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Introduction

Speech Recognition known as Automatic Speech Recognition 
(ASR) is the procedure of  converting speech signals to a sequence 
of  words through methods of  algorithms accomplished as a com-
puter programme [1]. Automatic speech recognition enables the 
computer to identify words that are spoken into microphone or 
a telephone. Speaker dependent system are those systems that 
identify or recognized only one person voice and those systems 
that recognized the voice of  multiple users are known as speakers 
independent system [2]. Automatic Speech Recognition system 
(ASR), is an important branch of  information and communi-
cation technology as it is used to transform spoken words into 
text and also has dictation, security control, and foreign language 
translation [3].

Voice production process begins with the production of  airflow 
in the lungs, which is regulated by the vocal folds. Lungs, larynx, 
and vocal tract are the main organs for speech production. Lungs 
supplies air pressure signals to the larynx. The larynx regulates the 
airflow which is supplied by the lungs. The glottis, fluctuates with 
the movement of  the vocal folds, and thus regulates the flow of  
air through them. Larynx also known as a self-vibrating acousto-
mechanical oscillator. Various tiny muscles present in larynx also 
control the oscillation of  vocal folds. Some of  these tiny muscles 
regulate the rest position of  the vocal folds while others regulate 
their tension [4]. The vocal cords become distressed and pulsate 
by the airflow when lungs expel the air. The vocal folds alternately 
trap and release air causing a cycle of  vibrations called Glottis 
Cycle. When the glottis opens, the air explodes through the vocal 
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Abstract

The similarity in voices among blood relations has been always a fascinating subject in forensic phonetics. The present work is 
an initiatory study of  investigational character that explains the resemblance of  mother and her daughter phonation. This study 
is an attempt to report a novel approach to the speaker recognition and comparison of  the voice of  mother and her daughter 
by the use of  voice biometric software. An attempt has been made to enlighten the role of  voice as evidence in forensic inves-
tigation. Having noted a lack of  oral corpora of  mother and daughter voices, we have collected a database which consists of  
the 40 samples in a combination 20 each of  mother & daughter respectively. Voice transcripts of  mother and daughter were 
analyzed & compared using speech analysis software to examine the similarities & variations in sound spectrograms. The results 
of  our study showed that the mother and daughter voice samples have higher similarities which were estimated to 88%-92%. It 
is due to the influence of  genetic endowment, physical similarities and inheritance of  vocal gesture & posture. Voice Biometri-
cal Match cannot be 100% due to law of  individuality. This suggests that the system features are to a great extent genetically 
conditioned and that they are hence useful and robust for comparing speech samples of  known and unknown origin, as found 
in legal cases. This research shall enlighten an idea of  getting corroborative evidence, further which can be a part of  Forensic 
Investigation. Forensic experts can contribute to society/law with advance as well as fast crime detection solutions challenge 
in speaker identification.
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folds producing a sound wave. When air pressure forces the vocal 
folds to open and vibrate, it produces a voiced sound. The rate of  
repetition of  the cycles of  air pressure or frequency of  vocal fold 
vibration is called as Fundamental frequency or Frequency of  os-
cillation and the fundamental frequency also depends on various 
properties of  the vocal cords (length, mass and tension). There 
are some areas in frequency spectrum where energy is concen-
trated called formants. Formants are those dark bands that are ob-
served in the vowel region. These formants are examined for the 
purpose of  voice identification. The vocal cords that are vibrating 
synchronize the air stream from the lungs at a rate from 60 times 
per second for males to 500 times per second for children [5].

Speech Recognition systems can be divided into distinct classes 
by describing what types of  utterances they can recognize. These 
classes are identified as follows: 

→ Connected word systems (or more precisely ‘connected utter-
ances), allow apportioned utterances to be ‘run-together’ with a 
minimal pause between them. 
→ Continuous Speech: Continuous speech recognizers enable the 
users to speak almost naturally, while the computer detects the 
content. Basically, it is a computer dictation.
→ Spontaneous Speech: This can be thought of  as speech that 
is natural sounding and not rehearsed. An ASR system for such 
a speech deals with a variety of  natural speech features i.e. words 
being run together,” ums”,” ahs”, and even slight stutters. 
→ Isolated Words: Isolated word recognizers usually need each 
utterance to have silence on both sides of  the sample window. 
The user speaks individual words or phrases and the recognizer 
accepts single words or a single utterance at a time [6].

