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Abstract 
Modern signal sounds in cars are complex, varied and tonal making them hard to tune (set the play back 

level) between the signals so they are perceived as equally loud. An information signal should be 

perceived as equally loud as another information signal, even though they might be totally different in 

length, frequency content, etc.  

Loudness is defined as the perceived sound level rated between quiet to loud. Measurements and 

trials with loudness models are well known for steady tones but rather unexplored when it comes to 

short, transient sounds, such as signals in the car. Previous trial av Volvo Car Corporation have 

included dB(A)-weighting and ISO15006:2011 with unsatisfactory result. The aim was to evaluate if a 

loudness over time model could be used to improve the tuning process in the car compartment.   

Eight signal sounds, divided into different pairs and anchors from a Volvo XC90 was used for the 

study. The pairs were loudness equalized with two different methods (Filter/ISO532B and FFT/ANSI 

S3.4-2007) in Head Acoustics ArtemiS. A listening test was conducted (at Volvo Car Corporation) 

where the subjects compared the perceived loudness for each pair in an AB5 test. All sounds were 

tested with and without a masking sound from tyre noise.  

The result from the listening test show that the Filter/ISO532B in most cases work better than the 

FFT/ANSI S3.4-2007 for loudness equalization. As the theory suggest the temporal masking effects 

give a smaller range of loudness when a masking noise is present.  When noise is not present the 

methods are equally good with a small advantage for the Filter/ISO532B method.  

In the environment of a car signal sounds are rarely played in total silence, suggesting that the 

Filter/ISO532B method is preferred as an indicator for setting sound levels in the tuning process.  
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1. Introduction 
This section contains the background, aim and limitations for this thesis.  

 

The aim was to measure, evaluate and verify different loudness models (Filter/ ISO532B and 

FFT/ANSI S3.4-2007) for signal sounds from a Volvo XC90. The background for the study is that 

modern signal sounds are complex, transient and tonal, making it hard to achieve an equal sound level 

between signals in the car. The perceived level of a signal can fluctuate depending on driver position. If 

one signal is perceived as much louder than another signal in the car, the sound might startle the driver. 

The other case is that a signal is not heard at all and the driver does not notice a warning or information 

signal. Different information signal should be perceived different in level depending on urgency, but 

signals with the same urgency level should be perceived as equally loud.  

This study aim to see whether using a loudness equalization could improve the tuning process in the car. 

The hypothesis is that the loudness over time equalization will make the sound perceived equally or 

close to equally loud regardless of the character of the sound making it suitable to use as a guideline in 

the tuning process. 

The study is of interest for Volvo Car Corporation but also for other companies and persons 

involved in the vehicle industry or in other areas, such as the process industry, where signal/warning 

sounds are used. 

 

1.1 Background 
 

With development and new technology, new complex problem occur regardless of field of study. As 

time passes and new technology is being applied, new solutions need to be found. Earlier, warning 

signals in cars were fewer and (simplified) normally positioned in front of the driver in the car. These 

signals were based on simple sinusoidal sounds played through a small loudspeaker behind the 

dashboard. The sounds were similar in its compound and easily tuned between each other.   

Today, artificial interactive sound (e.g. warning signals, turn signal etc.) in car compartment are being 

played through the loudspeakers in the car. These sounds are more complex and more pleasant than 

previously, the polyphonic signals also contain more information than the older sounds. This increases 

the information level and safety for the driver. These new sounds would not be heard well enough if 

played behind the dashboard. Also at this point, most cars already contained a high-end sound system, 

making the small dashboard speaker unnecessary.  

Depending on the drivers position in the car, the sound can fluctuate substantially since the ears for each 

individual is positioned differently. Turning ones head, sitting far back or close to the windshield can 

give a big difference in the perceived sound level.  

The effect for the driver can be that signal is not heard or perceived so loud that the driver 

might get startled. Both alternative decreases the safety and the overall experience of the quality of the 

car. Since the sound fluctuate depending on position, it’s hard to measure and verify a correct sound 

pressure level for the interactive sounds in the car compartment. The tuning level for each signal 

depends on the urgency of the signal. Each type of signal should be perceived as equally loud but a 

warning signal should be perceived as louder than an information signal. This is illustrated in Figure 1.  
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Figure 1 how signals are supposed to be perceived in level depending on urgency 

 

 

Previous methodology suggest using dB(A) for verification of sound levels. This method does not serve 

for more complex sounds or transient sound. The weighing filters do not correspond very well to 

physiological phenomena as frequency masking and filter band functions of the ear. This makes it 

insufficient to estimate the perceived loudness using only dB(A). (GENESIS, 2009) 

Figure 2 show a measurement from a recording using a ten microphone grid in the XC90. The 

signal played is the “PAS Beep – PAS Tone”. The PAS Beep is the signal beeping while reversing the 

car, indicating that you are getting closer to an object. The PAS Beep increases in velocity with smaller 

gaps of silence between the beeps until you are very close to the object and the beep turns into a steady 

tone. As shown in the figure both signals fluctuate substantially depending on ear position. When the 

beep turns into a steady tone, it is even easier to spot how the dB(A) level measured have a difference 

of 10 dB(A) in level between the two extreme microphone positions.  

 

 
Figure 2 show the PAS Beep – PAS Tone recorded with the 10 channel grid. Each line represent a microphone position. 
Depending on position the level differs more than 10 dB(A). 

 

When combining tonal sounds and transient sounds in the car compartment it becomes hard to tune the 

signals so that the loudness is perceived as equal independent on which sound is played. There is also a 

need to take the Signal to Noise Ratio (SNR) in consideration since different tyres, road conditions, 

driving speed and radio habits alter the background noise and may mask the signal.  

The ISO 15006:211 uses a method to estimate loudness where main frequency components 

decide the loudness. This might work for longer sound with few components, but earlier trials made at 

Volvo Car Corporation showed that it did not correspond very well with transient sound and/or tonal 
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sounds. This methods weakness is that it’s only one component deciding the loudness, neglecting other 

important components available in the signal such as its duration, other frequencies and transients. 

This is why a need for another method to be applied in car compartment is to be evaluated.    

 

 

1.2 Aim 
The thesis aims to measure, evaluate and verify loudness methods that can be applied in car 

compartment to verify the loudness for short transient sound. This report aim to evaluate and answer the 

following questions 

  

 Is it possible to use any method already available at VCC to evaluate loudness for short 

transient sound? 

 

 Is any of the two tested methods (FFT/ANSI S3.4-2007 or Filter/ISO532B) better to use than 

the other?  

 

 Can the subjects hear difference between the sounds or are they guessing (evaluation of 

anchors)? 

 

 Can any of the methods tested be used in other contexts than for signal sounds in cars? 

 

 

Those having an interest of the study is the student, Volvo Car Corporation and Luleå University 

of Technology. For the student the study gives possibilities to learn and refine knowledge which earlier 

have been studied at LTU. The student also get a chance to practice to take responsibility and work 

independently (with support from the supervisor from both LTU and Volvo Car Corporation).  For 

Volvo Car Corporation the result is the most important part. The project will be the ground work in an 

industrial process to be able to easy measure, verify and tune the loudness of interactive sounds. For 

Luleå University of Technology the examination of the student gives the University a chance to 

evaluate their education as a whole.  

 

 

 

1.3 Limitations 
 

The study continued for 10 weeks, making time the biggest limitation. The original scope for this thesis 

was 30 points while this study only has an extension of 15 points. It was clear that this subject would 

need further studying in the future and this study would serve as a first step in the investigation of using 

loudness for tuning. Since there wasn’t any verified method for this type of study, the project was fairly 

open for a long time to evaluate and test different ideas. In the end it was decided to start with evaluate 

methods and software already available at VCC. The study was limited to investigate the raw wav. files 

of the signals and not using car compartment recordings due to a fan noise which could not be turned 

off and controlled.  
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2. Theory 
This section contain theory about the auditory system and loudness. 

 

2.1 Abbreviations 
 

Abbreviations is often used in this field of study and are explained in the list below.  

 

ERB – Equivalent Rectangular Band Width 

ELC – Equal Loudness Contour 

FCW – Forward Collision Warning (Signal in the car) 

LDW – Lane Keeping Warning (Signal in the car)  

Navi Sys – The sound playing to tune the volume of the GPS voice in the car compartment 

Navi Female – Female Navigation voice (Signal in the car) 

Navi Male – Male Navigation Voice (Signal in the car) 

PAS Tone – The Tone playing while reversing and you are very close to an object. (Signal in the car) 

PAS Beep – Short beeps while reversing indicating the driver getting close to an object. (Signal in the 

car) 

SAP Info – Semi Automatic Parking Information (Signal in the car) 

SAP Fail – Semi Automatic Parking Fail (The function is cancelled)  

SBR – Seat Belt Reminder (Signal in the car) 

SNR – Signal to Noise Ratio 

SPL – Sound Pressure Level  

TI – Turn Indicator (Signal in the car) 

VCC – Volvo Car Corporation 

 

 

2.2 The Auditory system  
 

The human auditory system can be divided into three main parts, the outer, middle and inner ear. The 

outer ear, consisting of the pinna and the meatus (auditory canal), is the visible part of the ear. The ear 

canal has an average length of 2,5cm which in the end is closed with the eardrum. This anatomy makes 

it very similar to an organ pipe and the resonance effects increases sound pressure for certain 

frequencies in the ear. This gives the ear a property of ¼ wave length, producing a maximum by the ear 

drum at approximately 3000Hz. This makes the ear more sensitive for that frequency (altering a bit 

between individuals depending of the length of the ear canal) (F. Everest et al 2009).  

