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“VOCALISE

A new system for forensic speaker recognition called

e VOCALISE - Voice Comparison and Analysis of the
Likelihood of Speech Evidence

Provides the capability to perform comparisons using
e ‘Automatic’ spectral features
e ‘Traditional’ forensic phonetic parameters
e ‘User’- provided features
e Semi- or fully automatic comparisons
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- VOCALISE SW

Form a bridge between
traditional forensic phonetics-

based speaker recognition and .‘Q_Oi o
forensic automatic speaker “’ it ﬂ"

recognition

Provide a common

methodological platform for
both classical automatic and
phonetic speaker recognition

Provide a coherent means of
expressing the combined
results.

=%

@ N\ :

OxfordWaveResearch



yzds a co methodologi
~ platform (1/2)

5000 Hz

0 Hz

He
°
o
3
o
o
o

”
N B
i

PP -

sk Long-Term Average Formant F1,2,3 Histograms
T

T

"[— SpeakerRO2133b-F123 |

LTAF F1,23

1 -
0 500 1000 1500 2000 2500 3000 3500
frequency [Hz]

*LTF illustration from Catalina Manual

OxfordWaveResearch




T%zds aco

—

platform (2/2)

methodolo

14
iz A
21 / \ R=12911
"]
Nia
§ 08 ‘! \‘\
7% 2 ‘\‘ { PLEMD) =0.48339
E !‘ \ ‘ \
2 04 X, \ \
/ \
4 \ / \
[]2 ’I L) , o
- /) PIEIR1) =0.037
-~ S |
0 E=079%645 — == .
4 3 2 i 0
Scare
—H =
Bayesian Likelihood Ratios and

Log-likelihood Calculations made easy

OxfordWaveResearch




v \VAAVY

OxfordWaveResearch
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Simple, ‘open’ box architecture
Allows the user maximum control
over their data and comparisons
Interfaces with ‘trusted’
programs like Praat, Wavesurfer,
etc

Easy-to-use as a research tool
With ‘great’ flexibility, greater
onus on the user to use it
intelligently
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@ VOCALSE - VOice Comparison and Analysis of the Lkelihood of Spe

File Help
I -
Analysed Audio | Compared Audio
|00:00:00:000 00:00:10:000 00:00:20:000 00:00:20:000
00—
_6 p—
-Inf—
-5 —
0—
v103_f1-nopause wav [ - ] [ 1] ] [ L 00h 00m 40.536s
Comparison Files [ User | Auto Phor‘letic| System Status Messages
Flename log Scores * ] Butracting phonetic features -
9 Silence Removal: [ Comparing anahysis audio features with comparison files
v052_fs1-nopause wav (00m 28s) -1.855432 Nomber OF G ) » = Complzied running comparisons. Time elapsed 12.245
w058 _fs1nopause wav (00m 21s) -2121082 LBl SRR < seconcs )
Completed comparigon for v103_f1-nopause wav. Total
w059 _fs1nopause wav (00m 42s) -1.0415 Mumber Of Features: 13 = time elapsed 238.384 seconds i
w075 _fs1-nopause wav (00m 24s) -1.634086 Finished muttifile-drop comparisons. Total time elapsed [
v084 fs1-nopause wav (00m 28s) 1961072 | | UseUBM 238.401 seconds 2
w093 _fe1-nopause wav (00m 23s) -2.163434
w097_fa1-nopause wav (00m 23s) 2022172 COITIDEI'E
w100_fs1-nopause wav (00m 20s) 203755 |E
w101 _fs1-nopause wav (00m 30s) -2.180415
w103 _fs1-nopause wav (00m 21s) -1.16612 Presets: E] “Default - \
() || Advanced Settings: OxfordWaveResearch
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Spectral Settings | User Settings | Auto Phonetic Seﬂingsl

=)

ot e L =
a0l Advanced Settings -

Detta Feature Settings
(71 Use only MFCC Features

@ Delta (i) Features
(7 Deta-Detta (AA) Featurss
Statistical Modeling Settings
# Train Cycles 10 =

-

Madeling File Acceptance Conditions

Channel Nomalisation Settings

@ Mean Subtraction
(7} Mean Variance Nomalisation
Symmetric Settings

Symmetric Testing (Takes Longer)

N/t

Model min file length: {15 = [ Include short files in comparison
MFCC Settings
Minimum Frequency: |50 = Madmum Frequency: 4,000 =
# Fitter Banks: 24 = [ Include Energy Coefficient

QK Cancel

Spectral and Autophonetic modes (advanced settings screen)

Delta Feature Settings

@ Use only Standard Features
1 Delta (A) Features

) Deltta-Delta (AL) Features

Statistical Modelling Settings
# Train Cycles 10 =

-

Madeling File Acceptance Conditions
Model File Length: 15

-
-

| Spectral Settings | User Settings | Auto Phonetic Settings |

Channel Momalisation Settings
@ Mone

(7) Mean Subtraction

(7) Mean Varance Momalisation
Symmetric Settings

Symmetric Testing (Takes Longer)

[7] Create models from short audio
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ﬁ would you need VOCALISE?

