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network. It processes audio signals based on the data and status of the vehicle's data network and transmits the processed audio sig-
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that 1t can work with different types of vehicle while transmitting audio that 1s compatible to most aftermarket amplifiers. The digital
signal router 1s also adapted to handle potential contlict of two audio streams based on the signals of the vehicle's data network.
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Digital Signal Router for Vehicle Replacement Sound System
Mark Rutledge

Attorney Docket No. 7704PCT

FIELD OF THE INVENTION

[0001] The present invention relates to aftermarket technologies 1in vehicles. In

particular, the present invention relates to vehicle replacement sound systems.

BACKGROUND

[0002] In an audio system, before audio signals are converted to the sound being
played by loudspeakers, the audio signals are usually processed in different ways,
such as undergoing amplifying, equalizing, crossover and other signal processing.

This processing can be done in several discrete components, such as an equalizer, a

digital signal processor (DSP), and an amplifier, or, alternatively, by an amplifier with

equalization and digital signal processing functionality built into it.

[0003] For a typical factory sound system in a vehicle, the processing of audio
signals is done similarly. However, since the vehicle sound system 1s responsible for
playing not only the sound from the radio but also warning messages and chime
sound from the vehicle, the factory amplifier 1s connected to and controlled by the
vehicle data system. The factory amplifier often receives other audio signals such as
notifications from a factory GPS navigation sysfem, voice audio from a Bluetooth
hands-free phone system, or an external audio device such as a remote mounted CD
player or USB media player. In many cases, the amplifier also adjusts the system
volume and controls the fader and balance based on data messages sent on the vehicle

data network by the factory radio.
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[0004] Many vehicle owners desire to improve the sound or functionality of the
factory audio system. This usually requires replacement of their factory sound
components with aftermarket sound components such as amplifiers with more power
and higher fidelity, and loudspeakers with more power handling capability and better
sound quality. However, in vehicles with amplifiers connected to vehicle data
networks, replacing the factory amplifier and the factory loudspeakers is not as simple
as removing those components, installing the new ones and reconnecting the wires.
This is because the factory amplifier is specifically designed to be more functional
and 1s controlled by a set of data messages sent on the vehicle data network. These
messages vary based on the vehicle make, model and audio system. Aftermarket
amplifiers are not configured to work with any of the vehicle data networks.

[0005] Typically, to work around this issue, the factory amplifier is not replaced
when an aftermarket amplifier and speakers are added. Instead, an aftermarket
amplifier 1s added to the system after the factory amplifier and a digital signal
processor unit 1s installed between the factory amplifier and the aftermarket amplifier.
Since the outputs of the factory amplifier are band limited and designed to drive the
particular factory speakers, it 1s often necessary to sum several output channels from
the factory amplifier to get a full-range input for the aftermarket amplifier from 20 to
20KHz. The digital signal processor converts the analog audio signals to digital
signals and combines several output channels. Then, it is used to invert any
equalization and time alignment done by the factory DSP amplifier, and outputs a full
spectrum (20Hz — 20KHz) flat (with no frequency boosted or attenuated) to the
aftermarket amplifier to re-process the signals in a way that fits the aftermarket
loudspeakers. Once a flat signal is obtained, the DSP unit may re-process the signal

for the new system prior to transmitting it to the aftermarket amplifier. Typical re-
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processing includes providing boost or attenuation of specific frequencies, splitting

the signal up for different speakers, and time aligning the signal to perfect the stereo
image.

[0006] This typical signal re-processing has significant drawbacks. One
drawback is that the sound quality is often affected because the audio signals are
processed, reverted and processed again before they are played by the loudspeakers.
Second, it 1s often very complex and difficult to reconstruct audio signals that have
already been processed by an amplifier. As such, a good DSP unit i1s often very
expensive and 1s hard to set up properly. Third, such a system often results in warning
chimes, voice prompts and Bluetooth telephone audio being louder than they should
be or being played 1n all of the new loudspeakers rather than in specific loudspeakers
such as the left front speaker. Fourth, sometimes the factory amplifier processes the
audio signals in such a way that it is irreversible, thus preventing the aftermarket
sound systems from perfectly reconstructing the ideal audio signals and playing the
best quality of sound.

[0007] In the alternative, some installers opt to replace the factory amplifier with
an aftermarket amplifier to gain access to the full-frequency, flat audio signals

provided by the radio to the factory DSP amplifier. However, removing the factory

amplifier will deprive the vehicle of much functionality that is handled by the
vehicle’s data system. Since the factory amplifier 1s configured to control the main
system volume, connecting an aftérmarket amplifier to the radio output directly will
result in the loss of system volume control. Also, the waming chimes and voice
notification from the vehicle will also be lost. In addition, in most cases this will
result in the inability to fade the sound from front to rear or balance the sound from

left to right in the new system.
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SUMMARY OF THE INVENTION
[0008] In view of the above-described problems, one objective of the present
invention 1s to provide a solution that can reduce the cost and complexity of sound
5  signal processing in vehicles when a factory sound system ts replaced with an
aftermarket sound system.
[0009] In one aspect, an embodiment of the present invention includes a signal-
processing module that connects between the vehicle network and an aftermarket
audio amplifier when a factory loudspeaker system 1s replaced with an aftermarket
10 loudspeaker system. The signal-processing module 1s referred as a digital signal
router. The digital signal router comprises a first analog signal receiver, a second
analog signal receiver, a vehicle data transceiver, a microcontroller unit (MCU), a
control logic unit, a signal processor, a multi-channel analog audio transmitter, a
digital audio transmitter, an analog input-output unit, and an external data input unit.
15 Depending on the aftermarket audio amplifiers that the vehicle owner purchases, the
digital signal router 1s connected either to an aftermarket analog audio amplifier or an
aftermarket digital audio amplifier. The amplifier 1s connected to a plurality of
aftermarket loudspeakers. The aftermarket loudspeakers can be any combination of
front or rear tweeter, midrange, woofer and subwoofer loudspeakers. There also can
20  be any numbers of aftermarket loudspeakers.
[0010] The digital signal router is adapted to receive two different analog audio
sources simultaneously. It receives audio si gnals from the first analog audio output
through the first analog signal receiver and receives audio signals from the second
analog audio output through the second analog signal receiver. The microcontroller

25 unit of the digital signal router 1s adapted to control the signal processing and to
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analyze the digital data being transmitted from the vehicle data network. The
microcontroller controls the signal processor to process two incoming audio sources
based on the different settings and the digital data detected in the vehicle data
network. The digital signal router processes the incoming audio without any
equalization or crossover.

