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ADAPTIVE VEHICLE STATE - BASED method may comprise : storing , in a memory , one or more 
HANDS - FREE PHONE NOISE REDUCTION noise reduction pre - filters and feedback data based on a 

WITH LEARNING CAPABILITY previous noise reduction strategy ; receiving the sound input ; 
receiving training input data ; receiving the feedback data ; 

TECHNICAL FIELD selecting one or more noise reduction pre - filters based on the 
training input data and feedback data , and applying the 

This disclosure generally relates to a system , apparatus , selected noise reduction pre - filters to the sound input . 
and method for achieving an adaptive vehicle state - based 
hands free noise reduction feature . This noise reduction BRIEF DESCRIPTION OF THE DRAWINGS 
feature may be implemented as part of a vehicle's hands - free 10 
phone system that allows a user to link up their communi For a better understanding of the invention , reference may 
cations device ( e.g. , Smartphone ) to the vehicle in order to be made to embodiments shown in the following drawings . 
operate a telephone conversation . The components in the drawings are not necessarily to scale 

and related elements may be omitted so as to emphasize and BACKGROUND clearly illustrate the novel features described herein . In 
For both safety and convenience reasons , hands free audio addition , system components can be variously arranged , as 

known in the art . In the figures , like referenced numerals systems have become popular to include within a vehicle's 
cabin . Such hands free audio systems may be implemented may refer to like parts throughout the different figures unless 
within the vehicle's cabin to allow a user ( e.g. , driver or 20 otherwise specified . 
passenger ) to speak verbal commands for controlling certain FIG . 1 illustrates an exemplary block diagram describing 
vehicle components , or to communicate with others through a process for achieving noise reduction according to some 
a communications network connection . embodiments ; 

In order to be effective , it is important that the user's FIG . 2 illustrates an exemplary system for obtaining 
speech is clearly detectable from other noises that may be 25 information according to some embodiments ; 
received by a microphone component of the hands free FIG . 3 illustrates an exemplary flow chart describing a 
audio system responsible for receiving the user's speech . process according to some embodiments ; and 

FIG . 4 illustrates an exemplary block diagram for a 
SUMMARY computing system that may be part of a vehicle system 

30 according to some embodiments . 
This application is defined by the appended claims . The 

description summarizes aspects of the embodiments and DETAILED DESCRIPTION OF EXAMPLE 
should not be used to limit the claims . Other implementa EMBODIMENTS 
tions are contemplated in accordance with the techniques 
described herein , as will be apparent upon examination of 35 While the invention may be embodied in various forms , 
the following drawings and detailed description , and such there are shown in the drawings , and will hereinafter be 
implementations are intended to be within the scope of this described , some exemplary and non - limiting embodiments , 
application . with the understanding that the present disclosure is to be 

Exemplary embodiments provide a noise reduction tool considered an exemplification of the invention and is not 
configured to provide a noise reduction feature to a sound 40 intended to limit the invention to the specific embodiments 
input received by a microphone within a vehicle's cabin in illustrated . Not all of the depicted components described in 
order to better detect a user's speech from the sound input . this disclosure may be required , however , and some imple 
More specifically , the noise reduction tool may apply spe mentations may include additional , different , or fewer com 
cific noise reduction pre - filters to reduce noise in the sound ponents from those expressly described in this disclosure . 
input caused by vehicle components and / or other external 45 Variations in the arrangement and type of the components 
factors that are known to be operating or present while the may be made without departing from the spirit or scope of 
sound input is being received by the microphone . Further , the claims as set forth herein . 
the noise reduction tool is configured to adaptively adjust the A hands free audio system implemented as part of a 
application of a pre - filter based on the noise reduction vehicle's overall vehicle system may be comprised of a 
performance of the pre - filter in a previous implementation . 50 speech command system configured to receive a user's 
It follows that the noise reduction tool is configured to speech command input , recognize a command from the 
provide an adaptive learning feature for improving the noise user's speech command input , and control a vehicle com 
reduction of a received sound input based on the application ponent or feature based on the recognized command from 
of one or more pre - filters . the user's speech command input . A hands free audio system 

