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A MICROPHONE ARRAY STRUCTURE AND METHOD FOR NOISE REDUCTION AND
ENHANCING SPEECH
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The present invention provides a microphone array structure and method for noise reduction and
enhancing speech, which uses at least two microphones to receive microphone signals comprising noise
signal and speech signal. The microphone signals are transformed into frequency domain by fast Fourier
transform (FFT). Calculate the angle of noise signal and speech signal, and select phase difference estimation
algorithm, noise reduction algorithm or both according to the angle. If phase difference estimation algorithm
is selected, the phase difference between microphone signals is calculated to get the time-frequency domain
mask signal. The mask signal then multiplied with the average of microphone signals to get the speech signal

and remove noise signal, and enhance the speech quality.
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microphone array structure and method for noise reduction and enhancing

speech
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The present invention provides a microphone array structure and method
for noise reduction and enhancing speech, which uses at least two microphones
to receive microphone signals comprising noise signal and speech signal. The
microphone signals are transformed into frequency domain by fast Fourier
transform (FFT). Calculate the angle of noise signal and speech signal, and
select phase difference estimation algorithm, noise reduction algorithm or both
according to the angle. If phase difference estimation algorithm is selected, the
phase difference between microphone signals is calculated to get the
time-frequency domain mask signal. The mask signal then multiplied with the
average of microphone signals to get the speech signal and remove noise signal,
and enhance the speech quality.



1412023

W EERERE -
(M) AEHARABLEE (1) B -
(D)AKEBZ AHAREERSA -

10 EHFR 12 &R

14~ 14 £ 58 16~ 16" M E@iniEia
18 R¥Eia 20 A EtHEHia

22 RETHEHEA 24 RS REA

26 RMRGIEHRERMGE
28 A#EEynEsa

EAREHCSLXE FHTREBETEABBMHEEK



1412023

73~ AR -
[ # A B 2 4 piT AR ]

AEAGAEM—EERA LR R BHARE—ETHRRE
ANEETLEZ SRR RBR LTk -

CXIET D

B ALRERELTRRZARXTHAHERERERE - FHREZH
of X B AL E KRk A R $ A A R R A (beam forming )

Py LR FRAEAF T ORZIALALS  HARNMBRERS MR AL
MERKETRE  HF EFORTIBRAKR  EREL LAY ALK
RHEER FERABARRE -

BAANENKZ—RERNZAHERANBRLTHREERSEAAR
BEWMALRA  AHERBHARAGERER Lottt EHERFEE
KA EEHARSGLLRAT  #NRBARATA—KAE - B8
AEABRAL  BREBATEHLHAESRE WA LR 6 F4 AR

@ HEELEEARETHRATARGHRRELAREBERA -

Rt ABHAERE—BTHRREANESET RIS RARTIR
BALFE  BETRRIBELEAELTLY > ANRELMZFME £
BEERAEHY XFFLNT -

[#AnE]

AFHAZIEEMARBR—BTHRELTANEETREZS AR
FIRMAR LT R RpRMEREERRT B ERREN R % &
HHBEETRREZAALERARAEREZKRN  BERATAZHER



1412023

FEUFERETE -

ARALS - BOERBHTHRRE L WiEE 2 H 2P ARR
FlEBRL ik RAHA AWM LEFRRA RN ZME
FEEBAEZETRESYTHIRFANETRE

Btz By ABARB—BTHRRTAHEZIRETZISR
REFIEH GEEVSLR 2V Ry ERase - —RER
s —fa g EEe s —BRERNBEARR—RBRE L ERREE N
B EPLALRBURAFRETMBERETMRZED 4 LRMKE > R
BT RSB AR AL RRREREARE RESA AT T TARE
Pk E KRBT MKZ A BRFL R AREFEAAL LRI EERS
BEAEA - REH Bk R OPEA AR EA A F S LRRK
ZHMERFMESME  ERERARAZRAMYRZ TR ZRER