[0011] In another aspect, a digital signal router in accordance with an
embodiment of the present invention is flashable with different firmware so that it can
be configured to work with different vehicles. The digital signal router contains in its
memory a piece of encryption data so that firmware can be transmitted from a data
source in a safe and encrypted manner. The digital signal router may work with
different vehicles because the digital signal router may be re-flashed with different
firmware that 1s compatible with different vehicles. It has the capability to receive
many different types and values of input signals from different potential vehicles
while it outputs audio signals that are almost universal and compatible to all
aftermarket audio amplifiers that are available on the market.

[0012] In yet another aspect, a digital signal router in accordance with an
embodiment of the present invention is adapted to handle routing of two potentially
conflicting audio sources based on the information on the vehicle data' network. The
digital signal router can continuously receive a first source of audio and await the
vehicle data network for a signal that signifies an incoming of a second source of
audio. When a second source of audio is detected, the digital signal router processes
both streams of audio based on the data from the vehicle data network. Potential
processing routines include muting of one source, fading of one source, superposing

both sources.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a representative schematic view of a vehicle factory sound

system and data network.

[0014] FIG. 2 1s a representative schematic view of an aftermarket sound system
that utilizes a digital signal router in accordance with an embodiment of the present
invention.

[0015] FIG. 3 is a representative block diagram illustrating how a digital signal
router controls the sound properties of incoming audio signals in accordance with an
embodiment of the present invention.

10016} FIG. 4 is a representative block diagram illustrating how a digital signal
router controls a potential conflict of two different streams of incoming audio in

accordance with different embodiments of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0017] The following description 1s made for the purpose of illustrating the
general principles of the invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the appended claims.

[0018] The invention now will be described more fully hereinafter with
reference to the accompanying drawings, in which embodiments of the invention are
shown. This invention may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough and complete, and
will fully convey the scope of the invention to those skilled in the art.

[0019]} Exemplary embodiments of the present invention are described herein

with reference to idealized embodiments of the present invention. As such, variations
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from the shapes of the illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus, embodiments of the present
invention should not be construed as limited to the particular shapes of regions
illustrated herein but are to include deviations in shapes that result, for example, from
manufacturing.

[0020] FIG. 1 1s a schematic representation of a factory vehicle sound system
before the system is replaced by any aftermarket units. The factory sound system at
least comprises a factory radio 100, a vehicle data network 102, a factory amplifier
104, and a plurality of factory loudspeakers 106. The vehicle data network 102 1s
often a vehicle data bus such as a controller area network (CAN) that allows different
vehicle data components of the vehicle to communicate with each other.

[0021] The factory radio 100 further comprises volume, tone, balance and fader
controls 122 and at least a first audio output 120. The first audio output 120 transmits
audio signals that are being played by the factory radio 100 such as music being
played by a CD player. The volume, tone, balance, and fader controls 122 allow
users to adjust the properties of the sound such as its volume level. When settings are
changed, the controls 122 transmit control signals to the vehicle data network 102 to
indicate the change in settings. However, in a common configuration of a typical
vehicle, the first analog audio output i1s not directly responsive to these changes.
Instead, the factory amplifier 104 processes the audio signals based on the control
signals sent from the controls 122 via the vehicle data network 102. The factory
amplifier 104 is connected to the first audio output 120 and also 1n in communication
of the vehicle data network 102. The factory amplifier 104 processes any incoming
audio signals based on the configuration of the factory loudspeakers 106 and based on

the control signals sent from the controls 122 via the vehicle data network 102
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[0022] Additionally, a vehicle 1s usually equipped with a second analog audio
output 130. The second analog audio output 130 is usually the output source of the
vehicle’s voice controls and warning signals. For example, the second analog audio
output 130 could be an output for the vehicle chime or for the vehicle’s factory GPS
system that transmits notifications and warnings. The second analog audio output
130 could be a part of a separate vehicle system 132 or a part of the factory radio 100
as the second output source of the factory radio 100. The exact configuration depends
on the model and the make of the vehicle. Regardless whether the second analog
audio output 130 belongs to a separate unit 132 or is a part of the factory radio 100,
the second analog audio output 130 is connected to the factory amplifier 104 and the
vehicle system 132 is also connected to and in communication with the vehicle data
network 102.

[0023] Now referring to FIG. 2, it is a schematic representation an aftermarket
sound system with the use of an aftermarket signal-processing module called a digital
signal router 200 in accordance with an embodiment of the present invention. The
vehicle components remain largely the same as those shown in FIG. 1. The factory
vehicle components still comprises a factory radio 100 that contains volume, tone,
balance, fader controls 122 and a first analog audio output 120, a second analog audio
output 130, and a vehicle data network 102 that 1s in communications with the factory
radio 100, the vehicle system 132, and a plurality of other vehicle data components
140. However, the factory amplifier 104 has been removed from the vehicle.