According to some embodiments , an apparatus for adap- 55 implemented as part of the vehicle's overall vehicle system 
tively achieving noise reduction on a sound input is pro may also be comprised of a hands free phone system 
vided . The apparatus may include an apparatus , comprising : configured to link with a communication device ( e.g. , smart 
a memory configured to store one or more noise reduction phone that is linked to the hands free phone component , or 
pre - filters and feedback data based on a previous noise a telecommunications component that is part of the vehicle ) 
reduction strategy ; and a processor in communication with 60 in order to receive a user's speech input via a microphone 
the memory . The processor may be configured to : receive a within the vehicle cabin and / or on the communication 
sound input ; receive training input data ; receive the feed device , communicate the user's speech input to another 
back data ; select one or more noise reduction pre - filters communication device , receive an external user's speech 
based on the training input data and feedback data , and apply input from the other communication device , and output the 
the selected noise reduction pre - filters to the sound input . 65 external user's speech input through one or more speakers 

According to some embodiments , a method for adaptively included in the vehicle cabin for the user to hear within the 
achieving noise reduction on a sound input is provided . The vehicle . 
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The speech command system and hands free phone sys In order to achieve this goal of noise reduction for a 
tem are just two examples of a hands free audio system that vehicle's hands free audio system , a noise reduction tool 
may be implemented within a vehicle that may utilize the may be utilized . The noise reduction tool may be program , 
noise reduction features described herein . However , for application , and / or some combination of software and hard 
purposes of simplifying the description provided herein , the 5 ware that is incorporated on one or more of the components 
hands free audio system will be described in terms of being that comprise the vehicle's operating system . Further 
the hands free phone system . Even so , it should be noted that description for the noise reduction tool and the components 
other types of hands free audio systems are also contem of the vehicle's system running the noise reduction tool is 

described in more detail below . plated as being within the scope of the innovation described 
herein . FIG . 1 discloses a block diagram 100 that describes 

information received by the noise reduction tool , informa A hands free phone system may operate to allow a user 
within the vehicle to connect a phone ( e.g. , Smartphone tion analyzed by the noise reduction tool , information gen 

erated by the noise reduction tool according to some capable of wirelessly , or via wire , link to the vehicle's hands embodiments , and operational blocks . The block diagram 
free phone system ) to the hands free phone system and make 15 100 is understood to be an implementation of the noise 
a call to another phone via a telecommunications network . reduction tool running on one or more vehicle components 
The connection of the hands free phone system to the phone that comprise the vehicle system , and more specifically that 
may be in accordance to any one or more standards that comprise the hands free phone system described herein . The 
include , for example , Bluetooth , Near Field Communication hands free phone system may be a combination of hardware , 
( NFC ) , WiFi ( wireless fidelity ) , or other communications 20 software , and vehicle components that allow the noise 
network may be used . In addition to the wireless connection reduction tool to accomplish the goal of reducing , at least in 
protocols described , the hands free phone system may also part , the noise in a sound input picked up by the vehicle's 
connect with the phone via a wired connection . cabin microphone , where the noise is recognized to be 