Recent studies in voice quality are conducted towards the evalua-
tion of  phonation performance in relation to either professional 
voice care, or in meta-acoustic knowledge (neurological deteriora-
tion, emotion detection etc.) These fields of  study are becoming 
more and more demanded now a day. Voice Biometrical Match 
on twins voice quality analysis and vocal performance of  interest 
was done by Van Lierde et al., and Segundo in their respective 
studies [7, 8].

There are some behavioral phonatic characteristics that are due 
to learned/habitual styles and are opposed to genetic reasons. 
In past, various research work is done on the twin voice quality 
analysis and vocal performance [8-12].

Segundo and Gómez-Vilda in their study examined the voice bio-
metrical match of  twin and non-twin siblings. This is an initial 
analysis to explore those characteristics/features that have higher 
resemblance of  monozygotic and dizygotic elocution/vocaliza-
tion in comparison to non-twin siblings. To obtain mutual rela-
tion/similarity between monozygotic and dizygotic twins, biome-
chanical constants procured from phonetic fillers are used. The 
results of  their study express the connection concerning ancestral 
load and environmental factors to choose vocalization manner 
[9].

Singh et al., emphasizes on some areas where the technique of  
speaker recognition can be used. The speech is one of  the natural 
forms, the voice of  an individual consists of  various parameters 
like emotions, health, gender that carry information. Speaker rec-

ognition technique applied for authentication, surveillance and 
speaker recognition for identification purpose in forensics [13].

Deliyski et al., determined the influence of  sampling rate on 
acoustic voice quality measurements, the influences of  gender, 
intra-subject variability, microphone, environmental noise, data 
acquisition hardware, and analysis software considered as bal-
ancing factors. The sampling rates for acoustic voice analysis are 
above 26 kHz, above 19 kHz, and 12 kHz, respectively. The voice 
samples above 26 kHz can be taken for data examination [14].

Krajewski et al., studied the analysis and classification of  a cold 
speech. The analysis and classification of  cold speech can be done 
by Variation mode decomposition (VMD). The speech signals are 
decomposed into a number of  sub-signals by VMD. Statistics, 
mean, variance, kurtosis and skewness are extracted from each 
of  the decomposed sub-signals. Center frequency, energy, peak 
amplitude, spectral entropy, permutation entropy and Renyi's en-
tropy are assessed, which is used as features [15].

Materials and Methods

In our study materials and methods utilized to gather and assem-
ble the samples, analysis of  the extracted features/words of  the 
speech samples, characteristics of  the speech sample analyzed, 
procedure and techniques used for audio analysis and comparison 
in conjugation with the different stages of  the automatic speaker 
recognition were used.

Data Collection

In the data collection stage, mothers and her daughters were re-
quest to phonate after taking their oral consent. Having noted a 
lack of  oral corpora of  mother and daughter voice, we have col-
lected a database which consists of  the 40 samples in a combina-
tion 20 each of  mother & daughter respectively from the Delhi, 
Haryana and Chhattisgarh population. The language used to re-
cord the audio sample was Standard Hindi as it is their mother 
tongue. Their speech was recorded using a mobile phone first, 
and then a computer microphone with sampling frequency of  
8000 Hz at Wave PCM signed 16-bit per sample along with one 
channel (mono) WAV format used at 128kbps bit rate. Each 
mother & daughter read similar words respectively with variable 
recording time. The words tested were “BBC News”, “kaha hai 
ki unka desh”, “karwai kay madey nazar”, “ki gyi jordar”, 
“Syria me irani”. Each mother & daughter read every word one 
time to be used later during process. The approximate age of  each 
mother varies between 45-65 years and for daughter is between 
20-40 years. This particular age of  mother and daughter has been 
selected because at this respective age, they are very able in com-
municating or perception as it is well developed as compared to 
others of  a younger age. They were selected randomly from local 
contacts and their identity was kept in privacy. The voice record-
ing procedure was conducted in a normal room at a noise free 
surrounding. Each recording was conducted with consent of  in-
dividual. The subjects used in our study were not suffering from 
any type of  auditory, speech & visual disorder. During the process 
of  recording subjects were not suffering from cold as well as any 
illness. None of  the subject was under the influence of  any drug 
or alcoholic stage during the process of  data collection.
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Analysis

Feature extraction: After the completion of  data collection, 
voice samples are repeatedly listened carefully and extract the fea-
tures/words that occur frequently in the transcripts of  mother 
and daughter that are further analyzed by Voice Biometric Soft-
ware such as ‘Gold Wave’. The words tested were ”BBC News”, 
kaha hai ki unka desh, “karwai kay madey nazar, “ki gyi jordar, 
“Syria me irani. These extracted words of  each mother and 
daughter were tested and further analyzed.