[0024] In accordance with an embodiment of the present invention, the digital
signal router 200 comprises a first analog signal recetver 220, a second analog signal
recetver 230, a vehicle data transceiver 202, a microcontroller unit (MCU) 210, a

control logic unmit 212, a signal processor 214, a multi-channel analog audio
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transmitter 216, a digital audio transmitter 218, an analog input-output unit 260, and
an external data input unit 250. Depending on the aftermarket audio amplifier that the
vehicle owner purchases, the digital signal router 200 1s connected either to an
aftermarket analog audio amplifier 222 or an aftermarket digital audio amplifier 224.
The amplifier 222 or 224 1s connected to a plurality of aftermarket loudspeakers 240.
The aftermarket loudspeakers 240 can be any combination of front or. rear tweeter,
midrange, woofer and subwoofer loudspeakers. There also can be any numbers of
aftermarket loudspeakers 240.

[0025] The digital signal router 200 receives audio signals from the vehicle
through one or more analog signal receivers 220 and 230 and recetves digital data
from the vehicle data network 102 through a vehicle data transceiver 202. In the
particular embodiment shown in FIG. 2, the digital signal router 200 1s adapted to
receive two different analog audio sources simultaneously. It receives audio signals
from the first analog audio output 120 through the first analog signal receiver 220 and
receives audio signals from the second analog audio output 120 through the second
analog signal receiver 230. For example, if the first analog audio output 120 is the
audio output of a CD player of the factory radio 100 while the second analog audio

output 130 1s the audio output of a phone system of the vehicle, the digital signal

router 200 will be capable of receiving both types of audio signals using two different
analog signal receivers 220 and 230 simultaneously. As to any digital data being
transmitted from the vehicle data network 102, the vehicle data transceiver 202 is
adapted to communicate with the vehicle data network 102 to transmit data to and
from between the vehicle data network 102 and the microcontroller unit 210.

[0026] The microcontroller unit 210 i1s adapted to control the signal processing

and to analyze the digital data being transmitted from the vehicle data network 102.
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In a preferred embodiment, the microcontroller unit 210 1s flashable remotely 1n a
manner that will be discussed in further detail below. After the microcontroller unit
210 1s flashed and configured properly with a particular vehicle, the microcontroller
unit 210 1s loaded with algorithm, instructions, and data to decode and analyze any
incoming digital data from the vehicle data network 102 and control the signal
processing of the signal processor 214. The microcontroller unit 210 transmits
instructions to a control logic unit 212 that is adapted to control the routine of the
si gnal processor 214.

[0027] The signal processor 214 can be a digital signal processor (DSP), an
analog signal router with gain, or any combination of both. Those skilled in the art
will understand that the exact configuration and the type of signal processor 214 will
depend on the audio signals that the signal processor 214 needs to process. The
signal processor 214 1s configured with different predetermined routines to process
the incoming audio signals differently. The control logic unit 212 controls and
selects the routines that the signal processor 214 will use for processing incoming
audio signals. Predetermined routines could include increasjng the gain, fading,
muting, analog to digital, digital to analog, separating channel, completely delaying
channels, and/or partially delaying channels, etc. = Those skilled 1n the art will
understand that other signal processing routines are also possible. However, 1t 1s
noteworthy that the signal processor 214 can be simple and inexpensive since it does
not need to carry out signal summing or de-equalization in order to preserve the
quality of the audio signals because the input signals from the factory radio 100 are
already ideal and unprocessed.

[0028] The functionality of the digital signal router 200 may depend on the

choice of the aftermarket amplifier 222 or 224 and the preference of the vehicle

10
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owner. Those skilled in the art will understand that the digital signal router 200 1s
untversal and can work with many different types of aftermarket amplifiers that have
different features and capacities. Given the wide range of choices of available
aftermarket amplifiers on the market, the vehicle owners do not have to be limited to
S5  certain brands or models of aftermarket amplifiers or loudspeakers when they choose
to use the digital signal router 200. The digital signal router 200 can process signals
differently based on the specification of the aftermarket amplitier 222 or 224.
[0029] For example, in one embodiment, the vehicle owner prefers to have a
rather inexpensive aftermarket power amplifier 222 that simply provides gains to the
10  audio signals. The aftermarket amplifier 222 is éonnected to multiple aftermarket
loudspeakers 240, which include tweeters, woofers and subwoofers. In this situation,
since the digital signal router 200 receives unprocessed audio signals from the
vehicle, the microcontroller unit 210 controls the signal processor 214 to process the
audio signals in a manner that will fit the rather simple aftermarket power amplifier
15  222. The signal processor 214 will carry out crossover and equalization and split the
signals into multiple channels. Then each channel of audio signal will be transmitted
to the aftermarket amplifier 222 for power amplification via the multi-channel analog
audio transmitter 216.
[0030] In another embodiment, the vehicle owner desires to have a high-
20  pertormance integrated amplifier as the aftermarket amplifier 222 or 224. The
integrated amplifier may contain an equalizer and a crossover unit. In this situation,
the digital signal router 200 may not need to carry out additional equalization or
crossover. Hence, 1t will send the. audio signals 1n full sound spectrum to ihe

integrated amplifier for the amplifier to carry out equalization and crossover.

25 [0031] Given a wide variety of available amplifiers on the market, the digital

11
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signal router 200 1s fully customizable with different versions of firmware stored in
the microcontroller unit 210 1n a manner that will be discussed 1n further detail below.
[0032] After the signal processor 214 processes the audio signals, the audio
signals are sent to a multi-channel analog audio transmitter 216 or a digital audio
transmitter 218 to be transmitted to aftermarket audio amplifier 222 or 224.

[0033] Still referring to FIG. 2 and focusing on the microcontroller unit 210 in
accordance with an embodiment of present invention, the microcontroller unit 210 is
adapted to be remotely flashable to be loaded with different programs for different
vehicles. The microcontroller unit 210 may communicate with an external device 252
through the external data input unit 250. The external data input unit 250 1s adapted
to communicate with the external device 252 using any computer transfer protocol
such as Wi-F1, Bluetooth, and/or USB. The external device 252 could be any
electronics device such as a computer, a tablet, or a mobile phone. The external
device 252 is also in communication with a remote data source 280, usually via the
Internet. The remote data source 280 could be a server of the manufacturer of the
digital signal router 200, any cloud-based data source, or an XML file.

