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Abstract— The availability of standard speech database is of 
paramount importance in the automatic speech recognition 
(ASR) research in the context of providing a baseline for 
comparing the performance of automatic speech recognition 
approaches. This paper presents the development of a 
Medium-Vocabulary Speech Corpus for Pashto language 
and development of Pashto ASR system by using the corpus. 
The vocabulary encompasses 161 isolated words of Pashto 
language, consisting of most frequently used words of 
Pashto language, names of the days of the week and digits 
from 0 to 25. The words were uttered by 50 speakers of 
different ages and genders, including both native and non-
native speakers of Pashto language. Recording of the corpus 
was performed in a noise free office environment. The 
Corpus developed is then used for the development of an 
automatic speech recognition system for Pashto language. 

Keywords- Automatic Speech Recognition; Pashto Speech 
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I. INTRODUCTION 

Pashto is one of the major languages of Asia with 
almost 50-60 million speakers around the world [1]. It is 
one of the two official languages of Afghanistan and 
spoken and understood in the western and north-western 
regions of Pakistan. Pashto alphabetic list is customized 
form that of Arabic alphabet [2]. The major population of 
Pakistan having Pashto as the first language is in the 
provinces of Khyber Pakhtunkhwa (KPK) and 
Baluchistan. The literacy rate of KPK is almost 38% and 
in rural areas where Pashto is the major spoken language, 
it is about 33.94% [3]. Thus the majority population of 
KPK is unable to interact with modern machines having 
an English interface. Therefore this research on ASR 
system aims at the development of a human machine 
interaction (HMI) resource for Pashto speakers.  To the 
best of author’s knowledge, no work has yet been done 
for the development of Pashto ASR and the primary 
reason behind this is because of the unavailability of 
standard corpus, which may be used to build, train and 
evaluate a generic ASR system for Pashto language. The 
primary aim of a balanced speech corpus development is 
to provide some customary speech database for recognizer 
training and testing with respect to some genuine 
phonetically balanced catalog. On the other hand, the 
availability of balanced corpus relieves the researchers of 
linguistic processing, in the sense of avoiding the 
strenuous task of recording the utterances of diverse 
speakers.  

Speech corpus plays an important role in ASR system 
development. A standard corpus should consist of 
phonetically compact and randomly selected words to 
provide ease for later development. An initial work 
towards the development of a balanced speech database 
was done by MIT by providing TIMIT for English 
language [4]. In the same way, speech corpus in many 
other languages of the world has been developed such as 
BREF for French [5], ATR for Japanese [6], Spanish [7], 
Thai [8] and Bengali [9] etc. To develop an ASR system 
for Pashto language, it is indispensible to have an 
acoustically rich, phonetically balanced speech corpus. 
This research work aims to develop a medium-vocabulary 
isolated-word speech corpus for Pashto with a set of 
words used in most common applications and an ASR 
system development for Pashto. The corpus developed 
will be made available for future research on Pashto ASR 
system and other linguistic studies regarding Pashto 
language. 

II. TEXT CORPUS FOR SPEECH DATABASE 

In order to have phonetically rich words list, the 
selection of some optimal sources of words is of critical 
importance. This collection can be acquired on the basis 
of numerous conditions such as general purpose database 
or words assortment for some specific pragmatics such as 
security purpose, command and control purpose and so 
on. General purpose word-database might be developed 
on the basis of most frequently used words in the 
language, names of week days, names of seasons, months’ 
names etc as has been done in Urdu [12]. The later 
approach which has also been adopted in this work is the 
most appropriate one for the development of a generic 
ASR system. The development of the general purpose 
Pashto database carried out in this work is explained in 
the preceding sections.   

A. Words Selection  Criteria 
A balanced corpus should consist of phonetically 

compact and randomly selected words to provide ease for 
later development. Concerning the selection of 
phonetically balanced Pashto words, the Pashto 
Academy’s primer of Pashto by Dr. Hidayt Ullah Naeem 
[10], has been consulted.  

The words list consists of Pashto nouns and adjectives 
making part of the daily conversation. In addition, 
seasons’ names, names of the days of the week and digits 
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from 0 to 25 have also been included to widen the scope 
of the database. Besides these words, vigilantly filtered 
words from different sources like newspapers, magazines 
and daily conversation has been included in the database. 
Similarly, some of the words along with their antonyms 
have also been included. These are the most frequently 
used in daily life (such as “MARG” meaning DEATH and 
“JWAND” meaning LIFE).     

B. Recording Setup and Specifications  
Recording of the selected phonetically compact Pashto 

words was done in an office environment in an 
acoustically balanced room with the aim of avoiding any 
noise which can creep in during the recording process. 
The recordings were carried out using Sony linear PCM 
recorder, PCM-M10.  

The Recording phase is a very sensitive step and the 
recording process can potentially be disturbed by starting 
or pausing the recording in case any error take place 
during the recording. In order to avoid such disturbances, 
an intention of minimal manual interaction with the 
recorder was achieved by using a remote control. 
Similarly, mistakes could be made during the recording 
process, when any word is pronounced improperly. In 
such a case, the recorder is paused and words were uttered 
again to be recorded in a proper accent. 

