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Abstract
Objective: To develop a system that accepts a sentence consisting of two
and/or four languages and convert it to a target language text, termed as
Cross Language Speech Identification and Text Translation System. Methods:
A combinatorial model consisting of Hidden Markov Model, Artificial Neural
Networks, Deep Neural Networks and Gaussian Mixture Model are utilized for
direct and indirect speech mapping. Trained dataset consisting of thousand
phonemes for each of the Hindi, Telugu, English and Kannada languages,
initially for bank, hospital domains, later the grammatical phonemes of each
language were added and wave files consisting of cross lingual spoken
sentence were created which incurred a six months period to build from
scratch, as cross lingual vocal data-set is not available. Hindi language dataset
Shabdanjali was also referred. The basic parameters considered for creation
of structured dataset are loudness, pause, pitch, tone, noise cancellation,
sampling frequency, threshold etc. Findings: Comparative analysis of various
techniques, target languages and features are tabulated. Research idea
emerged from the comparative analysis of Monolingual Systems where there
was a gap for cross lingual speech to text translation. The architecture can be
enhanced in future for other regional languages of India.Novelty: Anewbench
mark for Cross Language dataset was created. This work presents CLSITT tool
applicable in transforming public speeches spoken in multiple languages to a
selected target language and the tool is helpful for a regional news editor, rural
and agricultural activities, medical applications, defence and so on.
Keywords: Artificial Intelligence (AI); Deep Learning (DL); Machine Learning
(ML); Natural Language Processing (NLP)

1 Introduction
Natural Language Processing involves the processing of speech, text or both. CLSITT
plays a major role for the users who are not skilled in multiple languages but need to
carry the research and understand the concepts present in other languages. Spoken
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languages have a specific set of rules, symbols and grammar that form a meaningful conversation. Previous research focussed
on Monolingual, Bilingual, Cross Lingual (1) Text Translation and Monolingual Speech (2) Translation but their exists a gap in
the previous research that Multilingual Speech and Cross Lingual Speech is not addressed. Hence, in the current research we
have addressed the issue of Multilingual and Cross Lingual Speech.

Social networks like Facebook, LinkedIn (3) and others generate a huge amount of data on the world wide web but nowadays
due to the user-friendly technologies users can create, share new opinions, ideas and content either through spoken words
or typed text, resulting in massive data. This unstructured data cannot be processed by the machines directly and hence
needs machine learning algorithms. Websites are algorithm dependent designed to retrieve, split, process, check spelling,
count the words and summarize text. These systems had limited capabilities for meaning extraction from the sentences. NLP
mandates elevated symbolic (4) capabilities for dynamic binding, treatment of repeated composite structures, attainment of
syntactical, semantical and lexical phases, routing control of information across several modules, preparation of basic language
constructs and text summarization. Human beings have an inbuilt capability of processing both visible(through eyes) and
audible information (5). Speech is an alternate for textual communication but with added qualitative characteristics which help
to understand human emotions.

Major advancements in machine translation (6) involves translating a text or speech from one specific language (7) to target
language, the research has focused on translating cross lingual speech to target language text. The objective of the research
is to develop a system that accepts multilingual oral sentence consisting of two, three or four languages and translate it to
a specific target language, the system named as Cross Lingual Speech to Text Translation System. For example transforming
public speeches spoken in multiple languages to a selected target language that reduces the overhead of manual intervention
for a regional news editor. This paper focuses on monolingual and multilingual (Cross) speech to text translation for Hindi,
Telugu, English and Kannada languages.

1.1 Terminologies and notations

Natural Language Processing is a subset of Linguistics, and consists of various fields like Artificial Intelligence (AI), Machine
Learning (ML) and Deep Learning (DL) as shown in Figure 1 .

1. Linguistics is a study of language (8), its structure, grammar, syntax, and phonetics.
2. Natural Language Processing (NLP) is subset of Linguistics a process of extracting meaning and learning from textual

data or speech.
3. Artificial Intelligence (AI) is a subset of NLP which transforms human intelligence (9) into machines based on rules, is

used to solve problems and demonstrate intelligent behavior.
4. Machine Learning (ML) (10) is a subset ofAIwhich enables self learning bymachines using some input data,make accurate

predictions, have both supervised and unsupervised methods.
5. Deep Learning (11) (DL) is a subset ofML that consists of algorithms, trained tomimic human brain and accomplish tasks

like identifying patterns. Processing of spoken language involves making computers to perform a task. The NLP system
may convert speech to text, text to speech, one language text to another language text or one language speech to another
language speech. It may also accept speech or text as input by an electronic robot to perform some action like lifting a
pen or playing a music file. Basic notations used in NLP are shown in Figure 2.

