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1. Introduction:

Audio CAPTCHA systems are widely used to provide accessibility and enhance security in web applications,
particularly for visually impaired users and to prevent automated bot attacks [6]. In recent years, speech-based

CAPTCHA mechanisms have gained importance due to their usability and effectiveness in real-world environments.

Significant research has been carried out in the development of speech datasets for English, with well-known corpora
such as TIMIT and LibriSpeech providing high-quality and structured data for speech processing tasks [1], [2]. These
datasets are typically recorded in controlled environments and are extensively used in Automatic Speech Recognition

(ASR) research.

However, for Indian languages, especially those based on the Devanagari script, there is limited availability of
structured and publicly accessible speech datasets [11]. Existing works primarily focus on word-level or sentence-

level Hindi speech recognition systems [3], with very little emphasis on character-level datasets required for
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applications such as audio CAPTCHA systems. This gap highlights the need for developing a reliable, diverse, and

application-specific speech corpus for Devanagari.

In this work, we focus on the creation of a Devanagari speech dataset consisting of digits (0-9) and 23 carefully
selected characters. The dataset is designed specifically to support audio CAPTCHA generation and related speech
processing applications. The proposed dataset addresses the lack of character-level Devanagari resources and provides

a practical solution for low-resource language scenarios.
2. Literature Review:

Speech dataset creation has been widely studied in the domains of Automatic Speech Recognition (ASR) and speaker
verification [4], [7]. Early works primarily focused on English datasets such as TIMIT and LibriSpeech, which rely
on controlled environments and professional recording setups [1], [2]. These datasets provide high-quality audio but

are resource-intensive to develop.

In recent years, researchers have explored low-cost and scalable approaches using mobile devices for speech data
collection [9]. Studies indicate that mobile-based recordings introduce variability in noise, pronunciation, and
recording quality, which can improve robustness of machine learning models [12]. However, challenges such as

inconsistent pauses, background noise, and segmentation errors remain significant.

For Indian languages, especially those using the Devanagari script, limited datasets are publicly available [11].
Existing works focus mainly on Hindi ASR [3], with less attention given to character-level datasets required for
applications like audio CAPTCHA systems [6]. Some approaches utilize synthetic speech generation, but these lack

natural variability.

Pause-based segmentation techniques using silence detection algorithms have been widely adopted for splitting
continuous speech into smaller units [10]. Python libraries such as pydub and librosa are commonly used for audio

processing tasks including format conversion, segmentation, and feature extraction [5].

Manual validation remains a critical step in ensuring dataset quality, especially in low-resource settings. While
automated validation methods are emerging, human verification continues to provide higher accuracy for labelling

and filtering speech data [8].

3. Dataset Design:
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Table 1 : Devanagari Character Set
The Devanagari script comprises 52 alphabets; however, certain vowels and consonants exhibit similar phonetic

characteristics, leading to potential ambiguity in speech-based systems.

Structure of Devanagari Alphabets: There are two main types Swar (¥dX) — Vowels (13 main ones) Vyanjan

(3‘-1\_J|7'|') — Consonants (33 traditional ones) Articulation and Pronunciation. Understanding the articulation of

each consonant is crucial for accurate pronunciation

MOUTH POSITIONS FOR PRONUNCIATION
OF DEVANAGARI ALPHABETS

PhrEYH | ASST | <OGl | dAaaT9| 9YHhdaH

Fig. 1 : Mouth Positions for Pronunciation
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Anatomy of the Human Vocal Tract Used in Speech Production:

1.Gutturals (PUSY) : These sounds are produced at the back of the mouth.® (ka),Xd (kha),’T  (ga),d (gha)

2. Palatals (dTA) : These sounds are articulated with the tongue against the hard palate. d (cha), © (chha), S (ja),
I (jha).
3. Retroflexes (&E&Q') : Produced with the tongue curled back.C (ta), © (tha), S (da), @ (dha), UT  (na)

