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1. Introduction 
Speaker recognition is the technique 

used for the identification of the speaker using 
speaker-specific information from the speech 

signals. Speaker identification is the process of 
determining from which of the registered 
speakers a given utterance comes;
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Background: Voice is said to be unique for every individual and 
can be used for the identification. Significant intra variation in 
Speech samples can be seen with the changes in the physical and 
mental conditions. Analysis of disguised voice samples is 
challenging to the Forensic Speaker Identification Expert. Speech 
processing softwares which are freely available and can be used to 
change voice samples. These softwares add some background 
variations along with the alter in the frequency distribution in the 
voice. Methodology: This paper focuses on the examination of the 
voice samples which are processed by a freely available android 
application which changes the female voice samples to that of male. 
The examination was done on the OT- Expert 6.0. The Examination 
of the voices was done by the Aural-Acoustics method. Results: For 
the examination of the voice samples on acoustics parameters such 
as fundamental frequency(F0) and Formant Frequencies (F1, F2, 
F3, F4) for 5 vowels (/ʌ/, /ɔ/, /i/, /I/, /u/) compared with their 
control recordings showed prominent and noteworthy differences. 
Aural examination parameters such as relative pauses, background 
variations, and linguistic features such as delivery of speech, specific 
pronunciations for words remained similar. Conclusion: Some 
specific formant frequencies for 5 vowels (/ʌ /, /ɔ /, /i /, /I /, /u/) 
combined with auditory parameters especially the degradation of 
background of the audio for suspecting a case of electronically 
disguised voice and then compared it with a possible list of suspects 
for speaker identification. Therefore, based on some specific aural-
acoustics features electronically disguised voices can be identified 
amongst the suspected voice sample. 
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speaker verification is the process of accepting or 
rejecting the identity claimed by a speaker1 Some 
applications include secure access control by voice, 
customizing services, or information to individuals by 
voice, indexing or labelling speakers in recorded 
conversations or dialogues, surveillances.2  

In voice disputed cases encountered in 
Forensic Science both the scenarios speaker 
identification and verification are very significant.  
Identification is correlated with the physiological and 
behavioural characteristics of an individual’s speech 
production system.3  To hide their identity criminals, 
use various disguise methods like keeping a 
handkerchief over the phone’s mic or producing nasal 
sound, doing mimicry to cheat with the system etc.1 

All these methods open new challenges to the 
forensic speaker identification expert. The last 
decade’s development in the software technology 
has provided more options in disguising the identity. 
There are multiple android and windows operating 
applications that change the given voice to that of 
alien, robot, other gender, child etc. Forensic Speaker 
identification in India and some other countries 
majorly depends on the Formant Frequency, Pitch, 
and Auditory methods for analysis.4  

This research has reported a voice conversion 
method based on analysis and transformation of the 
characteristics that define a speaker’s voice.5 This 
manuscript gave an overview of real-world 
applications by extensively studying existing systems 
of voice conversion, and discussed remaining 
challenges in the voice conversion system.6  In one of 
the study Voice feminization therapies were 
exploited for male to female transgender women by 
increasing the fundamental frequency and increasing 
the formant frequency, the result suggested that 
voice was convincing as not male.7 Research 
conducted to investigate the contribution of formant 
frequencies for gender identification found that 
female speaker was perceived as a female even at a 
speaking fundamental frequency in the typical male 
range, whereas for male speaker’s gender perception 
was less accurate at speaking fundamental 
frequencies at 165 Hz and higher. Even if there was 
considerable overlap between genders, significant 
differences in formant frequencies of male and 
female were seen.8 
2. Experimental Procedures 

To conduct this study, voice samples of 50 
females from age 20- 35 years were collected. All the 

recordings were collected in a controlled 
environment at the Acoustics Laboratory at the 
School of Forensic Science & Risk Management, using 
Motu Audio System. Hindi Transcript was given to all 
the speakers. Each speaker was asked to recite the 
given script for five times. To make them familiarize 
with the script, it was given 30 minutes before the 
recording to each speaker. For creating the 
electronically disguised sample every fourth 
recording of each speaker was converted into the 
male voices, using a free android application. The 
selected android application was highly rated and 
have multiple changing parameters.  

