wo 2012/037050 A1 |00 0K 0O 0RO

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

(19) World Intellectual Property Organization

Wy

International Bureau ,&

U
(43) International Publication Date :
22 March 2012 (22.03.2012)

=

7 I.

(10) International Publication Number

WO 2012/037050 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

International Patent Classification:
B60Q 5/00(2006.01) H03G 3/32 (2006.01)

International Application Number:
PCT/US2011/051283

International Filing Date:
13 September 2011 (13.09.2011)

English
English

Filing Language:
Publication Language:

Priority Data:
12/882,249 15 September 2010 (15.09.2010) Us

Applicant (for all designated States except US): BOSE
CORPORATION [US/US]; The Mountain, Ms-40,
Framingham, MA 01701 (US).

Inventor; and
Inventor/Applicant (for US only): PAN, Davis, Y. [US/
US]; 48 Hodge Road, Arlington, MA 02474 (US).

Agents: DUQUETTE, Jeffrey, J. et al.; Mirick, O'con-
nell, Demallie & Lougee. LLP, 1800 West Park Drive,
Westborough, MA 01581 (US).

62y

84)

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

[Continued on next page]

(54) Title: VEHICLE EXTERNAL WARNING SOUND GENERATION SYSTEM AND METHOD

External Environment

(57) Abstract: A vehicle external warning
sound generation system and method. A trans-
ducer ( generates warning sounds external to the
vehicle (18) in response to an input sound sig-
nal. A sensor (12) senses sound external to the
vehicle and has an output signal that represents
both sensed ambient noise and sensed warning
sounds. A processing system (14), responsive to
the sensor output signal, generates the sound
signal that is provided to the transducer (16).

8
Warni Ambient Noise plus
arning Warning Sounds
Sounds
15 1
16 {
Sound
Transducer Sound Sensor 18
‘ 3
12
10
T
14

Processing System

Fig. 1

The processing system (14) includes an adap-
tive filter which reduces the level of the wam-
ing sounds in the sensor output signal, so that
mostly ambient noise remains.



WO 2012/037050 A1 I 0000V 00 A O

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




WO 2012/037050 PCT/US2011/051283

VEHICLE EXTERNAL WARNING SOUND GENERATION SYSTEM AND METHOD

FIELD
[0001] This disclosure relates to a vehicle external warning sound generation system and

method.

BACKGROUND
[0002] Pedestrian warning systems for hybrid and electric vehicles and other vehicles that run
more quietly than those with internal combustion engines typically generate a predetermined
warning signal and play it from one or more external speakers. The warning sounds should only
be as loud as necessary to serve as a pedestrian warning, and heard only by people outside and in
the path of the vehicle. Some such systems adjust the warning sound output level based on the
background ambient noise level. However, a human’s perception of sound in the presence of
noise depends on the frequency and level of the noise. Accordingly, the perceived volume of
pedestrian warning sounds may be insufficient in certain circumstances or may be too loud in

other circumstances.

SUMMARY
[0003] In general, one aspect of the invention features a vehicle external warning sound
generation system. The system has a transducer that generates warning sounds external to the
vehicle in response to an input sound signal, a sensor that senses sound external to the vehicle
and has an output signal that represents both sensed ambient noise and sensed warning sounds
emitted by the vehicle, and a processing system, responsive to the sensor output signal, that
generates the sound signal that is provided to the transducer. The processing system includes an
adaptive filter which reduces the level of the vehicle’s sensed warning sounds in the sensor
output signal, so that mostly ambient noise remains in the sensor output signal. The sensor may
be a microphone. The transducer may be a loudspeaker. The proéessing system may include a
digital signal processor. The processing system may also include a variable gain element, and a

volume control with dynamic equalization.
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[0004] Various implementations of the invention may include one or more of the following
features. The adaptive filter may determine the transfer function from the transducer generating
the warning sounds to the sensor output signal. The processing system may model the warning
sound signal within the sensor output signal and remove the modeled warning sound signal, to
leave an ambient noise signal. One or more properties of the generated warning sounds may be
related to the ambient noise signal. The properties may include the volume, such that the
generated warning sounds are audible over the ambient noise. The properties may include the
frequency, such that the frequency of the generated warning sound is related to the ambient
noise. The generated warning sounds may be divided into a plurality of frequency bands, and the
gain in each band may be adjusted based on the ambient noise level in that band. The processing
system may further include an equalizer that alters the volume of one or more frequency bands of

the generated warning sound signal.