Recordings of the words were carried out by using a 
sampling rate of 44100 Hz. The audio files were saved in 
.wav format. After the recording phase, recorded files 
were converted to mono and any erroneous files were 
separated from the other files with the help of Sony Vegas 
Pro 9. These mono files were also saved in .wav format.  

III. SPEECH DATA COLLECTION

The main task in the development of a generic purpose 
speech database is to obtain a corpus which ideally 
contains all the acoustic variabilities. However, it is 
practically impossible to develop such a corpus of ideal 
attributes. To develop a phonetically balanced speech 
database for Pashto, it should include all of the phonemes 
of Pashto, at least once at the beginning once in the 
middle and once in the end. The main feature of the words 
used in this research work is that it contains phonetically 
balanced set of words, acquired from [10]. The other main 
attributes that needs to be addressed in the database 
development for ASR are gender, age and accent of the 
speaker. These factors in the context of this work are 
discussed one by one in the following sub-sections.   

A. Speaker Selection  
Speaker selection is a vital task in the development of 

speech database since the age, accent, gender and origin 
of the speaker describe the viability of corpora for a 
certain application. For the development of Pashto speech 
database, most of the speakers were students and faculty 
members of University of Engineering and Technology 
Peshawar. These included both native and non-native 
speakers of Pashto. For equal distribution of attributes, 
utterances of both males and females have been recorded. 
In this way, the aim of equal distribution of native/ non-

native and male/female speakers has been achieved. Age 
is also an important attribute in the development of speech 
database because of the fact that aging causes change in 
the voice due to the changes occurs in larynx with age 
[11]. By keeping this phenomenon in mind, the speakers 
were selected from different age groups ranging from 16 
to 40 years.  

B. Data Statistics  
The collected data was uttered by 50 speakers, which 

included native/non-native speakers of Pashto, 
males/females having ages in the range from 16 to 40 
years. Each speaker uttered all the vigilantly filtered 161 
Pashto words, including the season’s names, week days 
and digits from 0 to 25, nouns along with their antonyms 
and some masculine along with their feminine. 

C. Ponunciation Correction  
To carry out the recording, speakers which are either 

native or non-native, has been selected which could be 
able to utter the words with correct pronunciation. In case 
of any ambiguity or mistake in the pronunciation, the 
words were re-recorded from the same speaker. The 
recording process was accomplished in a noise free 
environment to assure that no error is appended to the 
audio files. However, if there was still some error found in 
any file, it was eliminated manually by discarding those 
particular words and replaced by its re-recorded audio file. 

IV. DISTRIBUTIONS

While developing a speech corpus for Pashto, it was 
intended to make it balanced regarding the significant 
attributes causing acoustic variability. Speaker’s age, 
mother tongue, accent and gender were some specific 
attributes which were considered in the development of 
this corpus. Care was taken to distribute these attributes in 
a nearly uniform manner.  The table shown in Fig.1 shows 
the proportion of native and non-native speakers of Pashto 
language. It is apparent that equal number of native and 
non-native speakers of Pashto has been selected for the 
recording. The non-native speakers selected, consist of 
speakers having different first languages such as Hindko, 
Urdu and Punjabi, but were able to speak Pashto as a 
second language. The non-native speakers were able to 
speak Pashto easily since they have studied in Pashto as 
language of instruction but in a slightly different accent. 
These were included with the intention to develop corpus 
covering different accents of Pashto language, to make it 
available for a generic ASR system. 

Figure 1. Distribution of native and non-native Speakers 



Similarly, to have uniform distribution among the 
gender, similar number of male and female speakers has 
been deployed for the recording of selected Pashto words 
as shown in Table 1. 

TABLE I. NUMBER OF MALE AND FEMALE SPEAKERS

Total Speakers Male Female
50 28 22

As, the age of the speakers is also another important 
attribute causing acoustic variability, the distribution of 
different age groups has also been considered in the 
development of this database. The age wise distribution of 
the speakers is depicted in Fig.2. 

Figure 2. Age wise distribution of the Speakers 

Phoneme distribution was also an important aspect 
considered while developing the speech corpus. Pashto 
consists of a number of phonemes which are different 
those of many other languages.  Numerous phonemes 
available in Pashto are unique to Pashto and are not 
included in many other languages such as ‘ ’ and ‘ ’. 
Such sort of unique collection of phonemes and their 
distribution is one of the reasons which pledges for the 
development of a generic database for Pashto ASR 
system. The database developed consists of a careful 
assortment of all these phonemes. 