Changing the voice samples into the Child, 
old-age, alien, Robot, etc. For this study, the recoded 
female voice samples were converted to Male voices. 
After processing each recording, Speaker 
Identification was done using the Semi-Automatic 
method. Selected parameters for auditory analysis 
were quality of speech, delivery of the speech, nature 
of pause, background variation, and speech rate. In 
Spectrographic analysis Pitch and Formant 
frequencies (F1, F2, F3, F4) were studied. Five vowels 
studied are /ʌ/, /ɔ/, /i/, /I/, /u/. Wilcoxon Signed 
Rank Test was used as a statistical procedure to 
determine whether the mean difference between 
two sets of observations is significant (p<0.05) or not.   
3. Results 

On Auditory Analysis, parameters such as 
Voice quality, Delivery of Speech, Nature of Pauses, 
Background Variation, and Speech Rate in the 
controlled audio was found to be good, clear, natural 
pauses, no background noise, and speech rate was 
also observed to be normal. The audios were 
recorded in the control situation, to study the effect 
of electronic disguising software on these 
parameters. In the electronically disguised voice, the 
Voice Quality was degraded in 42%, 50% had normal 
quality of speech and in the remaining 8% of the 
audios the quality of voice was good. Delivery of 
Speech was degraded in all the audios but in 20% of 
the audios, the delivery was degraded to an extent 
that it was difficult to understand the content of the 
audios. While examining Nature of Pauses, in 50 % of 
the audios the duration of pauses was increased, in 
40% the duration of pauses was decreased, and only 
in 10% audio the pauses remained the same. 
Background Variation was added through 
reverberations were added in the audios. Speech 
Rate showed degradation and high variation from 
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their original voices. After the auditory analysis of the 
audios, both control and disguised audios were run 
through the Acu- Expert 6.0 for Spectrographic 
analysis. The fundamental frequency of the audio and 
formant frequencies (F1, F2, F3, F4) for the five 
vowels /ʌ/, /ɔ/, /i/, /I/, /u/ were marked. The values 
were then compared among themselves using 
Wilcoxon Signed Rank Test. The results of Wilcoxon 
Signed Rank Test were tabulated and shown below. 
Figure 1: Distribution of Voice Quality in electronically 
disguised voice. 

 
Figure 2: Distribution of Nature of Pauses in electronically 
disguised voice. 

 
Figure 3: Distribution of Delivery of Speech in 
electronically disguised voice. 

 

Figure 4: Distribution of Background Variation in 
electronically disguised voice. 

 
Table 1: Statistical Results of the fundamental frequency 
of Female Samples Compared with Disguised Male 
Sample- Fundamental Frequency (F0). 

 EF0 - CF0 
Z -6.155 
Asymp. Sig. (2-tailed) .000 

Table 1 above indicates that the fundamental 
frequency was highly significant (p<0.005) therefore, 
there is significant positive difference in the 
fundamental frequency of the control and 
electronically disguised voice. 
Table 2: Statistical Results of Formant Frequency of 
Female samples Compared with Morphed Male for vowel 
/ʌ / - Formant Difference for vowel / ʌ / 

 EF1 - 
CF1 

EF2 - 
CF2 

EF3 - 
CF3 

EF4 - 
CF4 

Z -1.368 -3.546 -1.577 -5.148 
Asymp. Sig. 
(2-tailed) .171 .000 .115 .000 

Table 2 above indicates that the fundamental 
frequencies (F2 & F4) was highly significant (p<0.005) 
therefore, there is significant negative difference in 
the formant frequencies (F2 & F4) of the control and 
electronically disguised voice. Also, formant 
frequencies (F1 & F3) were non-significant (p>0.005). 
Table 3: Statistical Results of Formant Frequency of 
Female samples compared with Disguised Male for vowel 
/ɔ/ - Formant Difference for vowel / ɔ/ 

 EF1 - 
CF1 

EF2 - 
CF2 

EF3 - 
CF3 

EF4 - 
CF4 

Z -6.073 -3.183 -2.074 -4.372 
Asymp. Sig. 
(2-tailed) .000 .001 .038 .000 

Table 3 above indicates that the fundamental 
frequencies (F1, F2 & F4) was highly significant 
(p<0.005) therefore, there is significant positive 
difference in the formant frequencies (F1, F2 & F4) of 
the control and electronically disguised voice. Also, 
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formant frequency (F3) was non-significant 
(p>0.005).  
Table 4: Statistical Results of Formant Frequency of 
Female samples compared with Disguised Male sample 
for vowel /i/ - Formant Difference for vowel /i/ 

