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Abstract: The data and rationale for translating head and torso simulator measurements from 
eardrum to other acoustic reference points such as free field and diffuse field are provided in this 
standard. 
 
Keywords: DF, diffuse field, DRP, drum reference point, eardrum, ear reference point, ERP, FF, 
free field, HATS, HATS head and torso simulator, IEEE 1652™, receiver, telephone, telephony 
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IEEE documents are made available for use subject to important notices and legal disclaimers. These 
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heading “Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be 
obtained on request from IEEE or viewed at http://standards.ieee.org/IPR/disclaimers.html. 

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards 
Documents 

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are 
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards 
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a 
consensus development process, approved by the American National Standards Institute (“ANSI”), which 
brings together volunteers representing varied viewpoints and interests to achieve the final product. IEEE 
Standards are documents developed through scientific, academic, and industry-based technical working 
groups. Volunteers in IEEE working groups are not necessarily members of the Institute and participate 
without compensation from IEEE. While IEEE administers the process and establishes rules to promote 
fairness in the consensus development process, IEEE does not independently evaluate, test, or verify the 
accuracy of any of the information or the soundness of any judgments contained in its standards. 

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure 
against interference with or from other devices or networks. Implementers and users of IEEE Standards 
documents are responsible for determining and complying with all appropriate safety, security, 
environmental, health, and interference protection practices and all applicable laws and regulations.  

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and 
expressly disclaims all warranties (express, implied and statutory) not included in this or any other 
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness 
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness 
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. 
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.” 

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there 
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related 
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved 
and issued is subject to change brought about through developments in the state of the art and comments 
received from users of the standard. 

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other 
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any 
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his 
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as 
appropriate, seek the advice of a competent professional in determining the appropriateness of a given 
IEEE standard. 

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: 
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; 
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR 
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE 
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE. 
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Copyrights 
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Introduction 

This introduction is not part of IEEE Std 1652-2016, IEEE Standard for Translating Head and Torso Simulator 
Measurements from Eardrum to Other Acoustic Reference Points. 

This standard is a revision to IEEE Standard 1652-2008. The revision includes free field, diffuse field, and 
ear reference point (ERP). Explanations on use of each have been revised. New, more accurate diffuse field 
data has become available, and it is included in this revision. 

Acknowledgments 

The values in Table 1, Table 2, Table 3, and Table 4 were derived from B&K Type 4128 calibration file 
information used with permission from Bruel and Kjaer. 
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IEEE Standard for the Application of Free Field Acoustic Reference to 

Telephony Translating Head and Torso Simulator Measurements from 

Eardrum to Other Acoustic Reference Points 

IMPORTANT NOTICE: This standard is not intended to assure safety, security, health, or 

environmental protection in all circumstances. Implementers of the standard are responsible for 

determining appropriate safety, security, environmental, and health practices or regulatory 

requirements. 

This IEEE document is made available for use subject to important notices and legal disclaimers. 

These notices and disclaimers appear in all publications containing this document and may be 

found under the heading “Important Notice” or “Important Notices and Disclaimers Concerning 

IEEE Documents.” They can also be obtained on request from IEEE or viewed at 

http://standards.ieee.org/IPR/disclaimers.html. 
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1. Overview 

1.1 Scope 

This standard provides the data, techniques, and rationale for referencing acoustic telephony 

translating head and torso simulator measurements from the eardrum to other acoustic reference 

points, such as the free field and the diffuse field. It applies primarily to ear-related measurements 

such as receive, sidetone, and overall. of devices that contact the ear, such as headsets and handsets. 

It can also be used for devices that do not contact the ear, such as speakerphones and wearable 

devices. It is applicable to communication and multimedia audio devices over the frequency range 

of 20 Hz to 20 kHz 

1.2 Purpose 

A Common acoustic reference point is points are needed for comparing electroacoustic performance 

of handset, headset, handsfree, handsets, headsets, speakerphones and other kinds of telephone 

terminals communication devices. It is also needed for comparing telephone terminals 

communication devices with other devices such as loudspeakers, mobile multimedia terminals, and 

consumer audio equipment. The free field is the and diffuse field are appropriate reference point 

points because the results relate closely to what is heard by the listener. Therefore we hear. For 

measurements on communication devices, the free field is a or diffuse field are more widely 

applicable reference point for telephony measurements points than the traditional ERP (legacy ear 

reference point) (ERP). 
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1.3 How to use this standard 

Clause 4 provides information about loudspeaker and telephone listening, and how free field 

listening conditions relate to both. Start here to understand why it is desirable to use the free field 

reference. 

Clause 5 provides a practical method to translate measurements made on a head and torso simulator 

(HATS) to the free field. Start here to implement the standard. 

When reading this standard for the first time, it is helpful to begin with Clause 4 and read the 

remainder of the document. When applying the standard, go to the applicable clause and use the 

tables as instructed. 

2. Normative references 

The following referenced documents are indispensable for the application of this document (i.e., 

they must be understood and used, so each referenced document is cited in text and its relationship 

to this document is explained). For dated references, only the edition cited applies. For undated 

references, the latest edition of the referenced document (including any amendments or corrigenda) 

applies. 
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ITU-T Recommendation P.57 (2005), Artificial Ears.1 

ITU-T Recommendation P.58 (1996), Head and Torso Simulator for Telephonometry. 

ITU-T Recommendation P.581 (2000), Use of head and torso simulator (HATS) for hands-free 

terminal testing. 