V. REPRESENTATION 
In the recording phase, 50 master audio files were 

collected, one file each recorded from one of the 50 
speakers. Each of these files consists of 161 words 
included in the database. These speech files are saved in 
.wav format and stored in a folder named MAIN. The 
individual words from each of the master file were then 
extracted, were given a unique name and saved in the 
mono format. The name given to each mono file uniquely 
species the information about the speaker’s name, age, 
gender and shows whether a speaker is a native speaker of 
Pashto or not. One of the modest approaches adopted for 
the representation of the mono files is discussed in [12], 
where each file is given nine characters names such as 
AAFYG2001, specifying all of the four attributes of the 
speaker and a unique identification of the word. Here the 
first two characters AA describes the speaker’s name; 
third  character F gives information about the gender of 
the speaker, where F stands for female and M for the male 
speaker.  The fourth character Y depicts that the speaker is 

a native Pashto speaker while N is used instead if the 
speaker is a non-native speaker. To provide the age 
information, speakers’ ages were divided into four age 
groups. Fifth and sixth letters indicates the age groups of a 
speaker while the final 3 digits represent the unique 
number of a word. 

In this paper a seven character name convention is 
used instead to facilitate the name assignment to each 
individual word file by eliminating the separate age 
transcript and writing speakers’ names in such a way that 
it also provides the age information. The ages of the 
speakers are divided in four groups shown in Table 2. In 
the seven letters plan adopted in this work, the first two 
letters specifies both the name and age group of the 
speaker. The speakers of age group 1 have both the letter 
as small, that of age group 2 first letter small, age group 3 
second letter small and age group 4 as both letters capital. 
In this way, ‘aa’ represents the first speaker of age group 
1. This scheme is depicted in Table 3, and can be 
extended up to any combination, depends upon the 
number of speakers in any age group. So now, a first word 
of database uttered by a male, native Pashto speaker of 
age group G2 can be represented by AaMY001, which is 
shorter than the name specified by using first approach. 

The method for the speakers’ names representation 
devised in this paper is very convenient and flexible.  
Each speaker was represented by the combination of two 
alphabets also giving the age information. As each of this 
combination can stretch from first letter ‘a’ or ‘A’ to ‘z’ or 
‘Z’ thus covering a range of 26*26=676 speakers for each 
age group. In this research work, as recording was carried 
out for 50 speakers but can be extended to more number 
of speakers using the same name structure. 

The third and fourth characters represent the gender 
and speaker’s origin information respectively while the 
last three characters represent the word number. The three 
letter representation of the word number gives flexibility 
for extending the number of words up to 1000 and can 
also be extended further by adding more characters to the 
right. 

TABLE II. AGE WISE GROUPING OF SPEAKERS

Ages of Speakers Age Group
16 to 25 Years G1
26 to 30 Years G2
31 to 35 Years G3
36 to 40 Years G4

TABLE III. TABLE 3: AGE GROUP WISE NAMING OF SPEAKERS

Age Group Transcription  Meaning  
G1 aa 

ab
ac
ad
.
.
.

ao

1st speaker of G1 
2nd speaker of  G1 
3rd speaker of G1 
4th speaker of G1 

.

.

.
15th speaker of G1 



G2 Aa 
Ab 
Ac 
.
.
.

Aw

1st speaker of G2 
2nd speaker of  G2 
3rd speaker of G2 

.

.

.
23rd speaker of G2 

G3 aA 
aB 
aC 
aD
aE
aF

1st speaker of G3 
2nd speaker of  G3 
3rd speaker of G3 
4th speaker of G3 
5th speaker of G3 
6th speaker of G3 

G4 AA 
AB 
AC 
AD 
AE 
AF 

1st speaker of G4 
2nd speaker of  G4 
3rd speaker of G4 
4th speaker of G4 
5th speaker of G4 
6th speaker of G4 

TABLE IV. GENDER AND FIRST LANGUAGE WISE TRANSCRIPTION

Transcription  Meaning  
M Male Speaker 
F Female Speaker  
N Non-native Speaker 
Y Native Speaker 

VI. ASR SYSTEM DEVELOPMENT

After the development of Pashto corpus, the primary 
task is to develop a Pashto speech recognition system. The 
pivotal steps in developing an ASR system are the 
extraction of salient audio features and the selection of 
suitable classifier. To develop Pashto isolated word ASR 
system, mel-frequency cepstral coefficient (MFCC) and 
their first and second derivatives were used as the audio 
feature vector while linear discriminant analysis (LDA) 
based classifier was used for recognition. In the 
experiments reported here, a subset of the database 
consisting of 17 speakers with 7 female and 10 male 
speakers has been used. Out of these, 70% of the data was 
used for the training purpose and the remaining 30% was 
used for testing. The recognition results for the first ten 
most commonly used Pashto words are shown in Table V. 
The results shown are obtained from confusion matrix for 
the ten words. 

TABLE V. PASHTO ASR RESULTAS 

Word number  Percentage Error 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

The higher error rate for some of the words is due to 
the limited training data while including speakers of 
different accents and speakers with Urdu as mother 
tongue. The ASR system is trained using only 11 
speakers; however the recognition performance can 
further be improved by increasing the training data. 
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