The VOCALISE framework allows for:
Benefitting from the expertise of forensic phoneticians

Providing validation and safeguards for automatic and
semi-automatic speaker recognition approaches

Transparent and easy calculation
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phoneticians

Most of the forensic speaker recognition case-work is performed by
forensic phoneticians who

e Have a lot of experience and knowledge in voice comparison and an
understanding of the legal requirements in their area

e Are currently out of the loop in a fully automatic analysis
e Want to include automatic methods, but do not have any straight-forward
means of doing so

Some of the experts would like to meet the challenge of making their
speaker recognition analysis more objective using likelihood ratios and
evaluating system performance
They would like to provide an alternative opinion not entirely on ‘autopilot’
which includes results based on phonetic expertise.
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“Validation and Safeguards

In certain cases the automatic system alone could be
misleading, e.g. false identification results

e based-on channel characteristics
e between unusual and similar speech samples

Automatic systems may depend on the assumptions made by
the developers which may not always hold

e |t is useful to have a second opinion to confirm or deny

e The corpora used to develop and test the systems may be
different and often not representative of forensic conditions

Adding forensic phonetic features will add a certain level of
validation and safeguard

Forensically relevant as adding phonetic information can
prevent or at least reduce these errors
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- (1/2)

Forensic labs could run automatic systems along with
their ‘traditional’ analysis
e if the necessary conditions of the material are met (duration,
quality, etc.)
e Use an automatic system to obtain result in the form of a LR (or
score).
e Phonetic and linguistic methods currently mostly used to obtain
an opinion would benefit from being expressed in LR framework
No reason why everything phonetic/linguistic stays outside
the LR-framework.
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Mor transparent and easy calculations
(2/2)

Currently to obtain LRs based on formants F1, F2, F3 of the
vowels /i/, /a/, /u/ in a recording (York, Australia)
e Use the Multivariate Kernel Density (MVKD) formula by Aitken &
Lucy
e Or use GMM-modeling for the distribution of F1-F2-F3 values of
the suspect and a UBM
e To obtain one LR from all three vowels you could average or use
other measures
Major impediment for including more phonetics into the LR-
framework is the lack of appropriate and user-friendly tools

e Requires dedicated knowledge of Matlab and R

e Other phonetic measurements such as or durations of sounds,
syllables or sub-syllabic constituents, fundamental frequency,
etc. cannot be incorporated into the LR easily
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File Help

Analysed Audic | Compared Audio
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w024 _ts1 wav

Comparison Files Spectral | User | Auto Phonetic System Status Messages

Secanning input files
Silence Removal: | Finished scanning input files
v024_fs1wav (02m 04s) hzad perfomed iln{g.'?&;econds

MNumber Of Gaussians: 32 nning spectra comparisons

V038 fs1wav (02m 43) Extracting spectral (MFCC) features
w057 fs1.wav (02m 56s) Mumber Of Features: 13 Comparing analysis audio features with comparison files
w085 _fs1.wav (04m 02s) Completed running comparisons. Time elapsed 13.613
v058_fs1.wav (02m 13s) -1, Use UEM seconds v
v38_fs1.wav (03m 31s)
v10_fs1 wav (02m 07s) - I | Ccompare
v052_fs1wav (02m 32s)

w33 _fs1wav 5] -

093_fs1.wav (03m 31s) \

v033_fs1wav (04m 245) E Presets: il \
v037 fs1.wav (02m 05s) - )

Advanced Settings: OxfordWaveResearch

Filename

Three operation modes called ‘spectral’, ‘user’, and ‘auto
phonetic’ are currently included in VOCALISE.
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“VOCALISE - Operation modes

Spectral - automatic extraction of features most commonly
used in automatic speaker and speech recognition

e currently MFCCs
User (-defined) refers to the option that lets the users use any

features as their own stream(s) of values which can be
manually measured, labelled, or corrected

e e.g. formant frequencies, fundamental frequency, or durations of
sounds, syllables or sub-syllabic constituents (units relevant to
tempo and rhythm), or even auditory features.