The pinna is important for the sense of direction of sound. Especially for high frequency sound 

the shape of the pinna is important for determining the direction of a sound. As sound reaches the outer 

ear, it travels through the meatus to the eardrum which is set in motion. The vibration continues to the 

middle ear where three tiny bones (malleus, incus and stapes) are attached to the oval window. Through 

the oval window the vibration finally reach the inner ear and end up at the cochlea, which is attached to 

the auditory nerve, sending the signal to the brain for processing. The cochlea is filled with fluid and 

along its length there are two membranes, the Reissner’s and the Basilar membrane. The Basilar 

membrane movement is depended on the sound reaching it. Different frequencies sets different 

positions of the membrane in motion and creates a travelling wave in the membrane. (B C.J Moore 

1997). The Basilar membrane (to some extent) correspond to a filter bank of overlapping band pass 

filters (M. Kleiner 2007). The range of frequencies passing through each of these band pass filter is 

commonly referred to as critical bandwidth, the accuracy in the middle frequency range is about 1/5th -

1/3rd octave.  (F. Rumsey et al 2008).  



5 

 

 

According to B C.J Moore (1997) two things are assumed for estimating the value of critical band by 

measuring the threshold of a tone in broadband white noise.  

 

1. “Only a narrowband of frequencies surrounding the tone – those falling within the critical 

bands – contribute to the masking of the tone. “ 

2. “When the noise just masks the tone the power of the tone, divided by the power of the 

noise inside the critical band is constant.” 

 

When the threshold of a test tone is measured in this way the threshold increases as the bandwidth 

increases. After a while the test tone stops increasing (significantly) with the bandwidth. The bandwidth 

where threshold no longer increases is called the critical bandwidth. Absolute threshold of a sound is 

the minimum detectable level of that sound in absence of any other sound can be heard.  

Moore also state that Equivalent rectangular bandwidth (ERB) is an alternative way of measuring 

bandwidth. A rectangular filter is scaled to have the same maximum height and area as another given 

filter. The bandwidth of the rectangular filter is then the ERB of the given filter. (B C.J Moore, 1997) 

Another phenomenon of hearing is the concept of masking. Masking Means that a sound is 

blocked (masked) by another sound making it less or completely inaudible. (M. Kleiner 2007).  In the 

American standard association masking is defined as 

 

1. “The process by which the threshold of audibility for one sound is raised by the presence of 

another (masking) sound” 

 

2. “The amount by which the threshold of audibility is raised by the presence of another 

(masking) sound. Unit customarily used is dB”  

(B C.J Moore 1997) 

The masking becomes more extensively if the masking sound and the other sound are close to each 

other in frequency. Masking is more disturbing if the masking sound has low frequency since this tends 

to mask the range of 250-2000HZ, which are important frequencies for the human speech intelligibility. 

(M. Kleiner, 2007).  

 

 

2.3 Loudness  
 

Loudness is defined as the perceived level of sound rated between quiet to loud.  (B C.J Moore 1997) 

As one can understand, this subjective scale is not precise and differs between individuals. Loudness 

measurements and verification works best with pure tones. But in everyday life there are few sounds 

that consist of one pure, long tone.  A. Everest et al (2009) states that the loudness of a jetplan taking of 

is perceived as louder than a tone of the same sound pressure level.  This suggest that the bandwidth of 

a sound also affect its loudness. (A. Everest et al, 2009). Broadband sounds tend to appear louder than 

narrowband sounds due to the critical bandwidth. A broadband signal covers more of the critical 

bandwidth and is therefore perceived as louder than a narrowband sound. Furthermore loudness is 

affected by different parameters, such as duration, angle of incidence and the nature of a sound. (F. 

Rumsey et al 2006). When it comes to duration, a 3ms signal must have an increase in level of 15dB to 

sound equally loud as the same signal which is 500ms long. Signals shorter than 100ms need to be 

increased to be perceived as loud as the same signal with a longer duration (F. Everest et al, 2009). 

Except from these parameters the angle of incidence also affect the loudness. (M. Kleiner 2008). Worth 

noting is the fact that the impression of a doubling in loudness equals approximately 10dB(SPL), but 

physically an increase of 6dB(SPL) is an actual doubling of the sound pressure level. (F. Rumsey et al, 

2006). 
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Equal Loudness Contour (ELC) curves is unavoidable when discussing loudness. These set of 

curves were first suggested by Fletcher and Munson. The curves show the sensitivity of the hearing 

across the audible range. The ELC was developed by sending a 1 kHz tone to a test person who then 

adjusted another signal until it was perceived to have the same level.  The unit for these curve are phon 

where the zero phon curve is 0dB(SPL) at 1 kHz. This is also the threshold of hearing. (F. Rumsey et al, 

2006). Note that the loudness level in the ELC curve is not the same as a SPL reading since the ELC 

curve is based on subjective information. The lines in an ELC diagram show that the sound pressure 

level has to be varied at different frequencies, to sound as loud as the 1 kHz tone.  It also states that the 

sensitivity for low frequencies are lower than for high frequencies. If an ECL curve is inverted, it 

actually matches with the frequency response of the inner ear in loudness level.  (A. Everest et al, 2009) 

 

Figure 3 show the ELC for pure tones from E. Zwicker et. al (1998). 

 
Figure 3 Equal - Loudness Contours for pure tones in a free sound field. The parameter is expressed in Loudness level 
Ln and Loudness N, the picture is from from Zwicker and Fastl, chapter 8 p. 204 

 

The phon unit, as previously discussed, is a reference unit to the SPL at 1 kHz. This information is not 

sufficient to investigate human perception of different sounds. The phon is a physical unit, but as 

mentioned loudness is subjective. Trying to explain the subjective loudness, the unit sone is used. sone 

is defined as the perceived loudness at 1 kHz at 40 dB(SPL), or 40 phons. (A. Everest et al, 2009). The 

1kHz at 40 dB(SPL) or 40 phon have the reference value of 1 sone. The simplest ratio for loudness 

evaluation is doubling and halving, meaning that the level of 50dB for the 1kHz tone equals 2 sone and 

30dB for the 1 kHz tone equal 0,5 sone. (E. Zwicker et al, 1998). Sone is a useful while trying to 

translate a physical measurement to subjective. By translating the dB(SPL) (from each band) from a 

measurement (e.i. a 1/3 octave analysis), adding together the sones of each band, it’s possible to 

estimate the perceived loudness of the noise. (A. Everest et al, 2009) 

Weighing filters such as A-weighing filters, adjust measurements to the human hearing and gives 

a good correlation the subjective loudness (M. Kleiner 2008). According to (E. Zwicker et al 1998) A-

weighting of SPL used to approximate loudness level is misleading for complex tones or noises when 

used as subjectively perceived loudness. A-weighting is frequency dependent and correspond to Equal 

Loudness Contour curves at low levels.  It can be used for pure sinusoidal or narrow band noises at 

lower levels. The weighing filters do not correspond very well to physiological phenomena as 

frequency masking and filter band functions of the ear. This makes it insufficient to estimate the 

perceived loudness. (GENESIS, 2009)  

Specific loudness is sometimes encountered when discussing loudness calculation. The specific 

loudness is the distribution of loudness across the critical bands. The total loudness N is the specific 
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loudness 𝑛′ through integration of the critical band rate according to equation (1). (Head Acoustics 

Application Note, Psychoacoustics Analyses I) 

 

𝑁 = ∫ 𝑛′(𝑧)𝑑𝑧
24 𝐵𝑎𝑟𝑘

0
          (1) 

          

For sound pressure levels above 40Hz a simple power function can describe the relationship between 

SPL and Loudness according to equation (2)  

 

𝐿 = 𝑘𝐼0.3         (2) 

 

Where k is a constant depending on subjects and unit used and I is the sound intensity.  

The loudness is proportional to the sound intensity to the 0.3 power. (B C.J Moore 1997) 

According to E. Zwicker et al (1998) loudness of partially masked sounds is often encountered. 

This occur when a masking sound is present in addition to the actual signal. The masking sound make 

the audible range of the signal smaller than for an unmasked signal where the audible range is bigger. 

The effects of partially masked loudness are both spectral and temporal since it can appear with both 

simultaneously presented and temporary shifted maskers.  

