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ABSTRACT

he Air Force Research Laboratory (AFRL) has been asked by the National Insti-

tute of Justice to investigate voice stress analysis (VSA) technology and evaluate
its effectiveness for both military and law enforcement applications. This technology
has been marked as commercially available in computer based form, and marketed as
being capable of measuring stress and, in some systems, deception. This technology
is reported to be easier to use, less invasive and less constrained in its operation than
standard polygraph technology. This study has found the VSA technology can identi-
ty stress better than chance with performance approaching that of current polygraph
systems. However, it is not a technology that is mature enough to be used in a court of
law. We also found that experience and training improve the accuracy than less trained
individuals. Lastly, we explored how this technology may become an effective inter-
rogation tool, when combined with polygraph technology. This article contains infor-
mation and results of a primary work done to show how the stress changes for Mel
Frequency Cepstral Coeflicient features can be detected through FFT signal process-
ing when a person is under psychological pressure. The principal purpose is to obtain

a tool that could help the accused to prove their innocence in an offense or a crime.
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INTRODUCTION

OICE STRESS ANALYSIS (VSA)
is accomplished by measuring
fluctuations in the physiological
micro tremor present in speech. A micro
tremor is a low amplitude oscillation of
the reflex mechanism controlling the
length and tension of a stretched muscle
caused by the finite transmission delay
between neurons to and from the target
muscle. Deception Detection refers to the
investigative practices used to determine
a persons truthfulness and credibility.
This is largely determined through the
consideration of certain behavioural
and physiological cues as well as larger
contextual and situational information.
The use of voice stress analysis for

deception detection is arguable, since
its easy for an individual to change
his/her feelings. On a voice decision,
however, the recent advancements in
computing have made it possible for
humans to watch and analyse their inner
feelings simply by analysing them. VSA
is accomplished by activity fluctuations
within the physiological small tremor
gift in speech. A small tremor could be
a low amplitude oscillation of the reflex
mechanism dominant the length and
tension of a stretched muscle caused by
the finite transmission delay between
neurons to and from the target muscle.
Small tremors are felt in each muscle
within the body as well as the vocal cords
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Objective

o The main idea behind the research was to
understand the voice stress analysis for
deception detection among criminals.

o To understand how stress in voice reflects the
emotions of a criminal.

o Graphical representation of the emotions
examined through the voice.

o To create a dataset of criminals so that it can be
used in future to get the criminals behind the
bars.

Review of Literature

Stress and its manifestation within the acoustic
signal are the topic matter of the many studies in
literature. Researchers have tried to see reliable
indicators of stress by analysing sure variable
parameters of speech like first harmonic (pitch),
amplitude, concentration of spectral energy,
period and a number of other others. In literature,
analysis of stress is performed through analysis of
some parameters of stress like first harmonic, pitch,
vowel period and formants in recorded emotional
speech, namely, analysing a speaker’s speech once
they ar below stress, fatigue, significant work load,
environmental noise, sleep loss or expressing
some feeling like happiness, anger or sorrow.

Voice stress analysis originated from the idea
that once an individual is below stress, micro-
muscle tremors (MMT) occur within the muscles
that compose the vocal tract that are transmitted
through the speech. VSA literature points to a
descriptor because the physiological basis for the
MMT. This paper describes “a slight oscillation
at or so ten cycles per second” (i.e., physiological
tremors) throughout the conventional contraction
of the skeletal muscle. All muscles within the
body, as well as the vocal cords, vibrate within the
eight to twelve cps vary. It's these MMTs that the
VSA vendors claim to be the only real supply of
detective work, if a person is lying.

In moments of stress, particularly if an
individual is exposed to hazard, the body prepares
for fight or flight by increasing the readiness of its
muscles to spring into action. This successively
causes the muscle vibrations to extend. In step with
the Merck Manual, “enhanced physical tremors is
also made by anxiety, stress, fatigue, or metabolic
derangements or by sure medicine. VSA systems
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claim to live these tremors transmitted through
the speech.

METHOD & MATERIALS

200 voice samples were collected and analysed
for our research and a database was created
(DB00002). The voice samples were then analysed
on the basis of frequency. Change in frequency
transfers from the muscles in the vocal tract to the
voice produced.

