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Active Sound Control Technology for Electrified Vehicles Based on Concept of Shepard Tones
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interior sound levels matching the seamless
acceleration that is characteristic of driving under
electric motor power. This technology takes the
fundamental approach of generating sound based
on the conceptual approach of Shepard tones and
synchronizing it with the vehicle velocity. The main
tones generated according to the theory of Shepard
tones are superimposed with multiple sub-tones at
preset frequency ratios. This approach can produce
acceleration sounds with further increased freedom. An
acceleration sound that differs from engine sound and
has sounds matched to the electrified vehicle has been
realized by means of this technology.
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Fig. 5 Block diagram of XxEV-ASC system
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Table 1 Typical triads and impressions of triads
Chord type Frequency ratio Impression
Major 1:1.25:1.5 Bright/Pleasant
Minor 1:1.2:1.5 Dark/Sad
Suspended 1:1.33:1.5 Fantastic
Diminished 1:1.2:1.42 Unstable/Transient
Augmented 1:1.25:1.6 Unstable/Transient
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Table 2 Example of vehicle dynamic mode gain

Vehicle dynamic mode Dynamic mode gain G, (m)

Comfort -90 dB
Normal 0dB

Sport +6 dB
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Fig. 16 Interior sound spectrogram of test car
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