Fig 1. Combinatorial Fields of Linguistics
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Fig 2. Basic Notations in NLP

1.2 NLP Components

There are 2main components of any NLP system, Understanding of Natural Language andGeneration of Natural Language: (12)

Fig 3. Components of an NLP System

1. Natural LanguageUnderstanding (NLU)uses computer software to understand a dialect by accepting input text or speech.
It involves i. Lexical Ambiguity (LA) that is it refers to the multiple meanings of a word and its context. It can be resolved
using parts of speech tagging. Ex:The Fish is ready to eat. Is the fish ready to eat its food or is it ready for someone else to
be eaten. ii. Syntactical Ambiguity (SA) means that the word refers to a different meaning in the same context. Ex: John
met Ajay and Vijay. They went to a restaurant. They refer to Ajay or Vijay or all the three. iii. Referential Ambiguity (RA)
occurs when a spoken word or written text, could imply to more than one person or things in other sentences or in the
same sentence. Ex: The girl explained her mother about the theft. She was shocked. She is referentially ambiguous as it
refers to both the girl and mother.

2. Natural Language Generation (NLG): It is the production of meaningful words, phrases and statements by a computer
machine. It consists of i. Text planning (TP): It is the process of retrieval of related data from a repository. ii. Sentence
planning (SP): It is the process of word selection to form a meaningful statement. iii. Text Realization (TR): It is the
process of matching a sentence plan into a context.

2 Methodology

2.1 Dataset

HiTEK Hybrid Cross Lingual Dataset is constructed consisting of thousand phonemes for each language. Some of the other
datasets which are referred in our research are Shabdajnali, https://www.manythings.org/anki/. The dataset consists of tab
delimited Bilingual Sentence Pairs of the parallel corpus of source as well as the target language files having one sentence per
line. The dataset is collected from several sources and combined.

2.2 Preprocessing and cleaning dataset

The proposed system stores both raw, cleaned speech and text corpus for English, Hindi, Kannada and Telugu language
sentences in separate speech (.wav) and text (.txt) files. An instance of the below mentioned documents will be placed in one
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data directory. The data is then classified as follows:

Table 1. Speech File Description
Speech Files Description
Source This is a training file having HiTEK languages within a speech sentence. (Source Languages)
Target This is a training file having both speech and textual sentences in all the four languages. (Target Language)
Source
Validation

Validation data consisting of Hindi, Telugu, English and Kannada language words. (Source Languages)

Target
Validation

Validation data consisting of Hindi, Telugu, English and Kannada language words. (Target Language)

Source
Test

Initial stage where human speaker checks for proper functioning of hardware and corresponding software.

This section presents a workflow of an NLP system. Input to the systemmay be speech or text.The detail diagram is depicted
in Figure 5

1. Speech Repository serves as the central storage for raw input, supervised, intermediate speech (13) files obtained after each
processing phase, phase wise log file and the final speech output obtained.

2. Text Repository serves as the central storage for raw input, supervised, intermediate text (14) files obtained after each
processing phase, phase wise log file and the final text output obtained.

3. Speech Segmentation (15) is the process of identifying boundaries between words, syllables, phones or phonemes in
spoken languages to give a proper meaning for a word or a sentence in silent and noisy situations. Ex: CAN=3 Segments.
Speech specific phonological (16) rules are productive in nature. Ex: Usage of the word “THE” to construct a sentence.

4. Text Tokenization (17) is a task of dividing a textual sentence into a predefined set of tokens like space, tab, or punctuation.
Ex: A sentence can be divided into words and a paragraph can be divided into sentences, here words and sentences act
as tokens.

5. Morphological Analysis (18) is the process of formation of words from the smallest primitive chunks or constituents called
Morphemes. Ex LOVE cannot be divided, hence it is a morpheme in itself. Ex: Word UNBREAKABLE= UN + BREAK
+ ABLE, [3 Morphemes].

6. Lexical analysis is a procedure (19) of breaking huge sized content into constituent words, statements and paragraphs. It
is used to understand the relationships between and meaning of words in a sentence but within a context by utilizing
dictionary. A cricket stadium is validated as a location in the computer machine.

7. Syntactic Analysis (20) checks for words, grammar in a sentence and their arrangement among the words and validates
whether the natural language aligns with grammatical rules. It consists of Grammatical rules (Techniques are Stemming,
Dependency Parsing andWord Separation) and Parts of Speech tagging (Technique is word annotation). Ex: A wordmay
be annotated as a noun in the preceding statement and an adjective or verb in a succeeding statement. Table 2 visualizes
a set of POS (21) tags and Figure 4 illustrates an example sentence (22).