Auto-phonetic - refers to the automatic (unsupervised)
extraction of phonetic features interfacing with Praat

e currently formants F1 to F4 selected in any combination .
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e Windows-based software
(Win7/Win8)

* Easy to listen and compare
waveform viewer and playback
controls

® Fast modelling and comparison
using multi-threading

* Verbose system status messages

* All scores are calculated directly
from audio files (no caching of
files, except the UBM data)

* Currently 32 bit system (64 bit
release version coming shortly)

oftware Features

®

VOCALISE - VOice Comparison and Analysis of the Likelihood of Speech Evidence

Analysed Audio | Compared Audio

Comparison Fies

Fiename Log Scores A
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VOCALISE allows for phonetic, spectral or user-defined
features (interchangeably)

e Normalization and extraction of dynamic information
e Gaussian Mixture Modeling (GMM)

e Creation of statistical models for populations using
universal background models (UBMs).

Incorporates ongoing areas of phonetic research:
e Long-term formant information (Nolan & Grigoras 2005)
e Formant dynamics (McDougall 2005)
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VOCALISE + BioMetrics as a
esearch tool

A B c D E F G H
VO C ALISE a I IOWS for easy 1 [v007_fs1-1v010_fs1-1v014_fs1-1vD16_fs1-1v018_fsi-1v024_fsl-1v033_fsi-tr
2 |v007 fl-nopause.wav  -0.68963 -2.14451 -2.52062 -1.60631 -1.96737 -1.78921 -1.96383
= 3 |v010_fl-nopause.wav -1.78876 -0.34617 -1.98914 -1.85355 -1.61697 -1.50373 -2.04166
data base Com pa rlsons 4 |v014_fl-nopause.wav 2,291 -2.21757 -0.19732 -2.33149 -2.02399 -2.33804 -1.63257
5 w016 fl-nopause.wav -1.57172 -1.69392 -2.54283 -0.41096 -1.50781 -1.58474 -1.91204
v 6 |v018_fl-nopause.wav -1.84382 -1.66616 -1.82773 -1.74988 -0.41765 -1.88168 -1.90524
USIng drag and drop 7 w024 fl-nopause.wav =~ -1.45017 -1.5714 -1.84064 -1.68997 -1.42739 -0.58545 -1.80966
8 |v033_fl-nopause.wav  -2.41442 -2.0675 -2.31681 -1.76713 -2.23074 -1.77208 -0.19001
9 |v036_fl-nopause.wav -1.72879 -1.75771 -1.89966 -1.95145 -1.69753 -1.68192 -1.67593

2 9 10 DB?_fl— . -2.16273  -2.22291 -1.48212 -2.32782 -1.90332 -1.76887 -1.17248
Re S u lts p rOVI d e d I n EXC e I 11 :DBS_fl—:ZE:E;:.::: -1.98192 -1.97435 -2.6535 -1.92587 -1.8964 -1.87775 -2.23284
12 vM?_fl—nopause.wav -1.80103 -1.68507 -2.45179 -1.77869 -1.26774 -1.92723 -2.06163
b4 13 w052 f1- 3 -2.677260 -1.30685 -2.64809 -2.28421 -2.46124 -2.19533 -2.17071
re a d a b | e ta b I e fro m W h I C h 4 :DSS:fl—:joopp:uusiu:'vaiv -2.12128 -1.63431 -2.05904 -1.70212 -1.56814 -1.91536 -1.78395
VDSB_fl—nopause.wav -1.10287 -1.38704 -2.44847 -1.39997 -1.74655 -1.73201 -1.78832
e D?S_fl— 5 -2.15057 -1.59572 -2.572833 -1.62138 -1.30857 -1.50514 -2.16316
d a ta Ca n e It h e r b e eX p O rte d :DM_fl—:EE:E;:.x:: -1.77576  -2.04392 -2.27668 -1.48072 -1.42761 -1.91999 -2.62147
[ ] [ ] [ ]
I n to yo u r OW n Stat I St I Ca I 2 VIDD_fl—nopause.wav -1.35004 -1.62408 -2.74601 -1.25683 -1.74413 -1.67751 -1.80825
21 V101_f1—n0pause.wav -1,95505 -2.55599 -2.50331 -1.32165 -1.42351 -1.93445 -2.69674
e 22 V103_f1-n0pause.wav -2.15606 -1.45022 -2.05742 -1.68718 -1.79494 -2.04457 -2.00282
packages or into Oxford >
’ [
Wave Research’s Bio-
[ ]
Metrics software.

