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Sound Quality Process

MEASURE

SUBJECTIVE ANALYSISOBJECTIVE ANALYSIS

INCREASE OF SOUND QUALITY



Basics of 

Psychoacoustics
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Human hearing system

Í
Time-averaging

Microphones measure 

instantaneous

pressure fluctuations

The brain does not 

respond to the 

instantaneous pressure, 

instead it behaves like 

an integrator. 
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Equal loudness curves

Psychoacoustics ïAuditory range

Hearing threshold

Temporal effect

Masking

Auditory Range
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Equal loudness curves

Psychoacoustics - A-weighting

ÁFilter with similar attributes to ear

ÁSimple curve shape, attenuates low frequencies

Á1000 Hz - no gain/attenuation, used for microphone calibrations

Temporal effect

Masking

Auditory Range

Hearing threshold
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Equal loudness curves

Hearing threshold

Temporal effect

Masking

Equal loudness curves

Auditory Range

dB
1 sone

2 sone

4 sone

ISO 226:2003 Equal 

loudness curves
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Equal loudness curves

Hearing threshold

Temporal effect

Masking

Bark scale

Auditory Range

Some specs

Equal loudness curves
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Temporal effect

Equal loudness curves

Temporal effect

Masking

Hearing threshold

Some specsAuditory Range
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Frequency Masking

Masking for 1200 Hz Sine Tone

Equal loudness curves

Temporal effect

Masking

Hearing threshold

Some specsAuditory Range

1200 Hz tone 

changes 

threshold

4000 Hz tone is 

completely 

inaudible
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Temporal effect
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Binaural 

measurements
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A: No! We listen with both ears, which gives us the 

sense of directivity. The body also changes the pressure 

field. Both the body and the external ear changes the 

sound filed:

ÅReflections

ÅResonances

Å Absorption

Recording for sound quality analysis

Q: Is the sound measured by a microphone the same as the 

one that reaches our ears?
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How to measure binaural recordings?

G.R.A.S. 45BB KEMAR Head and Torso

Simcenter SCADAS XS with Simcenter SCADAS 3D Binaural 

Headset

Binaural measurements

V Ideal for listening tests

V Stereo recordings

V Requires artificial head or a 

binaural headset

V Can be used for direct replay

V Recorded data is automatically 

equalized for analysis
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Accurate audio replay - Equalization

Equalization for analysis

Removing the head and torso effect

Replay equalization

Adding the head and torso effect

Removing the headphones effect



Objective analysis

Sound quality metrics
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Introducing sound quality metrics

Groups of sound quality metrics

Å Adapting recorded sounds to perception

Å Loudness ISO532 (A and B), Loudness Stevens VII, 

Time Varying loudness, é

Å To quantify speech intelligibility according to the environment

Å Speech interference level, Articulation Index, é

Å Amplitude variation and harshness due to modulation

Å Roughness, fluctuation strength

Å To quantify if the noise is disturbing or not

Å Noise rating, noise criterion, balanced noise criterion, sharpness

Å To quantify the perception of tonal components in real sounds

Å Pitch, tonality, tone-to-noise ratio, prominence ratio

Level 

metrics

Speech 

metrics

Modulation 

metrics

Annoyance 

metrics

Tonal 

metrics
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White goods ïmore than Sound Power

White goods

Fridges

Operate all day ïproduce idle noise but during cooling, 

opening/closing of the doors. Main noise source: 

compressors and fans.

Washing machines

Various operational conditions: Opening/closing sound, 

different spinning velocities, drying. Main noise source: 

rotating drum, valves, pumps

Vacuum cleaners

Focus on loudness and annoyance. Depending on the 

design, the noise may be: mechanical (bearing/rotor), 

electromagnetic (magnetic force induced vibrations) or 

aerodynamic (fan). 

Commonly used sound quality 
metrics

ÅLoudness

ÅSpectral analysis

ÅModulation analysis

ÅTonality

ÅSharpness
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Vacuum cleaner ïwhy do we need Loudness?

Sound Pressure Level 

and Sound Power are 

important, but 

sometimes not enough
Loudness takes into account the aspects of human hearing and 

is more representative of the subjective preference
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Loudness

The metric of Loudness takes into account:

Å Frequency

Å Level

Å Hearing threshold

Å Temporal effect

Å Masking

1 sone is
40 phones is

1 kHz @ 40 dB 

sine tone

Loudness is a psychoacoustic parameter, that 

maps the human perception of the volume of 

acoustic signals to a linear scale

This metric is standardized:

ISO 532
DIN45631

ANSI S3.4
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Door slam ïfrequency content