E. Zwicker et al (1998) continue with that loudness comparisons can give more accurate results than 

magnitude estimations. Loudness level measurements to characterize the loudness sensation of any 

sound was introduced by Barkhausen in the 20’s. The unit Bark, used for critical band rate was named 

after him. (E. Zwicker et al, 1998) 

B C.J Moore 1997 states that the fundamental of loudness calculation is basically made in four 

steps according to Figure 4. The first step is a fixed filter that represent the transmission function of 

sound through the outer and middle ear. The second step is transformation of spectrum to excitation 

pattern. This pattern can be considered as the distribution of excitation at different points on the basilar 

membrane. The third step is transforming the excitation patter to specific loudness. The specific 

loudness is the sum of loudness calculated over a small distance along the basilar membrane or along 

the critical bands. The fourth and last step is to calculate the area under the specific loudness pattern, 

this is assumed to be the overall loudness for a specific sound in sones.  

 

 
Figure 4 show the general loudness calculation steps according to Moore 

 

  2.4 Loudness models in ArtemiS 

 

Artemis is an analysing software for sound and vibration from Head Acoustics. Several models for 

loudness over time models are available though only the DIN45631/A1 and the FILTER/ISO532B 

methods are especially adapted to the time parameter. DIN 45631/A1 is the only model actually verified 

as a standard for loudness over time and is built on Zwickers loudness model. The calculation method is 

graphical and calculates the specific loudness patterns from 3rd octave bands levels which is the base for 

the loudness and loudness level calculations. The Filter/ISO532B standard uses the same method if the 

6th order filter is chosen. Temporal effects are reproduces by means of filters when calculated over time. 

(Head Acoustics Application Note, Psychoacoustics Analyses I) The FFT/ANSI S3.4-2007 method is 

mainly made for constant time domain signals. When the vs. time selection is used a FFT spectrum is 

Stimulus

Filter for 
transfer 
function, 

outer/middle 
ear

Transform 
spectrum to 

excitation 
pattern

Transform 
excitation to 

specific 
loudness

Calculate  
area under 

specific 
loudness 
pattern
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first calculated, loudness is calculated from the levels and averaged over one FFT length and the result 

is written in a diagram.  

The methods which will be used in this thesis for comparison is the Filter/ ISO532B and the 

FFT/ANSI S3.4-2007 (FFT) models. The FFT/ANSI S3.4-2007 is the American standard based on a 

model from Glasberg and Moore. The method uses excitations patterns from ERB from which specific 

loudness is calculated and summed up to the total loudness. The FFT/ANSI S3.4-2007 is a computer 

based method. (Head Acoustics Application Note, Psychoacoustics Analyses I). According to HEAD 

application note the ANSI gives higher values for broadband signals while the ISO produces higher 

(Sone) values for low frequency signals. The FILTER/ISO532B method show the loudness in Sone GD 

where the G indicates that the calculation is made over critical bands and the D indicates diffuse field. 

The FFT/ANSI S3.4-2007 method show the loudness in Sone. (Head Acoustics Application Note, 

Psychoacoustics Analyses I). The FFT/ANSI S3.4-2007 (FFT) method was chosen to see how the 

method coped with the added time parameter. The DIN45631/A1 show the single value as the 5% 

percentile value of the time-depended loudness curve. All the other models, the single value represents 

an arithmetic average value of the curve.  This is why the Filter/ISO532B is used instead of the 

DIN45631/A1, to make the comparison of average values easier. 

There are other methods in e.g. Matlab and other program to calculate and evaluate loudness. 

Since Volvo Car Corporation mainly uses ArtemiS, this study evaluate software already available at 

Volvo Car Corporation.  
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3. Method  
This section contain methods used in this study. 

 

3.1 Process 
The process used for this study is shown in Figure 5. The first step, the scope was produced by Volvo 

Car Corporation. The second step, the literature study included previous methodology produced at VCC 

and studies and books about the concept of loudness and calculation methods. The third step was 

choosing which signals to use. Methods for loudness over time calculation was chosen in step four 

followed by loudness equalizations in step five. A pilot test was conducted in step six before the actual 

listening test in step seven. Results were analysed and presented in step eight.  

 
Figure 5 show the process for the study 

 

 

3.2 Early testing and recordings 
Earlier recordings had been made in a XC90 with a 10 microphone grid representing different ear 

positions of different heights and depth, Figure 6. These recordings were available from both Premium 

sound and High Performance loudspeaker systems. The premium sound system has a centre speaker 

which is not available in the high performance system. The thought was to compare these systems. 

These recordings unfortunately had a fan noise in them, which made loudness equalizations hard since 

the fan sound would also be increased/decreased in the equalization process.   

 
Figure 6 the ten microphone grid used for the first recordings available at Volvo Car Corporation. The picture belongs to 
Fredrik Hagman.  

New recordings were made with an artificial head, but the background noise remained and the fan could 

not be turned off. The noise would be gained or lowered in the loudness equalizing process, risking that 

the subjects would rate the changes in background noise instead of the actual signal. This led to using 

the raw wav. files instead of signals recorded in the car.  
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3.3 Signal sounds 
There are several different signal sound available in the XC90. All of them could not be evaluated due 

to the size of the study.In the end the signals chosen were  

 

 FCW - Forward Collision Warning  

 LDW – Lane Keeping Warning  

 Navi Sys – The sound playing to tune the volume of the GPS voice in the car compartment 

 Navi Female – Female Navigation voice  

 Navi Male – Male Navigation Voice  

 SAP Info – Semi Automatic Parking Information  

 SAP Fail – Semi Automatic Parking Fail (The function is cancelled)  

 PAS Tone – The Tone playing while reversing and you are very close to an object.  

 

These signals were set together in pairs to be compared.  

 

 SAP Info – SAP Fail is a natural pair since these two sounds are start and cancelling signals 

used when starting and cancelling the Semi-Automatic Parking system. 

 The FWC and LDW are quite similar in its compound with the same type of pulses but in 

different frequency range. Where LDW is lower in its frequencies than the FCW.  

 The PAS Tone was used since it’s known that loudness measurements and verification works 

good with pure tones. Therefore a comparison between FCW – PAS Tone was chosen for their 

differences.  

 Navi Sys and Navi female/Male are always played in a row in the car since the Navi Sys sound 

is used to set the level of the navigation voice, independently if it’s a male or female voice.  

 

There was also four anchor sound to verify if the subjects heard any difference in the sounds or if they 

were guessing.  

 

 FCW – FCW, this pair was exactly the same  

 PAS Tone – PAS Tone with tyre noise, this pair was also exactly the same but played with tyre 

noise. 

 FCW – FCW (-6dB) with tyre noise, this pair was the same signal but one of them was lowered 

6dB to obtain distinct difference in sound level. 

 PAS Tone – PAS Tone (-6dB), this pair was the same signal but one was lowered 6dB creating 

a distinct difference in sound level.  

 

A FFT analysis of each sound with and without noise was made.  These analysis can be found in 

appendix 2 

 

Original wav files for interactive signal sounds from the XC90 were used as stimuli for the 

listening test.The loudness over time was measured for each sound in ArtemiS using two different 

methods, Filter/ ISO532B and FFT/ANSI S3.4-2007. For the loudness measurement only the actual 

sound were measured, eliminating any effects from silence before or after the actual sound. The files 

were loudness equalized for the different pairs of sound that would be evaluated. For each pair, the 

signal with the highest value in sone, was lowered to the sone value of the other sound. This way the 

files had the same loudness over time value in Sone / Sone GD (Depending on method). If sound A was 

lowered by a factor of 0,5 to equal the loudness over time for sound B, this could be transformed to dB 

according to equation 3.  

 

𝑆𝑃𝐿 = 10 log(𝑥)         (3) 
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With a gain of 0,5 this gives according to equation (3) 

 

10 log(0,5) = −3𝑑𝐵          (4) 

 

The difference between sound A and B is then -3dB. The loudness equalization of the files and the 

different methods are shown in Table 1 and Table 2. The number multiplied with the file name in “File 

B” is the value the file had to be gained to get equal Sone values.  

