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Binaural Microscopic Model Based on Modulation
Filterbank for the Prediction of Speech Intelligibility in
Normal-Hearing Listeners

Ali Fallah and Masoud Geravanchizadeh

Faculty of Electrical & Computer Engineering, University of Tabriz, Tabriz, Iran.
Abstract

In this study, a binaural microscopic model for the prediction of speech intelligibility based on the
modulation filter bank is introduced. So far, the spectral criteria such as the STI and SII or other analytical
methods have been used in the binaural models to determine the binaural intelligibility. In the proposed
model, unlike all models of binaural intelligibility prediction, an automatic speech recognizer (ASR) is used
in the back-end as the decision unit. One advantage of using this approach is the possibility of analyzing the
recognition rate of small parts of speech such as phonemes and syllables. Another advantage of this model
lies in the use of pre-processing that their existence in the human auditory system has been verified. Using
the proposed feature matrix in the speech recognizer, this model has good predictions in the presence of one
source of stationary speech-shaped noise. Comparing the results of the proposed model with those of
listening tests show high correlations and low mean absolute error values. Also, the confusion matrices of
the consonants represent high correlation between predictions and measurements. The predicted speech
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reception threshold by the proposed model has a smaller mean absolute error (0.6 dB) than the baseline

model of BSIM.

Keywords: Prediction of Speech Intelligibility, Binaural Models, Modulation Filter bank, Microscopic

Models, Macroscopic Models.
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(Figure-1): Binaural microscopic model for the prediction of speech intelligibility including two monaural paths and one binaural path,

in which the processings of equalization and cancellation have been employed without adjusting the gain. The feature matrix used in

DTW has three sub-matrices: sub-matrix of the left-ear signal, sub-matrix of the right-ear signal, and sub-matrix of the binaural

output signal. The upper sectin of the diagram concerns the processing for the extraction of training signals for DTW and the lower

section (shown as dotted lines) has a similar processing as the upper one where the feature matrix of the test signal is extracted.
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(Figure-2): The average of the measured SRTs for 12 normal-
hearing subjects in 7 different noise azimuths.
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(Figure-3): The difference between power spectra of left and
right HRTFs. The power spectra for the azimuths of 105[] and
60° have a large difference in the frequency range of 1500-
3000 Hz and this range is very important in the recognition of
consonants. The difference values for the 90° are smaller than
60° and 105° and are close to 30° and 45° .
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(Figure-4): The measured and predicted SRTs for different
azimuths of the noise source. The effects of presence or absence
of binaural processing unit, uncertainties, and internal noise on

the binaural processing and also the type of distance measure
have been illustrated for the proposed model.
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(Table-1): The values of the mean absolute error (MAE) and

the square of correlation coefficient (r?) between the
predictions of the proposed model and BSIM model and the

measurements.

S 048 bt 095 iy Jao | MAE (dB) | P
G55y alols U solyiiy Jow 0.4 0.97
ool Aol U solgiiy oo 6.6 0.98

559 axly sy soleituy Jow 2.5 0.96
SIS g sl cips soleii o 1.4 0.95
BSIM 1 0.95

50 0wl Cawsds 99590 e duolie (B) JSG o

iy Jho 25 e e @l g b Sl
(5555} Aol Jlonn 5 (55558 (Bl 9Ty sls Joe)
sl o ools )l alie cla jimgdy 5l olaws il b
o 53 oudg ol (29590 Slatute «s3gee Hyee
5 GxSoill LASes lature g alie ek
Slels cnl s ge plas gl (ol o 1) ead 065 e
[28] Sy 5 [13] 52538 0291 ol slas uSojl
5o eadashl IS wlise da reghy opl jo leads axd )3,
solitea] 3105 Ui lgreas liSurs by 5l callio oyl
solil alS 2 o Sslite g a8 ol 5l Ll ea

ol 00l

Sl iy o JFIW JiSw ja> by ple ol
S leslitul by (o590 (A3len aly e Jue
S Shol wlbio] polie sl (opl) syl alols
—s S Ot oy 0929 nl bl lag 5okl 51 6 5UL
g ol ol lp oaslaimody sove g0 S0 S e
o s s gyl sl K0Sy Ao s ol
e ) (B55s 2lsid 5 i 5 Jele il Jo
e )3 (8959 by wxly Jleel b aiS (oo uSaie
2 5 559 Swwle Bim il oz 4 gy e 5 5380
@S o polie 5 00l Giluae e A5 S LS
ooy e ,mSoilul polie a4 eSSl aslisl
23 Gl g g plel b () S 0 0shi e
Sledl 45 alSin el o o0l i Joe sla oS i
Edie) wigd 48,8 ouyal Jaw (gilwesly o (I3l ddgi g
Gos5 a azg b o oSt (omb a
|, eSS Shol wlin] polie wdis 5 s3bply
Lkl (559D (S g 5 pleal Jloel b asms oo (i
g5 wilioe et LasS i 5 xSl e 5>
b Ges Slelissl o cudeslaisl alol jLse
s Dl Jae oS 2 2F LB
alold 5l oolaiul g s59590 h3le, axly 5l eslawl b Jow
e S STol bl olia glyls (o)lim) ol
@yt mmoieldl Alols e e ags,eSoslail 51 (o 5UL
e &S o il a5 @i sl (Bl
[27] ol g 55,50 5 shls Sl sl 555,90
Sl 0als osls Hlas ) en g 335,90 595 ST Jae j0
WyeS o )5 oolizl 3 )50 DTW o a5 alols sl a5
) <310 CJ.U Sosliiul b as” sz Ls“‘)fw sl
2 Pehen 035 e (oS (I8 &bl e Sl
Sl sl abol Sl eslanul b pansis g5 s
58 Sl ¢ (1) (Sivod polie & pe [23] g anlss
5 wolin e Gl on b 3l
Joe SloosS i » cilize Jalge 53 5 lagsu5ojl
() Jsoz 53 BSIM Jue o055 oy mls LS 0
5 55ys) Alols e 5l oolitl b sl onts eols oLi
By g pled Gl (SA5590 Aley waxly (28,5 ks
Jrod < IF g 65 Sl e sl Olie (A3

