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Psychoacoustics, 
Sound Quality,  
and Electric Buses
In layman’s terms, psychoacoustics is the bridging 
of the physical representation of sound and its 
subjective human hearing perception. Sound 
quality on the other hand, which is a discipline 
that falls within the field of psychoacoustics, 
defines the distinctive character of a sound other 
than its pitch or loudness (Dunne, 2003).

Sound quality metrics, if appropriately selected, 
can be used as a measure to objectively establish 
the comfort and refinement of a vehicle’s sound 
signature. Newly developed tonal metrics are 
especially relevant to electric vehicles where 
noise levels may not be excessive but may be 
particularly intrusive.
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As an overview, this paper looks to delve into the techniques and metrics used in 
the assessment of tonal electric vehicle (EV) noises, and the subjective perception 
of their intrusive whining signatures which are typically associated with their 
permanent magnet synchronous motors (PMSM). It is important to note that these 
noises are typically profound during idle and low-speed conditions where road and 
wind noise levels are low.

This whitepaper will discuss:
• Electric vehicles, internal combustion engine (ICE) powertrains 

and emitted noise 
• Electric vehicle noise measurement techniques
• Sound quality assessment methods
• Quantifying noise and sound quality of electric vehicles
• Electric bus case study
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In the automotive industry, such 
as the EV bus sector, sound quality 
measurement and assessment is 
neither trivial nor paralleled. Unlike 
those of conventional ICE vehicles, 
EV powertrains do not radiate 
broadband masking noise from 
their engines. 

Reduced noise would appear to 
be a “win” forvehicle acousticians 
in  electric bus original equipment 
manufacturers (OEMs). 
Unfortunately, the new challenge 
emanating from lack of broadband 
masking and characteristic of 
electric vehicle architecture is  
the variety of new tonal noises.

A new challenge for acoustic 
engineers is that components 
of EV powertrain noise sources 
emit mid to high-frequency tonal 
noises, also referred to as whining 
noise.. Vehicle passengers have 
become somewhat accustomed  
to the conventional broadband 
noise of ICE powertrains, whereas 
the whining noise of the EV 
powertrain is an unexpected 
intrusion for a vehicle widely 
marketed as “quiet” or “silent”. 

Throughout this series, we will look at why noise control is still an 
integral aspect of the development of electric bus models.

ELECTRIC VEHICLES, ICE POWERTRAINS  
AND EMITTED NOISE 
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Ventac is dedicated to making vehicles the quietest they can be, and 
our unrivalled expertise is trusted by the engineering teams of vehicle 
OEMs across Europe and the USA. 

If you wish to discuss anything related to the topics included within 

this whitepaper series, please contact us at info@ventac.com



ELECTRIC VEHICLE NOISE  
MEASUREMENT TECHNIQUES

Noise measurements from EVs are usually conducted under several 
experimental test conditions. Acoustic performance is evaluated through 
binaural playback of recordings in listening rooms or artificial simulators, 
vehicle demonstrators, as well as subjective assessments when driving 
on test tracks. In a study by Lennström et al (2011), driving conditions for 
sound measurement included recordings performed with a binaural head 
at the co-driver’s head position. During recording, the vehicle noise was 
recorded at full-throttle acceleration from 0 to 100 kph on a straight, flat 
road with a smooth surface. This corresponded to a speed from 0 to  
above 9,000 rpm on the electric motor. 

Another measurement technique (ECMA-74, 2019) includes that used 
in determining the Tone-To-Noise Ratio (TTNR) and Prominent Ratio 
(PR) for noise emissions containing discrete tones, such as those from 
machinery. This includes microphone measurements performed at the 
bystander position with the highest A-weighted emitted sound pressure 
level (SPL). Measurements are also taken at all other bystander positions 
having A-weighted SPL within 0.5 dB of the highest emitted SPL.  
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It is important to note that for electric buses, test conditions 
typically include microphone recordings carried out at 
locations in close proximity to the driver’s ear, passenger 
location close to the powertrain, axle locations, stairways, 
and locations of interest where an acoustical anomaly is 
apparent, and where an investigation is needed.



SOUND QUALITY
ASSESSMENT METHODS 

Sound quality evaluation of traditional ICE vehicles have typically used 
standard psychoacoustic parameters such as loudness, sharpness, 
fluctuation strength, roughness, etc Experimental and empirical models 
developed and adopted in estimating the relative magnitudes of these 
parameters differ and are inexhaustive in literature. While these metrics 
afford some general value for EVs they do not deal with their dominant 
tonal nature: a discussion of tonal metrics is presented from page 10. 

