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Overview
In the previous issue of our Whitepaper, we delved into the general 
techniques and metrics used in the assessment of tonal noises 
emitted by Electric Vehicles. In that issue, the Prominent Ratio (PR) 
metric, as contained in the ECMA-74 standard [1], was used in a case 
study to quantify the presence of a distinctly audible tone in an electric 
vehicle sound file.

At steady, low-speed driving conditions, where road and wind noise 
levels are low, sound files from electric vehicles usually contain 
prominent tonal noises, as demonstrated in the previous issue of our 
whitepaper. In this issue, we expatiate on the science of sound 
quality as it pertains to human perception and tonality, together with 
the technique involved in understanding how humans quantify sounds, 
as supposed to the calculations and algorithms employed by 
computer applications. We also delve a little deeper into assessing 
the tonal components contained in the sound file of an electric 
vehicle in the wide-open-throttle (WOT) driving condition, as opposed 
to a steady, low-speed driving condition as in the previous white paper.
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In the world of acoustics today, there exist 
some concerns about the adequacy in
measuring and quantifying tonal components 
from various noise sources including
electric vehicles. These concerns include the 
limitations and errors involved in registering
tonalities especially as they are perceived by 
humans [2], and this has been a challenge
in the field of psychoacoustics for a while [3-
5]. Most tonality metrics expect tonality at,
or as, repeating single-distinct signals or 
frequencies (pure sinusoidal tones). In real life,
however, tonalities seldom occur at a single-
frequency pure tone, but as complex multiple
tonal components; such as those from the 
components of a gear-box, orders of an 
engine, exhaust systems, suspensions, tyres 
on track, etc.

To appreciate the complexities involved in 
adequately quantifying tonalities, one needs to
understand the calculations and algorithms 
employed by the different tonality metrics.
Many conventional tonality metrics, like the 
tone-to-noise and prominent ratios, compare
the overall noise levels in what is described as 
a critical band containing the tone, with
the level of a “sandwiched” tone to determine 
or quantify the level of tonality.

The algorithm involved in these tonality 
metrics, as demonstrated in the previous case
study, involves combining tones in the same 
critical frequency band into a single tone with
higher energy, with penalties applied in some 
cases. This, however, is not exactly
representative of how humans perceive tones. 
That is, human physiology allows for only
one tone in a critical band being reported to 
the brain, negating the lower-energy tones,
or the higher-frequency tones in the case of 
more than one tone with the same energy.
With this, the spiral shape of the human 
cochlea acts as a series of twenty-four
microphones, with each assigned to detect a 
certain range of frequencies in a critical band
with regards to the 20 Hz to 20 kHz human-
hearing range.

Tonality Metrics & Quantification
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Quantifying Sound Quality
Many established tonality metrics like the Prominence Ratio, ECMA-74 Tonality, and its
modified version, which accounts for the overestimation of low-frequency components,
utilize the critical band scale which is similar to the 1/3-octave band scale. The critical
band scale, which is interchangeably referred to as the bark scale, comprises bands of
frequency components used to quantify the human ear’s ability to distinguish between
individual frequency tones. In psychoacoustic analysis like tonality, the utilization of the
bark scale in quantifying tones is not uncommon. However, the masking effect
phenomenon employed by the cochlea in selectively reporting only a single tone to the
brain in a critical band is usually not integrated into the algorithm of many
psychoacoustic metrics.

The psychoacoustic tonality model according to the hearing model of Prof. Roland Sottek
[6] incorporates an autocorrelation function to quantify tonalities in sounds. This model
not only uses the critical scale, when compared to other psychoacoustic tonality metrics 
but also implements the multiple-tonal masking effect employed by the human cochlea.

As an example, Figure 1 depicts tonality analysis on the same sample sound file of an
electric vehicle in a WOT driving condition. The top graph presents a tonality analysis
using the specific prominence ratio metric, while the bottom graph presents a tonality
analysis using the specific tonality hearing model by Prof. Sottek.
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From Figure 1, it is difficult to pick out the prominent tones in the specific prominent
ratio metric (top graph), whereas it is easier to do so from the analysis by the specific
tonality hearing model by Prof. Sottek (bottom graph).

