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Why?
• Subjective evaluations are: 

• costly (time/money) 

• can only cover a limited amount of conditions (sentences/noises/speakers) 

• not easy to reproduce 

• Objective scores are relatively easy to compute, can cover a wider range of 
conditions and are reproducible 

• They can help the development of intelligibility enhancement techniques
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Measures



Existing measures
• CEP - cepstral distortion (1976) 

• IS - Itakura Saito distance (1976) 

• LLR - log likelihood ration (1976) 

• LSD - log spectral distortion (1976) 

• FWS - frequency weighted SNR (1978) 

• WSS - weighted spectral slope (1982) 

• AI - articulation index (1962)  

• SII - speech intelligibility index (1997)  

• ESII - extended SII (2005) 

• CSII - coherence based SII (2005) 

• STI - speech transmission index (1980) 

• NCM - normalised covariance measure (1996) 

• PESQ - Perceptual evaluation of speech quality (2001) 

• GP - glimpse distortion measure (2006) 

• DWGP - distortion weighted GP (2014) 

• STOI - short term objective intelligibility (2010) 

• CD - Christiansen measure (2010) 

• SRMR - speech-to-reverberation modulation energy ratio (2010) 

• SRMR-CI - SRMR for cochlear implant (2013) 

• P.563 - Single-ended method for objective speech quality assessment 
in narrow-band telephony applications (2004) 

• NISA - non intrusive speech intelligibility (2016) 

• BiDWGP - binaural DWGP (2016) 

• BiSII - binaural SII (1983) 

• BiSTI - binaural STI (2008) 

• BiSMI - binaural speech intelligibility model, based on SRMR (2013)
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Audibility-based measures
• Audibility measures calculate how audible speech is given an additive 

source of noise 

• SNR-based measures are in this category
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Distortion-based measures
• Distortion-based measures calculate how different distorted speech is given 

a speech reference 

• Distortion: additive noise, reverberation, speech enhancement 

• Correlation-based measures are in this category
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STOI

Figure taken from [Taal et al. 2011]
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Monaural/Binaural

• Binaural measures attempt to model: 

• Better ear effect (head shadow effect) 

• how to choose from both ears?  
(select best overall score or on a frequency band basis) 

• Binaural interaction (interaural time differences) 

• how to account for phase differences between speech and noise?



BiDWGP
• Better ear effect 

• a glimpse is counted when either or both ears detected it 

• Binaural interaction 

• glimpse detection considers the binaural masking level difference  
(phase difference between speech and noise, noise signal coherence)

[Tang et al., 2016]
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Evaluation



Existing evaluation
• Additive noise and reverberation 

• Speech in noise [Chen et al., 2012; Taal et al., 2009] 

• Speech enhancement (noise suppression) [Taal et al., 2009] 

• Speech pre-enhancement (intelligibility enhancement) [Tang et al., 2016b] 

• Reverberation [Falk et al. 2010] 

• Assistive listening devices [Falk et al. 2015] 

• Synthetic speech in noise [Valentini et al., 2012a, Valentini et al., 2012b]



Evaluation procedure
• Objective scores should reflect subjective scores 

• Subjective intelligibility score is derived from a listener’s response to a task: 

• word accuracy at a sentence level 

• type of sentences: Harvard sentences, matrix sentences, SUS, SPIN… 

• Compare scores at a condition  
(noise type, noise level, reverberation time, enhancement type) 

• scores are averaged across sentences (and listeners) belonging to the 
same condition



Evaluation procedure
• To linearise the relation between subjective and objective scores, a mapping 

function is applied to fit the output of each model to the mean listener scores 

• Metrics 

• Pearson correlation 

• Kendall’s tau (rank correlation) 

• Standard deviation of the error 

• Scatter plots

Figure from [Taal et al. 2009]



Evaluation example



Text-to-speech  
intelligibility in noise

• Which measures best predict the impact of noise on the intelligibility of an 
HMM-based text-to-speech voice 

• Intrusive measures are better than non intrusive ones 

• Assumption: synthetic speech is as intelligible as natural speech in quiet 

• Use clean synthetic speech as reference 

• Monaural intrusive measures 

• Listening experiment 1: 

• 4 noises at 5 SNR levels
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Evaluation with a  
text-to-speech voice in noise
• Intelligibility in noise of an HMM-based text-to-speech voice that has been enhanced: 

• spectral peak enhancement 

• mean F0 increase 

• line spectral pair (LSP) shift (spectral tilt changes) 

• speaking rate changes 

• Listening experiment 2: 

• 4 noises at 4 SNR levels  

• 4 speech modifications at 2 or 3 levels
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Application



Speech pre-enhancement

• A measure can be used to control pre-enhancement parameters  

• in order to max intelligibility [Sauert et al. 2009, Tang et al. 2012, 
Valentini et al. 2012, Taal et al. 2012, Aubanel et al. 2013] 

• according to intelligibility levels [Schepker et al. 2013]

clean speech 

noise

Intelligibility 
enhancement



Speech pre-enhancement
• Define:  

• Objective measure to use (see evaluation results) 

• GP, SII, STOI 

• What should be changed (spectrum, F0, speaking rate) 

• Constraints 

• overall SNR, overall loudness 

• range of modification 

• Optimisation routine 

• genetic algorithms, gradient descent, greedy search, dynamic programming



Application example
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Solution

Waveform 
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Acoustic 
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Text-To-Speech Generation

Modification



Spectrum
• The log spectrum envelope                   can be parametrised 

via cepstral coefficients:
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Cepstral coefficients Mel cepstral coefficients
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• Magnitude spectrum
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From Mel cepstral coefficients to the GP measure

magnitude 
spectrum



STEP approximationmagnitude 
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From Mel cepstral coefficients to the GP measure



magnitude 
spectrum

From Mel cepstral coefficients to the GP measure



magnitude 
spectrum

From Mel cepstral coefficients to the GP measure



Glimpse detection

magnitude 
spectrum

From Mel cepstral coefficients to the GP measure
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spectrum

From Mel cepstral coefficients to the GP measure



Mel cepstral modifications 
based on the GP

[Valentini et al., 2012]

Modification



Intelligibility scores in 
speech-shaped noise

Intelligibility improvement  
without new data

No significant improvement 
with new data

“The birch canoe slid on the smooth planks.”

[Valentini et al., 2012]



Significant improvements  
with duration and F0 changes

No significant improvement

“The birch canoe slid on the smooth planks.” MALE SPEAKER

Intelligibility scores in 
competing speaker

[Valentini et al., 2012]



Conclusions
• Measures, evaluation and application 

• Ultimately, listening experiments provide the gold standard (?) 

• Measures tend to be proposed in a context 

• In other contexts they might not work very well 

• Know their limitations but exploit their advantages! 

• Identify which condition the measures work reasonably well



Questions?
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Code for measures
• SII: http://www.sii.to 

• eSII, DWGP: http://listening-talker.org/legacy.html 

• WSS, LLR, IS, CEP, fwSRN:  
https://uk.mathworks.com/support/books/book48837.html 

• PESQ and composite measure: http://ecs.utdallas.edu/loizou/speech/software.htm 

• STOI: http://siplab.tudelft.nl/users/cees-taal 

• SRMR and SRMR-CI: https://github.com/MuSAELab/SRMRToolbox 

• BiSTI, BiSII, BiNCM, BiDWGP: https://dx.doi.org/10.17866/rd.salford.3172921 

• BiSTOI: http://kom.aau.dk/project/Intelligibility/
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