB

=5 77 Conventional ANC9J Proposed ANCY , o

SNR 4 SNR -S4 Conve
LR ie= o] 4212+2.2431 7.963+1.3620 3750+1.8754 10
(babble noise) B 257905870 3.968+0.6659 1.389+0.6946 3
AR WS wol 7.837+1.3133 10512+2.0665 2.675+1.3374 9
(car interior noise) 3 440713199 6.000£1.7647 1.5930+0.7965 4

# 4 Mg ¢12(ES 0|83 HeHA MBI o PESQ-MOS H$

Table 4 PESQ-MOS score before and after noise cancellation using the proposed algorithm

PESQ-MOS(-05~45%)

. Before ANC Proposed ANC
R ol 1.693+0.2312 1.865+0.2777 0.1722+0.0861 10
(babble noise) =% 1.080+0.5798 116305140 0.083+0.0417 3
Ag Yrge ol 1.86520.0968 1.932+0.2274 0.266120.0335 9
(car interior noise) =7 0.971+0.4565 1.011+0.4873 0.040+0.0201 4

E:3 5 7|Z ANC®t Mgt 2DE[ &2l PESQ-MOS A%

Table 5 PESQ-MOS score of the conventional ANC and the proposed algorithm

Conventional ANC :

posed ANC

HEgE

ol 1.732+0.2882 1.865+0.2777 0.133£0.0666 10

(babble noise) =3 1.320+0.4940 1.163+0.5140 -0.157+0.0785 3
A5A S ol 1.976+0.1131 1.932+0.2274 0.222+0.1108 9
(car interior noise) 24 1.138+0.5532 1.011+0.4873 -0.127+0.0633 4
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