Figure 2 which depicts the same graphs, as in Figure 1, in a 2-D representation illustrates
this argument more clearly.

Figure 2 – 2-D Tonality Assessment of WOT Driving Condition of an Electric Bus Sound File. The top graph
depicts the Specific Prominent Ratio (not selecting tones only), and bottom graph depicts the Specific
Tonality (Hearing Model). From the top graph, it is difficult to pick out the prominent tones due to the random
artifacts, whereas it is easier to do so from the bottom graph where the human-hearing masking effect is
employed.

Figure 1 – Tonality assessment of WOT driving condition of an Electric Bus sound file. The top graph depicts
the Specific Prominent Ratio (not selecting tones only), and the bottom graph depicts the Specific Tonality
(Hearing Model). From the top graph, it is difficult to pick out the prominent tones due to the random artifacts,
whereas it is much easier to do so from the bottom graph where the human-hearing masking effect is employed.
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Figure 3 depicts the analysis of the same sound file by both the specific prominent ratio
(top graph) and the specific tonality hearing model (bottom graph). In this analysis, the
specific prominent ratio analysis (top graph) has the selection of showing only pure tones
in the assessment. With this, it can be deduced that this analysis under-represents the
tonalities in the sound files. Where the tonality assessment by the specific tonality
hearing model remains the same (Figure 1 vs Figure 3), the specific prominent ratio
assessment differs depending on the chosen selection.

Figure 3 - Tonality assessment of WOT driving condition of an Electric Bus sound file. The top graph depicts
the Specific Prominent Ratio (selecting tones only), and the bottom graph depicts Specific Tonality (Hearing
Model). From the top graph, it is difficult to pick out the prominent tones due to the random artifacts, whereas
it is easier to do that from the bottom graph where the masking effect is employed. From this analysis, selecting
tones only in the top graph under-represents the tonalities in the sound file.

From Figure 2, the top graph depicts the specific prominent ratio analysis, with a selection
of all tonal elements (not just pure tonal elements), while the bottom graph depicts the
specific tonality hearing model analysis. As with the 3-D graphs of the same sound file
(see Figure 1), it is not as clear-cut in identifying the prominent tones from the top graph
as it is from the bottom graph. Where the human-masking effect is employed by the
specific tonality hearing model in reporting tones with the highest energy in a critical
band, the specific prominent ratio analysis sums up multiple tones in the same band into
a higher-energy tone, making it difficult to adequately quantify the tonality in the sound
files with regards to human perception.
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Acoustic Motor-Wrap 
and its Effectiveness 
in Reducing Tonal 
Noise in an Electric 
Vehicle
A Ventac Case Study

In this case study, the discussed Specific Prominent Ratio and the 
Specific Tonality Hearing Model metrics were used to analyze the 
same sound files of the WOT condition of an electric bus before 
and after acoustic treatment.
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From the top graphs of Figure 4, which uses the specific prominence ratio metric, it is not very 
clear and simple to graphically assess and quantify the effectiveness on the average tonalities 
made by the acoustic treatment. However, with the bottom-graph specific tonality hearing 
model analysis, it is quite easy to graphically quantify the effectiveness of the acoustic 
treatment employed.

In quantifying tonality, a frequency-dependent criterion for the prominence of distinct tones 
in a sound file is usually set up as depicted in Figure 5. From the graph in Figure 5, if a discrete 
tone moves above the criterion curve, it is classified as being prominent.

Figure 4 - Tonality assessment of WOT driving condition of an Electric Bus sound file. The top graph Depicts
the Specific Prominent Ratio (selecting tones only) analysis, and the bottom graph depicts the Specific
Tonality (Hearing Model) analysis. From the top graph, it is difficult to pick out the prominent tones due to the
random artifacts, whereas it is easier to do that from the bottom graph where the masking effect is employed.
From this analysis, it can be observed that selecting tones only in the top graph under-represents the tonalities
in the sound file.
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Applying the criterion curve in Figure 5 to the graph of the specific prominent ratio analysis 
(selecting only tones) in Figure 6 (top left), the tonal features of the sound file would not be 
considered as prominent - as they fall under the 9 dB criterion of the curve for the estimated 
frequency component. This, however, is not representative of the real tonality feature of the 
sound file as perceived by humans. When the human-masking effect and loudness are applied 
in each bark sequence, as in the specific tonality hearing model metric (Figure 6, bottom left), 
a tonality value of 0.412 tuHMS (tonality unit Hearing Model Sottek) is determined. This 
tonality value suggests, by the rule of thumb, that there is a quantifiably prominent tonality 
feature associated with the sound file.