4.Dentals () : Articulated with the tongue against the upper teeth. d (ta), Y (tha), < (da), ¥ (dha), 7 (na)

5. Labials (3{1589) : Produced with both lips.T (pa), T (pha), § (ba), H (bha), H (ma)

Fig. 2: Human Vocal Tract
Vowels (¥dX) with similar pronunciation
% (i) and s‘ (1) — Difference is mainly short vs long sound &= short “i” (as in bir) , Sp = long “ee” (as in see)

J (u) and & (@) — Short vs long
J=short “u” (as in puf) &= long “00” (as in food)

T (¢) and T (ai)

B (r) sometimes sounds close to ¥ (ri) in modern spoken Marathi
3, 3i, 3f:

@ (ka) and 9 (kha) — Difference is aspiration (air)

[ (ga) and Y (gha) — Airy vs non-airy
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T (cha) and ® (chha) Yl (ja) and 9 (jha)
T (ta) and 3 (tha) 8 (da) and € (dha)
d (ta) and ¥ (tha) G (da) and ¥ (dha)
U (pa) and W (pha) d (ba) and H (bha)

T (na) and UT (pa) — In fast speech, many speakers pronounce them similarly
S (na), 9 (ia), UT (na) — Mostly appear with specific consonants and sound similar to ¥

S sounds (very common confusion) - ¥ (sa), ® ($a), ¥ (sa) — In spoken Marathi, all often sound like “H”
To minimize phonetic ambiguity, characters with similar pronunciation were removed. The resulting dataset comprises

10 Devanagari digits (0-9) and 23 distinct Devanagari characters.

° 2 |3 ¥ |k & b ¢ \\

A 4

g0 g ) 23

Table II : Devanagari Digits and Selected 23 Characters
4. Methodology

The dataset preparation process consists of multiple stages:

A. Character Set Design : A character set consisting of 10 numerals (0-9) and 23 selected
Devanagari characters
B. Training of Recording Participants :

Recordings were collected from multiple speakers including: - Boys — Girls.This ensures variability in pitch, tone, and

pronunciation.
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Before data collection, all recording participants were trained with clear instructions regarding: Proper pronunciation
of each character, Maintaining uniform speaking speed, introducing small pauses between consecutive characters,

Recording in a relatively noise-controlled environment
C. Audio Recording Procedure

Each participant recorded the complete character set using a collar microphone connected to a mobile device to
enhance audio clarity. Recording was performed using a mobile sound recorder application- Voice Recorder, which

required internet connectivity for proper functioning,.

D. Storage of Raw Recordings :

The recorded audio files were automatically stored in the internal storage of the mobile device in M4A  format.
E. Data Transfer to Processing System :

All recorded audio files were transferred from mobile devices to a laptop using E-mail transfer, or OTG (On-The-Go)

cable

Methodology for Devanagari Speech Dataset Preparation

| Character Set Design

10 Numerals & 23 Characters

'

Training of Recording Collectors

Instruction on Recording Procedure

'

Audio Recording
Collar Mic & Mobile App

[ Store Recordings in Mobile (M4A) ]
( Transfer to Laptop
Email / OTG Cable

v

[ Convert to MP3 Format ]
Organize in Folders
ROD, ROOZ... RSO0

!

‘ Silence-Based Segmentation ’

Split into €0, C1.., (33, C34..,

.

i Manual Verification ‘

Check & Filter Audio

W ' RejmedS:rm-'llu y
Mowe to Rejected Folder

Store in €0, C,..

Fig. 3 : Dataset Design Framework

F. Format Conversion :
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The collected audio files in M4A format were organized into a dedicated folder and converted into MP3 format using

Python scripts.
G. Structured Storage of Recordings :

The converted MP3 files were systematically stored in separate folders labelled as:

R001, R002, ..., R500, where each folder represents one complete recording instance of the character set.