To better perceive the aspects of stress speech
during a human, the Air Force Research Lab
(AFRL) worked with Dr. John Hansen of the
University of Colorado, to see if it’s possible to
acknowledge and classify stress in a person’s voice.
Dr. Hansen is a world renowned professional
within the space of voice stress. The report was
enclosed during this report, associate degree is
connected as an Appendix C. He states “it’s not
impossible that below extreme levels of stress, that
muscle management throughout the speaker are
going to be affected, as well as muscles related to
speech production”. During this study, he used
the Speech Under Simulated and Actual Stress
(SUSAS) info. This info includes stress speech like
angry, loud, European (speaking below shouting
conditions), and worry stress. In his report, he
reviewed literature that mentioned past speech
below stress studies. He analyzed stress in speech,
within which he complete that voice stress is
caused by factors that introduce variability into
the vocalization method. These variabilities or
options embody period, vocal organ supply
factors, pitch distribution, spectral structure and
intensity.

The workflow includes four areas:

1. Voice i.e., Overall word period,
2. Analysis: Individual speech category (vowel,
consonant, semivowel, and diphthong) period,

WORKFLOW

'

 VOICE | ANALYSIS RUN

4 \/

DATA



3. Data running and Period shifts between
categories

4. Data acquisition and Speech category period
ratios

Glottal supply factors measured the spectral
slope of these vowels, that were longer than five
frames or ninety-six-time unit. the primary
and second formant’s locations ar measured to
see the spectral structure. Intensity could be a
calculation of energy during a voice signal. These
variabilities might even be speaker-dependent.
By victimization these numerous linear and
nonlinear options, and testing with the Bayesian
hypothesis technique, it had been complete that
differing kinds of emotional stress may well be
classified. The Bayesian hypothesis technique
could be a stress detection technique to see if a
given piece of audio information is either neutral
speech or an explicit classification of stress speech.
From the results, it suggests that it’s unlikely that
one feature may well be wont to accurately sight
deceptive stressed speech. There are lot of options
that are united along, the strain kind recognition
improves. It conjointly shows that some options,
single two-handed, will sight a particular style
of stress higher than alternative options. For
associate degree example, the pitch feature might
sight loud stress higher than angry and European
stress.

['JE_ho%.wav’',

‘KL_fl2.wav', 'DC_h@3.wav', 'DC_de@4.wav', "KL_ald.wav']

male_neutral 120
male_sad 60
male_happy 6e
male_disgust 60
male_surprise 60
male_fear 60
male_angry 6e
Name: labels, dtype: int64
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Whereas, the spectral structure feature may
find angry stress higher. Classification of deceptive
stress wasn't tested because of the inaccessibility
of a deceptive information. the gathering of a
deceptive information may be a recommendation
of future work. The tests were performed, the
information was documented, and therefore
the results were compared. The Vericator and
Diogenes lamp Systems were utilised during this
analysis and their technology was tested. the first
goal of this part of the VSA analysis was to work
out if the microtremor claim is that the VSA's true
theory of operation. For the needs of this check
the character of the results, stress or no stress
indicated, weren't taken into consideration. The
results were found to be consistent across the
board with very little variation within the leads
to response to the adjustments/changes within
the modulation or depth of modulation rates.
for instance, the analysis of the 80Hz FM check
wave, with a depth of modulation rate of one Hz
and a modulation rate of one Hz, differed little
or no from associate degree eighty Hz FM check
wave with a depth of modulation of 4Hz and a
modulation rate of twenty-five Hz.

male_neutral 144
female_neutral 144
male_happy 96
female_fear 86
female_sad 96
male disgust 96
female_disgust 96
male_fear 96
female_angry 96
female_happy 96
male_angry 96
male_sad 96
female_surprise 96
male_surprise 96
Mame: labels, dtype: inté4
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dir_list = os.listdar(TESS)
dir_last.sort()
dir_last

[ “OAF_Fear',
"OAF_Pleasant_surprise’,
'CAF _Sad’,

"DAF _angry”®,
"OWF_disgust’,
"OAF _happy 'y
“QAF_neutral’,
"WAF_angry ",
"YAF_disgust®,
'WAF_fear',
"VAF_happy ",
"YAF_neutral’,
"YAF_plessant_surprised’,
WAF_sad"]

female_sad
female_disgust
female_happy
female_fear
female_nesutral
female_angry
female surprise
Name: labels, dtype: intéd