[0005] Various additional implementations of the invention may include one or more of the
following features. The generated warning sounds may have a particular frequency or frequency
range, and the system may further include a filter for the sensor output signal that removes
contribution to the sensor output signal from sensed frequencies that are outside the particular
auditory masking frequency or frequency range of the warning sounds. The processing system
may be further responsive to the vehicle speed such that one or more properties of the warning
sounds is related to the vehicle speed. The properties may include the volume and pitch of the
warning sounds. The system may further include a second sensor that senses the roughness of
the surface on which the vehicle is traveling. The processing system may be responsive to the
second sensor such that the volume of the generated warning sounds is indirectly related to the

sensed roughness.

[0006] In general, in another aspect the invention features a vehicle external warning sound
generation system including a transducer that generates warning sounds external to the vehicle in
response to an input sound signal, a first sensor that senses sound external to the vehicle and has
an output signal that represents both sensed ambient noise and sensed warning sounds, a second
sensor that senses the roughness of the surface on which the vehicle is traveling, and a third

sensor that senses the speed of the vehicle. There is a processing system, responsive to the first,
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second and third sensors, that generates the input sound signal that is provided to the transducer.
The processing system includes an adaptive filter which reduces the level of the vehicle’s sensed
warning sounds in the sensor output signal, so that mostly ambient noise remains in the sensor
output signal. The adaptive filter determines the transfer function from the transducer generating
the warning sounds to the sensor output signal. The processing system models the warning
sound signal within the sensor output signal and removes the modeled warning sound signal to
leave an ambient noise signal. The processing system is further responsive to the second sensor
such that the volume of the warning sounds is indirectly related to the sensed surface roughness.
The processing system is still further responsive to the third sensor such that one or both of the
volume and pitch of the generated warning sounds is related to the vehicle speed. One or both of
the volume and pitch of the generated warning sounds are also related to the ambient noise, such
that the generated warning sounds are audible over the ambient noise and the frequency-

dependent gain of the warning sound is related to the ambient noise.

[0007] In general, in another aspect the invention features a method of modulating vehicle
external warning sounds using a system that comprises a transducer that generates warning
sounds external to the vehicle, and a sensor that senses sound external to the vehicle and has an
output signal that represents both sensed ambient noise and sensed warning sounds emitted by
the vehicle, and a processing system. The sensor output signal is provided to the processing
system. The processing system is used to generate the sound signal that is provided to the
transducer to cause the transducer to generate the warning sounds. The processing system
includes an adaptive filter which reduces the level of the vehicle’s sensed warning sounds in the

sensor output signal, so that mostly ambient noise remains in the sensor output signal.

[0008] Various additional implementations of the invention may include one or more of the
following features. The adaptive filter may determine the transfer function from the warning
sound transducer to the sensor output signal. The processing system may model the warning
sound signal within the sensor output signal and remove the modeled warning sound signal, to
leave an ambient noise signal. One or more properties of the generated warning sounds may be

related to the ambient noise signal.
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[0009] Various additional implementations of the invention may include one or more of the
following features. The properties of the generated warning sounds may include the volume,
such that the warning sounds are audible over the ambient noise, and the frequency, such that the
frequency of the warning sound is related to the ambient noise. The generated warning sounds
may be divided into a plurality of frequency bands, and the gain in each band may be adjusted
based on the ambient noise level in that band. The processing system may be further responsive
to the vehicle speed such that at least one of the volume and pitch of the generated warning
sounds is related to the vehicle speed. Also, there may be a second sensor that senses the
roughness of the surface on which the vehicle is traveling, and the processing system may be
further responsive to the second sensor such that the volume of the generated warning sounds is

indirectly related to the sensed roughness.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Figure 1 is a simplified schematic block diagram of a vehicle external warning sound

generation system that can also be used for a method of modulating vehicle external warning

sounds; and

[0011] Figure 2 is a more detailed schematic block diagram of a vehicle external warning sound
generation system that can also be used for a method of modulating vehicle external warning

sounds.

DETAILED DESCRIPTION
[0012] This disclosure is related to a vehicle external warning sound generation system and
method. One or more transducers are used to generate warning sounds external to the vehicle.
The warning sounds can be similar to the sound made by an internal combustion engine, or can
be more artificial. Typically the warning sounds are at multiple frequencies and/or have a
variable frequency. One or more sensors are used to sense sound external to the vehicle. These
sensors have output signals that represent the sensed ambient noise as well as the sensed warning
sounds from the vehicle. A processing system is responsive to the sound sensors. The
processing system generates a sound signal that is provided to the transducers to produce the

warning sounds. The processing system includes an adaptive filter which reduces the level of the
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warning sounds sensed by the sound sensors so that mostly ambient noise remains. As a result,
one or more properties of the warning sounds such as volume and/or tone can be properly
adjusted relative to the ambient noise such that the perceived volume or tone of the warning

sounds is both sufficient and appropriate relative to the ambient noise.