[0034] The digital signal router 200 1s adapted to be remotely flashed with

different firmware and be remotely optimized. When the digital signal router 200 is

connected to an external device 252, users or installers of the digital signal router 200
may specify their vehicles’ year, make, model, and trim using a graphical user
interface 254 of the external device 252 and communicate such vehicle information to
the remote data source 280. They may also specify the functionality of the
aftermarket amplifier 222 or 224 and the specification of the aftermarket loudspeakers
240 that they choose. The digital signal router 200 will be flashed with a particular

firmware that is compatible to the particular vehicle, the aftermarket amplifier and the

12
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aftermarket loudspeakers in a manner that is discussed in further detail immediately

below.

[0035] The microcontroller unit 210 comprises instructions that include a
security mechanism and a key data 270. To flash the microcontroller unit 210, a user
first uses the graphical user interface 254 to identify his vehicle and makes potential
customization of the setting of the digital signal router 200. For example, the user
may specify the desirable frequency range for each of the aftermarket loudspeaker
240 so that the firmware will contain information for the digital signal router 200 to
preform crossover based on the user’s selected specification. After all selections and
customizations are made, flashing of the microcontroller unit 210 may begin.

[0036] In response to a request to flash the digital signal router 200 from the
graphical user interface 254, the external device 252 sends a request signal to the
microcontroller unit 210 through the external data input unit 250. In turn, the
microcontroller 210 sends the key data 270, usually encrypted, to the external device
252. Then the external device 252 transmits the key data 270 along with a request
for a particular firmware that i1s compatible to a particular vehicle to the remote data
source 260 via the Internet. The remote data source 250 ts adapted to extract a key or

encryption information from the key data and authenticate the key or the encryption

information. Upon proper authentication, the remote data source 250 will generate an
appropriate encrypted firmware. The encrypted firmware will first be downloaded to
the external device 252 via the Internet and then transferred to the microcontroller
unit 210 via any computer transfer protocol such as Wi-Fi, Bluetooth, and/or USB.
After the transfer of the encrypted firmware to the microcontroller unit 210 is
complete, the microcontroller unit 210 subsequently uses the security mechanism and

the key data 270 to decrypt the firmware and install the firmware. The flashing is
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complete as a result.

[0037] The digital signal router 200 may work with different vehicles,
aftermarket amplifiers, and aftermarket loudspeakers because the digital signal router
200 may be re-flashed with different firmware that 1s compatible with different
vehicles, amplifiers and loudspeakers using the method as described above. The
digital signal router 200 has the capability to receive many different types and values
of input signals from different potential vehicles while 1t outputs audio signals that are
universal and compatible to different aftermarket audio amplifiers. This avoids the
complication of having to install an aftermarket DSP to reconstruct the audio signals.
[0038] The digital signal router 200 may or may not be pre-flashed with
firmware when it is first sold. Regardless, after the digital signal router 200 1s flashed
by the manner discussed above, 1t becomes compatible with the particular vehicle in
which it is installed. The microcontroller 210 1s now adapted to decode any incoming
vehicle data from the vehicle data network 102 and 1s also adapted to generate and
transmit compatible vehicle signals to different vehicle data components 140 via the
vehicle data network 102. The decoding 1s usually achieved by having predetermined
and sampled data stored as part of the flashed ﬁrmware. [f an incoming vehicle data
from the vehicle data network 102 matches any sampled data stored in the flashed
firmware, the flashed firmware will recogmze the incoming vehicle data and
determine whether responses are needed and what responses are needed based on the
flashed firmware’s algorithm. Depending on this determination, the microcontroller
unit 210 will respond accordingly.

[0039] If the incoming vehicle data from the vehicle data network 102 transmits

a command related to the analog audio outputs 120 or 130 and the microcontroller

unit 210 successfully recognizes such command, the microcontroller unit 210 will
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direct the control logic unit 212 to control the signal processor 214 to process the
incoming analog audio signals based on the incoming vehicle data. For example, if a
volume-reduction command is input by a driver using the volume, tone, balance, and
fader controls 122, a vehicle data that represents the volume-reduction command will
be sent to the vehicle data network 102 and be detected and decoded by the

microcontroller unit 210. In turn, the microcontroller unit 210 will communicate to

the control logic unit 212 to select a routine of the signal processor 214 that reduces

the magnitude of the audio signals transmitted from the first analog signal receiver

220.

[0040] In another embodiment, a vehicle owner re-centers the sound system to
converge the sound to the driver seat instead of to the center of the car as in default.
The owner makes such adjustment using the vehicle’s electronic selection system,
which could be one of the vehicle data components 140 as shown in FIG. 2. Then,
based on the owner’s adjustment, information signals representing such adjustment
are sent to the digital signal router 200 via the vehicle data network 102. The signal
processor 214 performs crossover to split the audio signal sent from the first analog
signal receiver 220 into multiple channels, each Qf which corresponds to an

aftermarket loudspeaker 240. When the signal processor 214 performs crossover, it

also adjusts the timing of each channel of audio based on the information signals that
represents the owner’s adjustment. The time alignment is achieved by delaying
certain audio channels in small durations. For example, in this situation where the

owner re-centers the sound to the driver seat, the channel of audio that goes to the
tweeter 240 located at left-front of the vehicle will be slightly delayed in compared to
the channel that goes to the tweeter 240 located at right-front of the vehicle and the

channel that goes to the subwoofer 240 located at the back of the driver seat. As
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such, while the sound will be played at slightly different time at different aftermarket
loudspeakers 240, the sound will amrive the driver seat at the same time because the
sound played at the loudspeakers 240 that are closer to the driver seat are delayed.
After such time alignment 1s made, the processed signals are transmitted to the
aftermarket amplifier 222 through the multi-channel analog audio transmitter 216.