5
&
7
18 |v093_fl-nopause.wav = -1.30245 -1.65457 -2.033 -1.03101 -1.44695 -1.70133 -1.36735
9
- -

VDB?_fl—nUpause.wav -2.1996 -1.95469 -1.39777 -2.49283 -1.76707 -1.8199 -1.82903
OxfordWaveResearch




Scat
~ (Spectral vs. Auto-phonetic)

h
{#f Oxford Wave Research Bio-Metrics 1.2 [E=EEEE)
Eile  DataInput Help File  Datalnput Help
Speaker Comparison Peformance | Likelihood-Ratio Based Case Comparison Perfomance | Zoo Plot Speaker Companson Performance | Likelihood-Ratio Based Cass Comparison Peformancs | Zoo Plot |
Data Browser | DET Plot | Scaftsr Flot | LR Plot | Equal Eror Graph | ROC Plot | Data Browser | DET Plot |} Scatter Plot | LR Plot | Equal Emer Graph | ROC Plet |
i
I 1 "
iy 05
0 I I . .
gt o .
. . e . . N . . L e o
. . . 1 o0 o X olage 0% s iy o CF3
L I I L e e B LA TR o Vol A e S WA TN
. N - - -
£ :' " aes At * b ."'. - 2 mIA\ 'S 2 TS Yeal 'n* e, S Tee [0 L .'.’."g e N
@ T -'“ 1‘ :':'-‘-'.“ﬁ' .I. ‘- Sesl AT ] “: “ L " b Y oo *° , AT 4
2 -’.'!_:..'L ®e, '._-.on"-..‘.f . '.“0_‘ do % ..:'0 P, . 1 - - = - - .P
o N . e - . . ®
-'l‘..b"., -.!-. -F-.-“.-“" F LIRS D » Soy - . - - .
L® LI . --g.'..'.- Woe ar o, | 15 . . . .e
., .e . . Ve -
315 > - . o
2 v
-4 25
0 100 200 300 400 0 100 200 300 400
Sample No Sample No
. HI s HO . H + Ho
Display Data-Plot For: Display Data-Flot For
N, \/\/\ 7 =7 Scatter Options S, \-/\f\ s 0 Scatter Optians
'OxfordWaveResearch 109 scale e [EE 'OxfordWaveResearch St Anrotations [Pl 30
=== L - D’ T

Spectral (MFCC) Auto-Phonetic (F1,F2,F3)

Pool 2010: 21 male adult speakers of the West-Central regional
variety of German. Ref. Jessen et al IAFPA 2013)
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“Some early results (1/2)

Subsets of good quality databases like Pool 2010 (Jessen
et al. 2005) (22 speakers) and DyVIS (Nolan et al. 2009)
(17 speakers) have been very promising, achieving close
to complete speaker separation

® 0.1% and 0.374% equal error rate (EER) respectively, using
spectral methods.

e The auto-phonetic mode yielded approximately 8.9% EER
for Pool 2010 and 5.88% for DyVIS.

e A more challenging variation of this test is presented by
Jessen et al, IAFPA 2013 (including Lombard speech)
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“Some early results (2/2)

Real case data - 22 male speakers of German from
authentic anonymized cases.

e between 20 and 60s of speech, initial testing obtains an EER
of 12.6% in the spectral mode.

e Long-term formant analysis (6 Gaussians, MVN, Symmetric
Testing and delta features EER was at 18.1%.

Considering that this is about fully natural, quality
reduced speech, unsupervised formant tracking, and no
other information than F1 to F3, this is a promising result.
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“Conclusions

Whereas features pertaining to the spectral envelope such as
MFCCs are powerful, they are also very sensitive to channel
effects and recording quality,

e are mostly data-driven and less directly connected to the theory
of speech production (Rose 2002).

VOCALISE makes it possible to

e apply classical automatic speaker recognition transparently

e analyse the speaker-discriminative information of acoustic
phonetic data such as formant frequencies, fundamental
frequency or sound durations.

Processing phonetic data will be in many ways complementary
and will offer insights into the voice comparison analysis that
the classical automatic methods cannot.
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“Future work

Extending the user-defined feature set to auditory and
linguistic features — obtaining a numerical likelihood ratio

Handling mismatched conditions in a combined
framework for phonetic and automatic speaker
recognition

Incorporating the ‘scoring method’ of the Bayesian
framework for calculating likelihood ratios (Drygajlo et. al)
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