3. Definitions, acronyms, and abbreviations 

3.1 Definitions 

For the purposes of this standard document, the following terms and definitions apply. The 

Authoritative Dictionary of IEEE Standards Terms Dictionary Online should be referenced consulted for 

terms not defined in this clause. 2 

diffuse field (DF): Sound field in which the time average of the mean-square sound pressure is the 

same everywhere and the flow of acoustic energy in all directions is equally probable. 

1 
ITU-T publications are available from the International Telecommunications Telecommunication Union, Place des Nations, CH- 

1211, Geneva 20, Switzer¬land/Suisse (http://www.itu.int/). 

2IEEE Standards Dictionary Online is available at: http://dictionary.ieee.org 
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3.3 eardrum reference point (DRP): See: drum reference point. 

ear reference point (ERP): A virtual point for acoustic and geometric reference located outside the 

entrance to the ear canal. The exact location is specified for each type of ear simulator. 

eardrum reference point (DRP): A point located at the end of the ear canal, corresponding to the 

eardrum position. Syn: Also known as the drum reference point. 

free field complete definition (FF): (A) Sound field in a homogenous, isotropic medium free from 

boundaries. In practice, the effects of boundaries on a free field are negligible over the region of 

interest. (B) (Simple definition) Sounds field free of reflections. 

frequency response: Electrical, acoustic, or electroacoustic sensitivity (output/input), or gain, as a 

function of frequency. 

head and torso simulator (HATS) for telephonometry:  A manikin incorporating a mouth simulator 

and ear simulator(s), extending downward from the top of the head to the waist, designed to 

simulate the sound pick-up characteristics and the acoustic diffraction produced by a median 

human adult and to reproduce the acoustic field generated by the human mouth. 

NOTE—See ITU-T Recommendation P.58.3 

3Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to 

implement this standard. 
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orthotelephonic:  A talker and a listener communicating by speech, face to face, one  meter apart, in 

a quiet, approximately anechoic environment The acoustical relationship between two people of 

equal height facing  one another at a distance of 1 m in a quiet non-reverberant room. 

receiver: An electroacoustic transducer that converts an electrical signal to sound and delivers it 

directly to the ear, sealed or unsealed. 

speaker (also loudspeaker): An electroacoustic transducer that converts an electrical signal to sound 

and delivers it to the ear from a distance of several centimeters or greater. 

spectrum: A distribution of amplitude (or phase, or some other quantity) as a function of frequency. 

It is often expressed in bands. Bands may be of constant percentage width, such as 1/3rd or 1/12th 

octave bands (~23% and ~6% of the center frequency, respectively). Bands may also be of fixed 

width, regardless of center frequency (e.g., 50 Hz). Instead of bands, a spectrum may also be 

expressed as spectrum density, which is equivalent to 1 Hz bands. 

3.2 Acronyms and abbreviations 

DF  diffuse field 

DRP drum reference point 

ERP ear reference point 
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FF  free field 

HATS head and torso simulator 

4. The Listening experience 

The fundamental goal of ear related measurements is to correlate to the listener’s subjective 

experience. In order to do that, HATS is used to simulate the physical part of the listener experience 

up to the eardrum. A HATS has an ear simulator that picks up sound at the DRP. Translations that 

convert from DRP to a listener reference point more completely represent the user’s listening 

experience. FF, DF, and in limited cases ear reference point ERP, are typical listener reference points. 

4.1 Acoustical reference points 

A measurement may be made at one point, but translated to another point. This may be necessary 

due to inaccessibility of the desired acoustical point. 

An acoustic reference point is somewhat like an electrical test point. The traditional reference point 

for telephony measurements is the ERP. Measurements of a telephone receiver may actually be 

collected at the ERP, or at the (simulated) eardrum (DRP), or possibly some other place. If the 

measurement is collected at some point other than the ERP, it is then translated to the ERP. In other 

words, the measurement is processed so that the result is the same as if it had been collected at the 

ERP in the first place. When using HATS, the measurement is collected at the DRP, where the 

microphone is located. The measurement is then translated to the ERP. But as the rest of this 

document demonstrates, the ERP is not the optimum acoustical reference point. 
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4.2 Orthotelephonic Reference 

The orthotelephonic reference is a face-to-face conversation in a free field, at a distance of 1 m. 

The distance can be measured with respect to the mouth reference point (MRP) and the ERP, the 

center of the head, or some combination, but the basic idea is the same. (See Figure 1.) 

A telephone conversation using a handset is intended to approximate the acoustical experience of a 

face-to- face (free field) conversation, at least at one ear. The orthotelephonic reference is therefore 

fundamental in evaluating telephone performance. Even though a handset is placed on the ear, and 

partly closes it, the acoustical performance should nonetheless be evaluated using the free field as 

the reference condition. 

 
(Deleted) 

Figure 1—Orthotelephonic reference 
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5. Free field (FF) 

5.1 Origin of the HATS FF translation 

4.3 Loudspeakers 

Loudspeakers deliver sound to the listener without contacting the listener’s head as illustrated in 

Figure 1. 

 
(New) 

Figure 1—Loudspeaker and listener in FF 

In general, loudspeaker-based audio systems that are considered to be high fidelity will exhibit a 

relatively flat frequency response in the free field.FF, typically measured in an anechoic chamber. 

Thus a ‚flat‛ frequency response is considered to be aone major indicator of high-quality sound 

reproduction. (See the setup in Figure 2 and the spectrum Figure 3). 
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Figure 2—Loudspeaker and free field measurement microphone in 

anechoic chamber (FF) 
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Figure 3—Equalized (flat) loudspeaker with flat frequency response, as 

spectrum at 90dBSPL measured in the free field FF with a microphone 

Seen from the (DRP), the response includes the effect of body, head, pinna, and ear canal. (See 

Figure 4 and Figure 5.) 
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