From literature, there are numerous sound quality evaluation methods 
that are sufficient for electric bus psychoacoustic purposes. These 
include the Random Access (RA) method (Fastl, 2006) which allows for 
comparative information on the sound quality between two products. 
It involves a simple “random access” procedure where different sounds, 
emitted by clicking loudspeaker icons on a screen, are ranked in an 
order of best-to-worst sound quality perception by subjects.

A second sound quality evaluation method which could be utilised for 
electric buses includes the Magnitude Estimation (ME) method where 
the magnitude of different “test sounds” are compared to one or two 
“anchor sounds”. With a numeric value initially assigned to the anchor 
sound(s), subjects subsequently assign comparative values to the test 
sounds to estimate a direct relation of psychophysical magnitudes  
of both sounds.

8 S O U N D  Q U A L I T Y  A S S E S S M E N T  M E T H O D S
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Power Train Sound Quality (PTSQ) 
parameters are also useful in discerning 
the distinctive acoustic characteristics of 
electric vehicles. This is because they have 
been duly employed effectively in research 
studies pertaining to traditional ICE vehicle 
sound quality assessment. 

In the automotive sector, including the 
bus and coach industry, a seven-point 
semantic bipolar pair for the subjective 
rating of PTSQ includes; quiet-loud, 
refined-harsh, effortless-strained, 
powerful-weak, sporty-conservative, 
and tough/aggressive-subdued. These 
parameters have been utilised and found 
to be effective for sound quality evaluation. 
It should be noted that these parameters, 
when applied to the measurements from 
the powertrain of EVs, are efficient in their 
sound quality evaluation.

PTSQ evaluation on electric vehicles 
carried out by Lennström et al (2011) found 
that high ranking was accorded by subjects 
to increasing levels of high-frequency 
tonal components and decreasing mid-
frequency tonal components from 
the electric motor transmission. The 
ranking was in terms of sharpness, 
annoyance, toughness/aggressiveness 
and powerfulness. They found that for 
automotive applications,  an increase 
in the level of individual high-frequency 
components (>1 kHz) resulted in a higher 
rating in perceived annoyance, sharpness, 
aggressiveness, and powerfulness, hence 
a low rating in sound quality. Furthermore, 
lowering the same high-frequency 
components and increasing the  
mid-frequency components resulted in 
high rankings in the overall satisfaction  
of subjects.



QUANTIFYING NOISE AND SOUND 
QUALITY OF ELECTRIC VEHICLES

Noises from electric buses can be assessed using the Panel 
Noise Contribution Analysis (PNCA). This technique utilises 
methods including the Airborne Transfer Path Analysis (TPA) 
to quantify and rank noise. It aims to assess the influence of 
local excitation upon one reference point in the sound field 
and has been demonstrated in analysing contributions from 
vehicle cabin surfaces to the interior noise (Comesana and 
Korbasiewicz, 2015). It is important to note that Direct Particle 
Velocity Measurements, Acoustic Holography, Beamforming 
etc. are other methods utilised by this technique to qualify 
and rank noise.

The Tone-to-Noise Ratio (TTNR) and Prominence Ratio (PR) 
are psychoacoustic sound quality assessment techniques 
designed to see if there are any aurally distinct tones in a 
sound signal such as those from powertrains of electric 
buses. The PR technique has been found (Lennström et al, 
2013) to be an effective metric for quantifying the relative 
levels of the tones compared to the adjacent broadband 
random noise.

10 Q U A N T I F Y I N G  N O I S E  A N D  S O U N D  Q U A L I T Y  O F  E L E C T R I C  V E H I C L E S



The Standard ECMA-74 document (2019) 
provides a comprehensive procedure of 
the method involved in the measurement 
of airborne noise emitted by information 
technology and telecommunications 
equipment. This method is employed 
towards EV noise measurement and 
assessment, as it is applicable to noise 
sources of band-noise, narrow-band  
noise, noise which contains discrete 
frequency components, or impulsive  
noise. It should be noted that this  
standard is in accordance with ISO 11201.

 

In determining the distinctiveness of 
a discrete tone sandwiched amongst 
masking broadband noise, the TTNR and 
PR techniques begin by defining the narrow 
frequency critical band containing the tone. 
For the TTNR technique, the discrete tone 
is defined as been distinctively audible to a 
listener if the SPL of the tone exceeds that 
of the masking noise in the critical band by 
8 dB or more, depending on the frequency. 
For the PR technique, the discrete tone 
is defined as prominent if the SPL of its 
critical band is 9 dB, or more, depending 
on frequency, higher than the adjacent 
critical bands’ (see case study).
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In summary, to determine the prominence of a discrete tone the procedure 
includes the following measurements and calculations, all within a 1 dB tolerance:

• The sound pressure level of the critical band centred at the frequency of the tone
• The sound pressure level of the two adjacent critical bands 
• The prominence ratio is calculated by taking the log of the tone critical band 

divided by the average of the two adjacent bands.