Waveform of MP3 File
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Fig. 4 : Waveform of Devanagari Digits and Characters Recording

The waveform represents the amplitude variation of the recorded MP3 audio signal over time, where high-energy
peaks correspond to spoken Devanagari characters or digits and low-amplitude regions indicate silence. The distinct
and regularly spaced speech segments reflect structured recording, while amplitude variations capture natural

differences in pronunciation.

H. Silence-Based Segmentation
Each recording was processed using a silence detection algorithm to split the continuous audio into individual
character segments. This resulted in segmented files labelled sequentially as:

Co, C1, ..., C33, with additional segments (C34—C44) generated due to extra pauses or recording variations.

After silence-based segmentation, each recording was divided into 33—40 individual audio segments. A representative

waveform of a segmented sample is shown to illustrate the temporal and amplitude characteristics of the speech signal

Waveform Spectrogram

Amplitude
&
Frequency Bins

0 2500 5000 7500 10000 12500 15000 17500 0
Samples.

15
Time Frames

Fig. 5 Waveform and Spectrogram of Devanagari Digit ‘9’ (Nau) — Noiseless Sample
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Waveform Spectrogram
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Fig. 6 : Waveform and Spectrogram of Devanagari Digit 7’ (Sat) — Noiseless Sample

Representative waveform of a segmented Devanagari speech sample of 9 (nau) and 7 (sat) obtained after silence-based
segmentation. The waveform illustrates amplitude variations over time, where high-energy regions correspond to

speech segments and low-amplitude regions indicate silence

Representation of Spectrogram of a segmented Devanagari speech sample showing time—frequency representation
of 9 (nau) and 7 (sat) . The intensity of color indicates signal energy, highlighting the distribution of frequency

components during speech.
I. Organization of Segmented Files :
The segmented character files were stored within their respective recording folders.
For example: RO01 — CO to C33, R002 — CO0 to C40 (in some cases due to extra segments)
This hierarchical structure ensured traceability of each segment to its original recording.
J. Manual Verification and Quality Control :
Each segmented audio file was manually reviewed to ensure:
Correct pronunciation, Audible clarity, Absence of noise or distortion
Based on verification: Correct samples were retained, Incorrect or unclear samples
were moved to a Rejected Folder
K. Final Dataset Organization:

After validation, all correctly identified character samples were grouped class-wise. For example:  All instances of
digit ‘0’ were stored in folder C-0,  All instances of digit ‘1” were stored in folder C-1,  Similarly, all characters

were organized into their respective folders
6. Results and Discussion:

Recording Collection: The speech data was collected from a diverse group of participants, including boys, girls, men,

and women from both rural and urban backgrounds. The data collection process was carried out in four sessions,
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resulting in a total of 536 recordings. The inclusion of speakers from varied age groups and geographical regions helps

to introduce diversity in pronunciation, accent, and speaking style, thereby improving the robustness of the dataset.

Boys Girls Men Women Total

Data

Collection | Rural | Urban | Rural | Urban | Rural | Urban | Rural Urban

1 25 10 50 20 5 2 12 6 130

2 18 13 55 22 7 2 12 6 135

3 23 11 54 22 6 3 10 2 131

4 10 24 18 49 7 10 12 10 140
76 58 177 113 25 17 46 24 536

Table III : Demographic-wise Distribution of Recorded Participants (Rural and Urban)