Table 2. Parts of Speech Tag Set
Key POS Key POS
CC Coordination of a Conjunction NN Noun Singular
CD Cardinality of a Number NNS Plural of a Noun
DT Determiner NNP Singular of a Proper Noun
SYM Symbol NNPS Plural of a Proper Noun
UH Interjection VB Verb
IN Preposition VBD Past form of verb
JJ Adjective VBG Present participle of a verb
JJR Comparative of an Adjective VBN Past Participle of a Verb
JJS Superlative of an Adjective PRP Pronoun Personal
PDT Pre-determiner RB Adverb
POS Possessive End RBR Adverb, Comparative
FW Foreign Word RBS Adverb, Superlative
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Fig 4. POS tagging for a sentence

8. Semantic Analysis: is an algorithmic activity to understand (23), merge and analyze the meaning of words, integrate words
to form phrases and unite phrases to form a well-structured sentence. Ex: Rat eats Cat is syntactically correct but invalidated
and Cat eats Rat is both syntactically correct and validated by the semantic analyzer.

9. Discourse Analysis (24) is the analysis of themeaning of a sentence that is dependent on other sentences. It can be applied to
a complete vocal conversation or a collection of written text or non-verbal communication like gestures as explained in Table 3.
Ex: She needed it depends on previous discourse (25) context.

Table 3.Discourse Analysis for various types of text
Level of communication Analysis

1 Conversational codes Communication among individuals like user response and interrupts
2 Non-verbal Communication Speaker hand gestures, pauses, tone to illustrate emotions and intentions
3 Genre A text category to analyze the relation and communication goals. Ex: Political

speeches, Newspaper articles
4 Structure Analysis of a text structure to focus on the construction of a narration
5 Grammar Construction of sentences. Ex: Active or passive voice, verb tenses, question

building can depict the meaning and intention
6 Vocabulary Formation of words, clauses and statements for detailed context analysis

10. Pragmatic Analysis helps people to identify the intentions of a situational conversation by the application of rules. It
mandates the inclusion of some extra textual meaning, goals, plans and world knowledge into a conversational context. Ex:
Close the door may be an order or request. To find out the difference inference modules and world knowledge is to be retrieved
from the data stores.

Fig 5.Workflow of a Natural Language Processing System
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2.3 Output: Processing of NLP leads to four different deliverables such as

• Input Speech to Output Text,
• Input Speech to Output Speech,
• Input Text to Output Speech and
• Input Text to Output Text.

Resultant NLP Processing System may be helpful in the following applications and described in Figure 6.

1. Automatic Text Summarization is the process of intelligently shortening long pieces of text such that the meaning is not
altered. Ex: Grammarly, Microsoft-word, Google docs etc.

2. Named Entity Recognition is an activity of locating and classifying an entity into predefined text categories like
organizations, person names, location etc.

3. Sentiment Analysis is the process of identifying sentiments whichmay be positive, negative, neutral opinion from speech
or text reviews in Social Media, Online Survey Responses and attributes like clothing size that fit or not fit.

4. Speech Recognition enables computers to recognize and transform spoken language into text or action. Ex: Alexa, Siri
and Cortona.

5. Topic Segmentation divides written text speech or recordings into shorter coherent segments. Ex: Classification of news
articles into Sports, Politics, Entertainment and so on.

6. Intent Classification is the process of classifying text according to a goal. Ex: Request for help, urgent problem, emergency
situation and dangerous water level.

7. Identify Customer types like variety of productswhich are followed by customers. Ex: Lifetime value, Product Preferences,
Privileged user, Value added customer.

8. Text Classification is used to categorize, understand, analyze sentiment and process unstructured text. 9. Auto Search and
Auto Correct helps us to improve our writing vocabulary by checking for spelling mistake, detecting grammatical issues,
or a statement structural error. Ex: Search Engines like Duck DuckGo, Google.

9. Translation Systems help to transform text in one language to a text in another language. Ex: Google Translate.
10. NLP Tool Kits in India and other countries for language understanding and generation like open sources, commercial

and research oriented software’s useful for societal benefits.