 

 
Table 1 show data for the loudness equalization for the Filter/ ISO532B method 

File A Average (Sone GD) File B Average after Gain (dB) Method Details 

Navi_male 32,7 Navi_sys*0,94 32,7 -0,3 ISO Male 

Navi_sys (left) 33,9 Navi_male 32,7  ISO Male 

       

Navi_female 44,6 Navi_sys 33,9  ISO Female 

Navi_sys (left) 33,9 Navi_female*0,602 33,9 -2,2 ISO Female 

       

Pas_tone 47,9 FCW 21,3  ISO  

FCW (left) 21,3 Pas_Tone*0,238 21,3 -6,2 ISO  

       

LDW (left) 18,0 FCW*0,745 18,0 -1,3 ISO  

FCW (left) 21,3 LDW 18,0  ISO  

       

SAP (left) 16,2 SAP_fail*0,45 16,2 -3,5 ISO  

SAP_Fail (left) 25,7 SAP 16,2  ISO  

 
 

Table 2 show the loudness equalization for the FFT/ANSI S3.4-2007 method 

File A Average (Sone) File B Average After Gain (dB) Method Details 

Navi_male 36,6 Navi_sys  34,3   ANSI Male 

Navi_sys (left) 34,3 Navi _male*0,875  34,3 -0,6 ANSI Male 

              

Navi_female 47,3 Navi_sys  34,3   ANSI Female  

Navi_sys (left) 34,3 Navi _female*0,51  34,3 -2,9 ANSI Female  

              

Pas_tone 40,7 FCW 23,4   ANSI   

FCW (left) 23,4 Pas_Tone*0,392 23,4 -4,1 ANSI   

              

LDW (left) 22,7 FCW*0,945 22,7 -0,246 ANSI   

FCW (left) 23,4 LDW 22,7   ANSI   

              

SAP (left) 15,3 SAP_Cancel*0,379 15,3 -4,2 ANSI   

SAP_Fail (left) 25,9 SAP  15,3   ANSI   

 

 

Both methods were compared in silence and with interior recording (driver position) of tyre noise in the 

background of a XC90 driving at 80km/h on Nordic asphalt with Continental Sport Contact 5 275/45 

R20 tyres with a pressure of 260kPA. 

The tyre noise adds masking to the signal. The tyre noise was constant while the signal sounds 

were lowered subjectively to an appropriate level (audible but clearly in presence of noise). For both 

methods the signal sound was lowered equally much. This was made for all pairs and for both methods. 

The wav files were then imported to Audacity and put together with 0,5 second of silence before every 
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sound starts and with a silence of 0,5 seconds between the two sounds. Table 3 show how many dB 

each pair was lowered in presence of the tyre noise.  

 
Table 3 show the SPL for the file lowered while subjectively setting the level for the file vs the tyre noise 

System Gain (dB) 

FCW - LDW -15 

Navi Male - Navi Sys -20 

Navi Felmale - Navi Sys -20 

FCW - PAS Tone -19 

SAP Info - SAP Fail -17 

FCW-FCW -19 

Fcw-fcw-6 -19 

PAS-PAS -25 

PAS-PAS-6 -25 

 

A template with the noise of 80km/h was made as the import selection when making the listening test. 

This made sure that the range was the same for all methods and files when building the listening test. 

The stimuli’s were numbered 1-64 and scrambled in a randomizer from www.slump.nu where you 

simply put in you numbers and it gives them randomized back. This was used to decide the file order 

for the test. Four different randomized list were made, 5 subjects were listening to the files order in list 

1, 6 in list 2, 6 in list 3 and 7 in list 4. Making sure the order of the stimuli would not affect the result.  

 

3.4 Pilot testing 
 

A pilot test was conducted before the actual test to test the set up and make corrections if needed. The 

participants were two people from the NVH department at Volvo Car Corporation. The pilot test was an 

AB comparison test, Two samples would be compared and three answer alternatives were available, 

A>B, B>A, or A=B. Subjects tend to choose A=B to avoid making a decision. This problem can be 

avoided by thorough and sufficient information about the test e.g. that there are no right or wrong 

answers since the test is subjective. Before the listening test there had been thoughts about that the AB 

test was too simple in its model to get accurate results. This was confirmed during the pilot test where 

the participants found it hard to make a decision, the range of answer was to narrow. The outcome led 

to the decision to make the test as an AB5 test instead. The AB5 is also a paired comparison test but 

contain wider answer alternative. A is louder than B, A is slightly louder than B, A is the same as B, B 

is slightly louder than A, B is louder than A. Some samples were also removed from the test since the 

test was too long and too monotone in its original form, making the test persons tired and unfocused.   

 

  

http://www.slump.nu/
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3.5 Listening test  
 

The hearing system can remember sound levels in the short term memory. If the pause between the 

compared signals is short, even small differences in sound level can be detected. It the pause is longer, 

the characteristics and sound pattern is remembered by the long term memory. (Head Acoustics, 

application Note, conducting listening tests). In this test, the pause was short to see if the perceived 

level was equal or different between the loudness equalized samples.  

Each sound pair were played and followed by a couple of seconds of silence before being played 

again. A new pause gave some time to fill in the answer on the form. All stimuli’s were played in two 

directions (A followed by B, B followed by A), not necessarily directly after each other depending on 

the scrambled file order. After 22 of 44 sound a short break of approximately 30 seconds of silence 

were given to give the subjects (end their ears) some rest and time to refocus. Four sounds were used as 

a control sound, two playing the exact same sound and two with a difference of 6dB to confirm whether 

the subject guessed or could actually hear a difference. The instructions for the test were given both 

orally and written to make sure the subjects understood their task. Before starting, a test round was 

given with one of the removed stimuli’s from the Pilot test. The test ended with a short, voluntary 

evaluation. Instructions, forms and evaluation form are found in appendix 4 and Appendix 8. In total the 

test took approximately 20 minutes. 

The listening test was conducted at the listening room at the NVH department on Volvo Car 

Corporation. The subjects had zero to some experience of listening test. Groups working a lot on e.g. 

tyre noise were excluded from the test ensuring that they would not concentrate at the tyre noise out of 

habit instead of the actual task.  An invitation was sent by email with a doodle link for scheduling 

listening test times, the email can be found in Appendix 5. At the most, 5 persons could do the test at 

the same time.   

 

3.6 The subjects  
In total 30 persons conducted the listening test, of these 30, 25 test were used for the evaluation of the 

equalization methods. The results from the subjects that was not selected to be used was when subjects 

answers were unreadable (multiple answers and no answers on questions) or when a subject clearly had 

heard a lot about the project and simply new too much about the study. The average age was 26,5 years 

where the oldest subject was 57 and the youngest 19, of the subjects 6 were female and 19 were male.  

 

3.7 Analysing the data 
 

The collected data from the listening test was entered into Excel with at scoring where A is louder than B 

was equal to -2 points, A is slightly louder than B equal -1 point, A is the same as B equal 0 points, B is 

slightly louder than A equals 1 point and B is louder than A equals 2 points.   

The data was presented in pivot tables and charts to be able to easily switch between groups, listeners, 

methods etc.  The average score, the standard deviation and the confidence interval (with a 95% percentile) 

was calculated to be entered in the charts. All data, pivot tables, confidence interval etc. can be found in 

Appendix 1 and 7. 

The closer to zero the better the equalization has worked out. In a car, two sounds will rarely be 

played so close to each other as in the test. A result 0 ± 0,5 was set to be a good result and a result ± 1 as an 

acceptable result inside the care compartment while driving. Results >1 was graded as unacceptable 

difference in perceived level. To get a bigger picture of the result a grading chart was made. By removing 

any negative signs, adding the pairs both ways mean score and dividing it by two, an indication of the total 

perceived level for the system regardless of file order was obtained. For each signal an FFT analysis was 

made to see the frequency response for each signal. 
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4. Results 
This section contain the result of the study 

 

4.1 Overview of results  
 

To get an overview of the results for the different methods, the mean score for the system in both 

directions were added together and divided by two to get a new mean regardless the order of each 

compared pair.  Table 4 show the result and which method gave the better one for each pair. According 

to this overview the FFT/ANSI S3.4-2007 is only better than the Filter/ ISO532B method on the FCW-

PAS_tone system (with and without noise).  

The masking tyre noise gave different result to the signal tested depending on which method was 

used. To conclude the Filter/ ISO532B gives a better result for most sounds. The tyre noise gave a 

difference within a range of 0,04-0,58 with a mean score of 0,182. 

For the Filter/ ISO532B method, 4 out of 5, (all pairs except for FCW- PAS tone) the result got 

better with noise present. For the FFT/ANSI S3.4-2007 the result was the opposite, 4 out of 4 ,not 

counting with the SAP Info – SAP Fail with a difference of 0,04) got a worse result with noise present.    

For 4 out of ten pair the result was a little better with noise, 5 out of ten had a better result 

without noise. For one out of ten the difference (ANSI SAP Info SAP Fail) was only 0,04 and not 

significantly different. 

 

To conclude  

 

 In total,  Filter/ISO532B got better results than the ANSI S3.4-2007  

 

 Filter/ISO532B got better results with noise present than without noise present. 

 

 FFT/ANSI S3.4-2007 method got better results without noise present. 

 

 For the ANSI S3.4-2007 the FCW – PAS Tone system is the only system which got better 

result than the Filter/ISO532B method regardless if there was masking noise present or not.  

 

 The Male naviagtion voice got better result than the Female navigation voice, regardless of 

method.  
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Table 4 An overview of all the results. The value under method is the mean score for each pair.  