D R4S R AR HE L AR A — R ROK R AF B — B EGRIE 0 BB
Mk T b4 F BRI X 3 MG 4 LR P 2B E Mk 0 R G
T B hod 00535 E MR A R IR A TR o

ABARRB BT HR BT ANEELTSH IS ARRT Tk
BTHSH BREVALAREK > EHHAHRA -G ¥ Hasa
WERES HELLRARKTELTRRARTNRI LA » BRE LR
AEEE RS LR BRSO BBGR  REH SRR _E S OHEA
HHBAMK P 2 REMEEL  HELLRMBEIAAME » RE— SR
~EMME AR —EA NS EREHERR R A TR LK
2 — A R — B ECE R RRMER B — B ECRIE 0 BA LR T



1412023

MBI R A LBRRK T ZHETME 0 RAMETRRAA —
R G L E#KRER B OB EHEREL -

BETEGAEBRTHRAENRA  §ELEHHARETAZBE - LA
B BEHREAMERZAK °
[ErHF K]

ABARM B THRRTANBELTR TS AR RBRELS
ko AR AR LR 2 M e i VR A A L RR IR B MR A R B2

@ I HmRE RMEBERL -

$4E% 1B RAAERERRTANEETLE XIS ARARIIR
B BHEV_LALEA 1414 2Y R EGBRLaE 16167~ —
EIEM 4 18 —fE £ EE A 20 —REH A EA 22 —BELARE
2 — R AT ERIRE R oE A 26 AR — A HE TR A28 LT
BEE 10 RREIR 12 2 BEEE N % SR 14 1OBKFFEH %
TR RS T MK Z A L AN - R I ERHRBE 16 16 A RS

@ schumEEES: AEAE 18 AN ELLRNSE T REMRREE

I kA AT 0 BRI AREE A E R ARG BRER R
R FOMER AL e 20 FALARKZARER
ML SRERRZI KA R TS L REME > B
AR 40 24 R 45 BB A A — B R RIA3 B — B RORUR 0 AR ECRIRR B
% R Z T 3 4 B A JL BRI P 2 HAREE R E R 22 AR
%34 %3% (noise reduction) #§4 LB ¥ R & MK AR + RrRM
I Aol 26 B BB BT MIE AR BB AR A HEBITAR

5



1412023

B 28 AW R RS L E R Rmiia 26 A H BTN

AEAMRETER R ANEETLEZLARARI AL 2 B
ZHEBAT A5 % S10 F 0 RE MK AE T MIRE b £ AL
42;399 % (Hamming window) Folrig x4 (FFT) 28 E& £
=B H R Pk DA Pyk i F X(1) ~ Q)FFF ¢

R(k1)=X (kJ)ﬁN,- (k.7) )

vV
B (k)= X (k,1)+ Y e “IN, (k,1) )

i=

EPEDRES KEEE 5 1AEE X AREETNE  NARKE (B8R
EiB o P, R m ARSI RN R Z IR 0 o=2nk/N s 0SK<N/2-1> N & ik
B ERBZ KR -

BEAESESI2 ¥ E RS FERE P(RDR PybD) T RERITA
EEMEZ kA FHETRAEETRZMALA  REFEABMER
kB oBRARRETHEE  FTH_FSH®ER -

EFESIA PHMAART SO £F A SR S16 3 HRENRRE
sz Aaqn £ R B e5R] £ (interaural time difference, ITD) Z 44 °

— @ BRSEMRASLREN Y AAFMBMES 0 X
FerReyRE B A kDR EFLFMeER £ FRSMEPFERARA
B o %% — B bin(k )R & — & 3% FHA L8 R EX() ~ TRt
R ORICR

P (k1) = N, (k;.1,) 3)



1412023

B (kpt, ) e "N, (k. 1,) @
R E RSN ETE bt E@s LRARKZ MeiamE mids o o TFX

()
1

o

|d,, (kj,lj)l ~ mrin|4P, (k1) - 2B, (k;, L) - 27rr| (5)

]

