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Design for Crowd Noise Reduction System

Using DSI and Spectral Subtraction.
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*Computer Science of Engineering , Hankuk University of Foreign Studies

2 of
TF e (crowd noise)°] dyste F30M 54 T 2 A I4 e B Hels 49 H#E
Loy vpdg3 AL (colored noise)o] B7tso] U} SAo] IEcr). o]g} Fo] AT

¥ &4 d5e
A TEREY 24
Aoz FFHFUL

&3 A8 &
A 4 2e 28

7131‘?-—_} Hols FFFEE AAGE
£ 4%z, 2 AHE o859
Aergict, Aotd mdo
98& AAsI, DSI(Digital Speech Interpolation)E o} £3le IR I

Aol e Fgdik, & =EdAE A
4 Az A 2
Ak GGAA vt 5
A& oy F

g5 GGl E o] AFTRE FFo 2 5o o5 ol &3 ~HAEH 237 (spectral subtraction)

o2 &4 Az §71d 2F AL A

1L M8
2 &£ggol Uy wE £F A7F ol BE
Agol molt Tl $4 B3 2 %A A4E @

Hols ZF A S(crowd noise)o] 4 AZo| FItH
o Az7t AZAh ol Fo| AFH FA AEE
44 B3 7 e F2E& AsAZIA E
2 “?J_ F4e feMEe A3 S Az 2
Z3eL AAsE 47210] WEAl et AF7A
=4 *JE*’R 718 ZEg AAs) 4% 97 5
*a‘°l FRE AeA 7 %‘)ﬂ g A7 F7 A

FEE 48 T QA7 &

g% e ¥ UE AT} dypoln 1ey
FEUee e ¥§ une vad 98 Huo]
o} F5h50 S4L FESb oA B B @
TAAE EERe0 Ldds 384 2TE

54§ $4ste, 3 2

A%
FeHs AAE 7 U
24 A4E 98 HAA 2

So oo AQen, AL B4 Hused 5
o) ¥7HE HES A4t} o7

703

AAsE F3e Add,

A AzE JBFHoOE  FA S(voiced), FAHS
(unvoiced) ¥ R S (silence) T E FAHoJAL}, 9
T 2A 3% S8 UAE 74 2 FA Fdoith
14§} T3 Ao FET AA B3 A
0% 50%5 A3 cta g} o] F o] &%
Bl o] DSI(Digital Speech Interpolation)©]t}.[1] DSI &
AsAde] EEF "}%° 43 PPor duatg

(zero—crossing rate) 5 g BHA J|ES AR
A & 61"" ol gdte] AFFUHS HAESIH o
FES AAlstY dEF 58E& FolT Hiolth g
% DSI W& %% AAs= 1A SNR(Signal-
to-Noise Rano)ol 2 Afo AT = ) AAze
22 AYT F dve F1E& }X]-T’— Ao, 85
T3] Fote "%°ﬂ g Helsgo glve i
£ 7H 3 Utk B dFoMEe %%‘l‘go] ot A
I°ﬂ/‘1 o] &} €° AT 28 253 FRe=z 7

& o2 DsI WL oj&ste] TERTL oW A
EH01 AFFLE ol &3t &4 Fo] 2HEFY
i}%“%](spectral subtraction)S A8 g} AHEH 27

W& H]A3 A4 (nonstationarity), 48 3-&(colored noise)
91 AA Pgog gdg soln e wWyolthp) B

EEAME TEESY S 7Idslg 2" EY 3}



M 18 8 staXS Heists] = stay

LHUE =2F

B HM9A HM235 (2002.11)