Parameter Method Method 

Noise present FFT/ANSI S3.4 -2007 Filter/ISO5632B 

FCW - LDW 0,60 0,32 

LDW -FCW 0,80 0,36 

Mean score 0,70 0,34 

Conclusion Acceptable  Good 

Without noise    

FCW - LDW 0 0,56 

LDW -FCW 1,04 0,40 

Mean score 0,52 0,48 

Conclusion Acceptable  Good 

Impact of Tyre Noise 0,18 0,14 

     

Noise present FFT/ANSI S3.4 -2007 Filter/ISO5632B 

Navi Female-Navi Sys 0,92 0,72 

Navi Sys - Navi Female 1,16 0,76 

Mean score 1,04 0,74 

Conclusion Unacceptable Acceptable  

Without noise    

Navi Female-Navi Sys 1,04 1,28 

Navi Sys - Navi Female 0,68 0,56 

Mean score 0,86 0,92 

Conclusion Acceptable  Acceptable  

Impact of Tyre Noise 0,18 0,17 

     

Noise present FFT/ANSI S3.4 -2007 Filter/ISO5632B 

Navi Male - Navi Sys 0,80 0,20 

Navi Sys - Navi Male 0,48 0,08 

Mean score 0,64 0,14 

Conclusion Acceptable  Good 

Without noise    

Navi Male - Navi Sys 0,92 0,48 

Navi Sys - Navi Male 0,16 0 

Mean score 0,54 0,24 

Conclusion Acceptable  Good 

Impact of Tyre Noise 0,10 0,10 

     

Noise present FFT/ANSI S3.4 -2007 Filter/ISO5632B 

FCW - PAS Tone 0,68 1,48 

PAS Tone - FCW 0,44 1,28 

Mean score 0,56 1,38 

Conclusion Acceptable  Unacceptable 

Without noise    

FCW - PAS Tone 0,16 0,84 

PAS Tone - FCW 0,56 0,76 

Mean score 0,36 0,80 

Conclusion Good Acceptable  

Impact of Tyre Noise 0,20 0,58 

     

Noise present FFT/ANSI S3.4 -2007 Filter/ISO5632B 

SAP Info - SAP Fail 0,80 0,32 

SAP Fail - SAP Info 0,76 0,24 

Mean score 0,78 0,28 

Conclusion Acceptable  Good 

Without noise    

SAP Info - SAP Fail 1,08 0,80 

SAP Fail - SAP Info 0,56 0,36 

Mean score 0,82 0,58 

Conclusion Acceptable  Acceptable  

Impact of Tyre Noise 0,04 0,30 
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4.2 Result for the FFT analysis  
 

Comparing the FFT analysis for all the sounds did not show any direct correlation between the 

frequency response curves and the results. Things in frequency that the signals had in common or that 

stood out could be found in both the best and the worst results. This pattern, or lack of pattern, was the 

same for both methods and was compared when noise was not present. Note that the signals analysed 

was the original signal and not a loudness equalized signal, the levels were not interpreted, just the 

frequency content.  All FFT analysis can be found in Appendix 2. 

When noise was present (again, the levels are not interpreted, just the frequency content) it can 

only be said that for low frequencies much of the signal is masked, since the tyre noise has a low 

frequency content. FFT analysis for the signals in noise can be found in Appendix 3. 

 

4.3 Result for FCW – LDW 
 

Figure 7 show the result of FCW – LDW for the FFT/ANSI S3.4-2007 method with and without noise 

for both file orders (A-B, B-A). The confidence interval is also shown. Watching the graph the FCW is 

perceived as somewhere between equally loud to slightly louder than the LDW in presence of tyre 

noise. Without noise the FWC is perceived as equally loud as the LDW, but only if FCW is played first. 

When LDW is played first without noise the FCW is perceived as slightly louder than LDW.  The 

vertical line represent the upper and lower confidence interval and the middle value the mean score. The 

number under the system name is the confidence interval. For this first system all figures are shown. 

For the rest of the pairs only the comparison between methods with and without noise are shown. Figure 

for all cases can be found in appendix 1. 

 

 
Figure 7 result for the FCW – LDW system for the ANSI S3.4-2007 method with and without noise 

 

 

For the Filter/ ISO532B method the FCW and LDW is almost equally loud in presence of noise, FCW is 

barely slightly louder than the LDW sound. When the tyre noise is not present the LDW is perceived as a 

little louder than the FCW, as long as the LDW is played first. The result is the opposite when FCW is 

played first. This is displayed in Figure 8 
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Figure 8 Result for FCW -LDW with and without noise for the Filter/ISO532B Method. 

Figure 9 show the comparison of FCW – LDW for both ANSI S3-4-2007 and Filter/ ISO532B without 

noise. The Filter/ ISO532B method gives a result closer to zero than the ANSI S3-4-2007 method. As 

mentioned earlier the ANSI method gives a result where the FCW and LDW sound are perceived as 

equally loud as long as the LDW is played first.  

 

 
Figure 9 the FCW - LDW system for both method without noise 

Figure 10 compare FCW – LDW for both methods in noise, it can be shown that the Filter/ISO532B 

method get a better result than the FFT/ANSI S3.4-2007 method. The total mean score for the 

Filter/ISO532B method lands in the good range with a score of 0,34 while the ANSI S3.4-2007 get a 

score of 0,7 and end up in the acceptable range.  
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Figure 10 FCW - LDW system for both methods in noise 

To conclude the tyre noise gives a worse result for both methods where the noise make the sounds differ 

more from each other. For both with and without noise the loudness equalization for Filter/ISO 532B 

gives a total better result (≈ ±0,5)  than the FFT/ANSI S3.4-2007, (acceptable (≈ ±1)) 

 

4.4 Result for FCW-PAS Tone 
 

The FCW signal is barley slightly louder than the PAS Tone and in a total between the good and the 

acceptable levels for the ANSI S3.4 – 2007 method without noise. When the noise is not present, the 

PAS Tone is almost perceived as equally loud as the FCW, but only if the FCW signal is played first. 

When the system is played in opposite direction, the FCW is perceived as a little louder than the PAS 

Tone.   

For the Filter/ISO532B method the FCW is perceived between louder and slightly louder than the 

PAS Tone, regardless of stimuli order and whether the noise is present or not. Note that with noise 

present the perceived different of loudness is greater than without noise.  

Figure 11 compare both methods in noise, the FWC signal is perceived as a little louder in both 

cases but the ANSI S3-4 -2007 gives a better result than the Filter/ ISO532B method. The ANSI S3.4 – 

2007 method is almost inside the “good” span with values of -0,68 and 0,44 but definitely acceptable. 

The Filter/ISO532B method is in between acceptable and not acceptable range with -1,48 and 1,28.  
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Figure 11 the FCW - PAS Tone for both method in noise 

Figure 10 compare both methods without noise, the FFT/ANSI S3.4-2007 get a result within the “good” 

segment (±0,5)with a total mean score of 0,36. The Filter/ISO532B gets a result within the “Acceptable” 

range (±1) with a total mean score of 0,8.  

 

 
Figure 12 the FCW - PAS Tone system for both methods without noise 

 

4.5 Result Navi Female – Navi Sys 
 

For the FFT/ANSI S3.4-2007 method, with noise present, the Navigation Sys stimuli is slightly louder than 

the Navi Female sound regardless of the order of the system. Without the noise the Navi Sys is still slightly 

louder than the Navi female if the Navi Female sound is played first. When the order is reversed the Navi 

sys is in between equally loud and slightly louder than Navi Female.  The difference between noise and no 

noise is not very big. But with noise the method gets a 1,04 which is just enough to get in the unacceptable 

range. When noise is not present, the score is 0,86 and acceptable. 
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The Navi Female – Navi Sys the Filter/ISO532B method show that with noise the Navi sys is 

perceived as in between as “equally loud and slightly louder than Navi Female regardless of system 

order. Without noise the Navi sys is perceived as a little more than slightly louder when the Navi 

Female sound is played first. When the order is opposite the the Navi Sys is still a bit louder but not as 

much as when the Navi Female is played first.  With noise the Navi Female – Navi sys system is within 

the acceptable range. Without noise the Navi Female – Navi Sys system is between acceptable and not 

acceptable if the Navi Female is played first, but between equally loud and acceptable if Navi Sys is 

played first. (Which it always is in the car). 

Figure 13 compare the Navi Female – Navi sys system with tyre noise for both methods, the 

values are between the equally loud ±(0,5) and Acceptable (±1) For the Filter/ISO532B method. For the 

ANSI S3.4-2007 method the result show slightly higher values and the result is closest to acceptable 

(±1), but still lands at 1,04 which is in the unacceptable range.  