Fig 6.NLP Resultant Systems
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3 Results and Discussion

Table 4. Comparison of Monolingual Translation Systems Made in India
Prototype Name Technique Target Language Origin Features incorporated
Anusaaraka Direct Bengali, Kannada,

Marathi, Punjabi
1995, IIT- Kanpur, IIIT-
Hyderabad

1. Based on rich linguistic rule 2.
Bilingual dictionary, 3. Word by word
translationHindi to Punjabi

MTS
Direct Hindi to Punjabi 2007 Punjab University,

Patiala
Mantra 1995 Transfer Based English to Hindi,

Gujarati, Telegu. Hindi
to English, Bengali,
Marathi

2004, CDAC, Pune 1. Uses Tree Adjoining Grammar For-
malism 2. Multiple Bilingual dictionary
3. Grammatical rules 4. Intermediate
source language representation

Matra Transfer Based English to Hindi 2004 CDAC, Pune 1. Human assisted translation project
uses rule bases and heuristics. 2. mul-
tiple bilingual dictionary, 3. grammati-
cal rules 4. Intermediate source language
representation

Shakti Transfer Based English to Hindi,
Marathi, Telegu

2004 IISc Bangalore
and IIIT, Hyderabad

1.Working by combining rule based and
statistical approach. 2. multiple bilingual
dictionary, 3. grammatical rules 4. Inter-
mediate source language representation

Anubaad Transfer Based English to Bengali 2005 CDAC, Kolkata 1. Hybrid system which uses n-gram
approach for POS tagging at sentence
level 2. multiple bilingual dictionary,
3. grammatical rules 4. Intermediate
source language representation

Anglabharti Interlingual English toHindi, Tamil 1991 IIT, Kanpur 1. Uses intermediate structure Pseudo
Lingua for Indian Languages 2. based on
Interlingua 3. contains transfer approach

AnglaHindi Interlingual English to Hindi 1991 IIT, Kanpur 1. Uses rule-bases, example-base and
statistics to obtain translation for fre-
quently encountered noun and verb
phrases 2. based on Interlingua 3. con-
tains transfer approach

UNL English Hindi
MTS

Interlingual English to Hindi 2001 IIT, Mumbai 1. Uses Universal Natural Language as
interlingua, based on Interlingua 2. con-
tains transfer approach

English Hindi MTS Statistical
Machine Trans-
lation

English to Hindi 2010 IIIT, Hyderabad 1. Combines Rule BasedMachine Trans-
lation and phrase based SMT 2. Contain
statistical methods and rules with huge
language corpus

English Malyalam
MTS

Statistical
Machine Trans-
lation

English to Malyalam 2010 Cochin University
,Cochin

1. Uses SMT by using monolingual
Malayalam corpus and a bilingual
English/Malayalam corpus in the train-
ing phase 2. contain statistical methods
and rules with huge language corpus

Vaasaanubaada Example Based
Machine Trans-
lation

Bengali Assamese 2002 Pondichery Uni-
versity

1. Pre-processing and post processing
task, longer sentences fragmented
at punctuation, backtracking for
unmatched results. 2. based on previous
examples from bilingual corpora

Anubharti Example Based
Machine Trans-
lation

Hindi-English 2004, IIT, Kanpur 1. Hybrid Example based system which
combines pattern based and example
based approach 2. Based on previous
examples from bilingual corpora

Continued on next page
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Table 4 continued
Shiva Example Based

Machine Trans-
lation

Hindi-English 2004, IISc Bangalore,
IIIT Hyderabad

1. Uses linguistic rules and statistical
approach to infer linguistic information.
2. based on previous examples from
bilingual corpora

Samantar Neural Machine
Translation

Assamese, Bengali,
Gujarati, Hindi,
Kannada, Malay-
alam, Marathi, Oriya,
Punjabi, Tamil, and
Telugu.

As per the report
“Machine Translation
:The National Scenario”
published in April 2021
by Dr. S. K. Srivaastava

1. Uses neural networks

All the above mentioned systems provide single source to single target language translation but our research has developed
Cross Lingual Speech to Text Translation System that has addressed Trilingual and Quadlingual Speech to Text translation,
output is as shown below:

Fig 7. Trilingual Speech to Text where kn is Kannada, hi is Hindi and en is English

Fig 8.Quadlingual Speech to Text where te is telugu, hi is Hindi, en is English and kn is Kannada.

Processing of natural language enables computer to perform activities of reading, understanding and retrieving meaning
from spoken languages. Some applicable fields where NLP can enhance benefits are in Health Care, Marketing, Hiring and
Recruitment, Advertising, Commerce, E-Governance and Education.

4 Conclusion
The review has resulted in the comparative analysis of monolingual systems where there was a gap for cross lingual speech to
text translation, produced a generic system that can accept oral sentences having two to four languages to be translated to a
selected single target language. Ex Transforming public speeches spoken in multiple languages to a selected regional language
helpful for a regional news editor. Existing systems are monolingual but the research has resulted in the development of two to
four languages spoken within a single sentence for the languages Hindi, Telugu, Kannada, and English.The architecture can be
enhanced in future to incorporate other regional languages of India.
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