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ABSTRACT

This paper presents original results on recognition, con-
fusability and prosodic analyses of spoken digits over
the local and long distance telephone lines. A database
for the recognition experiments consisted of 300 speaker
records of 10 digits from all across Slovenia. Confusion
matrix analysis of the best test set recognition perfor-
mance identified the most confusable word pairs (pet ‘five’
— devet ‘nine’, dve ‘two’ — devet, tri ‘three’ — devet).
Furthermore, the prosody of 10 Slovenian digits was stud-
ied in detail in the context of dialectal structure of Slove-
nian language.

1 INTRODUCTION

Significant research efforts have been recently put
into the design of multi-lingual telephone speech
corpuses. These databases are envisioned to
serve the development of automatic voice-interactive
telephone services including ticketing, scheduling,
shopping, and database access. The efforts are
co-ordinated by the Linguistic Data Consortium
(LDC)—one of the important projects is known as
Polyphone and was initiated by COCOSDA during
the ICSLP-92. The recent contributions to it in-
clude the Macrophone, an American-English tele-
phone speech corpus [1], and the Voice Across Japan
Database [10].

By adopting the methodology of the Texas Instru-
ments’ project Voice Across America [11], a collec-
tion of the first Slovenian digit-control word tele-
phone speech database was initiated {8]. In order
to cover as much as possible the variations of the
selected vocabulary across Slovenia, a pool of 1000
speakers covering all parts of the country was se-
lected in collaboration with the Slovenian Telecom.
Next, the platform for the development of an auto-
matic voice-interactive telephone service system was
the HTK [12].

The paper is organized as follows. First, a 300 (out
of 780) speaker database is selected for the recogni-
tion experiments. This database is analyzed for the
signal to noise ratio (SNR).in order to estimate the
quality of the telephone transmission environment
(Section 2). Second, results of the confusion matrix
analysis of the best test set recognition performance
are presented in Section 3.2. Following this, the
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prosodic analysis of ten Slovenian digits by taking
into account the dialectal variation over the 7 major
dialect regions is presented and discussed (Section 4).

2 TELEPHONE SPEECH

DATABASE

From November 1992 to February 1993 a telephone
speech database of 780 speakers was collected at the
University of Ljubljana, Slovenia. As of the present,
the vocabulary consists of 10 Slovenian digits (0-9)
and 3 control words (je ‘yes’, ne ‘no’, stop ‘stop’).
The elements of this isolated word database are the
speaker records containing all 13 words. Each word is
embedded in the 200 ms and 1 s leading and trailing
silences, respectively. All tokens were checked for
consistency and labeled at the word level. As of the
present, the total size of this database is 4 hours
and 44 minutes of sampled telephone signal. The
sampling rate was 8 kHz.

o
2

relative frequency
o o
3 2

o
8

28 32 36 40 4 48
B

Figure 1: Signal to noise ratio of telephone digits
(Sample: 300 speakers x 10 digits = 3000 tokens).

A sample of 300 speaker records containing only
digits (i.e., control words were excluded from the
present experiments) was analyzed for the SNR. A
mean of 32 dB and a standard deviation of 5.4 dB
were obtained for calls originating from all parts of
Slovenia (Figure 1).
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3 DIGIT RECOGNITION

The database was further divided into the 200
speaker training and 100 speaker test sets. Recogni-
tion vocabulary included Slovenian digits ni¢ ‘zero’
to devet ‘nine’. The system used in the recognition
experiments was the HTK [12].

3.1 RECOGNITION RESULTS

Performance analysis using the gender-specific mod-
els (i.e., separate male and female 10-state HMMs,
MFCC_E_D parametrization) was done in the range
of up to 14 mixtures per state. Figure 2 shows the
test set recognition scores of the system. The best
result of 97.3% recognition accuracy was obtained
using the 6-mixture HMMs.
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Figure 2: Test set recognition accuracies (Sample:

100 speakers x 10 digits = 1000 tokens).

3.2 CONFUSION MATRIX

The confusion matrix of the best test set perfor-
mance

Confusion Matrix
S

E T S P S S 00D
I I X R TEETESE
L C 4 ETIITSTDE/V
R T E M E
1 M T Del [ %c / %e
SIL2000 0 0 0 0 O 0 O O O O 0
BEIC 098 0 0 0 0 2 0 0 0 O 0 [98.0/0
EEA O 0100 0 0 0 0 0 0 0 O (o]
DVE 0 0 194 2 1 0 0 0 O 2 0 [94.0/ 0
TRI 0 1 0 194 2 0 0 0 0 2 0 [94.0/ 0
STIRI 0 0 0 0 098 0 0 1 0 1 o [98.0/0
PET 0 0 0 1 1 094 0 0 0 4 0 E94.o/ 0
SEST 0 0 0 1 0 0 097 1 1 0 o [97.0/0
SEDEM 0 0 0 0 0 0 0 099 1 O 0 [99.0/0
OSEM 0 0 0 0 0 0 O 0 0100 O 0
DEVET 0 0 0 1 0 0 0 O O O 99 0 [99.0/0
Ins 0 0 0 0 00 0 0 0 0 O
Fri Jan 20 15:19:23 MET 1995

showed #that the digit devet caused the most mis-
recognitions. It most frequently interferred with pet
(4 times), and dve, tri (both twice).