 

 
Figure 13 Navi Sys - Navi Female for both methods in noise 

 

Figure 14 compare the Navi Female – Navi Sys, without noise, for both methods, the ANSI S3.4-2007 

method is within the acceptable range, but closer to good when the Navi Sys is played first. The 

ISO532B method have a difference depending on file order. Giving one value between good and 

acceptable when Navi sys is played first and between acceptable and not acceptable if the Navi Female 

is played first. Both methods, without noise, lands in the acceptable range with a slight advantage for 

the FFT/ANSI S3.4-2007 method with a 0,86 score vs 0,92 for the Filter/ISO 532B method. For both 

methods, the result is better when the Navi sys signal is played first. 
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Figure 14 Navi Sys - Navi Female for both methods without noise 

 

4.6 Result Navi Male – Navi Sys 
Comparing the Navi Male – Navi Sys with and without tyre noise for the ANSI S3.4 – 2007 method 

show that with noise present the Navi sys signal is perceived as a little louder than the Navi male when 

the Navi Male signal is played first. When the files are played in the opposite direction the Navi sys Is 

still a bit louder, but not as much. The trend is the same without noise. 

For the Navi Male – Navi Sys, with and without noise for the Filter /ISO532B method both with 

and without noise the result is within the good range. The result is slightly better with noise than 

without.  Worth noting is that the Navi sys is perceived as louder when it’s played first in both cases but 

especially in the case without noise.  

Figure 15 show the result for the Navi Sys – Navi male system for both methods with noise 

present. The result show that Filter/ISO532B method get a better result. The total the Filter/ISO532B 

method is in the good range and is better than the FFT/ANSI S3.4-2007 which is acceptable. 

 

 
Figure 15 Navi Sys - Navi Male system for both methods in noise 
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Figure 16 Compare the methods without noise show that for both methods, the result is better when the 

Navi Sys is played first. This was also true for the Navi sys – Navi female systems. In total the Filter/ 

ISO532B method is within the Good range while the ANSI S3.4 – 2007 is close to the good range but 

ends upp in the acceptable range.   

 

 
Figure 16 Navi Sys - Navi Male for both methods without noise 

 

 

4.7 Result SAP Info – SAP Fail  
When comparing the SAP Info – SAP Fail system with and without tyre noise for the ANSI S3.4 – 

2007 method the result show that with noise present the SAP Info stimuli is perceived as slightly louder 

than the SAP Fail signal. The score is within the acceptable range.  This is also true without noise even 

though the difference between them is less when the SAP Info is played first, close to the “good” range 

while the opposite direction is in the acceptable range.  

When comparing SAP Info – SAP Fail system with and without noise for the Filter/ ISO532B 

method, the result show that when tyre noise is present, the SAP Info signal is perceived as a little louder 

than the SAP Fail signal. Its score is in the range of good on the grading scale. Without noise the score is 

within the acceptable range when the SAP Fail is being played first and within the good range if the SAP 

info is being played first. The total score for the SAP Info – SAP Fail system without noise ends up with a 

total score of 0, 58 just above the good range, and end up at an acceptable grade.  

Figure 17 compare the SAP Info – SAP Fail sounds for both methods with noise, the result show 

that for the FFT/ANSI S3.4-2007, the SAP Info signal is perceived as slightly louder than the SAP Fail 

signal and end up at an acceptable grade within the ±1 range. The Filter/ISO532B method manage the 

problem better in noise giving a result within the good range of ±0,5. 
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Figure 17 compare SAP Info - SAP Fail for both methods with noise 

 

Figure 18 compare both methods for the SAP Info – SAP Fail system without noise. The result show 

that according to the ANSI S3.4 – 2007 method, the SAP Info is perceived as slightly louder than the 

SAP Fail signal, if the SAP Fail is played first. The result is the same but with a lower score when the 

signals are in opposite order. In total the ANSI S3.4 – 2007 method end up in the acceptable range ±1. 

For the Filter/SO532B method the result is the same as for the FFT/ANSI S3.4-2007 but with lower 

scores. It also end up in the acceptable range ±1 but is in total close to the good range ±0,5 . 

 

 
Figure 18 SAP Info - SAP Fail for both methods without noise 
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4.8 Anchor  
Figure 17 show the mean values for the anchor sounds.  The first two systems are sound which were 

exactly the same, the two last ones are sound which had a difference of 6dB and was clearly louder than 

the other. PAS Tone – PAS Tone. Same is very close to zero and it could med said that this anchor 

worked, the subject did hear that the level was the same. The FCW-FCW_Same ended up with a score 

if 0, so it also worked. For the two last system the one with noise the FCW got a score of -1,4 showing 

that the subject could hear that there was a difference in level. For the PAS system without noise the 

end score was 1,8 also this anchor worked. To conclude the anchor shows that the subject did hear 

differences in loudness between the sounds and that they were not guessing.   

 
Figure 19 Result from the anchor signals 
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5. Discussion and conclusion  
This section contain the discussion, conclusion and further studies for the thesis. 

 

5.1 Discussion and Conclusion 
 

The Filter/ ISO532B method result is consistent with the theory of partial masking stating that the range 

get smaller with present masking noise. The FFT/ANSI S3.4-2007 got the opposite result. What this 

depend on is hard to say but one reason might be that when time parameter is added to the FFT/ANSI 

S3.4-2007 it does not take temporal effects in consideration as the Filter/ISO532B method does.  

On the other hand the ANSI S3-4-2007 got better result for the FCW – PAS system. The PAS 

tone is one sinusoidal tone, this is a sound where loudness calculation is well known and quite precise. 

The FCW is a transient and complex sound in comparisons to the PAS tone. Just speculation the 

methods are equally good (or bad?) at measuring tonal/transient/complex sound making the result 

between those sound more alike. The PAS tone, traditionally measured in contexts of loudness, gets a 

very accurate result while the FCW is not as accurate and making the difference bigger than for two 

tonal/complex/transient sounds. Why the ANSI S3.4 – 2007 gets a much better 0,56 vs 1.38 (ISO) for 

this particular pair but not as good for other sounds are hard to say.  

Trying the PAS tone compared with some other more transient and complex sound would be 

good to see if this trend would be the same.  

The Navi Sys is a sound which is used to set the volume for the navigation voice in the XC90. 

The result show a better result for the Navi Sys – Navi male system than for the Navi sys – Navi female 

system. Depending on the market, male or female navigation voice is optional, this small study show 

that the Male voice is preferable while tuning the level.   

Over all the Filter/ ISO532B method is preferable over the ANSI S3.4 – 2007 at least while 

comparing loudness between tonal/complex/transient sounds over time. The result is not perfect but the 

loudness method in ArtemiS might be used as an indicator for tuning.  

The anchor showed that the subjects were not guessing. They could hear if exactly the same 

stimuli was played in a row or if one of stimulis level was altered by 6dB. This was the result regardless 

if noise was present or not, though the result was a little better without the masking noise. 

The difference between “slightly louder” and “Louder” is also subjective and could alter for each 

individual. The fact that many subjects after the test said that it was really hard to say if it really was a 

difference or not also indicates that method works to some extent. In real life the subjects will not 

concentrate, trying to hear difference or the (lack of them) in perceived level, making it possible to say 

that for all sound (except FCW – PAS) the result is good enough even though there are a lot of room for 

further studies in the subject. Also the car will at most times be in motion and when a signal is played, 

masking it with tyre, traffic, radio and other noises. The longer the amount of time between sounds in 

real life also make the driver forget exactly how loud a sound was perceived. The exception is the Navi 

Sys – Navi Male/Female sound where the Navi sys sound always is played first in reality.  

 

To answer the questions from section 1.2 it can be stated that  

 

 It is possible to use software already available at Volvo Car Corporation to evaluate loudness 

for short transient sounds.  

 

 The Filter/ISO532B method is to be preferred for this type of signal sounds. 

 

 The subjects could hear difference between the different sounds and were not guessing, 

meaning that the anchors worked.  
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 The method could be useful and applied in any context where signal sounds are used as 

information signals such as industries. It might also be applied in radio and television 

broadcasting helping to achieve equal loudness between different songs or programs.  

 

 

5.2 Further studies 
This study is the first step in using loudness equalization as a method for tuning signal sounds in at 

Volvo Car Corporation. In the future a number of other studies could be made.  

 

Investigation of Temporal integration 

Signal sounds for cars are very short and for sound with the same amplitude it’s said that between 

approximately 50 and 400ms the loudness is increasing with duration. What impact do eg. Repetition 

have (as seat belt reminder for example)? Signals in the car are of different length and amount of 

repetition, how does this affect the perceived loudness? 

 

DIN 45631/A1 

Investigate the same stimulus but with the DIN 45631/A1 that gives a N5 value instead of arithmetic 

average value 

 

Remake similar studies using other software 

other software might have other methods or improved methods and could be worth investigation.  

 

Memory 

The brain remembers loudness, but after some amount of time, the level is not remembered but the 

frequency and character of the sound. How does this time difference between the samples affect the 

loudness perceived?  

 

Using recordings from the car compartment 

In the future a similar test could be done but with the sounds recorded from the car compartment giving 

the acoustics in the car as a parameter.  It would require that the problem with the fan is solved.  Here it 

also would be interesting to compare the Premium Sound system vs. High Performace system. 

