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Syllable-Type-Based Phoneme Weighting Techniques for Listening Intelligibility

in Noisy Environments

oY BN-FF WA 5 Y

Lee, Young Ho - Joo, Jong Han * Choi, Seung Ho

ABSTRACT

Intelligibility of speech transmitted to listeners can significantly be degraded in noisy environments such as in auditorium
and in train station due to ambient noises. Noise-masked speech signal is hard to be recognized by listeners. Among the

conventional methods to improve speech intelligibility, consonant-vowel intensity ratio (CVR) approach reinforces the powers

of overall consonants. However, excessively reinforced consonant is not helpful in recognition. Furthermore, only some of

consonants are improved by the CVR approach. In this paper, we propose the corrective weighting (CW) approach that

reinforces the powers of consonants according to syllable-type such as consonant-vowel-consonant (CVC), consonant-vowel
(CV) and vowel-consonant (VC) in Korean differently, considering the level of listeners' recognition. The proposed CW
approach was evaluated by the subjective test, Comparison Category Rating (CCR) test of ITU-T P.800, showed better
performance, that is, 0.18 and 0.24 higher than the unprocessed CVR approach, respectively.

Keywords: noisy environment, speech intelligibility, syllable types, consonant-vowel intensity ratio (CVR),
comrective weighting (CW)
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Figure 1. Block diagram of the CVR approach for improving intelligibility of speech
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Figure 2. Block diagram of the proposed CW approach for improving intelligibility of speech



b
oo

BAOAM YEBS FHE SIS STHE Ol

alo

a JtE JlE 167

=9 A7I7F AW 43 dB, &59 A7I7F A¥ +12 dBE & 7F A 4L SRR, g SHFH A vEiA A
£ Age) AYe YEAoR FANAG 1§, Ad A1s o) Mg o AEAL Bast A
£ B3l A2 AES PuA 34 UB) ofRA HYdA B AT Bl olg AAE WhARE snos
B AT HEs A FoEM, A5 AA AHs Z AR 55 JIHAE 7w, e <E >4
2 sl FBHS fAUY Bo o},
+AFHE 54 715S 91 SPL 2HA| (dB) y= ¥ A
212 A% s A e 24 o7 AAsIHon, tF 4 (3)F 2o] Uehd 4 Uk
Ag Ao A% ABe) A PolM A AF ool Th
FA| (weigh)E #-8-3ko] Zshd A5 Ase] 19 Pgﬂ = y=aElX]+b 3)

29 5 d=E 1 AEAE ANSES B Ao A4S

oq71oM X= A42te] S-3H v, VC, CVC 18]al ¢V
ioﬂ E‘Q’ 7]’%‘5(]%‘ Oéa]’-ﬂ ?_]'E}@ Teo EH/?_] Oé$g% EH?:]—o—]'t& %:HLQ L]—E]—LH—‘: %‘j )\0]_1_ ELX]L 53 7]EHX]0]E]-
A (D3 o] THAT agn SAgHYE ted 24" 71EA ¥ g9

yy el &2 W9l (dynamic range) A ool ofsl AT

en=0 Aoy =Yor— Yy = G(E[Xm/] *E[XV} ) 4
=10log ya® + P, o)
A71lA A ABHoR T3ow, 12 dBolth. 1
A ot obde 2ol ¥ & Utk = EEIAE SF 71K FE AT 0= A OF A
Acw
AP, E[Xcv] - E[Xv}
a=10 % %)
He b 2 Q)9 AP BEHOR POHES The
7)ol APE Ao SPL 71 &, P Polth Zro] g},
22 AH W 719 AP, — yvﬁygvﬁycv ©
221 &g ANA FEFEE A A5 B
g BRI WEE FAE AT RE A dEe b=APe— o (EXycl+ FXeycl+ BLXA) ()
EHo g Z3A7)E= 71E9 CVR ZI¥E 2 B AFoA
= %@%Eﬁﬂéi ]]"%9] ;ﬂa% 7—11'7—]' qg— ] 7o]'§1'}‘]7]§‘ J_L/’SJ _Q_;gggEHbﬁ SPL 5'7]'i]§‘ 75”/\]_@_ @31]"‘:‘ <% 2>9} 71_01
J}& (corrective weighting, CW) 7]@% AR, <28 2>9} A Eo] 9LOH, VC, CVC, CV SA3 e SPL 27127} Al
4 4% ¥ ¥wE @

2y A AzRelNE A%
B} lon, £ ATIAE AL FmARel B
2 95t} Ag BH ¥ FAYOE A% ¥ BRAGL:

2 dats 42 o 4 . 28FE vel SPL 27 E
2AHNA 2 @) 20| Ay E 12 dBF HES S, 4, =

oX
m
ofN

-3.78 dB7} Hrh

222 SAYEHE A& A3E JEX AA

s N o ANew=Yov—yr=3822—yy ®)

ol Feja B o3 ARE NI B4 [12]004 Hl=s
& 3Este] Yl 47 250709 AAE o} g-S Akl A3

s S =2 =

& A%k, U 47 25079 4 $AYeol T BgA ol E 1 FAEEE S 7T
ol T o= o] Emo o mos . Table 1. The expected value of group rank based
JAE 7S 11719 SHFOE ERSAT [13]. SHol 19 on syllable type

HErE AT =2 399 559 &4 112 &

¥
5% QA w7} vhe SAolTh A FEIAE 7§49 gdg v ve  ove oo

cvel ¥tk go] BxEe] 9tk Wb, CVCe CVE HEE SH 7oA 483 5.81 6.59 6.71




F 2. FH¥HE

a0 &9 @

4 Z7}4]

Table 2. The increases in SPL of phoneme in

accordance with syllable type
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Table 3. Performance scale for intelligibility of speech

Rating Description
3 Much better
2 Better
1 Slightly better
0 About the same
-1 Slightly worse
2 Worse
-3 Much worse
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Table 4. Subjective preference test result:
the proposed CW approach vs. the unprocessed

Test set CW - unprocessed
noise babble white
0 dB 0.10 0.25
5 dB 0.15 0.14
10 dB 0.17 0.24
15 dB 0.29 0.10
average 0.18 0.18

X5 T4 BEE A% H2E A AdE oW 7IHE
283 43 CVR 7S A83 49 Blu
Table 5. Subjective preference test result:
the proposed CW approach vs. the CVR approach

Test set CW - CVR
noise babble white
0 dB 0.03 0.43
5 dB 0.21 0.17
10 dB 0.33 0.15
15 dB 0.23 0.19
average 0.20 0.24
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