[0013] System 10, Figure 1, includes sound sensor 12 exposed to the external environment 8 of
a vehicle 18. Sensor 12 receives sound 13 that is present at its location. This sound 13 includes
both ambient noise as well as the vehicle’s own warning sounds in external environment 8.
Sound sensor 12 may be a microphone, for example. Sensor 12 generates an output signal that
represents both sensed ambient noise and sensed warning sounds. This signal is provided to

processing system 14.

[0014] Sound transducer 16 is mounted such that the sound it generates is projected from
vehicle 18 into external environment 8. It is desirable to generate warning sounds 15 that are
sufficient to be perceived by pedestrians and others in the path of the vehicle without being too
loud. Also, the warning sounds can be responsive to the frequencies of the ambient noise such
that any masking effect of particular ambient noise frequencies is appropriately overcome; this
allows warning sounds at those frequencies to be properly perceived by those in the vicinity of

the vehicle.

[0015] Processing system 14 comprises an adaptive filter that determines the transfer function
from the input of sound transducer 16 to the output of sound sensor 12. The adaptive filter
models the vehicle’s own warning sound signal (as opposed to warning sounds from other
vehicles) within the sound sensor signal so that the warning sound signal can be removed, to
leave the ambient noise signal. The remaining ambient noise signal is used to determine one or
more properties of the warning sound signal that is output from processing system 14 to sound
transducer 16 that results in the warning sounds. One property is volume. Another property is
pitch or frequency. The volume can be varied for all frequencies of the warning sound, or for
particular frequencies only, or for one or more particular frequency ranges or bands. Variation
relative to frequency can be used in one example to overcome a masking effect of ambient noise

at such frequency or frequencies or frequency band or bands.
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[0016] System 50, Figure 2, includes an adaptive filter and also accomplishes dynamic
equalization of the warning sounds. Microphone or microphones 12a capture sounds external to
the vehicle. These sounds include both ambient noise and warning sounds generated by
transducer or transducers 32. One or more optional band stop filters 18 (or other types of filters,
to achieve a desired result) can be used to filter the frequency, frequency range or more than one
frequency range of the warning sounds from the sensed signals as a means to reduce the
contribution of sensed warning sounds. In one optional application, band pass filters are used in
addition to the adaptive filter, to limit the frequency range to span only the range which may

cause auditory masking of the band-limited warning sounds.

[0017] System 50 can optionally further include one or more accelerometers making up
accelerometer system 19. These accelerometers are used to detect vehicle accelerations caused
by road surface irregularities or bumpiness. Signal processing system 14a can accept these
accelerometer signals so that the warning sounds can be controlled relative to the sensed
bumpiness. In one example, when the surface is sufficiently rough such that the motion of the
vehicle itself over the rough surface generates sufficient noise to warn pedestrians of the |
presence of the vehicle, signal processing system 14a can inhibit warning sounds played over
speaker 32. Additionally, one or more properties of the warning sounds may be altered
dependent on the sensed accelerations. For example, as bumpiness increases a vehicle will
naturally generate more sound simply by the motions caused by the bumpiness. As bumpiness
increases or speed over a bumpy surface increases, the generated noise volume will increase and
its frequencies may change. System 14a can take these factors into account and appropriately
modify the warning sounds. For example, the volume of the warning sounds can progressively
decrease as bumpiness progressively increases such that the combination of the noise generated

due to the bumpiness and the warning sounds is sufficient to act as a pedestrian warning.

[0018] Speed sensor 20 is also optional, and can be used in addition to or in place of
accelerometer system 19. Speed sensor 20 provides the vehicle speed as an input to system 14a.
Sensor 20 allows system 14a to control the volume and/or pitch of the warning sounds in relation
to the speed of the vehicle. Similar to the operation using accelerometer system 19, operation

using speed sensor 20 can result in a combination of sound naturally generated by the vehicle as
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it moves at a particular speed and the generated warning sounds that is sufficient to warn
pedestrians and others of the presence of the vehicle. For example, as the speed increases the
volume of the generated warning sounds can be decreased. At a particular speed (at which the
vehicle itself generates sufficient noise), the generation of warning sounds that are projected

from speaker 32 can cease.