Feature analysis: After the completion of  Feature extraction, 
the samples (Sample1-20) mentioned here are labeled as S1, S2, 
S3,……, S20 respectively. The extracted phonate “BBC News” 
marked as “M1” for mothers, “D1” for daughters. The phonate/
feature “Syria me irani” marked as “M2” for mothers and “D2” 
for daughters. For mothers, the extracted word/ sample “ki gyi 
jordar” marked as “M3” and for daughters as “D3”. Extracted 
word “karwai kay madey nazar” marked as “M4” for mothers and 
“D4” for daughters and word “kaha hai ki unka desh” marked as 
“M5” for mothers and “D5” for daughters of  all samples. The 
extracted features of  each mother and daughter samples were 
analyzed by using Voice Biometric software such as Gold Wave.

Feature Comparison: Computer Speech Laboratory (CSL) 
or Speech Science Laboratory (SSL) is a personal computer 
based instruments used for this purpose which records, edits and 
quickly analysis the speech signal. The sound energy converted to 
electrical energy when the speech is subjected to spectrographic 
analysis which operates the stylus and creates a trace in form of  
graph called Voiceprint or spectrogram.

On horizontal left to right plane, it shows sound duration (in mil-
liseconds) and on vertical bottom to top shows speech sound 
characteristics like frequency. After obtaining spectrograms, spec-
trographic analysis can be done by analyzing the formants formed 
in the spectrograms. The analyzed phonates/words were com-
pared by spectrographic analysis. Further, spectrographic analysis 
can be done using SSL software. Samples are compared through 
Spectrogram analysis by using Speech Science Laboratory. The 
Spectrogram formants of  both the voice samples (mother and 
her daughter) are then compared visually. In the spectrographic 
analysis, the number of  formants formed, the intonation pat-
terns of  formants and the formant frequency distribution of  for-
mants in the mother’s spectrograms are calculated and compared 
with the number of  formants formed in the spectrogram of  her 
daughter’s voice.

Results and Discussion

Results of  our study showed that Visual comparison work of  
spectrograms of  mother voice samples marked exhibit “S1(M1-
M5) and daughter voice sample marked exhibit “S1(D1-D5) have 
been rendered. According to Figure 1-100, it is observed that the 
number of  formants and their positions are 88%-92% similar in 
both mother and her daughter’s spectrograms which shows that 
they have a high level of  similarity and due to law of  individuality, 
similarities are not 100%. The intonation pattern of  formants and 
the formant frequency distribution of  formants of  mother are 
observed similar/ homogenous to her daughter.

Similarly, visual comparison work of  spectrograms of  mother 
voice samples marked exhibit “S2-20(M1-M5)”and daughter voice 
sample marked exhibit “S2-20(D1-D5)” have been rendered. Ac-
cording to Figure 1-100, it is observed that the number of  for-
mants and their positions are 88%-92% similar in both mother 
and her daughter’s spectrograms which shows that they have a 
high level of  similarity and due to law of  individuality, similarities 
are not 100%. The intonation pattern of  formants and the for-
mant frequency distribution of  formants of  mother are observed 
similar/ homogenous to her daughter. This is the result that we 
are expected taking into account the degree of  shared genes and 
shared environmental factors by pairs. A voice is driven by ana-
tomical structure as well as non-biological (behavioral factors), 
dialectal aspects, environmental effects, mimicking characters. 
Qualities of  individual’s voice are driven from corporeal inher-
itance. The results allowing insightful discussion concerning the 
influence of  genetic endowment and environmental factors in the 
type of  speakers analyzed. The results of  comparing each mother 
speaker with her pair (daughter) support or validate the hypoth-
esis that the higher similarity values would be found in mother 
and her daughter’s voice. The influence of  genetic endowment 
and environmental factors are the most common factors of  such 
higher similarity. Finally, in view of  the results obtained, it is con-
cluded that the mother and daughter voice samples have higher 
similarities which is estimated to 88%-92%. It is due to the influ-
ence of  genetic endowment, physical similarities and inheritance 
of  vocal gesture & posture. Also, similarities cannot be 100% ef-
ficient due to law of  individuality.

Further in continuation to the research, it would be important 
in order to identify the role of  some specific parameters formed 
in the results from each comparison in samples of  mother and 
daughter. A reanalysis with more subjects shall be performed in 
future for better analysis using world class workbench and voice 
analysis tools. Also, as it is followed from the past research pa-
pers’ review carried out in [16] and which is summarized in the 
introduction format to this research. This heterogeneity mostly 
appears as a main factor in various studies on twins’ voices. 