BAETRASE SI8 PERARAP TRy £ 2@ (ITD
threshold) » B sbf A2 BA 55 S16 P ERMEU F A MAE X % 4FIA
FAWEFE(GSS) REFHELBERAMREMME t- BRZX—RIE (X

, ® fela, ()N RBZH AR E —K/ME » £[a, DJNEREKE cfo d > L thde
T RO
ca_3-+5
a 2 (9)

Hbdhcliab BB ey ages o i flo)f f(d)ey Ko % flc)<f(d) > &)
e F e slad] ) FRIZACH RAEMNEEANBR -5 HRIb
BARIPREEZ A é#ﬁkﬁ%%&#ﬂ%@ﬁ]ﬁfﬁ » HRENB TR XA

@ sob S M (OE[DIE MR ME - RIEABIER > B fX)
T Xy B 0 HAR TN

1
f(x)zf(xm)+§f"(xm)(x—xm)2 (10)
A EL f(xXn) * BB R A PETES > BiarX(10)TET2
4o F X (11) ¢
1

S () (=) <2l f () 1)

Hb e A 107 - FRETRAE  HRREALBETLEMA RS Lo



1412023

FhPaBa S THIRAH AR TX(2):
1=-0.0000566°+0.01086-0.0575 (12)
He 0 A4BTMBRARTMEZIMORA LELOAHES T TUEL

BREGMKARENZTLA
FERAEX TS EGMMER XA H SI8 PARERBEER

( binary mask principle) & TF X, (6)4& 3 i 4 5 BUIRIE X 28 BOARER -

B(kj,lj)={

£b A FMER AL T/ MR TR R AL BEZRE TR -

1, if

d, (k1)<

0.01, otherwise ©)

BB ETME Sh)TEG B2 HBREZ P34 P (k1) BB AE
Bkj )k miF » o FX(AETFXE®):

Bl)=t{R(D+R(ED} )

S (k1) = B(k.1)P (k1) (8)

E5H SI18 B S MR AR T MR dx % » F R S22 LA FRZE
FMEHFLBRBEM s F4gik (IFFT) RELmpik (OLA) R AH
ARG 0 &k 0 5 S24 & &35 &y (Automatic Speech Recognition,
ASR) ## i 2 B BT HE -

AT SI4 P HET kA B O R A S S20 + A A RE &% (noise
reduction) £ A FLEAMME P 2 RF MK > MRYFEMK > HE S A S22
WHREBRZETARALBRERE I EGIER T B8 ik RE A FER
i KR TERS24 A HE TR E H B MR BT -

SEMME > AFARBZITHBREALEEZEST 4 ARHETE



1412023

HMEREF®: BaHEEERREZIRARTAS AT REERTHE
+k o ZERALERESEMMEFREL S ABMEREETRERMLES
HrMEMME  RAESBARSRERAZHRARSERBER -
gl LAl o EAABAIRET RS ME 0 BIFARREKREH
FHZEE S ARAFAYFEEAMEZBEREFAMHZIHEEL
HAs4h 0 R AENRFAZTFINEERN -
[EXf§ERA]
Q@ 5 EARBATHRRLTAHEELLEISLARIIRHEZIAE -
B2BAABATHRREANEETREX L ARRII T EZAER -
X FRF LA ED
10 EZEHR
12 %ER
1414 £ 58,
16 ~ 16" @ r Faisiia
Q@ 5 ampam
20 AafwEtEAia
22 REHEHA
24 RELRAESR
26 R ERRERmiia
28 BEEAEse |



1412023

~ FHEAE

TR A EET TSR R

“AHER BUASARETRERELTNKZED =4 T BGRRE
b e BUEAARMRARE AT
—kEHE HESEALRRE PRI MRAEERKI A &®
A B — A 2RI AR REAER  —RE Wik
—HAHER

