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Improved Speech Recognition by Compensating for Frequency
Response in the MEMS Microphone Installation Space
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Abstract

Recently, communication and multimedia devices are equipped with MEMS microphones. It is widely used due to
its excellent acoustic characteristics compared to its small size, and is an important factor in implementing the voice
recognition function. However, existing studies are insufficient to consider the effect on actual spatial characteristics.
The microphone sensor is installed in a small chamber inside the product, and it is necessary to understand the
spatial characteristics of this chamber. In this study, we attempted to improve speech recognition by identifying and
compensating for the frequency response that changes due to the spatial characteristics of the installed chamber. To
this end, a frequency response filter was calculated through a volumetric design experiment, and speech recognition
improvement for filter application was confirmed by recognizing sentence-level speech in a speech to text method
using a deep learning Al algorithm APIL. From this result, it can be seen that filter compensation for the environment
can additionally help improve speech recognition.
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Fig. 2. Reproduction of microphone installation space

Input
Sound Pressure

Internal volume (V1)

Sensor(sensor volume, V2)

—

% 3 A& #H =89 x| #xk
Fig. 3. Installation structure diagram of experimental
chamber block

a9 32 AdE A £59 725

Zj
V(V=V1 - V2)2 Aedth o714 A4 va zx
s 2714kl ola WEsks &
2 a5 g2 pYe s, AR ol Wk
ez e pie B o] AN ol
¢ ol YR pAUSE ofF A3 37 §
Fo| Ayl B web & 7ol s
P7k Aot B FAEE FE Ae] Ay
A%

ot
&

ofl o m ofl rlr =& o
o ™

(2

c A
0y = (1

¥ Eelgl W AU A9 4 (1))

=9 VN Vviz va) @

g8t 4 7F Hed, &

T TRTE “}—
= Yehf=t, o] A
T2 Y}



14 MEMS vhol A2 3] 3438 242 58 344 A

. Alsl 9 Ho} & o AR g v digd AR A&
g & F odnk AW E59f AR A7}
31 Futr SH Y H ME JAY MEMS plo]I2Eo] 0245 e 3¢ 4
29 Fost AF Fakart A Aol yAl Hel,
T8 4e Aol A MEMS PlolARE AR A 33k fEAS B9 E 4 9

ot} st LE E}Y AALH ojdE I wlo]IE
E filold, 75 ke R 3vE FFskdh Ad 32 24 ¢4 "ot
< 28] AudioPrecision APx555 A& #47], B&K
4191 YHA2 vlo] AZE, Focal CHORUS-V 806V MEMS mlo]la2Ee 3+ £
g~ 297, B&K 2690 ATIAY B Crown o] ¥t Bl o3l Wl Fa S B4 9
XLi 2500 5F$] 9=, Agilent E3632A DC A g7 olel Wik B3 FHE A&t s4ANS
717} AHEE AT 7keb719ls) Al Alse] 9 | OAE 2
9 39 Fxeh 2] MEMS vlo|ARE ARE e AT FHEE ¥
AAste] mlo]F2ES] Tk SRS SAATL
T S 34S A 7 4L FAske 10
3745 T4 & FFolM F271E ARl R
E5 22 TE frAste A3sonh 28 e =
= T4 IEC 602684 7]%ke] #BH 2~ }olﬂi{a—%
o] &g o] ARE ZAHYE o|&3HATHT]
a9 57b 14 1‘7:‘011 e A £ 4 %ZB‘i
.]

12
N
ﬂ
3
oo =
ol L
m&i
O

7t vdehks Fa $9 Adolth Aol Imm,
F2 Aol 1.5mrn, 7te AAol 2mm &9 §%
EXo zr ZO XA o 7} EAo] 42 I8 4 288 4=
= = ;‘_L - =, oo \[A=
EAolth. 72+ ez 3 | & 549 44 Fig. 4. Test sample

RFE Level

4D

Wi mm s
10 W 1.5 mm 2=
M2 mm 3+

-20

-25

-30

-35

RMS Lewel (dBV]

-40

-45

-50

-55

-60

-63

-70

80 100 200 300 400 500 600 800 1k 2%k E 4k Sk 6k 8k 10k 20k
Frequency (Hz)

g 5 MY 220 e 3ten Fus 8

O

Fig. 5. Frequency response according to chamber block



Journal of KIIT. Vol. 18, No. 12, pp. 11-17, Dec. 31, 2020. pISSN 1598-8619, elSSN 2093-7571 15

a9 6°] T8 tgo tgt Far FHS B
F+= YAY ZHo|th DSP A& We9 gdES 1
gato] AFEIT Aol Imm, #& O] 1.5mm,
7he Aol 2mm Fol] tigk B4 FEjoltt. o] B4
rﬂE}g e 8o uwlg} Al SAIQIAl A AHIA £ <
A A TN ARE e & gl Zlolt

AIE AHES SA14A ZARE 4HEs) sl
Z(Google)oll A Al 3-3k= Speech to text APl EES
AHESIGTE BIEE 913 e ?:5_ 2
oA T4 dE FEIoH, T 25709 2L
7}l *}%O}ﬁ‘:} T 3%% o s
o] 3-%310]7] o B 9o R A3 st

Y EF TR L ﬁJJr & 9

2

Agstel 94 TEE WE, P2 AueA Wy
olEls} sl ANE AEs] HiET. B
Lo AE 7ol w2l Ul 24 2

4 Ashe gFsel 4R vs) 2 5 A ¢
do) F57 HL erle 29U AL s A

£ <5 292 command and searchE AHE-SFAT
25709 B4l disl 3z 23 ZHY A8 fY

7o) whe} so7he] SeARE EESAT of A3}
£ QR 299 grEd v TAER 2914
B 8 AEsel, 2R 2 HA 29 Bl
g oF 2AE /1% A Adse] 84 A4
o A o ne AR s

1. 24 24 APl 28 3=

Table 1. Speech recognition APl request code
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"audio” {
"content”: "/x NEWS +/"
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"config": {
"enableAutomaticPunctuation”: true,
"encoding” "LINEAR16",
"languageCode™ "ko—KR’,
"model”: "command_and_search”
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Table 2. Speech recognition result by sentence
Error letter Error letter
No. - : No. - .
No filter | Apply filter No filter | Apply filter
1 3 0 14 5 4
2 3 3 15 3 2
3 8 6 16 0 0
4 6 6 17 0 0
5 0 1 18 11 6
6 6 3 19 6 5
7 0 0 20 0 0
8 9 3 21 4 3
9 7 6 22 5 2
10 10 5 23 0 1
11 5 1 24 2 1
12 5 2 25 3 2
13 0 0
¥ 3 24 2F KXo it 7= A
Table 3. Descriptive statistics on error letter
Statistics No filter Apply filter
Sum 101 62
Mean 404 248
Standard error 0.67 0.43
Median 4 2
Standard deviation 3.36 2.16
Sample variance 11.29 467
Skewness 0.37 0.47
Range 11 6
Confidence level (95.0%) 1.38 0.89
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