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Abstract

In recent years, speech recognition applications have introduced a variety of remote operating
systems, such as car voice assistants, smart speakers, etc. In these systems, far-field speech
recognition plays a key role. This paper mainly presents our experiments and results on far-
field speech recognition on smart speaker devices. We use data augmentation methods,
simulated far-field speech and neural network-based acoustic models to reduce the character
error rate (CER). In the experimental part, this paper recorded the parallel test corpus of three
distances using the smart speaker. The 50cm situation corpus can be reduced from 13.31% to
8.41%, the relative improvement is 36.8%, and the 80cm situation corpus is reduced from

19.20% to 10.89% with relative improvement of 43.2%.
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LR o sEEEAIE Y - FAFIEE A AP SO ERA R £ HY 3-gram By SAHAY > RS
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HATESHEIIAARE RIR HELTHIGRAVBUR - H i B R4S R & DL $555%% (Character
Error Rate, CER) By 2 A 5242 » HASRAIFR A - TR - HIRRGERZE - EEHFAH]
At g IER bR HVSERR R T BB R E e DA AR 30 - o » BT 5 Rt
B IEEE S o HYERR SR AR B (R - 41 IBPH3 RN AIE B RIAY CER £ 5.69%M4 1%
19.20% ; MATREEEARNIASE BRI AIRAVRER - BEEAFTEE > HigrEREry S
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K360 fji AA[E] RIR  |IBPH3-mic IBPH3-20cm  [IBPH3-50cm  |IBPH3-80cm
NO RIR 5.69 7.49 13.31 19.20
RIR small 4.65 6.45 8.50 10.98
RIR medium 4.78 6.24 8.83 11.79
RIR large 4.99 6.29 9.64 12.27
RIR real 5.02 5.99 8.78 11.67
RIR exp 4.92 5.87 8.41 10.89
N~ ZE[EEREHIE CER 455 2

K360 fii AR [E] RIR  (IBDOO IBQCSK IBDEV IBO515
NO RIR 10.53 11.34 1.000 1.000
RIR small 8.57 8.44 0.863 0.982
RIR medium 8.53 8.43 0.903 0.974
RIR large 8.91 8.89 0.909 0.976
RIR real 8.65 9.05 0.919 0.961
RIR exp 8.52 8.49 0.928 0.990
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AIZEA SR HERAK < 2R - WRBER T - RAEHE— RIR AYFEHHLE - &k
B HAAE IBPH3-50cm (YIS NAIGE » HMAZ 2 ANE - RfTERSET &kl E
FERHY RIR 73ffi » AIERSUFR » BLEUE 9504 - i-vector L RIR _exp 1 RIR real fyEE
(5] i % » x-vector HIEEDL RIR exp £ RIR small S5 « 415 i-vector £l x-vector £E

JE RS HREE BRI - IR IE R0 i AKE » TP RIR _exp & R AR RHEZ 2
B PRIRET AR ¢ 721 IBDEV S 4EL 1B0515 HIEEAE — RIR 4558KFE » (UHE
LA RIR _small B RIR real §f& 78 AR B 4 - BERHEEEERY AR A AN RN R N EGET2 R R
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K360 fji AA[E] RIR  |IBPH3-mic IBPH3-20cm  [IBPH3-50cm  |IBPH3-80cm
NO RIR 5.69 7.49 13.31 19.20
RIR rand 5.25 6.15 8.67 11.35
RIR ivector 4.90 6.12 8.41 11.32
RIR xvector 4.99 6.10 7.95 11.28
#/\~ FISRE R EEE CER 4551 2
K360 1 AR [E] RIR - [IBDOO IBQCSK IBDEV IBOS15
NO RIR 10.53 11.34 1.000 1.000
RIR rand 8.54 8.83 0.926 0.967
RIR ivector 8.55 8.44 0.907 0.983
RIR xvector 8.60 8.46 0.902 0.978
T~ FISREREEEL B
JEeE RIR small medium large real exp
random 20.01% 19.93% 20.07% 19.92% 20.07%
i-vector 20.16% 12.10% 19.66% 22.43% 25.65%
x-vector 29.87% 10.62% 2.98% 11.51% 45.02%

