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Introduction

A recent psychoacoustic study found that normal hear-
ing listeners can localize a target talker in a complex
multitalker condition with high accuracy and low vari-
ability [6]. The task of the subject was to localize a con-
stant female target token presented alongside four male
masker tokens concurrently uttering a random mono-
syllabic word, each longer than the target word. Each
target and masker utterance had the same signal en-
ergy. Maskers were presented in different spatial patterns
which were random across trials. The experimental room
was slightly reverberant.
A previous modeling study [7] showed that “short-time”
binaural localization models [3, 1] can successfully model
the psychoacoustic results if full a priori knowledge
about the SNR in each time-frequency (t-f) bin is avail-
able. Therefore we use one of these models [1] for the ex-
traction of localization features. Another previous study
attempted to blindly estimate target-dominant t-f bins
based on harmonic template matching – using the tar-
get harmonicity as a prior. This approach, however, did
not lead to results comparable to the psychoacoustic re-
sults [5]. In the present study, among further analysis of
this aforementioned procedure we introduce and analyze
a template matching procedure based on spectral energy
and a combination of both harmonic and energy features.

Methods

The model framework proposed in this study consists of
three major steps that are explained in the following.

Step 1: Binaural feature extraction

For binaural feature extraction we used the localization
model of Dietz et al. [1] that includes an auditory prepro-
cessing stage (with frequency channels fc), a fine struc-
ture and envelope processing, and the extraction of inter-
aural phase differences. For binaural resolution, a rather
low time constant of τ = 1/fc is used. Furthermore, only
those binaural information is used where the interaural
vector strength IVS(t, fc) > 0.9. Based on the binaural
model alone, a segregation of target and masker local-
ization information is not possible because most of the
binaural information is determined by the masker back-
ground in the acoustic condition investigated here. A
strong selection of target-related binaural information is
requried to solve the task.

Step 2: Selection of target-related binau-

ral information

The selection of target-related binaural information is
based on template matching procedures of different au-
ditory features: (A) harmonicity, (B) spectral energy,
and (C) a combination of both features. Basically, the
template matching procedure estimates binary masks
(A) BMF0, (B) BME , and (C) BME,F0=BMF0·BME of
target-dominant t-f bins which serve as a basis to read
out target-related binaural information (see fig. 2).
The extraction of harmonic features (A) is based on the
calculation of synchrograms ([4, 2]) in the different au-
ditory channels (preprocessing like in Step 1). Synchro-
grams represent the proportion of the harmonic energy
of a signal with fundamental period P compared to the
overall energy, for every point t, and every period P .
Synchrogram maxima with high values (e.g. > 0.9) cor-
respond to the dominant fundamental period P0 and its
multiples nP0. Thus, those maxima (possibly multiple
per t and fc!) function as harmonicity features, referred
to as nP0(t, fc). Spectral energy features E(t, fc) (B)
are calculated as the energy at the output of each pre-
processed frequency band using 10 ms windows and a
sampling frequency of 1 kHz.
The target template was calculated as the average of all
isolated target utterances (2 channels × 11 directions).
For template matching, the features extracted from the
multitalker utterance were compared to the target tem-
plates. For harmonicity template matching the following
rules were used: First, the number of extracted max-
ima for each t and fc must not differ by more than 2.
Second, the difference in period between corresponding
maxima must not exceed 0.1 ms. For the spectral en-
ergy approach, a t-fc bin is considered as target-related
if the absolute energy difference is not greater than 2.5
dB. These rules have to apply for both left and right
channel.

Step 3: Estimation of target location

The target location α̂ is estimated as follows:

α̂ = argmaxα
(

PDFsel(α)
b/PDFnsel(α)

)

.

PDFsel(α) and PDFnsel(α) are gaussian kernel based
probability density functions (PDFs) calculated from the
selected and the not-selected binaural information, re-
spectively. The division by the PDF of not-selected (i.e.
masker-related) binaural information leads to a highlight-
ing of target-related binaural information outlying the
main distribution. The function of the exponent b is to
influence the individual proportion of the two PDFs.
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Results

The subject and model localization performance in terms
of bias and standard deviation (STD) are shown in Fig.
1. The IBM approach leads to results which are gener-
ally in line with the psychoacoustic findings - with some
uncertainties in STD at off-masker positions.
The harmonicity approach leads to proper results mostly
for on-masker target positions. At peripheral and off-
masker target positions, the approach fails both in terms
of bias and STD. This performance degradation is also
reflected in the low congruence of BMF0 and IBM (see f.
2, plots 3 and 1): We observe a relatively low hit rate, in
particular at the onset and in higher frequency bands.
The performance of the energy model approach is better
than the previous approach; however, the performance is
not as good as the subjects’ performance. The congru-
ence between BME and IBM is higher than observed in
the harmonicity approach (see f. 2, plots 2 and 1).
The combination of harmonicity and energy approach
leads to proper results for the bias, but to higher STDs
than any other model version. This might be caused
by uncertainties due to the very low hit rate and high
sparseness of the BME,F0 compared to the IBM.
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Figure 1: Model (colored lines) and subject (black) localiza-
tion performance in a multitalker mixture for three example
masker patterns. Top: Biases from real target location as
a function of target location. Bottom: Standard deviation
across runs. Different colors identify different procedures of
target glimpse selection in the models. Error bars in subject
data identify standard deviations across subjects.

Conclusions

(1) The binaural model [1] - embedded in the described
framework - is basically able to predict the psychoacous-
tic results on localization in a multitalker mixture. This
is reflected in the good results obtained with the Ideal
Binary Mask (IBM) approach, i.e., by using full a priori

knowledge about the input signal SNR.
(2) Harmonicity as extracted using the synchrogram
alone is not a sufficient prior to read-out target-related
“glimpses” in the multitalker mixture. That is both re-
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Figure 2: Examples of binary masks obtained with different
template matching methods compared to the Ideal Binary
Mask (IBM). False alarm rates (FAR) and hit rates (HR) are
calculated with reference to the IBM.

flected in the poor localization performance as well as in
the poor congruence between the obtained binary mask
and the IBM.
(3) The energy contour of the target in different fre-
quency bands might be a relatively strong cue for the
read-out of target-related “glimpses” in the multitalker
mixture.
(4) A combination of both harmonicity and energy-based
approaches seems promising if hit rates could be further
enhanced.
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