T T Atgol Eo AAstE
F22X 4ABF Aol %—ﬁ%#zrl 54¢ A5
olfth Atgol 2 £ & FW 8%, AEEY o
B, Y, F94% Tl E}E} ZF e 54
A FAT oj@ T Foolx A <A
TXE RS ¥ 9&5} Ao Algto] F4E viol
g 539 5% AL viojZd A—GHE A1gd
4L 79 FerYg ¥ i° AUAE A Aot 2
oM F9o} FE& EY vlo]aE FEY 550 HA
g, ?-J_BWC’E 7WE Aol &8 %* ol g &
AT 2/ Uit BF TEASL We FAE o
Qo A7 BX Hol ik (29 11& 23 F
HYHY Ege RAED g& 4
g ZUotE N HR et o iH’J Azt
et

N

10 ez i

[EENE:

AZAA RE vish 2ol of
ARA AA gl At AL &
A AR FALSH s
% ERE ad, A7 Lo 2

YAE e

< 7}31‘? 3}7‘]
TE= Ao nAy
st AEETE Ut Hod, da X
2, A5 e ‘3]’\5]' TZ2E ZAW vxzg A5
2t e Boe W F95 o Y(frequency domain)©ll
Ax A7 REEHA Aok A5 S 2kHz 9
gtol oyt AFHA BFEIY(] =g TFFE
2 o8 A ZEol HFHA de FLolnt. TFEX

5 ol HelM dF B 4, A7 &9
9 #39 &, T2 99 7)7dA "’“36}“ e
7 2e gd3oiy "P‘“Ol xgd 5 Ao 97|

A AER FEH FEE F Q= AP 2 AoluS
22 % Aok ABA ¥ A% ABA doloe
MRd MY Fdelng Anse, HBLAE ol9
o 9% ee sk 47 Wl

wgol d7ta

{29 2] &% S 29EH

704

(28 215 #3TSol d7te 24 Aol AL
gt Q)Fo] it ARFA drAYgucirolth
(¥ 2104 EE b Zo] FEFaH ST TL
Fd3] abojrt dok. ST AR 2kHz 0§}
BE 2 ouxrt EXH Jed  $ Uk
[298 2191 & A9 ¥(time domain) A Z % ?{J'”ﬂ B4
F1 Ped, A998 AE =3 24 Az pERG
F2 uAE AT e AE E F Utk

3. 2EES HAH A2Y

2FES AAE A% Axd9 FHe (19 3%
2tk the N=gelA Mg dolHE 1024 A9
BEZ )27 $4 ZAYL olg B

1% %4 Time Domain}

-I es, DEE AR ]»l

DSl AHg j

(29 3] Al 74

E A2ee g2 AEAA A28 g9 33 3
7o AEFH FAHS Fdol AA"H 44359
FFT(Fast Fourier Transform) #3-& Z-o] —r?%’t}_l:} a
27) HalA ARF Zlol Alg el DSI & AME

$9 4% T4 ARHD, T A} FHS

|

Fzho] AAY 43 e WETG F4& FIE It
¥ 3% BEL FFY F dod, BT 34 AL
248 770) AAD Aol 2MEY Aol Al

$9 %% BFL VEF & Aok DS Aol BUW
of 279 BHL Wiz AYH|A} L B
o $4E £ $713% drk

31 vtdE, HAE AA

TEFE 54 Fo vbEE # fESel EAT
o g Fgo) xgg °“°l PHEHAS 9 A9
otg 2 BdgS vE AAGC oRg,
Jgeol A= Si]z] tﬂsz]—a(PD: Pitch Different)Z 7)
Asto] AAG FH ()M T, & F714E Lopr
71 9% A7 G BEFE FRE | ARARE A W
A W3 Atole] zkAQ =77} Hn T, & AW ¥
3RH gg :42 Alolo] z+A o] Hr} PD 7} 5 o] 3}o)
Ao FEHR), vlEE, I8 HFst
W3 Hio o(,t 0 A Atolg] oA 0 o2

rr 2



=28 MOH W25 (2002.11)