—jam E A HERESLRNK L — A E R —F R R £
TREFAFZZRAFHBZZEMEREPREZ —HE

—RESREE  RESGHAER -BROERIFE - RGRIR - B RE

MR S AL ARG Z MG R RES LR T ZE
B A

— R AR E R 0 RS TR G AR RS A R

PR EAHEEE 1 BRI TER RS AREET LTS AR

i B AMEGAH A —H AR E -

Lk EEHEES 1 BRI THR R AN TS TS AR

M Lol —REHERE  RAAAESNEIREHEHATRA
REHEE -

WP HEMKEAE | AR THR R AHMEE LT ST IS ARART]
i AP BAAmEHES AN RAAANEHES AN ERGTR
B8R £

PR EABEE Y 3 EAEZTER R T AR EETST S ARAMRT]

10



1412023

EHATRRtAEdeaaaizt AR ar R R R ERE-

6. WwHEHEANBEAY 1 BEAEZTHRRETAMEETETRLT IS ARARET
B R URMAIEEE B A O RR R L ERER ERBIE-

7. o EHERE | BAEZTHERRTAMEETRE X4 ARART]
E AP RETARONZEL LRI LA ZHMEREAT -

8. WwWHEAMBEAE | AL THRRE A EELT ST 245 ARRS]
B POE—BHELIHEEAS  BRIRBRREIEZBRE B

PY 2 MBI 0 RBATE T -

9. —HTHMBRRTAMEEBTLEZLALARI T X ARETHIH
BUEDP A FZRRE EoNAA—hR AL ERIBB AR ZHEE
HEZELARMBRTETRBRARINRZI— & A BREZAAE

BER— A2 REREASBERAER - — R EHERR=FEHERA
AL E S SRR T LR E MR ER 0 ARGHELMR AR
BEEETRRAR - KRR AL ERBREE oA 2RSS -
@ Ow¥HIAHRDEIAMLXTHRRT AN EBE R TS UEART]
Fk o AP ZRBRELEGRE R At ARBRELRBHUAR
R KR ARBZHE T MREA — B EGRIR -

NP EHLEE O FAAMEZTHR ST A EETSE IS LART
Fiko RE AR R AR AR AR ARESEA B0 TSR
FEZELLRAMBZAAME  RE—FRE —FRFRE
FA—EA A HNEEREHERR IR A AT 2REZ—

ME s AR

11



1412023

R — B ACE R RS R B ECGRIR B E A AR TR
R IR AR RAF B R E A LRI T B E IR

Riod s EAHEEAE 11 BREZTHRETAREELTLEZL AR
FlFk R RBEETRARANZELALBRZENFE > ZHEFHES
;g; o

BooPEAHARERE 9 BMEZTHR RS AHEETIE 4 LART]
Fik o RV SAALTHERASRETEEEBRELLARR T RE
WERA R

Mo dFEAREAE 11 BREZTHRETAMEELIRTZIAAAR
FlFk RPREL AR ELGERELRBANEERL LIS
Bz — HBERPAFZEERBS ) LEHEERBRILBAIHME
25 EUBRLARALASE ) BREZEARBARIBMEL KD
e

150 W HEAKEAE 14 BREZTHRRTAHEZTTLEILLAR
P\ Hik AP SMATHAZR MIBREHERREF

16 P HEAKEE 11 AAEZTHRELAMEETLTISLEAR
5k R MR A NN A - FRALRRRASELE T

7o HEHERE || BREZTHRETANEET LTS LAR
F Kk EOARAA—AHETHAEMABUZRRREIERLER
ol Ay 2 HE L ABATE ST -

12



1412023

A~ B

-

91

i

ith-ia73 1
H¥TEFEH

9Z 82
B Yol Bt | BB
¥THEHY | BeesH
44
B 81
FHEY
BEEY
wmE | | BEHie
ey ar | Z T By
vT

0?

L:h1312 ]
¥TEFEW

K)

91




1412023

0TS
RN

e . @
mmmmm
\M\.va
VT AP PN 3
1 [4A
T p .
A _
I
W g e p\wm,
A R TN B T
1 91S
WEEEBY A T S D
B RUPHE YR CFT W B H W Bt e
¥ L0=HE3¥ g
S pIs

b

YW EHINYT WU EY

L\ﬁm
Y TYRRERYELRLIBWEYIE L

OIS
S