[0041] In yet another embodiment, the audio that will be played is the voice of a

‘phone call from the vehicle’s Bluetooth system 140. The signal processor 214, being

controlled by the microcontroller unit 210, again will process the voice from the
phone call based on the digital signals being transmitted in the vehicle data network
102. When a phbne call 1s incoming and the driver decides to pick up the call, the
vehicle’s Bluetooth system 140 will transmit a signal to the vehicle data network 102
to signify such event. The microcontroller unit 210 detects such signal and directs the
signal. processor 214 to procéss the voice. The voice will be processed in a manner
that it will only be sent to the front-right aftermarket loudspeaker 240 so that the
driver can hear the voice more clearly.

[0042] In some situations, the vehicle data network 102 transmits a vehicle data
that requires the microcontroller unit 210 to respond but does not affect the audio
system of the vehicle. In these situations, the microcontroller unit 210 will process
the incoming vehicle data and transmit responses directly back to the vehicle data |
network 102 via the vehicle data transceiver 202.

[0043] The digital signal router 200 processes the incoming audio signals sent
from different analog audio sources such as 120 and 130 according to different
vehicle data present in the vehicle data network 102. Meanwhile, it directly receives
unprocessed audio signals from the vehicle without going through the factory

amplifier, which has been removed from the vehicle. Hence, no audio signal
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reconstruction or de-equalization is required using the digital signal router 200.

[0044] In a preferred embodiment, the digital signal routerl 200 also comprises an
analog input and output unit 260. This allows some other additional connections
between the vehicle and the digital signal router 200 or between the digital signal
router 200 and the aftermarket amplifier 222 or 224.  As such, the digital signal
router 200 1s capable of turning on the aftermarket amplifier 222 or 224 whenever the
factory radio 100 1s on. This 1s achieved by connecting an audio wire to the factory
radio 100 via the analog input and output port 260 to detect the activity of the factory
radio 100.

[0045] FIG. 3 1s a block diagram that illustrates how a digital signal router 200
controls the sound properties of the music being played by a CD player based on the
user’s volume, tone, balance and fader settings in accordance with an embodiment of
the present invention. In this particular embodiment, the first analog audio output 120
is the audio output of a CD player located in the factory radio 100. At step 310, the
digital signal router 200 continuously receives analog audio signals from the first
analog audio output 120. At step 320, the microcontroller unit 210 detects and
analyzes the digital setting of the volume, tone, balance, and fader controls 122 that 1s
available on the vehicle data network 102. After analyzing the setting, at step 330 the
microcontroller unit 210 directs the control logic unit 212 to select particular
predetermined routines in the signal processor 214. At step 340, the signal processor
214 continuously processes the audio signals coming from first analog signal receiver
220 and transmits the processed audio signals to the aftermarket audio amplifier 222
or 224. At step 350, a user changes the setting of the volume, tone, balance, and

fader controls 122. The microcontroller 210 detects the changes at step 360 and

directs the change of processing routines in the signal processor 214. As such, change
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of the audio properties, such as volume, is achieved using the digital signal router
200. The aftermarket amplifier 222 or 224, 'which does not have the change of
volume feature, will still play the audios in different volumes.

[0046] FIG. 4 1llustrates how the digital signal router 200 s adapted to manage at
least two different incoming audio signal sources in accordance with an embodiment
of the present invention. In this particular embodiment, the first analog audio output
120 can be, for example, an audio output of the factory fadio 100 that 1s playing a
radio channel or a CD player that is playing music. At step 410, the digital signal
router 200 continuously receives analog audio signals from the factory radio 100 and
continues to await and detect whether there 1s any incoming signals from the vehicle
data network 102. At step 420, the microcontroller 210 receives a signal from the
vehicle data network 102. The signal indicates that another stream of audio signals
are about to be sent from the second analog audio output 130 and will potentially
create a conflict between the first audio stream and the second audio stream. At step
430, the microcontroller unit 210 determines the type of second analog audio output
130 and the meaning of other incoming command signals, if any, based on the
information on the vehicle data network 102. Depending on this determination, the
routing of audio streams is handled differently, as discussed in further details below.
[0047] Oftentimes the vehicle data network 102 1s connected to and In
communication with more than one vehicle data components 140. The vehicle data
components 140 or the vehicle system 132 could be any electronics or telematics
components such as engine control unit, transmission control, cruise control, alarm,
Bluetooth phone system, GPS navigation system, and other vehicles systems.

[0048] Still referring to FIG. 4, in one scenario, the vehicle system 132 that

contains the second analog audio output 130 1s a Bluetooth phone pairing system in
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the vehicle that has paired with the driver’s mobile phone. At step 420, a call 1s
incoming and the driver has decided to pick up the call while the CD player of the
factory radio 100 1s playing music. At step 430, the microcontroller unit 210
determines that the second audio stream 1s going to be an incoming call and the first
audio stream 1s from a CD player. At step 440, based on the algonthm of the
microcontroller’s firmware, the microcontroller unit 210 determines that pausing the
CD player 1s the optimal response in this situation. In turn, at step 442, the
microcontroller unit 210 transmits a digital commanding signal to the factory radio
100 via the vehicle data transceiver 202 and the vehicle data network 102 to pause the
CD player inside the factory radio 100. At step 444, the microcontroller 220
commands the signal processor 214 to process the audio signals from the second
analog signal receiver 230 and, at step 446, output such audio signals to the front
channels of analog audio transmitter 216. As such, the voice of the phone call will be
played at the front-end aftermarket loudspeakers 240.