 

Make more comparison with the PAS Tone signal 

The PAS Tone – FCW signal got good result with the FFT/ANSI S3.4-2007 method, but unacceptable 

result for the Filter/ISO532B method. Why is this the case? More tests comparing a steady tone with 

other signal sounds would be interesting. 
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Appendix 1, Results for all systems 
 

Appendix 1 show the results for all pairs and anchors including mean, high, low and confidence 

intervals.  

 

Figure 20 shows the result of the comparison of FCW – LDW in the listening test with loudness 

equalization according to ANSI S3.4 – 2007.   

 

 
Figure 20 Result of FCW -LDW with and without noise with the FFT/ANSI S3.4-2007 loudness over time method 
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Figure 21 shows the result of FCW-LDW comparison with and without noise from the listening test with 

the Filter/ ISO532B method, including upper, lower, mean and confidence interval.  

 
Figure 21 show the result of FCW – LDW comparison with and without tyre noise from the listening test with the Filter/ 
ISO532B method 

Figure 22 show a comparison of FCW – LDW system for both FFT/ANSI S3.4-2007 and Filter/ ISO532B 

method without noise.  

 

 
Figure 22 Comparison of FCW - LDW for the two methods without any noise 
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Figure 23 show the result of comparison of FCW – LDW without any noise for both FFT/ANSI S3.4-

2007 and Filter/ ISO532B methods.  

 

 
Figure 23 FCW - LDW without noise, FFT/ANSI S3.4-2007 and Filter/ /ISO532B 

Figure 24 shows the result from the comparison of FCW – PAS Tone with the FFT/ANSI S3.4-2007 

method with and without tyre noise.  

 

 
Figure 24 shows the comparison of FCW - PAS Tone with and without noise with the FFT/ANSI S3.4-2007 method. 
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Figure 25 shows the result of FCW – PAS Tone with and without noise for the Filter/ ISO532B method. 

With noise the result is worse than without noise. 

 

 
Figure 25 Show the result of the comparison between FCW - PAS Tone signals with the Filter/ ISO532B method 

Figure 26 shows FCW – PAS Tone in noise for both FFT/ANSI S3.4-2007 and Filter/ /ISO532B.  

 

 
Figure 26 shows the results of the FCW - PAS Tone in noise for both FFT/ANSI S3.4-2007 and Filter/ ISO532B 
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Figure 27 show the result for FCW – PAS Tone for both methods without noise.  

 

 
Figure 27 shows the result of the FCW - PAS Tone system for both methods without noise. 

Figure 28 show the result of the FFT/ANSI S3.4-2007 method for Navi Female – Navi Sys system with and 

without noise.  

 

 
Figure 28 show the result for Navi Female - Navi Sys stimuli for the FFT/ANSI S3.4-2007 method 
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Figure 29 shows the Navi Female – Navi Sys comparison with and without noise for the Filter/ 

ISO532B method.  

 

 
Figure 29 shows the Navi Female – Navi Sys comparison with and without noise for the Filter/ ISO532B method.Figure 30  
show the comparison between the ANSI S3.4 – 2007 and Filter/ ISO532B method for the Navi Female –Navi sys system. 

 

 
Figure 30show a comparison between both methods for the Navi Female - Navi Sys system 



Appendix 1, Results for all systems 

7 

 

Figure 31 compare Navi Female – Navi Sys without noise for both methods.  

 

 
Figure 31 show the comparison of Navi Female – Navi Sys without noise for both methods.  

Figure 32 shows Navi Male – Navi Sys with and without noise for FFT/ANSI S3.4-2007 method 

including upper, lower, mean and confidence interval.  

 

 
Figure 32show Navi Male - Navi sys with and without noise for the FFT/ANSI S3.4-2007 method 
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Figure 33 show the Navi Male – Navi Sys system with and without noise for the Filter/ISO532B method.  

 

 
Figure 33 show the Navi Male - Navi Sys system with and without noise for the FIlter/ISO532B method 

Figure 34 is a comparison of the Filter/ ISO532B method and the ANSI S3-4 – 2007 method with tyre noise 

present including upper, lower, mean and confidence interval.  

 

 
Figure 34 is a comparison of the Filter/ISO532B method and the ANSI S3-4 – 2007 method with tyre noise present. 
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Figure 35is the comparison of Navi Male – Navi Sys without tyre noise for both methods.  

 

 
Figure 35 is the comparison of Navi Male – Navi Sys without tyre noise for both methods. 

Figure 36 shows the SAP Info –SAP Fail system with and without noise for the ANSI S3.4 – 2007 method, 

including upper score, lower score, mean score and confidence interval.  

 

 
Figure 36 is the result for the SAP Info - SAP Fail system with and without noise for the ANSI S3.4 2007 
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Figure 37 show the result from the listening test for the SAP Info – SAP Fail comparison with and without 

noise for the Filter/ISO532B method.  

 

 
Figure 37 show the result from the listening test for the SAP Info – SAP Fail comparison with and without noise for the 
Filter/ISO532B method 

Figure 38 show the comparison of the SAP Info – SAP Fail Noise system for both methods with tyre noise.  

 
Figure 38show the comparison of the SAP Info – SAP Fail Noise system for both methods with tyre noise 
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Figure 39 is a chart over the SAP Info – SAP Fail comparison for both methods without any tyre noise.  

 

 
Figure 39 is a chart over the SAP Info – SAP Fail comparison for both methods without any tyre noise 

 

Figure 43 is the result of the anchor sounds with and without noise.  

 

 
Figure 40is the result of the anchor sounds with and without noise.
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Appendix 2, FFT Analysis  
 

Appendix 2 show FFT analysis for all the sounds used in this study.  

FCW 

Figure 41 show an FFT over time analysis of the for the FCW signal 

 
Figure 41show an FFT over time analysis of the FCW signal 
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LDW 

Figure 42 show an FFT over time Analysis of the LDW signal

 
Figure 42 show an FFT over time Analysis of the LDW signal 

  



Appendix 2, FFT Analysis 

3 

 

Figure 43 shows a FFT over time analysis for Navi Female signal

 
Figure 43 shows a FFT over time analysis for Navi Female signal 
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Figure 44 show a FFT over time analysis of the Navi Male signal

 
Figure 44 show a FFT over time analysis of the Navi Male signal 
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Figure 45 show a FFT over time analysis for the Navi Sys signal

 

 
Figure 45 show a FFT over time analysis for the Navi Sys signal 
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Figure 46 show a FFT over time analysis for the PAS tone signal

 
Figure 46 show a FFT over time analysis for the PAS tone signal 
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Figure 47show a FFT analysis over time for the SAP Info signal

 
Figure 47show a FFT analysis over time for the SAP Info signal 
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Figure 48 show a FFT analysis of SAP Fail signal 

 
Figure 48 show a FFT analysis of SAP Fail signal 
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Appendix 3, FFT Analysis with tyre noise 
 

These figures show the result of the FFT analysis with tyre noise present for each stimuli.  

Figure 49show the tyre noise versus the Forward collision warning.  

 

 
Figure 49 show the FFT analysis for the FCW and the Tyre noise.  
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Figure 50show the FFT analysis for the LDW and the tyre noise.  

 
Figure 50 show the FFT analysis of the LDW and the tyre noise 
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Figure 51show the FFT analysis of the Female navigation voice and the tyre noise

 
Figure 51 show the FFT analysis for the Female Navigation voice and the tyre noise 
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Figure 52 show the FFT analysis of the Male navigation voice and the tyre noise 

 
Figure 52 show the FFT analysis for the Male navigation voice vs the tyre noise 
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Figure 53 show the FFT analysis of the Navi sys signal and the tyre nosie. 

 
Figure 53 show the navi sys signal and the tyre noise in a FFT analysis 
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Figure 54 show the FFT for the PAS Tone and the tyre noise. 

 
Figure 54 show the FFT analysis for the PAS tone and the tyre noise 
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Figure 55 show the FFT Analysis for the SAP Fail signal and the tyre noise. 

 
Figure 55 show the FFT analysis for the SAP Fail signal and the tyre noise. 
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Figure 56 show the FFT analysis for the SAP Info signal and the tyre noise. 

 
Figure 56 show the FFT analysis for the SAP info signal and the tyre noise 
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Appendix 4, Instructions for the listening test 
 

The instructions and forms given at the listening test 

Welcome to the listening test 

 

In this test your task is to evaluate how loud you perceive a signal sound from a car. Two sounds will be 

played after each other and your task is to state if you think that; A is louder than B, A is slightly louder 

than B, A and B are equally loud, B is slightly louder than A , B is louder than A. 

 

Since this is a perception test there are no right or wrong answers.   

The sound will be played two times in a row followed by a couple of seconds pause while you write 

your answer before moving on. The sounds are short so pay attention! Enter your answer on the form 

with an X.   

 

The test is voluntary and anonymous, you can also cancel you participation whenever you like without 

any explanation.   

