
 

AES 39th International Conference, Hillerød, Denmark, 2010 June 17–19  1 

OBJECTIVE SPEECH INTELLIGIBILITY MEASURES BASED ON 
SPEECH TRANSMISSION INDEX FOR FORENSIC APPLICATIONS 

GIOVANNI COSTANTINI1,2, ANDREA PAOLONI3, AND MASSIMILIANO TODISCO1 

1 Department of Electronic Engineering, University of Rome “Tor Vergata”, Rome, Italy 
costantini@uniroma2.it  

 massimiliano.todisco@uniroma2.it  
2 Institute of Acoustics “O. M. Corbino”, Rome, Italy 

3 Fondazione “Ugo Bordoni”, Rome, Italy 
pao@fub.it  

 
In order to decide whether the transposition of the speech originated from a lawful interception, in the written text 
reflect the views of those who spoke the words or only the views of the transcriber, is required to have an objective 
method to measure speech intelligibility. Usually, a lawful interception can have two types of distortion: the distortions 
that affect the speech signal itself (called speech distortion) and the distortions that affect the background noise (called 
noise distortion). Unfortunately, the forensic expert does not have the original clean signal, therefore, must make its 
assessment based on the only available signal. This paper addresses the issue by using three different objective 
approaches, that are the Signal-to-Noise ratio weighted with the curves "A" (S/NA), the Articulation Index (AI) and 
Speech Transmission Index (STI) to evaluate the signal and a corpus which is measured voice intelligibility. The 
approaches are tested with three different types of noise and the results were compared with the speech intelligibility 
scores measured by subjective tests. Measures based on STI have proven to be reliable for predicting the intelligibility 
in forensic applications. 
 
 
 
INTRODUCTION 
Environmental interceptions have become the most 
frequent sources of evidence in criminal trials, but in 
order to use the intercepted speech as a evidence it is 
mandatory to transpose it into written text. On 
numerous occasions the speech was almost 
unintelligible, however, some areas felt that they could 
draw from that signal a correct interpretation. 
Unfortunately, when the signal is almost understandable 
happen that the transcript does not correspond to 
anything that was said. 
Too often, in forensics field, we see transcripts that 
reflect the views of the transcribers rather that the views 
of those who spoke the words. Difficulties of making a 
useful transposition of speech into written text are 
mainly due to words spoken in a low voice and/or 
covered by environmental noise. Probably the biggest 
threat to speech comprehension is competing noise, 
voices or other sounds reaching the listener. 
In addition, as is well known to linguists, it is almost 
impossible to transform speech into written text without 
losing information [1].  
The present work aims to study the problem of the 
intelligibility of speech signal. In general two 
principally different assessment methods may be 
applied: subjective assessment, based on the use of the 
listeners, and objective assessment, based on physical 
parameters of the signal. 

The subjective tests are often too costly and laborious to 
deploy and not well accepted in the courtroom. For that 
reasons we think would be useful to have a method to 
verify objectively whether a given signal can be 
transcribed with reasonable assurance of the reliability. 
The paper is organized as follows: in the following 
section the assessment of intelligibility will be 
described; in the second section, the speech corpus and 
subjective intelligibility evaluations will be shown; the 
third section will be devoted to the description of the 
objective measures; in section fourth we present the 
results of two experiments involving speech coming 
from a real trial. Some comments conclude the paper. 

1 ASSESSMENT OF INTELLIGIBILITY  
The ISO 9921 on the "Assessment of verbal 
communication" defines the intelligibility of speech as: 
"a measure of effectiveness in understanding the 
language".  
To assess the reliability and effectiveness of a 
transcription system of speech signals, we must define 
an objective measure of intelligibility index closely 
correlated with the subjective performance of a group of 
listeners.  
Traditionally, the intelligibility is the percentage of 
signal is made subjectively by a group of listeners on 
the basis of the percentage of correct identifications. 
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Tab. I: Speech corpus used for subjective listening tests 
 
 
The known signal may consist of phrases, words or 
simple sounds without meaning (logatoms). Many 
objective speech intelligibility measures have been 
proposed in the past to predict the subjective 
intelligibility of speech [2], [3]. Most of the literature in 
this field comes from the IT world, where the problem 
is to study the impact of transmission channel and 
encoders on intelligibility of speech signals [4], [5]. To 
do this, the proposed algorithms often use a double-
sided approach based on a comparison between the 
clean speech signal and the transmitted signal.  
This approach is not usable in a legal context because 
the expert witness has only the noisy version of the 
signal. Thus it is necessary to assess single-sided, i.e. on 
the basis of only the noisy signal. 