[0049] In a second scenario, the second incoming audio is also an incoming call
but the first continuous audio stream 1s from a radio channel of the factory radio 100
instead of from a CD player. As pausing of an ongoing radio channel is not possible,
at step 450 the microcontroller unit 210 determines that muting the radio channel 1s
the optimal response. At step 452, the microcontroller 220 commands the signal
processor 214 to process the audio signals from the second analog signal recetver 230 .
and to mute the audio signals from the first analog signal recetver 220. As such, at
step 454 only the voice from the call will be transmitted to the aftermarket amplifiers
222 or 224. Typically this audio might be only processed in particular speakers, such

as the left-front speaker in this case.

[0050] In a third scenario, the vehicle system 132 that contains the second analog
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audio output 130 1s a factory GPS navigation system that provides driving direction to
the dnnver. Meanwhile, the digital signal router 200 1s continuously receiving audio
streams from a CD player of factory radio 100 via the first analog audio output 120.
At step 420, the GPS navigation system 1s about to provide an audio instruction to the
driver. At step 430, the microcontroller unit 210 determines that the second audio
stream is going to be an audio instruction from a GPS navigation system and the first
audio stream 1s from a CD player. As such, at step 460, the microcontroller unit 210
determines that mixing the audio, instead of pausing, the music of the CD player is
the optimal response. In turn, at step 462, the microcontroller 220 commands the
signal processor 214 to process the audio signals from both analog signal receivers
220 and 230 but dramatically reduce the magnitude of the audio signals from the first
analog signal receiver 220. Then at step 464 the signal processor 214 superposes
both audio signals and, at step 466, transmits the resulted audio to the aftermarket
amplifier 222 or 224. As such, the dnver will continue to hear the music, but 1t will
be in a much lower volume when the direction instruction from the GPS navigation
system 1s being played. In an alternative situation, the audio instructions from the
vehicle GPS navigation system are transmitted as digital audios. In this case, the GPS
navigation system will send the digital audios via the vehicle data network 102
instead of via the second analog audio output 130. The microcontroller 210 will
process the digital audios in a similar fashion and direct the signal processor 214
superposes the faded audio signals from the first analog signal receiver 220 with the
direction instructions from the vehicle data network 102.

[0051] While only several scenarios are discussed above, those skilled in art will
understand the scenarios discussed are not meant to be exhaustive. Many different

scenarios and configurations to process different incoming audio streams are possible
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using the digital signal router 200.

[0052] Those of skill would further appreciate that the various illustrative logical
blocks, configurations, modules, circuits, and algorithm steps described 1in connection
with the embodiments disclosed herein may be implemented as electronic hardware,
computer software, or combinations of both. To clearly illustrate this
interchangeability of hardware and software, various illustrative components, blocks,
configurations, modules, circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality i1s implemented as hardware
or software depends upon the particular application and design constraints imposed on
the overall system. Skilled artisans may implement the described functionality in
varying ways for each particular application, but such implementation decisions
should not be interpreted as causing a departure from the scope of the present
disclosure.

[0053] The foregoing description of the embodiments of the present invention
has been presented for the purpose of illustration and description. It is not intended to
be exhaustive or to limit the invention to the precise form disclosed. Many
modifications and variations are possible in light of the above teachings. The

numerical values described in the description are only for illustration purpose and

should not be understood as limiting the invention to the precise numbers. It 1s
intended that the scope of the present invention not be limited by this detailed

description, but by the claims and the equivalents to the claims appended hereto.
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What is claimed is:

1. An aftermarket electronic module to be installed in a vehicle that has a factory amplifier
removed, comprising:

a first analog signal receiver connected to a first analog audio output of the vehicle to
receive a first source of audio from the vehicle, wherein the first analog signal receiver is
connected to the first source of audio in place of being connected to the factory amplifier,

a second analog signal receiver is connected to a second analog audio output of the
vehicle to receive a second source of audio from the vehicle, wherein the second analog signal
receiver is connected to the second source of audio in place of being connected to the factory
amplifier;

a vehicle data transceiver connected to a vehicle data network of the vehicle to receive
digital signals from the vehicle data network;

a signal processor connected to the first analog signal receiver and to the second analog
signal receiver; the signal processor adapted to process the first source of audio from the first
analog signal receiver and to process the second source of audio from the second analog signal
receiver;

a central processor connected to the vehicle data transceiver and the signal processor,;
the central processor adapted to analyze the digital signals from the vehicle data network and to
control the signal processor to process audio based on the digital signals from the vehicle data
network, wherein the central processor Is capable of being flashed with different versions of
firmware sent from a remote data source, each version of firmware compatible to a particular
type of vehicle; and

an audio transmitter adapted to send processed audio from the signal processor to an
aftermarket amplifier.

2. The aftermarket electronic module of claim 1, wherein the signal processor is adapted to

process audio without undergoing crossover.
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3. The aftermarket electronic module of claim 1, wherein the signal processor is adapted to

process audio without undergoing equalization.

4. The aftermarket electronic module of claim 1, wherein the signal processor is a digital
signal processor.

5. The aftermarket electronic module of claim 1 further comprises an analog input-output

unit to be connected to a factory radio of the vehicle to detect the activity of the factory radio.

6. The aftermarket electronic module of claim 1 further comprises an external data input to
be connected to an external device that is adapted to be in communication with the remote data
source, and wherein the central processor is capable of being flashed with different versions of

firmware sent to the remote data source, each version of firmware compatible to a particular

type of amplifier.

7. The aftermarket electronic module of claim 6 further comprises a key data that contains
encryption information that is associated with an encryption of the firmware sent from the

remote data source.

8. An aftermarket electronic module to be installed in a vehicle that has a factory amplifier
removed, wherein the module is adapted to:
receive a first source of audio and to receive a second source of audio, wherein the first

source of audio and the second source of audio are received from a non-factory amplifier;

receive digital signals from a vehicle data network, wherein the digital signals are not
passed through a factory amplifier,

process the first source of audio based on the digital signals from the vehicle data
network to result in a first processed result;

process the second source of audio based on the digital signals from the vehicle data
network to result in a second processed result;

send an output audio that is based on a combination of the first processed resuit and the
second processed result to an aftermarket amplifier.
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9. The aftermarket electronic module of claim 8, wherein the module is adapted {o process
the first source of audio and the second source of audio without undergoing crossover.

