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ABSTRACT 

The central argument of the present study is that the 
performance of modern forensic speaker recognition can be 
improved by combining the strongholds of two entirely 
different approaches, that is: the classical acoustic- 
phonetic method and a potent automatic total-voice system 
such as IdentiVox. Since both make use of different and 
statistically independent  sets of  features of the phonetic 
and linguistic signal their individual results may eventually 
be combined into one conclusion regarding the key 
question of identity or non-identity between anonymous 
and suspected speakers. Two real-world cases will be 
presented as practical examples.  

1. INTRODUCTION 

After the demise of the so-called voiceprint technique for 
voice identification (see the extensive report in [1]) in the 
late seventies of the last century, a combination of acoustic 
and classical phonetic techniques has become the standard 
for forensic speaker recognition [2-7]. Although in a 
country such as Great Britain there has also been a long- 
standing tradition of (purely) auditory-phonetic speaker 
recognition procedures [8] it has now been recognized not 
only by  phoneticians but also by legal authorities that these 
no longer represent the state-of-the-art and that expert 
reports must contain acoustic data such as formants and 
frequencies [9].   

Although acoustic-phonetic speaker recognition, if 
conducted properly by well-trained speech scientists, has 
proven to be a powerful tool in forensic investigations and 
legal procedures it must be acknowledged that there are 
also inherent limitations that set it off against fingerprint or 
DNA analysis [10]. Unlike the latter, the features of  speech 
and language are not unalterable individual traits, and even 
if they may be theoretically considered unique to an 
individual, uniqueness will almost certainly be destroyed 
under the most common forensic conditions, that typically 
involve telephone transmission, very brief messages, 
deliberate voice disguise, limited and/or less-than-perfect 
reference samples, and many other features. Another severe 
limitation to the classical phonetic-acoustic method is the 
human expert who uses it. It is obvious that scientific 
background, forensic training and professional experience 
are of paramount importance to an expert’s performance, 
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ven under ideal circumstances a more or less 
icant subjective component will remain.   

 light of the limitations of acoustic-phonetic speaker 
nition the advent of semi-automatic and, particularly,  
atic techniques may be considered a significant step 
ds  a more reconstructible and objective procedure.  
atic speaker identification (SI) and verification 
s have long been used for so-called commercial 

ations such as access control to high-security 
ies and bank accounts.  In the last years, however, 
a number of systems for forensic applications have 
een created. One may speak here of a new generation 
 systems because they all contain two new features. 
they have found solutions to the  problem of  
wn transmission channel characteristics (channel 
lization) that had been the most serious obstacle to 
systems such as  CAVIS [11]. Second, they have 
uced the Bayesian Principle to the statistical inter-
ion of their results and thus paralleled new methods 
d by other disciplines of forensic identification, that 
 from DNA analysis to shoeprint patterns [12,13]. 
approach is clearly superior to the subjective, 
bilistic and sometimes incompatible verbal scales 
n phonetic-acoustic voice comparisons. On the other 
automatic, total-voice-systems also have inherent 

tions. For instance, they are sensitive to the amount 
pe of speech material in a case, their parameters 

ly cepstral coefficients and their derivatives) are quite 
ct compared to dialectal, idiolectal, sociolectal and 
logical  features, use of stereotypes, or average 
mental frequency, and are therefore much more 
lt to explain to a jury.  

dering these facts it becomes obvious that combining 
ethods in forensic speaker recognition may perhaps 

o a significant improvement in performance. There 
e a greater number of speaker-specific features of the 
h signal that can be exploited: Features of dialect, 
ect, foreign accent, pathological traits, speaking 
, rhythm, Fo levels and Fo contours, etc. would be 

ed by the phonetic component of a report, and the 
 acoustic analysis of (mostly) cepstral features would 
rformed by an “automatic” component. Due to the 
rical differences in terms of parameters the results of  
components may be regarded as essentially 

endent of each other and thus open the way to a joint 
ical interpretation. Theoretically, even an integration 



into a single measure (such as a likelihood ratio) is possible 
if the probability density functions for salient “phonetic” 
parameters are known (e.g. the incidence of a certain form 
of sigmatism or the distribution of  Fo).  At any rate, the 
subjective moment or human factor can be reduced 
considerably with such a hybrid approach.        