The critical bandwidth ∆fc centred at the frequency of the discrete tone is 
determined as thus (see ref. (ECMA-74, 2019)):

∆fc=25.0+75.0[1.0 + 1.4(f/1000)2]0.69 
For example:  ∆fc=162.2 Hz for f=1kHz

For the purpose of determining the SPL value of the bandwidth Ln, the critical band is 
modelled as a rectangular filter with centre frequency f0, lower band edge frequency f1, 
and upper band edge frequency f2, where: 

f0=(f1f2)0.5
and f2=f1+∆fc

It is important to note that multiple discrete tones within a single critical bandwidth 
can be measured and identified by implementing a frequency proximity criterion.  
With this, the frequency component with the largest SPL is identified as the primary 
tone, and the other as the secondary. Otherwise, if they are sufficiently close, they 
are added together as a single discrete tone, and their prominence determined by 
combining their tonal energy.

In future editions of the Ventac whitepaper series, we will analyse 
more complicated examples of multiple tonal components of noises 
from electric buses, and also, noises from dynamic operating 
conditions such as wide-open throttle acceleration – sign up now  
to receive all issues straight to your inbox.

12 Q U A N T I F Y I N G  N O I S E  A N D  S O U N D  Q U A L I T Y  O F  E L E C T R I C  V E H I C L E S

https://www.ventac.com/electric-buses-and-sound-quality/
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ELECTRIC BUS CASE STUDY

An example of the implementation of the Prominent Ratio (PR) 
sound quality metric is demonstrated in the analysis of noise 
from an electric bus carried out by Ventac. This technique was 
chosen because it evaluates the SPL of a critical band containing 
a distinct tonal component, instead of the SPL of a single tonal 
component (as in TTNR). It is important to note that EVs including 
electric buses usually exhibit multiple clustered tonal components 
within a critical band, hence the PR technique is adequate and 
is the current industry standard for sound quality analysis and 
estimation for these type of sound signals. 

A high-frequency tone sandwiched in the noise data from the bus 
was identified. The PR algorithm in accordance with the Standard 
ECMA-74 (2019) was then carried out to estimate the prominence 
of this tone. Figure 1 depicts the adjacent lower and higher critical 
bands to the left and right (respectively) of the middle critical band 
(containing the tone).

Figure 1 - Prominence Ratio Analysis on Acoustic Field Data

14 E L E C T R I C  B U S  C A S E  S T U D Y



As illustrated in Figure 1, the PR of the discrete tone was calculated to be 
Lp=11.4 dB. This, therefore, accorded a prominence feature to the tone at 
its PR criterion, since the value was found to be more than 9 dB. 

In the interest of subjective assessment, digital recordings 
of this noise data (Figure 1) with its prominent tone and a 
copy with the prominent tone diminished can be accessed 
from the Ventac website.

Electric motor wraps are one of the solutions that may be used in treating tonal noises from 
electric bus and coaches. Reductions of over 15 dB have been achieved on narrowband peaks 
following treatment of EV noise sources using Ventac’s motor wrap. It is important to note 
that the effectiveness of any high frequency noise treatment is limited by gapping (such as 
around pipes, services, and rotating elements). However, encapsulating the noise at source 
maximises the noise reduction achieved and minimises the material and weight required.

Further information on Ventac’s electric motor wrap is available upon 
request via info@ventac.com.
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If you wish to discuss anything related 
to the topics included within this 
whitepaper series, please contact us 
at info@ventac.com

16 E L E C T R I C  B U S  C A S E  S T U D Y

Ventac is an established name in the supply of innovative  
and high-performance noise control solutions to the  
Bus & Coach industry.

Our experience, technical knowledge, and acoustic expertise in an ever-changing 
industry allow us to work in partnership with our clients to quickly identify and 
solve their noise control problems and deliver an effective result. 

Our vehicle noise control services include analysis through a Vehicle 
Acoustic Test Program, followed by custom solution design,  
manufacture, and delivery.
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ABOUT VENTAC 

Ventac’s custom made solutions are designed and manufactured specifically for 
the customer and substantiality reduce both interior and exterior vehicle noise 
levels. Our solutions are supported by our acoustic expertise, technical capabilities 
and innovative problem solving and are created in partnership with the customer 
to ensure a high performance and superior acoustic solution.

Vehicle Noise Control services include analysis through a vehicle acoustic test 
program to custom design, engineer and manufacture a value based and turnkey 
solution that is delivered directly to the customer. Ventac work in partnership with 
their customers during the design phase of a new project or on current vehicle 
models. Solutions are tailored to the specific needs of the customer to include 
thermal insulation and noise and vibration solutions.

For more information, or to talk to the Ventac team about your 
Electric Bus project, email us at info@ventac.com. 

www.ventac.com 

www.ventac.com
 