10. The aftermarket electronic module of claim 8, wherein the module is adapted to process

the first source of audio and the second source of audio without undergoing equalization.

11.  The aftermarket electronic module of claim 8, wherein the first source of audio comes
from a music player, and wherein the module is adapted to send a command signal to the
vehicle data network to cause the music player to pause after the module receives a particular
digital signal from the vehicle data network that signifies an incoming of the second source of
audio.

12.  The aftermarket electronic module of claim 8, wherein the module is adapted to mute the
first source of audio after the module receives a particular digital signal from the vehicle data

network that signifies an incoming of the second source of audio.

13. The aftermarket electronic module of claim 8, wherein the module is adapted to mute the
first source of audio after the module receives a particular digital signal from the vehicle data
network that signifies an incoming of the second source of audio.

14.  The aftermarket electronic module of claim 8, wherein the module is adapted to fade the

first source of audio after the module receives a particular digital signal from the vehicle data
network that signifies an incoming of the second source of audio.

15. The aftermarket electronic module of claim 14, wherein the module is adapted to

superpose the faded first source of audio and the incoming second source of audio and send
the superposed audio to the aftermarket amplifier.
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16.  An electronic system for a vehicle that has a factory amplifier removed and a factory
loudspeaker system replaced with an aftermarket loudspeaker system, the electronic system
comprising:

a first analog audio output from the vehicle;

a second analog audio output from the vehicle;

a vehicle data network from the vehicle;

a central processor adapted to analyze digital signals from the vehicle data network,
wherein the central processor is capable of being flashed with different versions of firmware
sent from a remote data source, each version of frmware compatibie to a particular type of
vehicle;

a signal processor controlled by the central processor; the signal processor processes a
first source of audio from the first analog audio output and processes a second source of audio
from the second analog audio output;

a transmitter connected between the signal processor and an aftermarket ampilifier; the
transmitter adapted to send processed audio signals from the signal processor to the
aftermarket amplifier; and

the aftermarket loudspeaker system connected to the aftermarket amplifier.

17. The electronic system of claim 16, wherein the signal processor processes the audio
sources without undergoing crossover or equalization; and wherein the aftermarket amplifier

carries out crossover and equalization of the audio signals sent from the transmitter.

18. The electronic system of claim 16, wherein the first analog audio output comes from a
factory radio of the vehicle and the second analog audio output transmits the vehicle's warning
signals.

19.  The electronic system of claim 16, wherein the central processor is adapted to control

the signal processor to process the first source of audio based on a particular digital signal from

the vehicle data network that signifies an incoming of the second source of audio.
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20. The electronic system of claim 16, wherein the first analog audio output comes from a
music player, and wherein the central processor is adapted to send a command signal to the
vehicle data network to cause the music player to pause after the module receives a particular

digital signal from the vehicle data network that signifies an incoming of the second source of

audio.

21. An aftermarket electronic module to be installed in a vehicle that has a factory amplifier
removed, comprising:

a first signal receiver connected to a first audio output of the vehicle to receive a first
source of audio from the vehicle, wherein the first signal receiver is connected to the first source
of audio in place of being connected to the factory amplifier;

a second signal receiver is connected to a second audio output of the vehicle to receive
a second source of audio from the vehicle, wherein the second signal receiver is connected to

the second source of audio in place of being connected to the factory amplifier;

a vehicle data transceiver connected to a vehicle data network of the vehicle to receive
digital signals from the vehicle data network;

a signal processor connected to the first signal receiver and to the second signal
receiver; the signal processor adapted to process the first source of audio from the first signal
receiver and to process the second source of audio from the second signal receiver,;

a central processor connected to the vehicle data transceiver and the signal processor;
the central processor adapted to analyze the digital signals from the vehicle data network and to
control the signal processor to process audio based on the digital signals from the vehicle data

network, wherein the central processor is capable of being flashed with different versions of
firmware sent from a remote data source, each version of firmware compatible to a particular

type of vehicle; and

an audio transmitter adapted to send processed audio from the signal processor to an
aftermarket amplifier.
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22. The aftermarket electronic module of claim 21, wherein the signal processor is adapted

to process audio without undergoing crossover.

23. The aftermarket electronic module of claim 21, wherein the signal processor is adapted

to process audio without undergoing equalization.

24. The aftermarket electronic module of claim 21, wherein the signal processor is a digital

signal processor.

25.  The aftermarket electronic module of claim 21 further comprises an input-output unit to

be connected to a factory radio of the vehicle to detect the activity of the factory radio.

26. The aftermarket electronic module of claim 21 further comprises an external data input
to be connected to an external device that is adapted to be in communication with the remote
data source, and wherein the central processor is capable of being flashed with different

versions of firmware sent to the remote data source, each version of firmware compatible to a

particular type of amplifier.

27.  The aftermarket electronic module of claim 26 further comprises a key data that contains
encryption information that is associated with an encryption of the firmware sent from the

remote data source.

28. An aftermarket electronic module to be installed in a vehicle that has a factory amplifier
removed, wherein the module is adapted to:
receive a first source of audio and to receive a second source of audio, wherein the first

source of audio and the second source of audio are received from a non-factory amplifier;

receive digital signals from a vehicle data network, wherein the digital signals are not

passed through a factory amplifier;

process the first source of audio based on the digital signals from the vehicle data

network to resuit in a first processed result;
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process the second source of audio based on the digital signals from the vehicle data

network to result in a second processed result;

send an output audio that is based on a combination of the first processed result and the
second processed result to an aftermarket ampilifier.

