S22 5t5t5|X| K40 65 pp. 649659 (2021)
The Journal of the Acoustical Society of Korea Vol.40, No.6 (2021) pISSN : 1225-4428
https://doi.org/10.7776/ASK.2021.40.6.649 elSSN : 2287-3775

2Ll S2F LH X[2kd 010|3 of&[ojoiiM2l
=8 BEX IS LIt YH 53 X2 WY

A method of wall absorption treatment for enhancing the speech
intelligibility at a directional microphone array in a room
oHR' o|HA," xAS
(Byeong-Yun Ko," Jeong-Guon Ih,'" and Wan-Ho Cho?)

BB IS B, SBREE R
(Received September 23, 2021; revised November 1, 2021; accepted November 15, 2021)

£ 209 5 Aol e Aofolis Aol , 1ol 287k Aol W e Ao ek 4 go) Washe,
2} ujple] Goe o4 R theA) G v ek 2 oo Al A &4 Wawe] Bhol A WEY 8
of T Alot2 $I3) B8 Hel7b b akalQ) 9 el AR & AQkakek A $1%]0] W 48
ofefole] sl 372 AT S §0] 2 Bt B WS ol ol M SR ALE oI5k
015 o} 88 T-&- A zlol tHE 4-25.0) SANA AIE o S5H= S AN, WEE 919 Aol 107 m’, ey

AZtol 1.1 91 215 AR Ag7tel dhsl] ZAFAES XY 3ict S A% A7 7Py =2 BHo| S = 537
= 2980 245 94 R T =500 Hz, | kHzo| A ZH2+5.1 dB9}4.8 dB, T SA] AT 2]4=0.067H22] 3FAlo]
AZE =T, ol *J%:'E—J 7414 75‘49} X}OI" Xl %] (Just-Noticeable Difference, IND) o]} &] 2fo] &2 |5}
o 2] BH 5 F=2 3 Ak= HH o] 7MW Ao 2 35S {4 R}
24 WRE A47HND oo & o 7H’$jﬂ‘,: ﬁ% %‘? O‘O*E}

SHAMR0: 34 WEE, X5, 2w vho] 2, S5 A2, AW =A

J

ABSTRACT: Wall absorption treatment effectively reduces reverberation, but requires a large area for a live
room and each wall absorption affects speech intelligibility differently. In this study, we try to find the most
effective wall for the absorption treatment using the beamforming array microphone in terms of speech
intelligibility. The absorption importance factor is defined by using the collision number of reflected sounds on
each wall. It allows estimating how much the speech signal will be enhanced by the absorption treatment. A cuboid
room with a size of 107 m* and a reverberation time of 1.1 s is selected for the simulation. When a Helmholtz-type
absorption is treated on the wall with the most significant importance factor, the modified clarity for 500 and 1k
Hz is improved by 5.1 dB and 4.8 dB respectively, and the speech transmission index is enhanced by 0.06. The
difference in results between the proposed method and commercial simulation code is less than a Just-Noticeable
Difference (JND). The absorption treatment on the wall with the most significant importance factor shows
improvement greater than the wall with the largest area, and its difference is larger than a JND value.
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Fig. 1. (Color available online) Configuration of
sound source and microphone array used for the
present study: B, sound source; @, microphone;
fE=rd, absorption treatment. Here, d is the distance
between sound source and acoustic center of
microphone array, 6s the source angle from x axis,
Ly, L, the width and length of the room, and r, r, the
position of microphone array, respectively.
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Fig. 2. (Color available online) Simulation with image
sources and artificial walls: ®, original sound
source; A, image sources; ¥, image sources inside
the effective beamwidth; @, center of microphone
array. (¢, c,,¢;) means the collision number of sound
radiated from the corresponding image source in

each coordinate (x,y,2).
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Table 1, Absorption coefficient @y of the smooth
brickwork and the calculated reverberation time,
Center frequency, fc | S00Hz | 1kHz | 2kHz | 4kHz

oo 0.12 0.16 0.22 0.24
T,s 1.65 1.37 1.08 1.01
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120° 0 60°
-3
o -6 o

150 9 30
180°

210° 330°

300°

240°
270°

Fig. 4. (Color available online) Directivity pattern of
highly directional array (MVDR)®! in dB scale at two
frequencies: =, 500 Hz; = -+, 1 kHz,
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Fig. 5. (Color available online) Filtered reverberation
energy depending on the absorption treatment at
500 Hz, Positions of absorbing walls are: —e—, at
x=0,-©-,atx=Ls —%—,at y=0; -%--, at y
=L, ,at z=0; ,at z= L,

Table 2. Importance factor of wall absorption at 500
Hz and 1 kHz.

Wall x=0 |x=L,| y=0 | y=L, | z=0 | z=L,
500Hz | 0.60 | 094 | 0.72 | 1.21 | 0.89 0.85
1 kHz 063 | 098 | 069 | 1.28 | 0.83 0.82

Table 3. Absorption coefficient of the employed
Helmholtz type absorber,
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Table 4. Estimation of the enhancement of speech
intelligibility varying the wall position of absorption
treatment,
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A Gy(500) | A Gy(1k)
Treatment 20 20 ASTI
(dB) (dB)
x =0 wall +2.3 +2.0 +0.02
x =L, wall +3.5 +3.2 +0.04
y=0wall +2.7 +2.2 +0.03
y=L,wall +4.6 +4.1 +0.06
z=0 floor +3.3 +2.7 +0.04
z=L, ceiling +3.2 +2.6 +0.03
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Fig. 6. (Color available online) Comparison of per—
formance index for speech intelligibility: O X,
I, estimated using importance factor; ., X,
mmmm, calculated using image source method. (a) O,

@, ¢,(500); X, X, G,(1k), (b) STI.
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