02/07308 A2

WO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

24 January 2002 (24.01.2002)

(10) International Publication Number

WO 02/07308 A2

(51) International Patent Classification’: HO03G 5/00

(21) International Application Number: PCT/EP01/07564

(22) International Filing Date: 3 July 2001 (03.07.2001)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

00202498.2 13 July 2000 (13.07.2000) EP

(71) Applicant: KONINKLIJKE PHILIPS ELECTRON-
ICS N.V. [NL/NL]; Groenewoudseweg 1, NL-5621 BA
Eindhoven (NL).

(72) Inventor: WILLEMS, Stefan, M., J.; Prof. Holstlaan 6,
NL-5656 AA Eindhoven (NL).

(74) Agent: SCHOENMAKER, Maarten; Internationaal Oc-
trooibureau B.V., Prof. Holstlaan 6, NL-5656 AA Eind-
hoven (NL).

(81) Designated States (national): CN, JP, KR.

(84) Designated States (regional): European patent (AT, BE,
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE, TR).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: INFRABASS

I{J‘IL

APF1 comi
|
] oL
7
SUM BP\F1 N|(D BF‘sz
| 1 1
€
APF2 COM2
A
1
4 F
OR
BD
1R

(57) Abstract: To improve the aural sensation of audio signals the use of bandwidth extension devices in audio reproduction systems
is known.Herewith it is possible to add a low-pitched signal to the audio signal comprising lower signal part than the original input
signal.The invention provides an improvement of the known devices to overcome artifacts in the reproduced audio signal by delaying
the unprocessed signal part to obtain the same delay as the obtained sub-harmonics.
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Infrabass

The invention relates to a bandwidth extension device.
The invention further relates to an audio reproduction system comprising such

a bandwidth extension device.

Such a device is known from the European patent application EP-A-0 240 286.

To improve the aural sensation in low-pitched (this is: signals in the very low
frequency band) sound reproduction by an audio reproduction system or the like a sub-
harmonics generator is used to create this low-pitched signal. In this way a lower pitch signal

is created than is present in the incoming signal.
It is an object of the invention to improve such a bandwidth extension device further.

To this end a first aspect of the invention provide a bandwidth extension device as defined in

claim 1. A second aspect of the invention is to provide an audio reproduction system.

The invention is based on the inside that during the creation of the sub-
harmonics that part of the signal is delayed longer than the non-processed part of the signal.
By combining these two signal parts in the combining means prior art devices have
consequently artifacts.

By delaying the non-processed signal part it is possible to delay both signal parts equal so

overcoming the artifacts the prior art device has.
Embodiments of the invention are described in the dependent claims.

The invention and additional features, which may optimally be used to
implement the invention to advantage, will be apparent from and elucidated with a reference
to the examples described below and hereinafter and shown in the figures. Herein shows:

Fig. 1, an example of a bandwidth extension device according to the invention,

and
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Fig. 2 an example of an audio reproduction system according to the invention.

Fig. 1 shows an example of a bandwidth extension device BD according to the
invention.
A bandwidth extension device can be used in an audio reproduction system to improve the
aural sensation of the low-pitched signal-part.
At a first input IL the device receives a left input signal and at a second input IR the
bandwidth extension device receives a right input signal. Both inputs are coupled to a
summing device SUM for a summing the both input signals in this example. The output of
the summing device is coupled to a band-pass filter BPF1 for filtering the summed input
signal to a certain predetermined low frequency part. The output of the band-pass filter BPF1
is coupled to a non-linear device NLD for creating an adapted signal with a low frequency
part. Herewith sub-harmonics of the lowest part of the input signal are created, resulting in a

lower pitch signal than is present in the incoming signal.

Reference is made to the non-prepublished European application of the same applicant EP
application ref. Nr. 00201509.7 (applicants ref. PHNL000249) wherein the use of sub-

harmonics generators is described in detail.

The output of the non-linear NLD is coupled to a second band-pass filter BPF2 for filtering
out the non-required frequency part.

The output of the band-pass filter BPF2 is coupled to a first combining device COM1 and to
a second combining device COM2.

The first combining device COMI1 receives at a second input a signal from an
all-pass filter APF1 which all-pass filter is coupled with its input to the first input of the
bandwidth extension device IL.

The second combining device COM2 receives a the other input a signal from a second all-
pass filter APF2 which receives at its input a signal from the second input IR of the
bandwidth extension device.

The output of the first and second combining device COM1 respectively COM2 are coupled

to the first and second output of the bandwidth extension device OL respectively OR.
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By adding the all-pass filter APF1 and the all-pass filter APF2 having a certain
delay it is made possible to combine in the combining devices the two signal parts with the

same delay. This results in an improved output signal in comparison with prior art devices.

Instead of the all-pass filters is also possible to use a delay element.
Further it is possible to use a controllable delay element which makes it possible to amend
the delay in dependence of the delay of the signal path through the band-pass filter BPF1, the
non-linear device NLD and the band-pass filter BPF2.
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CLAIMS:

L. A band-pass extension device comprising an input for receiving an input
signal, a first signal path and a second signal path whereby the first signal path comprises a
filter means for filtering the input signal, creating means for creating an adapted signal with a
lower frequency part than the input signal, combining means for combining the adapted
signal of the first signal path with the input signal of the second signal path whereby the

second signal path comprises between the input and the combining means delay means.

2. A bandwidth extension device as claimed in claim 1, characterized in that the

delay means comprise filter means.

3. A bandwidth extension device as claimed in claim 1, characterized in that the

delay of the delay means is controllable.

4, An audio reproduction system comprising a bandwidth extension device as

claimed in claim 1.
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