 

Please answer the following questions by underlining your answer 

Sex:    Male / Female / Do not wish to answer  

 

Age:  

 

Any known hearing impairment:  Yes / No  
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Sound
A is louder than 

B

A is slightly 

louder than B

A is the same 

as B

B is slightly 

louder than A

B is louder than 

A

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

Please mark your answer with an X
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Voluntary Evaluation  
 

Were the instructions before the test clear and understandable? 

 

 

 

 

 

 

What was good with the test?  

 

 

 

 

 

 

 

 

What could be improved to the next time?  

 

 

 

 

 

 

Thank you for your participation! 
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Appendix 5, Invitation to the listening test  
 

Invitation E-mail sent to the subjects 

 

Hi 

 

You are invited to attend a listening test where you will have the possibility to evaluate loudness of 

interactive sounds from the car.  

The test will take approximately 30 minutes and the only prerequisite is that you need to have a normal 

hearing without any hearing impairments.  

Other than that, no further experience is required.  

The test will be conducted week 12-13, and is a part of a thesis supervised by Fredrik Hagman 

(Interactive Sound Designer at NVH). 

 

The test will take place in the NVH listening room at 3B 52:1 and :2 (which is close to Unionens 

office). 

 

Please address your participation at: http://doodle.com/poll/hyn7724ac5gw8prq 

 

Feel free to forward this invitation to anyone who you think might be interested. 

 

If you have any questions (or can’t find the location) feel free to contact Caroline Åkerberg, 

caroline.akerberg@volvocars.com 

073-0603949 

 

Best Regards 

Caroline Åkerberg 

Thesis worker  

Luleå University of Technology 

 

http://doodle.com/poll/hyn7724ac5gw8prq
mailto:caroline.akerberg@volvocars.com
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Appendix 6, Removed Signals 
 

Files that were removed after Pilot testing 

 
 

 
 

File A Average (Sone GD) File B Average (Sone GD) Gain (dB) Method

Pas_tone 47,9 Pas_Beep right 39,8 ISO

Pas_Beep 39,8 Pas_Tone *0,72 47,9 -1,4 ISO

PAS_Tone Turnindicator ISO

Turnindicator Pas_Tone ISO

SBR_intermediate right 21,1 SBR_final *0,326 41,9 -4,8 ISO

SBR_final right 41,9 SBR_Intermediate 19,3 ISO

Files removed after Pilot test

File A Average (Sone GD) File B Average (Sone ) Gain (dB) Method

Pas_tone 40,7 Pas_Beep 37,7 ANSI 

Pas_Beep 37,7 Pas_Tone*0,88 40,7 -0,56 ANSI 

PAS_Tone Turnindicator ANSI

Turnindicator Pas_Tone 0,0493 ANSI

SBR_intermediate 20,9 SBR_Final*0,345 36,5 -4,6 ANSI

SBR_final 36,5 SBR_Intermediate 20,9 ANSI 

Files removed after Pilot test
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Appendix 7, Pivot table for all signals  
 

Total pivot table for all stimulis, including standard deviation, maximum, minimum, average score and 

count of score. 

 
 

Listener (All)

Group (All)

Age (All)

Gender (All)

Method (All)

Row Labels Average of Score2 StdDev of Score2 Max of Score Min of Score2 Count of Score

-

ANSI_Brus_FCW-ANSI_Brus_LDW -0,6 0,957427108 1 -2 25

ANSI_Brus_LDW-ANSI_Brus_FCW 0,8 0,957427108 2 -1 25

ANSI_Brus_Navi_Female-ANSI_Brus_Navi_Sys 0,92 0,702376917 2 -1 25

ANSI_Brus_Navi_Sys-ANSI_Brus_Navi_Female -1,16 0,943398113 2 -2 25

ANSI_Brus_Navi_Male-ANSI_Brus_Navi_Sys 0,8 0,816496581 2 -1 25

ANSI_Brus_Navi_Sys-ANSI_Brus_Navi_Male -0,48 0,770281334 1 -2 25

ANSI_Brus_FCW-ANSI_Brus_PAS_Tone -0,68 0,945163125 2 -2 25

ANSI_Brus_PAS_Tone-ANSI_Brus_FCW 0,44 1,003327796 2 -2 25

ANSI_Brus_SAP_Fail-ANSI_Brus_SAP_Info 0,8 1,040833 2 -2 25

ANSI_Brus_SAP_Info-ANSI_Brus_SAP_Fail -0,76 1,090871211 2 -2 25

ANSI_FCW-ANSI_LDW 0 0,866025404 1 -2 25

ANSI_LDW-ANSI_FCW 1,04 0,789514619 2 0 25

ANSI_Navi_Female-ANSI_Navi_Sys 1,04 0,840634681 2 -2 25

ANSI_Navi_Sys-ANSI_Navi_Female -0,68 0,802080628 1 -2 25

ANSI_Navi_Male-ANSI_Navi_Sys 0,92 0,759385717 2 -1 25

ANSI_Navi_Sys-ANSI_Navi_Male -0,16 0,8 1 -2 25

ANSI_FCW-ANSI_PAS_Tone 0,16 1,143095213 2 -2 25

ANSI_PAS_tone-ANSI_FCW 0,56 1,044030651 2 -2 25

ANSI_SAP_Fail-ANSI_SAP_Info 1,08 1,077032961 2 -2 25

ANSI_SAP_Info-ANSI_SAP_Fail -0,56 0,916515139 2 -2 25

BRUS_FCW-BRUS_FCW-6db -1,4 1,224744871 2 -2 25

BRUS_PAS_tone-BRUS_PAS_tone_Same -0,16 0,374165739 0 -1 25

FCW-FCW_Same 0 0,40824829 1 -1 25

PAS_tone-6-PAS_tone 1,8 0,645497224 2 -1 25

ISO_Brus_FCW-ISO_Brus_LDW -0,32 1,180395414 2 -2 25

ISO_Brus_LDW-ISO_Brus_FCW 0,36 0,907377173 2 -1 25

ISO_Brus_Navi_Female-ISO_Brus_Navi_Sys 0,72 0,73711148 2 -1 25

ISO_Brus_Navi_Sys-ISO_Brus_Navi_Female -0,76 0,925562892 2 -2 25

ISO_Brus_Navi_Male-ISO_Brus_Navi_Sys 0,2 0,763762616 2 -1 25

ISO_Brus_Navi_Sys-ISO_Brus_Navi_Male -0,08 1,077032961 2 -2 25

ISO_Brus_FCW-ISO_Brus_PAS_Tone -1,48 0,822597512 1 -2 25

ISO_Brus_PAS_Tone-ISO_Brus_FCW 1,28 1,173314394 2 -2 25

ISO_Brus_SAP_Fail-ISO_Brus_SAP_Info 0,32 0,945163125 2 -2 25

ISO_Brus_SAP_Info-ISO_Brus_SAP_Fail -0,24 0,879393731 1 -2 25

ISO_FCW-ISO_LDW 0,56 1,044030651 2 -1 25

ISO_LDW-ISO_FCW 0,4 0,763762616 2 -1 25

ISO_Navi_Female-ISO_Navi_Sys 1,28 0,73711148 2 -1 25

ISO_Navi_Sys-ISO_Navi_Female -0,56 0,820568908 1 -2 25

ISO_Navi_Male-ISO_Navi_Sys 0,48 0,770281334 2 -1 25

ISO_Navi_Sys-ISO_Navi_Male 0 0,957427108 2 -2 25

ISO_FCW-ISO_PAS_Tone -0,84 0,8 1 -2 25

ISO_PAS_Tone-ISO_FCW 0,76 0,879393731 2 -1 25

ISO_SAP_Fail-ISO_SAP_Info 0,8 0,866025404 2 -2 25

ISO_SAP_Info-ISO_SAP_Fail -0,36 0,907377173 2 -2 25

Grand Total 0,141818182 1,16745228 2 -2 1100
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Appendix 8, Voluntary Evaluation 
 

Answers from the voluntary evaluation 

 

Were the instructions before the test clear and understandable?  

Yes (á 17) 

Yes, very simple instructions, no unanswered questions 

Yes, clear and understandable  

Together with verbal explanation test it was good  

 

What was good with the test?  

The simplicity 

Interesting to compare different sounds 

Hard to tell if there was any difference 

Straight forward and simple 

Many beautiful sounds 

Easy to understand  

Short clear and straight forward 

The short break in the middle 

The short span between the sounds, easy to compare  

Good time 

 

Good and easy to understand 

Easy to follow, only two sound to compare at the time 

Good pace 

Good length, I could keep concentration 

The amount of sounds tested. 

Easy to go through 

Background noise on some sounds 

The very minute difference between loudness  

The test round 

Didn’t have to keep track on number myself  

 

 

What could be improved? 

Nothing 

Automatized playback  

Order could be more random 

Too many lines, I get tired and unfocused 

Don’t listen to same sound in near que 

More focus 

The difference between slightly louder and louder is unclear 

Maybe more different sounds and more difference between the volume from A to B or other way 

Noting much really 

 

 