 EF1 - 
CF1 

EF2 - 
CF2 EF3 - CF3 

EF4 - 
CF4 

Z -6.093 -2.999 -4.372 -.527 
Asymp. Sig. 
(2-tailed) .000 .003 .000 .598 

Table 4 above indicates that the fundamental 
frequencies (F1, F2 & F3) was highly significant 
(p<0.005) therefore, there is significant positive 
difference in the formant frequencies (F1 & F3) and 
negative difference in formant frequency (F2) of the 
control and electronically disguised voice. Also, 
formant frequency (F4) was non-significant 
(p>0.005).  
Table 5: Statistical Results of Formant Frequency of 
Female samples compared with Disguised Male sample 
for vowel /I/ - Formant Difference for vowel /I/ 

 EF1 - 
CF1 

EF2 - 
CF2 

EF3 - 
CF3 

EF4 - 
CF4 

Z -6.093 -3.278 -4.382 -3.183 
Asymp. Sig. 
(2-tailed) .000 .001 .000 .001 

Table 5 above indicates that the fundamental 
frequencies (F1, F2, F3 & F4) was highly significant 
(p<0.005) therefore, there is significant positive 
difference in the formant frequencies (F1, F3 & F4) 
and negative difference in formant frequency (F2) of 
the control and electronically disguised voice.  
Table 6: Statistical Results of Formant Frequency of 
Female samples compared Disguised Male sample for 
vowel /u/ -Formant Difference for vowel /u/ 

 MF1 - 
CF1 

MF2 - 
CF2 

MF3 - 
CF3 

MF4 - 
CF4 

Z -6.083 -.343 -3.069 -3.790 
Asymp. Sig. (2-
tailed) .000 .731 .002 .000 

Table 6 above indicates that the fundamental 
frequencies (F1, F3 & F4) was highly significant 
(p<0.005) therefore, there is significant positive 
difference in the formant frequencies (F1, F3 & F4) of 
the control and electronically disguised voice. Also, 
Formant Frequency (F2) is non-significant with 
negative difference in formant frequency (F2) of the 
control and electronically disguised voice. 
4. Discussion 

After processing the audio in software, the 
output audio was altered with different properties to 
that of control recording. In auditory analysis of the 

control and electronically disguised voices the 
parameter which showed maximum variation was the 
background variation. Background of the audio is 
referred to as the non-voiced regions of the audio 
signal. On listening to the electronically disguised 
male voices there were significant changes in the 
background of the audio. The Voice of the female 
samples was converted in such a manner that the 
voice was heavy, reverberating and recorded in a 
closed empty area. In some of the audio’s articulation 
of words was not very clear, researchers had to listen 
twice or thrice to understand the words.  

This could be because the formant 
frequencies showed significant changes. The values 
of formant frequency F1, F2, F3, F4 for 5 selected 
vowels were decreased for all vowels in disguised 
voice sample to that of values of control recording. 
On analyzing the average pitch of the control and 
morphed voice it can be noted that the average pitch 
of the electronically disguised male was in the range 
of 105- 175 Hz whereas the average pitch of the male 
voice lies in the 85 to 155 Hz.9 The parameters 
selected for the analysis are limited, and includes only 
those which are commonly used and accepted in the 
identification of the speaker in the criminal 
investigation.4 There can be many more changes in 
the signal of the audio which could be analyzed by the 
speech signal processing experts. Forensic Speaker 
Identification expert together with signal processing 
experts can explore this challenge and seek solution 
in the examination of the electronically disguised 
voice, so that the changed signal can either be linked 
to the original signal or it can reprocess and 
converted to the original audio. 
5. Conclusion 

The study clearly highlighted that auditory 
analysis of all the aural parameters of the 
electronically disguised voice samples with respect to 
their control voice had shown degradation and 
remarkable deviations in the voice conditions. But 
identification of disguised voice only on the basis of 
auditory parameters of speech can be tricky and 
challenging for the expert. This is because disguising 
softwares are altering the vocal parameters on the 
basis of predefined algorithms.  

From spectrographic parameters of 
electronically disguised voices along with their 
original voices, it can be concluded that parameters 
such as pitch of the voices shows comprehensive 
variations, thus cannot be reliable parameter for 
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identification. However, respective formant 
frequencies for the given vowel are the suitable 
parameter for speaker identification especially in 
samples disguised into male.  

Certainly, with limitations, some specific 
formant frequencies indicative of the morphing can 
be combined with auditory parameters for suspecting 
a case of morphing and can be compared with 
possible list of suspects for speaker identification 
based on spectrographic analysis. 
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