Figures 6 and 7 depict the 2-D analysis of the same sound file for the electric bus with and
without the acoustic treatment as in Figure 5. While the top graphs of Figure 6 present the 
specific prominence ratio analysis with a selection of tones only, the top graphs of Figure 7 
presents the same without the selection of tones only. From the 2-D analyses on both Figures 
6 and 7, there appears to be a difference depending on the selection of tones only or not. This 
difference makes it a bit challenging to adequately quantify tonalities using this metric 
because one is liable to not appropriately representing the tonalities features in a sound file.

Electric Vehicle & Tonality | 9

tonalities made by the acoustic treatment. However, with the bottom-graph specific 
tonality hearing model analysis, it is quite easy to graphically quantify the effectiveness 
of the acoustic treatment employed. 

In quantifying tonality, a frequency-dependent criterion for the prominence of distinct 
tones in a sound file is usually set up as depicted in Figure 5. From the graph in Figure 
5, if a discrete tone moves above the criterion curve, it is classified as being prominent. 

 

Figure 5 – Criteria for Prominence of the Tone-to-Tone-Noise Ratio and the Prominence Ratio. 

 

Applying the criterion curve in Figure 5 to the graph of the specific prominent ratio 
analysis (selecting only tones) in Figure 6 (top left), the tonal features of the sound file 
would not be considered as prominent -  as they fall under the 9 dB criterion of the curve 
for the estimated frequency component. This, however, is not representative of the real 
tonality feature of the sound file as perceived by humans. When the human-masking effect 
and loudness are applied in each bark sequence, as in the specific tonality hearing model 
metric (Figure 6, bottom left), a tonality value of 0.412 tuHMS (tonality unit Hearing 
Model Sottek) is determined. This tonality value suggests, by the rule of thumb, that there 
is a quantifiably prominent tonality feature associated with the sound file.  

Figure 5 – Criteria for Prominence of the Tone-to-Tone-Noise Ratio and the Prominence Ratio.

CA
SE

 S
TU

D
Y



CA
SE

 S
TU

D
Y

Figure 7 - 2-D Tonality assessment of WOT driving condition of an Electric Bus sound file before (left) and
after (right) acoustic treatment. The top graph depicts the Specific Prominent Ratio (not selecting tones only)
analysis, and the bottom graph depicts the Specific Tonality (Hearing Model) analysis. From the top graph, it
is difficult to pick out the prominent tones due to the random artifacts, whereas it is much easier from the
bottom graph because of the masking effect employed
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From the bottom graphs of both Figures 6 and 7, the efficacy in identifying and
quantifying tonality features by the specific tonality hearing model is demonstrated. As
is illustrated in both sets of graphs, the reduction in terms of perceivable quantifiable
loudness in tonality is explicitly depicted in both graphs. The graphs to the left
(representing the electric bus without acoustic treatment) define an average tonality
value of 0.142 tuHMS which is interpreted as been prominently tonal. On the other hand,
the graphs to the right (representing the electric bus after acoustic treatment) define an
average tonality value mostly under 0.1 tuHMS, which by the rule of thumb is not
prominent, thus indicating the effectiveness in the administered acoustic treatment
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Ventac’s custom made solutions are designed and manufactured specifically for
the customer and substantially 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.

A total solution provider from acoustic testing right through to manufacture 
and supply, Ventac works closely with Global clients in Bus & Coach, Ev’s, 
Construction, Material Handling, Agriculture, Defence and Specialists Vehicles.

For more information, or to talk to the Ventac team about your EV project contact 
us on 00353 (0)45 851500 or email us at info@ventac.com  

About VENTAC