Past various analyses obtained from the same collection of  Span-
ish twins showed the same results, that different pairs of  twins 
exhibit different variation in results when an IP differentiation 
is carried out, regardless of  phonetic speech examination, be it 
a formant ambit or other characteristics as likely as glottal [9]. 
Though, these are not needed to be a characteristic apparently 
pointed for twins but are common in speaker/speech recognition. 
Have gone through the previous researches [8, 9, 11, 12, 16].

Künzel in his study showed that there is an important gender re-
lated difference in the presentation of  the automatic system, this 
being superior for male as related to female voices [17]. In a study 
made by Kim showed that analyzed twins’ voices is focused only 
on female voices and these studies are almost comparable with 
our study [18]. 

In this study, an automatic speech recognition system are used 
to determine the similarity or variation between mother and her 
daughter’s voice, which consist of  combination of  automatic 
speech recognition software as a feature extraction technique 
combined with formants by spectrographic analysis. The voice 
identification includes the feature extraction & feature compari-
son in which the features/words that occurs frequently can be 
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extracted, analyzed & compared with the specimen using voice 
biometric software such as Gold wave. Speech was recorded us-
ing a mobile phone first, and then a computer microphone with 
sampling frequency of  8000 Hz at Wave PCM signed 16-bit per 
sample along with one channel (mono) WAV format is used at 
128 kbps bit rate. There are many different aspects which are dis-
cussed in the results obtained with the automatic speech recog-
nition system. The intonation patterns of  formants of  mother 
spectrogram of  speech exhibit are compared with the intonation 
pattern of  formants of  daughter spectrogram of  speech exhibit 
to determine the similarity or variation. The formant frequency 
distribution of  formants in mother spectrogram of  speech ex-
hibit is compared with the formant frequency distribution of  for-
mants in daughter spectrogram of  speech exhibit.

The results obtained from spectrographic analysis using SSL have 
a higher similarity between mother and their daughter’s voices. In 
spectrographic analysis it is found that the number of  formants 
formed and their positions are similar in the spectrograms of  
both mothers and her daughter’s voice samples. The intonation 
patterns of  formants of  mother spectrogram of  speech exhibit 
are compared with the intonation pattern of  formants of  daugh-
ter spectrogram of  speech exhibit to determine the similarity or 
variation. The formant frequency distribution of  formants in 
mother spectrogram of  speech exhibit is compared with the for-
mant frequency distribution of  formants in daughter spectrogram 
of  speech exhibit.

Conclusions

This chapter summarizes the results of  voice biometrical match of  
mother and daughter. Speech provides a vital conversation media 
between people. Vocal tract consists of  oral, nasal and pharyngeal 
cavities. Each of  which has a plangent profile, which is typical and 
idiosyncratic for each speaker/person, at least similarly to what 
happens with other parts of  the human anatomy, which are more 
or less individual. Automatic speech recognition system extricates 
features depicts the vibration profile of  the speaker’s voice cavi-
ties which generates a multifaceted direction. These are some of  
criteria (low-level features) that are useful in the analysis and with 
high-level features, which attributes to other phonological aspects 
that also helps to characterize a speaker, such as intonation pat-
terns, pausing behavior, vernacular etc. The present study is an 
attempt to report a novel approach to the speaker recognition 
and comparison of  the voice of  mother and her daughter by the 
use of  voice biometric software. An attempt has been made to 
enlighten the role of  voice as evidence in forensic investigation. 
A voice is driven by anatomical structure as well as non-biological 
(behavioral factors), dialectal aspects, environmental effects, mim-
icking characters. Qualities of  individual’s voice are driven from 
corporeal inheritance. All the facts or features are typically men-
tioned in the literature to explain the similarities in mother and 
her daughter’s voices, namely, genetic and environmental factors. 
In future research, we would recommend to incorporate the fac-
tor of  epigenetic (which explains the alteration in the expression 
of  specific genes caused by mechanisms other than changes in 
the underlying DNA sequence) which is often neglected in this 

research because it may play an important role in our understand-
ing of  the striking dissimilarities found for some pairs. Finally, in 
view of  the results obtained, it is concluded that the mother and 
daughter voice samples have higher similarities which is estimated 
to 88%-92%. It is due to the influence of  genetic endowment, 
physical similarities and inheritance of  vocal gesture & posture. 
Also, similarities cannot be 100% efficient due to law of  individu-
ality. This research shall enlighten an idea of  getting corroborative 
evidence, further which can be a part of  Forensic Investigation. 
Forensic experts can contribute to society/law with advance as 
well as fast crime detection solutions.
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