4 THE PROSODY OF SLOVENIAN
DIGITS

Slovenian language is one of the richest Slavic
languages in view of the number of dialects.
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It can be divided into more than 40 di-
alects in 7 major dialect groups, ie., “Koroska”
(Carinthia), “Primorska”, “Rovtarska”, “Gorenjska”
(Upper Carniola), “Dolenjska” (Lower Carniola),
“Stajerska” (Styria) and “Panonska” (Pannonia).
From this perspective, it is one of the most inter-
esting Slavic languages [6].

Dialects in Slovenia are the result of more than
1000 years of historical development. They repre-
sent the material and spiritual history of the society
which constantly interferred with the influences of
Germanic, Italian, Hungarian and other Slavic cul-
tures. After the arrival of first Slavic settlers from
the north and the south-east (by rivers Sava and
Drava), the oldest dialectal division appeared in the
12. century. This variation was further reinforced by
many internal and external factors influencing the
language, e.g., geographic conditions (high moun-
tains, woods, moorlands), political and ecclesiastical
managements and divisions [6] [13].

Given the recognition results presented in Sec-
tion 3.2, a prosodic analysis of ten Slovenian digits
was made for each of the major Slovenian dialect

groups [2].

Year Education Date
i Speaker | Sex | of birth leve called ResidenctLl
Dialect region: “Koroska” (Carinthia)
high 1993 Radlje
sat F 1965 school 0120 ob Dravi
high 1993 | Ravne na
crm M 1946 school 0120 Korogkem
Dialect region: “Primorska”
elementary 1993 .
bca F 1978 school 0115 Kozina
' elementary 1993 .
rev’ M 1961 school 0112 Stanjel
Dialect region: “Rovtarska’
elementary 1993 .
baf F 1922 school 0105 Ziri
bigh 1993 Skofja
gaj M 1938 school 0105 Loka
Dialect region: “Gorenjska” (Upper Carniola)
high 1993
nos F 1936 school 0105 Kranj
1993
okt M 1932 college 0106 Jesenice
Dialect region: “Dolenjska” (Lower Carniola)
elementary 1992
kem F 1943 school 1123 Cerknica
high 1993
fij M 1928 school 0118 Vinica
Dialect region: “Stajerska” (Styria)
elementary 1992
osa F 1931 school 1223 Soleava
elementary 1992 Slovenska
ors M 1941 school 1211 Bistrica
Dialect region: “Panonska” {(Pannonia)
high 1993
grp F 1955 school 0119 Cankova
high 1993
mtf M 1946 school 0119 Beltinci

Table 1: Informants used for the dialectal represen-
tation of Slovenian digits.

All speakers in each dialect group were acousti-
cally checked for the degree of dialect in pronunci-
ation. Speaker sets representing each dialect group
(according to age, sex, education level) were selected
for further analysis [3]. Then, the representative
speaker records were selected (see Table 1), hand-
labeled and phonetically transcribed.
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Figure 3: Word-level duration analysis of Slovenian
digits (300 speakers).

Prosodic analyses included the duration of voiced
syllables, intensity and intonation contours (using a
cepstrum based PDA [5]). Fundamental frequency
(Fo) was measured every 5 ms. Raw Fj contours
were smoothed by a 17-point median smoother and
checked for consistency with the actual acoustic re-
alization.

In order to be able to compare the pitch of different
speakers, a normalization process was introduced.
The smoothed Fy contour was first converted into the
equivalent-rectangular-bandwidth-rate (ERB) scale
[4]. This psychoacoustic scale gives equal prominence
to Fy excursions in different pitch registers. Next, a
z-score normalization was applied to account for Fy
range differences across speakers [9]. The time axis
was normalized by sampling each contour in 10%-
increments of the voiced syllable duration (the val-
ues at 0% and 100% points were excluded from the
analysis).

4.1 DURATION ANALYSIS

Two types of duration analysis was made. Firstly,
the word-level duration was measured on the entire
300 speaker database (Figure 3). Then, durations of
voiced syllables in the representative speaker set was
analyzed (Table 2).

digit 0 1 2 3 1
mean || 225.9 | 397.6 | 424.6 266.5 352.8
std 538 | 50.5 | 94.7 59.1 58.8
digit 5 3 7 8 9
mean || 151.6 | 174.4 | 408.8 | 165.3; 205.1 | 426.5
std 242 | 457 | 59.1 | 283:565 | 541

Table 2: Durations of voiced syllables in Slovenian
digits (in ms). The digit 8 has a VCV structure.
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4.2 PITCH AND
CONTOURS

INTENSITY

The results of the pitch and intensity contour anal-
ysis for the representative speaker set (Table 1) are
shown in Figure 4. The results were also checked for
consistency acoustically. They are in agreement with
the actual pronunciation patterns [7].

5 CONCLUSION

Confusability, recognition accuracy and prosodic
analysis, studied in the sociolinguistic (dialectal)
framework, was done for ten Slovenian digits spo-
ken over the telephone. Results on prosody are also
relevant to address the robustness issue in voice in-
teractive telephone services.
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Figure 4. Pooled intonation and intensity contours of Slovenian digits over the 7 major dialect regions.
The pronunciation of digits in standard Slovenian is: /n’itf/ ‘zero’, /' e: na/ ‘one,
Jdv’e/ ‘two’, /tr’ i/ ‘three’, /[ t' 111/ ‘four’, /p’ e t/ ‘five’, /[ e st/ ‘six’,
/s’e:d@m/ ‘seven’, /' 0: s O m/ ‘eight’and /dev'e:t/ ‘nine’.
The symbol ’/ denotes the stressed syllable.
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