[0019] When both accelerometer system 19 and speed sensor 20 are used, system 14a can take
into account noise naturally generated by the vehicle motion due to the speed and the surface
irregularities. These sensors can help the system differentiate between desired noise (e.g., tire,
road and wind noise) which can substitute for the warning sound and environmental noise which
does not come from the vehicle and may mask the warning sound. The relationship of the
generated warning sounds to the bumpiness and/or the speed may be determined in advance and
system 14a may be enabled to react accordingly. For example, a lookup table (e.g., resident in
memory 22) or other means of determining the proper warning sounds, the warning sound
volume and/or tone relative to particular accelerations and/or sensed speeds can be used. System
14a would extract the appropriate control values from the lookup table based on the input speed

and/or accelerations.

[0020] System 14a comprises any necessary memory 22. System 14a further comprises
adaptive filter 24. Adaptive filters used in dynamic sound optimization are known in the art, for
example as disclosed in U.S. patent 5,615,270 which is incorporated herein by reference.
System 14a may also optionally include a variable gain element 26. Element 26 may be a
variable gain amplifier. Element 26 may have its gain controlled by the accelerometer signal
and/or the speed signal to adjust the level of the warning sounds based on one or both of these
variables. The system may divide the warning sounds into two or more bands, and the gain in
each band may be adjusted independently of the other based on the noise level in that band.
Volume control with dynamic equalization 28 may optionally be included to alter the
equalization of the warning sounds at one or more particular frequencies or frequency ranges.
For example, warning sounds in the bass frequency region or band (typically below about 200
Hz) are typically masked by bass-dominant ambient noise to a greater extent than higher

frequency warning sounds are masked by higher frequency noise. Accordingly, the volume of
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warning sounds at one or more frequencies or frequency ranges can be increased (via increased
gain) relative to the volume of warning sounds at one or more other frequencies or frequency
ranges, so that the perceived sound volume of the warning sounds relative to the ambient noise is

sufficient and appropriate at all frequencies.

[0021] Signal processing system 14a may be accomplished with a digital signal processor such
as the ADSP-2365 SHARC® Processor from Analog Devices of Norwood, MA, to name one
example. Necessary A/D and D/A converters and other ancillary components are not shown in
the drawing as such are known in the art. The output of system 14a is provided to power

amplifier 30 which then provides the warning sound signals to transducer or transducers 32.

[0022] The described systems also accomplish methods of modulating vehicle external warning
sounds. These methods are accomplishing by providing a processing system such as the systems
described hereinabove. The output signal of one or more sensors that sense sound external to the
vehicle are provided as inputs to the processing system. These signals include a component due
to ambient noise and a component due to vehicle-generated warning sounds. As described
above, the warning sound signals are reduced or removed using an adaptive filter, to leave a
noise signal that entirely or primarily results from the ambient noise. The processing system
uses this noise signal to control the gain and/or equalization of the sound signal that is provided

to the transducer to cause the transducer to generate the warning sounds.

[0023] Other implementations are within the scope of the following claims.
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1. A vehicle external warning sound generation system, comprising:

a transducer that generates warning sounds external to the vehicle in response to an input
sound signal;

a sensor that senses sound external to the vehicle and has an output signal that represents
both sensed ambient noise and sensed warning sounds emitted by the vehicle; and

a processing system, responsive to the sensor output signal, that generates the input sound
signal that is provided to the transducer, wherein the processing system comprises an adaptive
filter which reduces the level of the vehicle’s sensed warning sounds in the sensor output signal,
so that mostly ambient noise remains in the sensor output signal.
2. The system of claim 1 wherein the adaptive filter determines the transfer function from
the transducers generating the warning sounds to the sensor output signal.
3. The system of claim 2 wherein the processing system models the warning sound signal
within the sensor output signal and removes the modeled warning sound signal, to leave an
ambient noise signal.
4. The system of claim 3 wherein oné or more properties of the generated warning sounds
are related to the ambient noise signal.
5. The system of claim 4 wherein the properties comprise the volume, such that the
generated warning sounds are audible over the ambient noise.
6. The system of claim 4 wherein the properties comprise the frequency, such that the
frequency of the generated warning sound is related to the ambient noise.
7. The system of claim 6 wherein the generated warning sounds are divided into a plurality
of frequency bands, and the gain in each band is adjusted based on the ambient noise level in that
band.
8. The system of claim 6 wherein the processing system further comprises an equalizer that
alters the volume of one or more frequency bands of the generated warning sound signal.
9. The system of claim 1 wherein the generated warning sounds have a particular frequency
or frequency range, and the system further comprises a filter for the sensor output signal that
removes contributions to the sensor output signal from sensed frequencies that are outside the

particular auditory masking frequency or frequency range of the warning sounds.
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10.  The system of claim 1 wherein the processing system is further responsive to the vehicle
speed such that one or more properties of the warning sounds is related to the vehicle speed.