RIR HYERHEE A N2 (B2 5 (58 MR M > Bk B R D A (Bl e B A AH
AYERL > R AIEER B — RIR BYRCR - R G iR R A 18 7o &M 73 Bk
FPig R A R EE T E R

(=) O eREEREE R
R M 2R 2 EEER STT2461 HETHIGRAVEER > R+ ~ FH+—Frn - FEE(E
&R FIISRAY epoch 5 Ry 6 0 HAMAYIAR R E B A B A - bR T EE A B ZaERS0

HATHIIA T Dk AR SR R SE oA 7 5725 IR B kR o Bl B 1.1 f5 82 0.9 %
FENA(E ] MUSAN BERHE[15] - Bl&— s ~ B8R AR - SNR S 0~15dB

5~15dB Jz 13~20dB > [ERFI2I T Google Hak&t R BT » T ARE AL
FERNHUGE R o BtE - BERUIAATE] RIR HYFISE - EPRSISRET RIS IR % - (BAER— (M
SEAAUGE - SRR AY R SRR o IMREAS RAERI A SR S HZRIALL Google 4 - Bl
IBDO0 £ IBQCSK HY&ER » T2 N Ryle 20 il itskar] s - BIATSRIE R ~ 61 H 2458k
HAfESE - EERE SRR AEMRE S - (HEEEPER B R A T gl
IBDEV £ IBOS15 HY4ES  Google FRIFHT > bk 7 E IR F ELay/ b3 A ch YR kG
g ZHh > MR LB R MRS A IR E G R = N TE - HE0E A s
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STT2461 IBPH3-mic  |IBPH3-20cm |IBPH3-50cm [IBPH3-80cm
Base + sp + noise 4.85 8.46 11.00 17.82
+RIR small + RIR medium [4.60 6.79 8.85 13.45
+RIR large + RIR real 4.65 6.79 8.41 11.67
+RIR exp 4.62 6.82 8.11 11.51
GOOGLE 12.62 15.95 19.55 24.24
Tt~ BEIIERRRATG CER 455R 2
STT2461 IBD00 IBQCSK IBDEV IB0O515
Base + sp + noise 9.04 7.76 0.833 0.884
+RIR small + RIR medium |[8.02 7.87 0.813 0.871
+RIR large + RIR real 7.92 7.65 0.777 0.847
+RIR exp 7.85 7.26 0.762 0.855
GOOGLE 12.16 8.28 0.667 0.782
T AERREE AN CER 4551
IBO515 4% B JiarsE C J&arE D
Base + sp + noise 0.882 0.907 0.835
+RIR small + RIR medium |0.824 0.916 0.804
+RIR large + RIR real 0.800 0.887 0.801
+RIR exp 0.832 0.898 0.775
GOOGLE 0.939 0.692 0.877
F+= ~ L CER ghass7ff
-1 filiA iz HUfR
IBD00-STT2461+RIR exp [11.95% 22.08% 65.97%
IBD00-GOOGLE 3.21% 65.01% 31.78%
IB0515-STT2461+RIR exp |25.67% 25.15% 49.18%
1B0515-GOOGLE 1.70% 86.14% 12.16%
PRI o AN IR E] Google fEEFE R E i EHANE I T - A5 IS F

AR MHEREVSERREZS » Tl 236 A [H] P
FAAERR AR EEERHE

AR > SRR

ER Google HEE » MlRE C HUBUREAE

RGP A SRR > M ER (A
AEF A R A SR
Google YR R HL T MR - MTEHFA

¥t CER $&3

AFTGE -

G2y s

EHUGE

B BRI A R R
et 2 EEAS CER [ Google BEZEHY EEJFIA - Tt

SRS P g

) JigrE B 1 D HYSUREACRE
R R

RETHY S iTE N - AR =R > AILUEH
IR IR TR AN A sE Rt
B 11.95%3g 0% 25.67% - BN BB RSAI_ LG LGRS - AHEIAZEE
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