2 SPEECH CORPUS AND SUBJECTIVE 
INTELLIGIBILITY EVALUATIONS 

Both subjective and objective tests are conducted using 
the European project SAM EUROM 1 [6]. In particular 
have been used 50 rhyming Italian words with or 
without meaning, preceded by the word “PRENDI” 
(get) and followed by the word “INTANTO”(yet). 
Degradations considered include additive noise. In 
particular, the corpus have been properly made noisy by 
adding Pink, Hammer and Babble noise.  
Each type of noise appeared in five different degrees of 
signal to noise ratio (S/N = 2, 0, -2, -4, -6) and read by 4 
different voices, two men and two women.  
At the end of operations, therefore, can be found to have 
60 different corpora each formed by 50 different words. 
Table I shows the complete speech corpus. 
 
2.1 Subjective listening tests 
A first experiment was conducted in order to obtain the 
subjective intelligibility score.  
The speech corpora have been subjected to a group of 
12 listeners, 4 for every degradation condition, using 
software developed for this purpose under the 
Max/MSP [7] environment, that deliver each item at 
chance many times as listener agreed. One test set 

consists of 50 different test signals. The listener fill in 
the proper space the word heard. Fig. 1 shows the 
application interface.  
The result of the subjective tests is shown in Fig. 2.  
We note that, for the same S/N, bubble noise leads to 
significantly higher values of the intelligibility than the 
other two types of disturbance.  
 

 
 

Figure 1: Interface used for the subjective listening 
tests. 

3 OBJECTIVE MEASURES 
Objective measurements do not measure intelligibility 
but determine physical parameters to predict 
intelligibility according to a certain model. Three 
frequently used objective measures were evaluated: the 
Signal to Noise ratio Weighted with the curves "A" 
(S/NA) [8], the Articulation Index (AI) [9], [10] and the 
Speech Transmission Index (STI) [11] based measures. 
 
3.1 S/NA 
The Signal to Noise ratio Weighted with the curves "A" 
is the simplest and easiest method proposed. It can be 
formally presented as 
 

 (1) 
 
where SA is the A-weighted long-term average speech 
level and NA the A-weighted long-term average level of 
background noise, measured over any particular time.  
 
3.2 AI 
The Articulation Index estimates the intelligibility of 
speech from the spectral properties of the speech and 
the masking noise. It has been shown to accurately 
predict performance in a variety of phonetically 
balanced intelligibility tests across a wide range of 
different listening environments [10]. The AI was 
calculated using the 20-band method described by [9]. 
 
3.3 STI-based measures 
In the Speech Transmission Index theory the 
intelligibility of speech is related to the preservations of 
the spectral differences between successive speech 
elements, the phonemes. 
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Figure 2: Intelligibility versus Signal to Noise ratio. 

 
 
 
 
 
 
 

 
 
 

Figure 3: Block diagram of the STI-based measure. 
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This can be described by the envelope function. The 
envelope function is determined by the specific 
sequence of phones of a specific utterance.  
The STI-based measure is computed as follows. The 
noisy signal were first bandpass filtered into seven 
octave bands starting from 125 Hz to 8000 Hz. The 
envelope of each band was computed using the power 
of the signal. In particular, let us consider a discrete 
time-domain signal x(n) filtered in the kth octave band, 
we define the envelop function as 
 

 (2) 

 
where Ne is the window size, h is the hop size, m ∈ {0, 
1, 2,…, M}  the hop number, h(n) is a finite-length 
sliding Hanning window and n is the summation 
variable. After that, we compute the normalized 
envelope spectrum as follows  
 
 

 (3) 

 
where Ns is the window size, Fs is the sampling rate,  fi 
is the 14 frequencies in the range 0.63 Hz to 12.5 Hz at 
1/3-octave step, w(p) is a finite-length rectangular 
window and p is the summation variable. The SNR in 
each band is computed as 
 