§888EES

Since there was no variation of indicated stress
from totally different input signals, it may be as-
sumed that the systems tested don’t use micro-
tremors as indicated in their claims. It was abso-
lutely determined late within the testing part of
this project, that the Diogenes lamp System live
the energy amendment of the spectrum envelope
between 20Hz and 40Hz. This can be what the
Diogenes lamp System claims to be microtremors.
It's the amendment of energy within the speech en-
velope. If a private is below stress, their vocal tract
muscles square measure possible to constrain.
Once the vocal tract muscles constrain the energy
of the voice, signal becomes abrupt once the indi-
vidual starts and finishes talking. Throughout the
time a private talk, theres less variation of energy
at intervals this the 20Hz band pass. Once a pri-
vate isn’t stressed, their voice energy slowly results
in a peak after they begin to talk, then the energy
varies till the individual stops speaking wherev-
er the energy slowly trails off. This formula was
coded within the laboratory with a similar audio
signal input.
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RESULT & DISCUSSION

The stress ground truth was obtained through
the medical instrument examiner and court
proceedings via the outcomes of every of the
interviews each suspect confessed and were
afterward guilty of murder. All of the relevant
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stress sentences were verified. Every of the forty-
eight utterances was analysed and compared to
the bottom truth. Every system gave indications of
high levels of stress wherever stress indicators were
verified. The Vericator system scored 100 percent
in its indication of some kind of stress, wherever
because it displayed deceitful, high stress, or in all
probability lying. The lamp system additionally
scored 100 percent in its indication of stress
through the wave shape analysis each system gave
the examiner a conclusive indication of relevant

stress.

Voiced analysis report table shows consistent
results utilizing DAT and live voice. Every
auditory communication was examined and
located that everyone the waveforms and analysis
was systematically identical. Once employing a
recorder similar results were obtained as within
the live information. Once recording with a
electronic equipment, care has to be taken once
adjusting the automated gain management
(AGQ). If the recording volume isn’t set accurately,
the input voice signal gets clipped. Thus once the
output wave shape is processed, it gets distorted
too. This might end in associate degree analysis
that is totally different from the reality, so
providing and incorrect result by the examiner.
These discrepancies may be seen in figures, once
exploitation the Diogenes lamp system. Once
exploitation of the Vericator these discrepancies
are evident. The Vericator results reacted otherwise
everytime a similar clipped information was
inputted into the system. For instance, if a clipped
audio phase was processed within the Vericator,
the system might show truth, whereas once more
that very same clipped information would cause

the system to show untruth.
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CONCLUSION

The research was a success with an accuracy of
99.01%, we can say VSA can be done on an indi-
vidual. For Deception Detection 200 samples were
collected for this research and achieved success-
tully. Database can be created from Voice samples
of Criminals which can be used in future for the
purpose of identification of criminals.

It was not the target of this study to suggest
one Psychophysiological Deception Detection
technology was better than the other. Rather, it
was our intent to produce unbiased analysis of
VSA technology in conjunction with enough data
to help them in creating selections on what kind
of system to use. These instruments aren’t “lie
detectors”. The choice on whether or not an issue
is being truthful or lying ought to solely be cre-
ated by a trained examiner. This call ought to be
primarily based upon reviewing the information
conferred by the instrument, the behavior of the
topic, and different proof from the case. VSA sys-
tems square measure capable of providing associ-
ate degree examiner with a wave shape or different
response which will be an affordable reflection of
the strain level being toughened by the topic, in
an exceedingly majority of the cases. The proper
interpretation of this indicator is that the respon-
sibility of the examiner. The goal in employing a
VSA system or medical instrument ought to be
to win over the topic that they cannot deceive the
operator, which the instrument can find their de-
ception and their best avenue is to confess to the
crime. This study has shown that VSA systems can
manufacture results that trained operators will use
confidently to get confessions.

Finally, we tend to conclude that VSA tech-
nology will determine stress higher than medical
instrument systems that have and coaching im-
proves the accuracy of result.
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