Hho) A @,
PD =T, - Ty ¢))
32DSI 9 AMS

28 4& =T/ 2
8 Axne Bch (29 117 ¥2Yy

FEe FEE ABTE AAE AL
L L
+ +m + + 10442
+ + + + [
4+ P + 6 k2
. +_ 4 kHz
i@ 2w

w4
P 23

(19 4] 22Ae0] 28 249 DSI A

(1Y 5]= DSI & A#sr7] A9 A9 oA A
EEHE )T AT BAE nAECS BE
g oo wjud Ferr 2 GUAE e A3
£ ojn g BAAA AAGGenE AFdF e H
Apeak)S AEst WAL ol I e ZE
Z ddlo]e @t} o A3 gol gAgRT ZA
sl g eFtos wday, dA A3%E A
Agth AT AZe ARG & 339
#FZ 0 Fo|t}h o] gL A2 FEAAA FAH
W3 AR AL fart 23sE oA AEF
o2 AZET, A AETFR ENA ASH
Zol AZgo YW A3 e JeolE szt
o} 27 A% SA4Y9E AL 1 29 HAgol A
Zol F Wz I Adagel 27 1 2 ¢ §
ge Fgolgtn T[] AEAMY YA
8bit, 22kHz 4@ PES ol fatdd AY UL HS
Bgg 2 ool AAd ¥ ar 54
#8912 & dXNgRenz AHHAL

i e \

—
PLEE]

#E3Y

(39 5 357054 #9870
33 AR 3¢ £ FS HE Y

A%7Y, F YLTUL LI, FFT £
st The) BB AFE 29 AFFE BEH
@ wEel AEe FodA A3 At 2 9 A
B4 wae) AFol Y7ol Mol ¥k 2 F
ASTFRE FFT R8sk Fe BFe AYT o
£ olgatcl vk BaASol AAY 4He Fsol

9
of

705

o

THY S48 FFT U8 o) =M=y 333

34 29EY ARYY A

B A2"e 27] 2de §A4g0l AFH AEE
o AFHo] 9lgd Aotste I AME|(Low Pass
Filte)E AHg3tiou ZHa2gEE A4 3¢
459 nFy ARAA A B2 39 $Y
S 7 F Ao R 2HdEY AFPHE I
9 ade HiHse wioz FH FEgd I
49 &4 2dEeYM & AAEYY AVPE
%e AAsE Wolth3] ~HEY APHE AHE
A} HA4E aFgAEel BR AAHE HSE
WA & F glerg 2SHYHEHE ARAE AR
o} A9 F4L 7 F Ak AHMEY ARHE
A F de 2AL AAZ WAFSY 2HEY
PSS vy ¢x gAY, FEe 2HEYE FH5
7o) 28T AE T 300ms)7t FolAk Frh
Tz ARee H4g REFHow AT B4
£ JtAek e, BAHEX ] M3 Wsle #H
e Aol EAstE FIH FHLwo] EAse
FHE A& & 5 Jojok gt} vpEE, HE Lol Al
Ad 2 ol A4 gol ~dEYL FA57|0
S8 22 1 AIZEE JHA 3 lemg W
wEEe, L7} e AE F F dE
Nx"e A3 glenz FAA 23 B
29 EH 224 4T & Yo 7
SANB@NY B oW, e
245 4 2% Zol vEd 7

[o]
b4
pd

Mo
=2
o dlo

BN
3
Lot o B o
1,

s i
e o
o

>

S

> 32 uo oo rek [ 3 ofy
R 2 fol

() = 5(k) + (k) ®

de

A58 FFT 8t $4 3)& 7
X(@™) = 5™+ NE™) ®
A AE xEMAIA SHNE fle A% T
dolel & &3t Fee) Y7 THh

M
SN, )]

1
B(w) = — 4
M 4 4

AA AE XN FERTE TS Aol A
AR A AFZE FIr},
Se™y=[ X (™) |-u™) e’

") ®)

35FFT 9¥d, 24 &9
2HEF zgwe] ¢EHE olAL FFT P s}
o &A4E& &8 24 £ ?

dd A& Aok
4. A



H 183 st=2MHHRSE FAHSEE

@0

el =28 MI9H H23 (2002.11)