 (4) 

 
and subsequently limited to the range of [-15, 15] dB 
The Transmission Index (TI) in each band is computed 
by linearly mapping the SNR values between 0 and 1 
using the following equation: 
 

 (5) 

 
For each octave band, the average TI over a specified 
frequency range gives the Modulation Transfer Index 
(MTI), as given by 
 

 (6) 

Finally, the STI-based measure is obtained as a 
weighted mean of the MTI over seven octave bands, and 
is written 
 

 (7) 

 
The sum of these weighting factors Wk is 1 [9]. 
Fig. 3 shows the block diagram of the STI-based 
measure.  

4 EXPERIMENTS AND RESULTS 
Performances of the objective measures are presented in 
terms of the Pearson product-moment correlation 
coefficient r between the subjective intelligibility 
ratings and the objective measure, and is given by 
 

 (8) 

 
where S and O are the subjective and objective scores, 
with means and , and standard deviation σS and σO 
respectively, while n is the number the different degrees 
of signal to noise ratio considered. The coefficient 
ranges from -1 to 1 with 1 being the highest-correlated 
to subjective scores and vice versa.  
A first experiment was conducted using for the 
intelligibility assessment the STI-based measure, the 
S/NA and the AI on the speech corpus described in 
section 2. These two last measures are double-sided that 
are not suitable for assessing signals in forensic but are 
useful in comparison to our proposed single-sided 
speech intelligibility measure based on STI. 
The experiment has highlighted the correlation between 
objective and subjective data in the particular conditions 
that are typical band forensic application. We note that 
all correlations are above 96%.  
The results of these experiments are summarized in Fig. 
4-6. 
A second experiment was conducted using for the 
intelligibility assessment the STI-based measure on two 
real audio interceptions used in forensics.  
We calculate a time-varying STI-based measure on a 
frame-by-frame basis. The short-time STI-based 
measure can be used to give a running measure of the 
speech intelligibility. In particular, we compute the STI-
based measure using a sliding window of 500 
milliseconds with 50% overlap. Finally, we link the 
STI-based measure to the Intelligibility by computing a 
linear fitting regarding the Pink noise curve shows in 
Fig. 6. 
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Figure 4: Intelligibility versus Signal to Noise ratio weighted with the curve “A”. 

 

 
Figure 5: Intelligibility versus Articulation Index. 

 

 
Figure 6: Intelligibility versus STI-based measure. 
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Figure 7: Intelligibility score versus time in a real case with poor quality signal. The intelligibility has been predicted 

using STI-based measurement. 

 
 
 

 
Figure 8: Intelligibility score versus time in a real case with good quality signal. The intelligibility has been predicted 

using STI-based measurement. 
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The second experiment shows the analysis of two 
speech samples of about 15 seconds concerning an 
actual case. These files are sampled at 8 KHz and 
quantized with 16 bits.  
The first signal is very low quality in terms of S / N. 
The analysis shown in Fig. 7 allows to assess the 
intelligibility of individual segments (phrases).  
In the figure you can see the trend of the signal 
amplitude, the sonogram (middle graph) and the 
intelligibility of different segments.  
The estimated value of intelligibility is never more than 
50%. The second speech segment has been recorded for 
a comparison. The result (Fig. 8) shows that in this case 
the speech intelligibility is 100%. 

5 CONCLUSIONS 
In this paper, we have presented a simple, efficient way 
of providing single–sided speech intelligibility measure 
based on STI suitable for forensic applications.  
This particular application is characterized by the 
following points: the signal is very disturbed, with S/N 
ratio from -6 to +2 dB; the signal is only available on 
the degraded channel mono; the evaluation has to be 
made with objective methods, because the subjective 
methods are not well accepted in the courtrooms.  
The evaluation of the speech intelligibility is crucial to 
ensure the reliability of transcription.  
STI-based measures have proven to be reliable for 
predicting the intelligibility in forensic applications.  
In conclusion the present study demonstrates that the 
Speech Transmission Index is a good model in order to 
provide a tool for predicting speech intelligibility in 
additive stationary noise conditions.  
The evaluation of STI in the presence of multiplicative 
noise or bandwidth reduction remains topics for future 
research. 
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