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Abstract In a distant environment, channel distortion may drastically degrade speech recognition performances.
In this paper, we propose a robust distant speech recognition by combining multiple microphone-array process-
ing with position dependent Cepstral Mean Normalization (CMN). In this paper, the maximum voting method
(that is, Voting method) or the maximum summation likelihood (that is, Mazimum-summation-likelihood method)
of whole channels were used to obtain the final result. Furthermore, we combined the delay-and-sum beamform-
ing with Voting method or Mazimum-summation-likelihood method, which was called multiple microphone-array
processing. Before multiple microphone-array processing, the system compensated the input features by proposed
position dependent CMN and performed speech recognition for each channel. We conducted our experiments in both
simulated and real environments. The proposed combinational method improved the 100 isolated word recognition
performance remarkably in both situations. We achieved 3.2% improvement (50.0% relative error reduction rate)
than the delay-and-sum beamforming with conventional CMN in a real environment.

Key words distant speech recognition, position dependent CMN, multiple microphone processing, microphone
array
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HERTERL 47074+ L FHEOEED Im~2m Ic
BBHLRESBHEEIET TS (6] TNEEBUHEEERT
DFERIEEREL NL—— YV TBEDIAR Y FTHHEVR
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HHIET 285 THRIEMRFE L LT, CMN (Cepstral Mean
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BRTE30IC, BESZBLDOVATFLILEDhTWVWS, LY
L, —#7% CMN T, BT 2EHDOANDKT Liic
WIE/ST A— R EHET B 120, HBERIRE E TR (7).
BERIREIBYDZRER T )L TV XL ARAS & A1T U TR0
e 5NBH, —RIL CMN 2419 5 L XTI UBEA
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HT B BRAI 0T+ VK BITBHERICK > TRHHER
HICRREL, REGEOHFELEROBRL LTRIRT S %
B/, 3 LARETA /074 i KB BELE R E—HEE
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UTUAIR &S THRT A —LIZEREE, ~//074+>
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BERIEMRT 3. #oT, BHORA 70747 LA LRR
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FEOTVPEDEZMET 57 TA M5 LHYERIE (Cepstral
Mean Normalization : CMN) [7] (&5 TXhREV R mERHEE
BULFED—DTH B, TOHRBRGEF v v 3V EEFEH
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IKBWTTAMREIE FL—ZV TR L OmEtfE xR K
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C.=C,— AC (t=0,..,T) (3)

LHIEEH B,
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1 if (W= WR)
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LA RD B T LIC X DBRNCHAIL TV Tz, KEDIED
60cm DEBLHDEETEFMBLZEEREET 200
BETHBDT11][12], ARRTIE, RIEIBICHIET 2K

B3 KRETILIF—IVEE (REE)
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FAMF—RIEHEILA - MTFBET — 2 X—AD 20 FED
RIERAV, REABIIBES 200 BOANIHETSHD, &
10 100 HEEZ T AP F—2 L UTHAL, DD 100 BB
R (7) KBI BT TA LS L Cposition BHET BIDIE
AL, INTORFEISEKFEOHFMIBICBVTAL—A—
MEBETBTLICEDBMUBICBVTRELILRELYI2
L— Ul 7Y VA 12kHz THB. 7L—LE
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SBE7F)LE LTHERALUR. SREOHANSHIE SIS EITIIZ
EOERTIERDHED 4 BETH S, HMM D37 A—X 3,
ATR HEEZERE T+ A b 503 XD 8 FHIC K BHHLTERE
XU ATR B8NS VR 216 HLED 10 FEHIC K B F5iH LIFHE
A BYID M UEIC & b SWECEE L, AREEERE
BF—Z~R—2Z (30 7#F#H) BLUFMFIH LT I—/3Z INAS
(125 &) ZFAVT MAP #BIC K 2 B2 EITo 1, 28
F—R2Dr T AT LI INAS O—SADEYF— 2%
WTRTE, BRI 10 X5TD MFCC L ZhHDA, A AR
BEIUMBIT—DA, AAEEHOHKENS, 732K
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4.2 YVTIVRLI07 + /I BRHRR
BRBEEBICBVTAY—A—h bEEE NI AN HEDRM
REEITo1
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IUTNRALIOT A N K BRBER (4 DHIA 70T+ KB HRENTARD