11.  The system of claim 10 wherein the properties include the volume and pitch of the
warning sounds.

12.  The system of claim 1 further comprising a second sensor that senses the roughness of
the surface on which the vehicle is traveling, wherein the processing system is further responsive
to the second sensor such that the volume of the generated warning sounds is indirectly related to
the sensed roughness.

13.  The system of claim 1 wherein the sensor comprises a microphone.

14.  The system of claim 1 wherein the transducer comprises a loudspeaker.

15.  The system of claim 1 wherein the processing system comprises a digital signal
processor.

16.  The system of claim 1 wherein the processing system further comprises a variable gain
element and a volume control with dynamic equalization.

17. A vehicle externél warning sound generation system, comprising:

a transducer that generates warning sounds external to the vehicle in response to an input
sound signal;

a first sensor that senses sound external to the vehicle and has an output signal-fhat
represents both sensed ambient noise and sensed warning sounds emitted by the vehicle;

a second sensor that senses the roughness of the surface on which the vehicle is traveling;

a third sensor that senses the speed of the vehicle;

a processing system, responsive to the first, second and third sensors, that generates the
input sound signal that is provided to the transducer, wherein the processing system comprises an
adaptive filter which reduces the level of the vehicle’s sensed warning sounds in the sensor
output signal so that mostly ambient noise remains in the sensor output signal, wherein the
adaptive filter determines the transfer function from the transducer generating the warning
sounds to the sensor output signal, wherein the processing system models the warning sound
signal within the sensor output signal and removes the modeled warning sound signal to leave an

ambient noise signal;
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wherein the processing system is further responsive to the second sensor such that the
volume of the warning sounds is indirectly related to the sensed surface roughness, and the
processing system is still further responsive to the third sensor such that one or both of the
volume and pitch of the generated warning sounds is related to the vehicle speed; and

wherein one or both of the volume and pitch of the generated warning sounds are also
related to the ambient noise such that the generated warning sounds are audible over the ambient
noise and the frequency-dependent gain of the generated warning sound is related to the ambient
noise.
18. A method of modulating vehicle external warning sounds using a system that comprises a
transducer that generates warning sounds external to the vehicle, and a sensor that senses sound
external to the vehicle and has an output signal that represents both sensed ambient noise and
sensed warning sounds emitted by the vehicle, the method comprising:

providing a processing system;

providing the sensor output signal to the processing system; and

using the processing system to generate the sound signal that is provided to the transducer
to cause the transducer to generate the warning sounds, wherein the processing system comprises
an adaptive filter which reduces the level of the vehicle’s sensed warning sounds in the sensor
output signal, so that mostly ambient noise remains in the sensor output signal.
19.  The method of claim 18 wherein the adaptive filter determines the transfer function from
the transducer generating the warning sounds to the sensor output signal, wherein the processing
system models the warning sound signal within the sensor output signal and removes the
modeled warning sound signal to leave an ambient noise signal, and wherein one or more
propetties of the warning sounds are related to the ambient noise signal.
20.  The method of claim 19 wherein the properties of the warning sounds comprise the
volume, such that the warning sounds are audible over the ambient noise, and the frequency,
such that the frequency of the warning sound is related to the ambient noise.
21.  The method of claim 20 wherein the generated warning sounds are divided into a
plurality of frequency bands, and the gain in each band is adjusted based on the ambient noise

level in that band.
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22.  The method of claim 18 wherein the processing system is further responsive to the
vehicle speed such that at least one of the volume and pitch of the generated warning sounds is
related to the vehicle speed.
23.  The method of claim 18 further comprising providing a second sensor that senses the
roughness of the surface on which the vehicle is traveling, wherein the processing system is
further responsive to the second sensor such that the volume of the generated warning sounds is
indirectly related to the sensed roughness.
24. A vehicle external warning sound generation system, comprising:

a transducer that generates warning sounds external to the vehicle in response to an input
sound signal;

a sensor that senses the roughness of the surface on which the vehicle is traveling;

a processing system, responsive to the sensor, that generates the input sound signal that is
provided to the transducer;

wherein the processing system is responsive to the sensor such that the volume of the

warning sounds is indirectly related to the sensed surface roughness.
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