29. The aftermarket electronic module of claim 28, wherein the module is adapted to

process the first source of audio and the second source of audio without undergoing crossover.

30. The aftermarket electronic module of claim 28, wherein the module is adapted to
process the first source of audio and the second source of audio without undergoing

equalization.

31. The aftermarket electronic module of claim 28, wherein the first source of audio comes
from a music player, and wherein the module is adapted to send a command signal to the
vehicle data network to cause the music player to pause after the module receives a particular
digital signal from the vehicle data network that signifies an incoming of the second source of

audio.

32. The aftermarket electronic module of claim 28, wherein the module is adapted to mute
the first source of audio after the module receives a particular digital signal from the vehicle data

network that signifies an incoming of the second source of audio.

33. The aftermarket electronic module of claim 28, wherein the module is adapted to fade
the first source of audio after the module receives a particular digital signal from the vehicle data

network that signifies an incoming of the second source of audio.

34. The aftermarket electronic module of claim 33, wherein the module is adapted to

superpose the faded first source of audio and the incoming second source of audio and send

the superposed audio to the aftermarket amplifier.
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35. An electronic system for a vehicle that has a factory amplifier removed and a factory

loudspeaker system replaced with an aftermarket loudspeaker system, the electronic system
comprising:

a first audio output from the vehicle;
a second audio output from the vehicle;

a vehicle data network from the vehicle;

a central processor adapted to analyze digital signals from the vehicle data network,
wherein the central processor is capable of being flashed with different versions of firmware
sent from a remote data source, each version of firmware compatible to a particular type of
vehicle;

a signal processor controlled by the central processor; the signal processor processes a
first source of audio from the first audio output and processes a second source of audio from the

second audio output;

a transmitter connected between the signal processor and an aftermarket amplifier; the

transmitter adapted to send processéd audio signals from the signal processor to the
aftermarket amplifier; and

the aftermarket loudspeaker system connected to the aftermarket amplifier.

36. The electronic system of claim 35, wherein the signal processor processes the audio

sources without undergoing crossover or equalization; and wherein the aftermarket amplifier

carries out crossover and equalization of the audio signals sent from the transmitter.

37. The electronic system of claim 35, wherein the first audio output comes from a factory

radio of the vehicle and the second audio output transmits the vehicle’'s warning signals.
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38. The electronic system of claim 35, wherein the central processor is adapted to control
the signal processor to process the first source of audio based on a particular digital signal from

the vehicle data network that signifies an incoming of the second source of audio.

39. The electronic system of claim 35, wherein the first audio output comes from a music
player, and wherein the central processor is adapted to send a command signal to the vehicle
data network to cause the music player to pause after the module receives a particular digital

signal from the vehicle data network that signifies an incoming of the second source of audio.

30

23397026.1

CA 2984083 2018-06-11




CA 02984083 2017-10-26

PCT/IB2016/054297

WO 2017/013586

901
19eadspno]
A10108

901
I9yeadspnory
A10108

901
19yeadspnoy
A10108

901

Iayeadspnor]
A1019% ]

20!
RyIduy

A10108 ]

sjusuodwo)) S[IIYI A A10)98,]

[ DIA

orl ovl
jusuodwo) Juauodwo))

BIR(] AL g |
AOTYRA SPIYSA

COL ATOMISN BIB(J [Ty A

Ov 1

Vel juauodwo))

ndinp
OIpny S0[eUY
PU0IS

BIR(]
SPIYRA

TE1 WRISAS 9IIYSA

ccl
[onu0)) Iape]
pue ‘soueeq
QUOT
QUINJOA

0CI1
indinp

oIpny
goeuy 1sI1y]

001 ompey A1010e,]

1/4



CA 02984083 2017-10-26

PCT/IB2016/054297

WO 2017/013586

P ST SOEHRIU]

08¢
19s() oryden)

I
|
!
' 20.In0§ BIEQ
L oy

¢ Dld

vl vl
Jusuodwo)) Jusuodwo))

eleq eIR(q
J[PIPA S[PTUCA

nduj e1eq
[CURXH

c0¢

0LC IQATISURI],
ele(q eIR(q COI1 JIOMIaN Ele(d 2014y A
AY SOTYI A

01¢ [NON

0t Ov 1

O¢1

(

Aftermarket Loudspearker 240
Aftermarket LLoudspearker 240
Aftermarket Loudspearker 240

-
I
N
—
D
kr
v
D
@]
/P
-
.m
s
O
.Im
v
G
<

IDATOY Jjusuoduwo))
indin
A [USTS o O BIR(]
nun 21507 JONUO 3oeuy OV SOEUY A1OIYS

1 Aftermarket Loudspearker 240

PU0daS

1

TET WRISAG SPIYIA

vid
10SS2201J [BUSIS

ccl
[o1U0)) Iape ]
pue ‘ooueleq
PUOT
DWIN[OA

0ZZ
IQATIY
[BUSIS

Sofeuy
Jsug

rd|
ndinQ

7T T
Iog1dury Iogrdury
opny opny

Uipay
30TeUy 1SI1,]

doreuy [E}S1q
IRy || 19yIeuayy

001 orpey A10108]

sjuauodwo)) a2y A A10108,]
00T IoInoy [eUSIS TSI

2/4



CA 02984083 2017-10-26

WO 2017/013586 PCT/IB2016/054297

310:
Digital Signal Router 200 continuously receives audio signals

320:

Microcontroller unit 210 detects and analyzes setting of the
volume, tone, balance, and fader control 122

330:

Microcontroller unit 210 directs the control logic unit 212 to select
particular predetermined routines in the signal processor 214

340:

Signal Processor 214 processes audio signals using predetermined
routines.

350:

A user changes the setting of the volume, tone, balance, and fader
control 122.

360:

The microcontroller 210 detects the changes and directs the change
of processing routine 1n the signal processor 214.

FIG. 3
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Digital Signal Router 200
Factory Vehicle Components
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