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ITU-T Recommendation P.862 
 

Perceptual evaluation of speech quality (PESQ): An objective method for end-to-end speech 
quality assessment of narrow-band telephone networks and speech codecs 

 

 

 

Summary 
This Recommendation describes an objective method for predicting the subjective quality of 3.1 kHz 
(narrow-band) handset telephony and narrow-band speech codecs. This Recommendation presents a 
high-level description of the method, advice on how to use it, and part of the results from a Study 
Group 12 benchmark carried out in the period 1999-2000. An ANSI-C reference implementation, 
described in Annex A, is provided in separate files and form an integral part of this 
Recommendation. A conformance testing procedure is also specified in Annex A to allow a user to 
validate that an alternative implementation of the model is correct. This ANSI-C reference 
implementation shall take precedence in case of conflicts between the high-level description as given 
in this Recommendation and the ANSI-C reference implementaion. 

This Recommendation includes an electornic attachment containing an ANSI-C reference 
implementation of PESQ and conformance testing data. 

 

 

Source 
ITU-T Recommendation P.862 was prepared by ITU-T Study Group 12 (2001-2004) and approved 
under the WTSA Resolution 1 procedure on 23 February 2001. 
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FOREWORD 

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of 
telecommunications. The ITU Telecommunication Standardization Sector (ITU-T) is a permanent organ of 
ITU. ITU-T is responsible for studying technical, operating and tariff questions and issuing Recommendations 
on them with a view to standardizing telecommunications on a worldwide basis. 

The World Telecommunication Standardization Assembly (WTSA), which meets every four years, 
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on these 
topics. 

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1. 

In some areas of information technology which fall within ITU-T's purview, the necessary standards are 
prepared on a collaborative basis with ISO and IEC. 

 

 

 

 

 

NOTE 

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a 
telecommunication administration and a recognized operating agency. 

 

 

 

 

INTELLECTUAL PROPERTY RIGHTS 

ITU draws attention to the possibility that the practice or implementation of this Recommendation may 
involve the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence, 
validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others 
outside of the Recommendation development process. 

As of the date of approval of this Recommendation, ITU had received notice of intellectual property, 
protected by patents, which may be required to implement this Recommendation. However, implementors are 
cautioned that this may not represent the latest information and are therefore strongly urged to consult the 
TSB patent database. 
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ITU-T Recommendation P.862 

Perceptual evaluation of speech quality (PESQ): An objective method  
for end-to-end speech quality assessment of narrow-band  

telephone networks and speech codecs1 

1 Introduction 
The objective method described in this Recommendation is known as "Perceptual Evaluation of 
Speech Quality" (PESQ). It is the result of several years of development and is applicable not only to 
speech codecs but also to end-to-end measurements. 

Real systems may include filtering and variable delay, as well as distortions due to channel errors 
and low bit-rate codecs. The PSQM method as described in ITU-T P.861 (February 1998), was only 
recommended for use in assessing speech codecs, and was not able to take proper account of 
filtering, variable delay, and short localized distortions. PESQ addresses these effects with transfer 
function equalization, time alignment, and a new algorithm for averaging distortions over time. The 
validation of PESQ included a number of experiments that specifically tested its performance across 
combinations of factors such as filtering, variable delay, coding distortions and channel errors. 

It is recommended that PESQ be used for speech quality assessment of 3.1 kHz (narrow-band) 
handset telephony and narrow-band speech codecs. 

2 Normative references 
The following ITU-T Recommendations and other reference contain provisions which, through 
reference in this text, constitute provisions of this Recommendation. At the time of publication, the 
editions indicated were valid. All Recommendations and other references are subject to revision; 
users of this Recommendation are therefore encouraged to investigate the possibility of applying the 
most recent edition of the Recommendations and other references listed below. A list of the currently 
valid ITU-T Recommendations is regularly published. 

− ITU-T P.800 (1996), Methods for subjective determination of transmission quality. 

− ITU-T P.810 (1996), Modulated noise reference unit (MNRU). 

– ITU-T P.830 (1996), Subjective performance assessment of telephone-band and wideband 
digital codecs. 