 

    2. EXPERIMENT  

This presentation contains some exemplary results of an 
interdisciplinary project that is currently being conducted. 
The first author  is a phonetician who has been working as a 
professional SI expert since 1980. The second author is a 
signal-processing  engineer who took a major part in the 
development of IdentiVox, a total-voice speaker identifi-
cation system developed for the Spanish Guardia Civil 
police force [14]. The system can be used for identification, 
verification and likelihood ratio (LR) estimation, the latter 
mode being most adequate for forensic application, because 
it delivers a measure that is directly interpretable. The 
numerator of the LR gives a measure of the intra-variability 
of the system, the denominator contains the random match 
probability. Both are derived from a relevant background 
population. Typically, a set of 19 cepstral coefficients and 
their deltas are extracted to build a model (GMM) for every 
speaker in the population as well as for the suspected 
speaker. Part of the speech sample of the suspected speaker  
is also taken to calculate his intra-variability. Eventually, 
the likelihood for the questioned (“hot”) sample to originate 
from the probability distribution function (pdf) of intra- or 
inter-variability, respectively, is derived. Further details of 
the architecture of the system, particularly of the likelihood 
normalization procedure using a universal background 
model (UBM) is contained in [15].  

The main part of the current research project is to compare 
the performance of Identivox with the results of phonetic- 
acoustic investigations from  forensic speaker ID cases 
taken from the practice of the first author, and whose 
outcome can be considered as clear. After the first 10 trials 
the LRs provided by IdentiVox and the final conclusions 
drawn on the grounds of the phonetic analyses have always 
pointed into the same direction. Two typical examples will 
be presented here. 

Case 1  

A 50 year old male, A, who was working on a night shift in 
a large industrial compound was accused to have made two 
hoax bomb calls (total of 18 secs) to his company, which 
led to a two-hour interruption of all production lines and 
thus caused substantial damage. The police played a tape 
with the calls to employees of the company and several 
people suggested it was A’s voice, however without being 
sure. It also turned out that A’s cellphone had been used for 
the two hoax calls, but A denied having used his phone at 
all during that night and suggested that somebody else must 
have “forged [his] phone number.” The expert was called in 
to administer a voice comparison test. The final conclusion 
was that identity between the voices of the hoaxer and A 
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very probable” (level +3 on a symmetrical 4-point 
g scale; in principle the scale has 5 levels, but the 
um is never used if telephone transmission is 
ed). In this case, the single most important feature 

 typical absence of spectral energy above 2.5 kHz in 
peakers’ [f] sounds, which were perceived as almost 
t bilabial []. It turned out that A had lost all four of 
per incisors and was not wearing a prosthesis, neither 
rk nor while giving his reference speech sample. All 
parameters of speech, voice and language, including a 
teristic dialect, were identical for both speakers.  

 IdentiVox the acoustic analysis of this case was 
cted in the following way: First, a background data 
onsisting of 100 male adult German speakers was 

d. Every speaker had produced 50 seconds of read 
 5 times at intervals of  4 to 8 weeks between each 
ing. This database was used as general background 

ation (Znorm). Then, a model for the suspect speaker 
reated from two sets of data: portions of spontaneous 
h, answers from a dialog, and a text read from a 
ine were used as “Control Speech”. Another portion 
logic speech and two versions of the utterances as 
ned in the hoax calls were used to train the suspect’s 
l. Then, the utterances from the hoax calls  were 
d into a single file and all the police officer’s parts 
removed. Finally, a set of 100 male voices were 
ed as “reference population”. The result of the 
ation is presented in Figure 1 (reduced to black-and- 
 for the printing). The distributions (curves) at the left 
ght side represent inter- and intravariability. The bars 
 left side represent the scores obtained for the “hot” 

h sample on the basis of the population models. The 
bars inside the intra-curve represent the scores of the 
ct speaker’s control speech samples vs. his own model. 
mall vertical line at 0.722 is the score for the “hot” 
e in relation to the suspect speaker’s model. The 
ood ratio obtained for this case is 381.7 and therefore 
orates the result of phonetic- acoustic investigation.  

