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Research Questions

e Formant measurement is very common 1n acoustic-phonetic forensic
VOoICe comparison.

» The speech on offender recordings has often been transmitted through
a telephone system.

« What 1s the effect of telephone transmission on the validity of
forensic-voice-comparison systems based on:
— human-supervised formant-trajectory measurement?
— fully-automatic formant-trajectory measurement?

« Improvement over baseline fully-automatic MFCC system?



Data

« 60 female speakers of Standard Chinese
20 for background

20 for development
20 for test

 Information-exchange task over the telephone

« Two recording sessions separated by 2—3 weeks
4-5 minutes of speech per speaker per session

» Chinese /1au/ tokens
15-30 tokens per speaker per recording

http://databases.forensic-voice-comparison.net/



Formant measurement

e Manual marking of /1au/ tokens (CZ)
— SOUNDLABELLER

e Human-supervised formant tracking (CZ)
— FORMANTMEASURER

 Fully-automatic formant tracking
— WAVESURFER
— PRAAT
— Nearey, Assmann, Hillenbrand (2002) [NAH2002]
— Mustafa, Bruce (2006) [MB2006]
— Rudoy, Spendley, Wolfe (2007) [RSW2007]



Forensic-voice-comparison systems

« Formant-trajectory systems
— F2 and F3 trajectories of /1au/ tokens
— discrete cosine transform (DCT)
— zeroth through fourth coefficients
— multivariate kernel density (MVKD) formula

* Baseline MFCC + A, GMM-UBM
— entire speech-active portion of recording

« MFCC + A, GMM-UBM
— on /1au/ tokens only

» Logistic-regression fusion



Testing

« Background
— high-quality audio

* Suspect
— high-quality audio

e Offender
— high-quality audio
— landline-to-landline
— mobile-to-mobile
— mobile-to-landline



high-quality v high-quality
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Results
high-quality v high-quality
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Conclusions
high-quality v high-quality

e Human-supervised formant measurement worthwhile?
— maybe
— MFCC on /iau/ and WAVESURFER almost as good

 Fully-automatic formant measurement worthwhile?
— yes for WAVESURFER
— but MFCC on /iau/ about as good

« Manual segment selection worthwhile?
— yes



Results

high-quality v landline-to-landline
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Results

Cumulative Proportion
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Conclusions
high-quality v landline-to-landline

e Human-supervised formant measurement worthwhile?
— maybe
— some improvement over baseline

* Fully-automatic formant measurement worthwhile?
— maybe
— NAH2002 best candidate

« Manual segment selection worthwhile?
— yes, contingent on formant measurement



high-quality v mobile-to-mobile
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Conclusions
high-quality v mobile-to-mobile

e Human-supervised formant measurement worthwhile?
— 1o

* Fully-automatic formant measurement worthwhile?
— 10O

e Manual segment selection worthwhile?
— 1o



high-quality v mobile-to-landline
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Results
high-quality v mobile-to-landline
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Results
high-quality v mobile-to-landline

1 T T T T T 1
09 | - 09
0.8 F - 0.8 F
07 } - 07 }
[ c
£ S
8_ 0.6 F 8_ 0.6 F
S S
o o
o O05F o 05 F
2 =
8 8
S 04 F S 04 F
IS IS
=] >
O O
0.3} - 0.3 F
02 | - 02 }
0.1 F b 0.1 F
0 1 1 1 L 1 1 1 0 1 1 1 \g 1
-12 -9 -6 -3 0 3 6 9 12 -12 -9 -6 -3 0 3

log,, Likelihood Ratio log,, Likelihood Ratio

Baseline MFCC MFCC on /1au/



Conclusions
high-quality v mobile-to-landline

e Human-supervised formant measurement worthwhile?
— 1o

* Fully-automatic formant measurement worthwhile?
— 10O

e Manual segment selection worthwhile?
— probably no
— some 1improvement for MFCC on /iau/



Conclusions

e Human-supervised formant measurement in the landline-to-landline
condition may be a worthwhile use of resources.

 Fully-automatic formant measurement in the landline-to-landline
condition may be a worthwhile use of resources.

 Neither human-supervised nor fully-automatic formant measurement
1s a worthwhile use of resources in any condition involving a
mobile telephone.
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