− ITU-T P-series Supplement 23 (1998), ITU-T coded-speech database. 

3 Abbreviations 
This Recommendation uses, the following abbreviations: 

ACR  Absolute Category Rating 

CELP  Code-Excited Linear Prediction 

DMOS  Degradation Mean Opinion Score 

HATS  Head And Torso Simulator 

____________________ 
1 This Recommendation includes an electronic attachment containing an ANSI-C reference implementation 

of PESQ and conformance testing data. 
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IRS  Intermediate Reference System 

LQ  Listening Quality 

MOS  Mean Opinion Score 

PCM  Pulse Code Modulation 

PESQ  Perceptual Evaluation of Speech Quality 

PSQM  Perceptual Speech Quality Measure 

4 Scope 
Based on the benchmark results presented within Study Group 12, an overview of the test factors, 
coding technologies and applications to which this Recommendation applies is given in 
Tables 1 to 3. Table 1 presents the relationships of test factors, coding technologies and applications 
for which this Recommendation has been found to show acceptable accuracy. Table 2 presents a list 
of conditions for which the Recommendation is known to provide inaccurate predictions or is 
otherwise not intended to be used. Finally, Table 3 lists factors, technologies and applications for 
which PESQ has not currently been validated. Although correlations between objective and 
subjective scores in the benchmark were around 0.935 for both known and unknown data, the PESQ 
algorithm cannot be used to replace subjective testing. 

It should also be noted that the PESQ algorithm does not provide a comprehensive evaluation of 
transmission quality. It only measures the effects of one-way speech distortion and noise on speech 
quality. The effects of loudness loss, delay, sidetone, echo, and other impairments related to two-way 
interaction (e.g. centre clipper) are not reflected in the PESQ scores. Therefore, it is possible to have 
high PESQ scores, yet poor quality of the connection overall. 

Table 1/P.862 − Factors for which PESQ had demonstrated acceptable accuracy 

Test factors 

Speech input levels to a codec 
Transmission channel errors 
Packet loss and packet loss concealment with CELP codecs 
Bit rates if a codec has more than one bit-rate mode 
Transcodings 
Environmental noise at the sending side (See Note.) 
Effect of varying delay in listening only tests 
Short-term time warping of audio signal 
Long-term time warping of audio signal 

Coding technologies 

Waveform codecs, e.g. G.711; G.726; G.727 

CELP and hybrid codecs ≥4 kbit/s, e.g. G.728, G.729, G.723.1 
Other codecs: GSM-FR, GSM-HR, GSM-EFR, GSM-AMR, CDMA-EVRC, 
TDMA-ACELP, TDMA-VSELP, TETRA 
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Applications 

Codec evaluation 
Codec selection 
Live network testing using digital or analogue connection to the network 
Testing of emulated and prototype networks 

NOTE − When environmental noise is present the quality can be measured by passing 
PESQ the clean original without noise, and the degraded signal with noise. 

Table 2/P.862 – PESQ is known to provide inaccurate predictions when used 
in conjunction with these variables, or is otherwise not intended 

to be used with these variables 

Test factors 

Listening levels (See Note.) 
Loudness loss 
Effect of delay in conversational tests 
Talker echo 
Sidetone 

Coding technologies 

Replacement of continuous sections of speech making up more than 25% of active speech 
by silence (extreme temporal clipping) 

Applications 

In-service non-intrusive measurement devices 
Two-way communications performance 
NOTE – PESQ assumes a standard listening level of 79 dB SPL and compensates for non-
optimum signal levels in the input files. The subjective effect of deviation from optimum 
listening level is therefore not taken into account. 

 

Table 3/P.862 (For further study) − Factors, technologies and applications for 
which PESQ has not currently been validated 

Test factors 

Packet loss and packet loss concealment with PCM type codecs (See Note 1.) 
Temporal clipping of speech (See Note 1.) 
Amplitude clipping of speech (See Note 2.) 
Talker dependencies 
Multiple simultaneous talkers 
Bit-rate mismatching between an encoder and a decoder if a codec has more than one bit-
rate mode 
Network information signals as input to a codec 
Artificial speech signals as input to a codec 
Music as input to a codec 
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