! Lorentz Distribution
2 Mean Absolute Error (MAE)

AR IR S\ POWRL by W

&


http://dx.doi.org/10.18869/acadpub.jsdp.14.1.135
http://jsdp.rcisp.ac.ir/article-1-399-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-31]

S3le Galgdiils SIS Sl )3 HUSS eud sl (5395 yhaas S sl Ao S5l Hiud 3 (Hiso (959D (5395uwg )Sue JIo

- 10.18869/acadpub.jsdp.14.1.135 ]

Jae sl st pleed omile & byips o Coom
oolaiwl b (1o 5595 9 plool ol jodray 55590 axlg (,lo
5 A el () IS5 55 $39h) (5559 Al lons
Syt 4 baye ol pleal Gmsle slagsiv
u.u‘ GJ.L:B foL;.c O 0300l i g oAb s
L 1) baglsias moms aniets 5 eSile s il
5o eadolel Gllpl Sl (g kd e pole § W o
Pl myle a8 awslis Wloals ooy flis wsjo
Gjﬂ‘ LY QRS 0 UL““"' ng;uw.: 9 La:éﬂfo)'bj‘
2 i gl L ol Salss Jae gl nsS i
Jlonlgeas sl g uSo;lal
IG5 5 1ol Jo) slagleten sln (oo s asS Fn
s ol s g pLad ) TV e 4 G035 sl F )
5 [23] oSes 5 35 )m oo oS b Gillae
S IRRee v SCN Il Y BN NCOVSIRPNSPSTN K P LT
dJ g 181 dey dpl dol loglsan slp ol janseis
ol plal Gmyle jo 1) bl 5l (5500 pud asls
s T o3Il jo cadosls aseis slag i (:Kle aos o

5 OBl

by Lbay 5l eolital b LS ST ol il slas ol
S o a0l |, WUD

ropslie e bl o5 alie jshiea
5 s pSolal plel Glagm sle (Lol jh3 pobe (o
solie cpl el oals ools Las (V) Jgoz jo b 05 i
i et 5 e o a3 g i Ul Kot
WS o 285 e 2o ) QB Nsd bug o lges
Jokss dnglsian 5 S oleed 5550 alie ,slizeny
s 2 G b lae Glsiear Jbonl Jg o ol e
lad e 33 Bl o b lag oSl el o il
SUL yolie .l ouls oolaiwl (F) Jgaz ;0 o 65 i
Ul olie Jsay ool wm U Joozr cnl )o (Ko
Shyol wli] Jake o Olsied ,b mamo add &
P polie I g Il ol clalsian gl sl LS
Jol slgten a5 Jb> o ot axly Jlaie 4 o3
a0 i ) (Swaan polie (o eS Il g /4
ol g 1 el oml pansas &5 3US p oglle
i polie alid Lo |y Ul (Soras Unplyias
s ol s

AR I WR P POVRL L VN W)

Binaural Advantages Obtaind in This paper and the Literature
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(Figure-5): The binaural advantage obtained in the
measurements and predictions of the proposed model along

with the results of previous studies.
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(Figure-6): The confusion matrices of consonants in the measurements (right side) and model simulations (left side) for the 45°,
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(Table-2): The square of correlation coefficients (#) between the diagonal elements of confusion matrices of the measurements and

simulations.
reagl; 0° 45° 60° 90° 105° 135° s b ¥ Sl
r 0.91 0.91 0.83 0.85 0.88 0.87 0.82 0.86
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(Table-3): The square of correlation coefficients (r?) between the rows of confusion matrices of the measurements and simulations.

2 43l 0° 30’ 45° 60’ 90’ 105° 135° PYSIENA RN WS
Olgxes
N 069 | 084 | 078 | 087 | 079 | 083 | 077 0.79
[ el 098 | 099 | 098 | 098 | 099 | 099 | 0.99 0.98
| S 090 | 083 | 087 | 091 | 090 | 077 | 0.68 0.83
/s 064 | 074 | 080 | 075 | 071 | 065 | 0.73 0.72
) 062 | 085 | 078 | 090 | 075 | 068 | 0.67 0.75
| ! 099 | 099 | 099 | 099 | 099 | 099 | 099 0.99
ol 048 | 0.71 0.41 068 | 056 | 063 | 073 0.58
Il 083 | 086 | 077 | 079 | 074 | 081 | 085 0.80
ol 068 | 058 | 083 | 062 | 061 | 073 | 0.24 0.61
lol 055 | 059 | 062 | 046 | 054 | 060 | 0.62 0.54
Il 068 | 068 | 074 | 081 | 079 | 082 | 078 0.76
| ol 099 | 099 | 099 | 099 | 099 | 099 | 0.99 0.99
1J1 078 | 071 | 061 | 072 | 083 | 079 | 0.58 0.70
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