FYE: %).
¥Ial—v 3 VEE (empty room) B (seminar room)

X% | CMN %L | &4 CMN | Kif 5 ® CM | PICMN | PDCMN | CMN % U | #&# CMN | Ki 5 ® CM | PICMN | PDCMN
1 90.1 94.5 96.2 96.3 96.6 86.3 92.8 94.2 95.0 95.7
2 94.7 96.4 97.7 97.7 97.7 95.4 95.7 97.4 97.7 97.4
3 90.2 94.0 96.0 96.2 96.2 94.3 94.6 96.8 97.1 96.8
4 88.5 93.3 94.9 95.0 95.2 874 92.9 93.1 94.6 95.6
5 91.5 94.6 96.7 96.7 96.7 92.1 93.8 96.3 96.0 96.3
6 87.2 92.8 95.0 95.2 95.4 90.9 93.2 95.2 96.1 95.9
7 86.6 93.2 94.3 94.6 95.4 89.0 92.4 94.3 94.8 95.7
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9 87.3 91.6 94.0 94.3 94.4 92.3 93.1 95.9 96.4 96.0
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11 85.7 90.8 93.4 93.5 93.7 86.9 90.9 91.7 93.2 94.1
12 84.7 89.5 92.5 92.7 92.8 85.9 89.8 90.9 93.3 93.3

Ave 88.0 92.9 94.8 95.0 95.2 89.7 92.5 94.2 94.9 95.4

DREEBOEFEEMIET 54ETHS. PICMN TIX, IXTH
12 RIEOFIENT A—22FHLTHEHL, MBEICEDSTR
—DHENRTA—ZEROTT TA S LEBERMELE, &
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HAMEV, LIeA o T, GERMEOHENR L ZHNT V2D
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FIEMECEV, TRTORKICBVTR—RA 51 /RREE
CMN DO¥hE% EEl -7z, :

YIal—va ERETT, PDCMNIE ‘K 5dD CMN '’
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VW, YIal—ra yEETTR, KEOFTERENHSZV
DT, BEBRENSYAL 707 4 2V E TOEEFHEOEIL L
W EIBND, —F, KRE (BIF—UVEE) T,
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2al—rvavRELOHhEDKREVYD, REULMEKE
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4.3 RIVFIA//O0T7F VICKDEEER
YRal—va BRRERRETTO, Yoo L4oua74+
EEBRAI/nTA K BREREEK 2 LEZIITRT, RE
£ (Voting method: VM) F1:3BAXEASLE R (Mazimum-
summation-likelihood method: MSLM) W¥h& x> o)L
RA7OT XD BEBERBERNESN, ERETT,
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DOPtFFiEE PDCMN LBEMT7 LA DOHAIDE 11.1%
HEH CMN LBEMT LA OHE (B5, #KFEE) &b
% 50.0%DHN LT — WA REEKR LTz, RAEALEEIIR
BHEODETRVD, TORERREF v 2IVOLEOIMEIC
LDETOF v VY XIVOBENZEEEEFIATES b L
Eibhd, YIal—varyBRETTR, YV us4Aoo
74 LR CHRAH D, PDCMN & PICMN O#i3HE b
k&L, —F4, ERETT, SFvAra71vickb
PDCMN i PICMN & W KE HENTE, BAHALE
HEEBIERMT LA &7 54348, PDCMN i PICMN &9
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ARTR, REERUBKESLELRLVIFLLIILFS
A7+ EELRIC K ZEBTERREEOSHERRTFEL
REULI, EHIC, REBEELRBRKOESAEE L BIKEY
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£2 YUINRAIOTA EEBRAIOT 3 Vi KB EERBERORE (2al—v s

VR %)
single multiple microphones
micro- beamforming VM + MSLM +
phone | VM | MSLM | array 1 | array 2 | array 3 | array 4 | array 5 | beamforming | beamforming
CMN &L 88.0 |89.7| 89.2 90.6 91.2 90.8 90.9 91.4 91.6 91.6
REE CMN | 929 [94.2| 94.1 93.7 94.6 93.8 94.0 94.4 94.7 94.8
PICMN 95.0 [96.0| 96.0 95.7 96.1 95.8 96.0 96.1 96.4 96.4
PDCMN 95.2 |96.0( 96.1 95.9 96.3 96.0 96.2 96.2 96.5 96.5
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