Age 2 2" A3gd 28 $49 32
S 10 59 HHAZS A S E MOS(Mean Opinion
Score)E F7A 8520, SNR 9 W3 we % T
Zxo]e 5 B M ERELEE 0 A HHE
AR 5@tk 2z e 10 B A
MOS Fx¢ H#Fgko|th

SNR &4 &4 4 %
10dB ©}sh 2 1.6
10~50 dB 32 4
50dB °©}*} 5 4.7

(£ 1JSNRO] & 23 MOS o &3A

(£ 10149 &4 82 %3L DSI & AH8E o
Yo & A VYO, FSFH ) AR
MsE AiAE A W, Hd Py v
AR AAHE e dnach ¢4 #5e ol
AAY £48 B3 849 9vE Lok B % 4
£2)e] o Rolth SNR o] 10dB 93t & Aol
slol2sh 30em ol WolA g ARG Afoln

SNR 10~50 dB ¥ 5-30cm & 713101]*1 25 F3x0]
o}, 3k 50 dB oA FE FAAA 0}013011 Scm
ojgtz A 4L 5P E el FRlolth

FERe 543 o8 Azl
A A BAE AT AT PELEE o
g, agol THE NAAY F4 FSolch 23
e 9 7b Fee0) ¥ F4L A x 3
. AAHezE AFA LA vEsA AF v
o]

2 ge dUAE A3 Ak HAW ohS,
ddge Tge AFA Fed TEHE FAHolt
% AgolA nEe, A BEFE A4
ANATREE 18 I WHE AU A3
Ggold AUAZ 002 vPE P AA 39
G. £ A9 4FelA ohdg, Hdgel AAD F A

gdoae] Fe duAE FAHSTFIRED 172 o3
3 EolZ 7Rt oyl @<HEd DSI £ Algst
). DSI #F-& 9 F YAFRS o1 gstad FAHS A
FA, & A5 7209 F5HL HE S IAF T
o] AHATHA, o2 ol st ¥ HE S TR
on, o= ~*3A1§°M 4%’&83 AAs 7] Y
2ME7 Yo ALEEH AT, T B AP E
Aoy A4 DSI AL A- FEFIH] AAE
2329 FFT #3L A9 339, & Fgol &
2549 o] ¥ #A4L& 73 oAt DSI 7t 45
Tzho 238 A AEe s BV

AHEH ARy os BagFozH }—ti &—% =1
AL F Ut oo AFAAE *F FFE
Yzt 04317}1 g 8 94Ut sf_?}% 2843
of A& AHF AA 7l“° e AlAEo A

H

|

"
o tlo

o
-

UO

\
=

= o
)

do

706

. [6] 17]‘3&, 7-_,]_2,_, H]-og;g- u;d-o 1\1

Zasrt.

3o 2@

Ho

] TEE AT FHE RS FHE A
S AZ7)o #F A, Inst. of Engin. Journal, 7 7] tH

E}.Tﬂ. Vol. 10, 1994.

21 AAF, wiAaA, “usd 4EE ol 8E

o BAAE 4% M7, AATIEA, 20,1, 1999.

(3] L4, “ 24do] FEAE" , FFZYAL ISBN

89-7283-056-9, 1998.

[4] Ann M. Rollins, “Speech Recognition and Manner of

Speaking in Noise and in Quiet”, CHI '85 PROCEEDING

April,, 1985.

54

5] &8, AAY, Aq FASHE 088 TR
YN gAY BY A7, FAostE 24]

£ATA =23 A6B.,199.

Azl Mt
FEZAA", dFdsta =73 xﬂ 14 9., 1999.

(71 29L, 3inte, <2 FAoM e SA4UAHE
e AAE W A7, FAdigtn =FY A2 2
.

(BIEEE, ojdy, “FS @7l SA4A4, &3
AR EdF 2 LL{] 33 25,1997

9] 89S, 2P, AP AANANY FAHAYE
Ao Aevur, FAdgn =33 A 37 H.

)
09‘«

A