 

 1  Result of automatic speaker identification task for 
o. 1 



Case 2 

A series of harassment calls was made to a family by what 
was presumed to be a female voice. The only recorded call 
was rather short (15 seconds net speech) and contained 
some distortions since the anonymous voice had shouted at 
times. However, the female recipient of the call insisted that 
her mother-in-law, G, 65 years old, was the speaker and 
filed a civil complaint. G consented to giving a voice 
sample at the expert’s discretion. There are two mutually 
independent and striking features that have made this voice 
comparison special. First, the extremely severe dialectal 
colouring, second, the pattern of dysarthric and dysphonic 
deviations from normal speech and voice. Both features, 
each of which is phonetically and linguistically very 
complex, were found in absolutely identical forms in both 
speakers. It turned out that G had suffered multiple small 
strokes during the last years and that it was sometimes 
difficult for her to control speech, including loudness and 
the articulation of a major number of  speech sounds. In its 
conclusion the phonetic report called for a “very high 
degree of probability” for an identity of both speakers, i.e. 
reached grade 4 on the probability scale. 

In this case the unique value of phonetic-linguistic features 
becomes particularly apparent although it must be con-
ceded that certain acoustic attributes of the pathological 
voice quality may also be reflected in the lower cepstral 
coefficients calculated by the automatic device. Analysis 
by IdentiVox was performed analogously to the first case.  
The quantitative basis was smaller, however, since only 50 
female adult voices were available for the creation of  
Znorm and a reference population. A model for the 
suspected speaker was then created from subsets of the 
reference material. Results are shown in Figure 2. Here, the 
functions for intra- and intervariability are not perfectly 
separated as in the preceding case and the score for the test 
speech against the suspect speaker’s model is higher. At 
any rate, the LR of 5898 clearly supports the conclusion 
gained from the phonetic-acoustic investigation.   

 

 

Figure 2. Result of automatic speaker identification task for 
case no. 2. 
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der to demonstrate the identification function of 
Vox (which, as was said earlier, is not normally used 
 forensic environment) the data from case 2 are used 
 First, the GMMs for the “hot” speaker, the suspected 
er and 50 female reference speakers of German were 
Then the similarity indices for all models were 

ated. Figure 3 contains a bar graph of the 51 indices 
cending order. The first bar on the left represents the 
rity of the “hot” speaker with the suspected speaker 
. In other words: the suspect individual was identified 
 unknown speaker.  

 

 3. Results of identification test using data from case 
(ordinate: magnitude of similarity index; abscissa: 

ers (suspected + 50 reference speakers)). 

 

3. CONCLUSION 

classical phonetic-acoustic approach to forensic 
er identification has proven to be a powerful but much 
an-perfect instrument of forensic identification. On 

her hand, automatic approaches to the problem also 
their weaknesses and can hardly be justified as an 
ive method of  speaker recognition in the forensic 
nment. The aim of the present study is to pave the 
or a combination of both methods into one expert 
, making use of their respective, statistically 
endent, sets of parameters. There is still a long way to 
t eventually it may even be possible to create a single 

itative measure for the final statement on identity. A 
welcome side effect of this perspective is that, after 
 years of misunderstandings and mutual neglect, 
eers and phoneticians are finally working together. 
r research will have to be conducted, with many 

forensic cases and much larger populations. The next 
 of the current project will focus on the role of 
les such as influence of GSM transmission, data 

ression algorithms (MP3, mini-disc), amount (length) 
nd of speech material, certain forms of frequent voice 
se and the effect of  non-contemporaneous speech 
es. However, it may be anticipated that the future of 
ic speaker identification belongs to the new kind of 
 approach sketched here.   
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