Symbol | Correct | Rejected | Total | C% | R % | Symb | Corre | Rejec | Total | C% | R %
ol ct ted

o 425 111 536 | 79.29 |20.71 | & 310 | 226 |536 |57.87 [42.13
2 402 134 536 | 75.00 | 25.00 | & 310 | 226 |536 |57.87 [42.13
R 375 161 536 6991 |30.09 |§ 310 | 226 |536 |57.87 [42.13
3 372 164 536 | 69.44 | 3056 | q 308 | 228 | 536 |57.41 |42.59
¥ 355 181 536 |66.20 |33.80 | & 308 | 228 | 536 | 57.41 |42.59
Y 345 191 536 | 6435 |35.65 |9 308 | 228 | 536 | 57.41 |42.59
& 335 201 536 | 62.50 | 37.50 | g 305 | 231 536 | 56.94 | 43.06
v 323 213 536 | 60.19 | 3981 | § 305 | 231 536 | 56.94 | 43.06
¢ 320 216 536 | 59.72 14028 |H 305 | 231 536 | 56.94 | 43.06
Q 315 221 536 | 58.80 4120 | g 303|233 | 536 |56.48 | 43.52
3 318 218 536 | 59.26 |40.74 |3 303|233 | 536 |56.48 | 43.52
g 319 217 536 | 59.59 | 4041 |9 300 236 | 536 |56.02 | 43.98
3 344 192 536 | 64.25 |3575 |9 300 | 236 | 536 |56.02 |43.98
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1Y 315 221 536 | 58.80 | 41.20 | qT 300 236 |536 |56.02|43.98
PH 313 223 536 | 5833 (4167 |§ 300 236 |536 |56.02|43.98
T 313 223 536 | 5833 | 41.67 | & 298 | 238 536 | 55.56 | 44.44
q 313 223 536 | 58.33 |41.67 | TOT

AL 10675 | 7013

Table IV : Accuracy Analysis of Audio Recordings (Correct vs Rejected)

The table presents the distribution of correct and rejected audio samples for each Devanagari digit and character. A

total of 10,675 correct samples and 7,013 rejected samples were obtained after manual verification.

It is observed that digits generally show higher correctness percentages compared to characters, with digit ‘0’

achieving the highest accuracy of 79.29%. In contrast, several characters such as ‘& and ‘¢I” exhibit lower correctness

rates due to phonetic complexity and similarity with other characters.

The variation in correctness across symbols highlights the challenges in speech data collection, particularly for

character-level recognition, where pronunciation differences and recording conditions significantly affect data quality.
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Devanagari Digit/ Character

Fig. 7: Devanagari Digit and Characters, Correct vs Rejected Audio Recordings (%)

Character Recording Digits Recording Dataset
Total Recording
7,108 3,567 10,675
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Table V : Total Correct Character and Digits recordings
The final dataset consists of 10,675 validated audio samples, including 7,108 recordings of Devanagari characters and
3,567 recordings of digits. This balanced distribution ensures sufficient representation of both character and digit

classes, making the dataset suitable for audio CAPTCHA and speech processing applications.

The proposed system successfully generates a structured and labeled dataset suitable for audio CAPTCHA
applications. The use of mobile devices simplifies data collection but introduces variability, which enhances

robustness.

Manual verification ensures high-quality data, though it requires human effort. The segmentation approach based on

pauses proves effective for isolating characters.

7. Applications
The dataset can be used for: - Audio CAPTCHA generation - Speech recognition systems - Language learning tools -

Assistive technologies

8. Limitations
= Background Noise Issue: Audio recorded using mobile devices may include background noise, which can

affect the clarity of the speech samples.

= Manual Effort Required: Some steps like recording checking and audio segmentation are done manually,

which is time-consuming.

= Limited Dataset Size: The current dataset includes a limited number of samples and speakers, so it may not

cover all variations in pronunciation.

9. Future Work

o Extension to Full Devanagari Set: The dataset will be extended to include all Devanagari characters, including

vowels, consonants, and symbols.

e Automation Using Machine Learning: Machine learning techniques will be used to automate validation and

reduce manual effort.
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10. Conclusion:
This paper presents a cost-effective and scalable approach to developing a Devanagari speech dataset. By combining
mobile-based recording, automated processing, and manual validation, a high-quality dataset is achieved. Future work

includes automation of validation and expansion of the dataset with more speakers and environmental diversity.
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