Connecting the phone to the vehicle's hands free phone caused by known vehicle components and / or known exter 
system is advantageous because it allows the user to utilize 25 nal factors . An exemplary embodiment of the hands free 
a microphone within the vehicle cabin to pick up the user's phone system may include the noise reduction tool , a 
speech input , and also utilize speakers within the vehicle processor configured to execute instructions stored on a 
cabin to output a speech input received from the other end memory corresponding to the noise reduction tool , the 
of the call communication . In this way , the user is not memory storing the instructions corresponding to the noise 
required to physically hold the phone to the user's mouth 30 reduction tool , one or more microphones for picking up a 
and ears , as the vehicle's microphone and speakers take the sound input from the vehicle cabin , an interface for com 
place of the phone's microphone and speakers . This pro munication with an external server , and an interface for 
vides the user with the advantage of not being distracted communication with the user's phone . The hands free phone 
with holding and operating the phone while driving the system described is provided for exemplary purposes only , 
vehicle , or otherwise being a passenger within the vehicle . 35 as it is within the scope of the innovation described herein 
It should be noted that although this disclosure describes a to include a fewer , or greater , number of components to the 
phone as connecting to the vehicle's hands free phone hands free phone system in other embodiments . 
system , this is provided for exemplary purposes . It is within As described above , the vehicle cabin may be infiltrated 
the scope of the innovation described herein to have the by noise caused by various vehicle components . For 
hands free phone system connect to other types of commu- 40 example , many vehicle components involve moving parts 
nication devices that are capable of communication through that cause sounds that eventually infiltrate the vehicle cabin . 
a communications network . For example , a laptop computer , Other noises that infiltrate the vehicle cabin may be caused 
tablet computing device , personal digital assistant ( PDA ) , or by external factors such as wind , tires rolling on a road 
other computing device capable of communicating with surface , or other passengers in the vehicle cabin . In any case , 
another communication device via a communication net- 45 such sounds that infiltrate the vehicle cabin may later 
work may be used . contribute to background noise in a sound input picked up by 

Although the hands free phone system offers the benefit of the cabin microphone during a call conversation being 
freeing up the user's hands from operating a communica implemented by the hands free phone system . It follows that 
tions device , the hands free phone system still engages in the noise reduction tool looks to accurately reduce , at least 
efforts to achieve a high quality call conversation with 50 in part , the noise caused by the known operation of specific 
minimal noise interference . This is because the vehicle cabin vehicle components , as well as the noise caused by known 
from which a microphone of the hands free phone system external factors , in order to more clearly understand the 
picks up the user's speech input may be a noisy environ user's speech within the sound input . 
ment . For example , the vehicle cabin may be infiltrated with In terms of the noise caused by the operation of specific 
noises originating from various vehicle components that are 55 vehicle components , a sound profile may be generated that 
operating during a call conversation . In addition , other approximately describes a sound received by the cabin 
external factors may also contribute to the noise that infil microphone due to the operation of a specific vehicle 
trates the vehicle cabin . Therefore the sound input picked up component . Based on this sound profile , a corresponding 
by the cabin microphone may be comprised of the user's pre - filter may be developed that serves to reduce , at least in 
speech , as well as noise from various sources . It follows that 60 part , the noise picked up by the cabin microphone due to the 
it is a goal to recognize a source of a noise picked up by the specific vehicle component . Similar pre - filters may be 
cabin microphone within the vehicle cabin , identify a noise developed for one or more vehicle components that are 
reduction pre - filter corresponding to the recognized noise known to contribute to sounds into the vehicle cable that 
source , and apply the noise pre - filter to the sound input may later be picked up by the cabin microphone as noise to 
picked up by the cabin microphone in order to reduce , at 65 a user's speech . A collection of the pre - filters may be stored 
least in part , the noise within the sound input that may as part of a pre - filter database on a memory unit of the hands 
interfere with the user's actual speech . free phone system . 
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It follows that block 101 in FIG . 1 describes a check done occupants , interior surface materials , etc. , that are known to 
by the noise reduction tool that detects an operational state affect cabin noise in specific ways and instances . 
for one or more vehicle components . The vehicle operational In addition , an operational state may identify the position 
state information 101 may identify whether a vehicle com for cabin microphones which may be referenced during the 
ponent is on or off , or operating in one of a variety of 5 machine learning stage 103. For example , the position of the 
available states available for the vehicle component . cabin microphone may affect how the cabin microphone 

For example , an operational state for a turn signal com different sounds ( e.g. , user's speech input and cabin 
ponent may identify the turn signal component as being noise ) as different positions may be closer to certain sound 
either in an on or off state , where the clicking noise from the sources while further away from other sound sources . It 
turn signal may contribute to cabin noise . 10 follows that the operation state that identifies the cabin 

In addition , an operational state of the engine may identify microphone positions may correspond to known affects on 
how different sounds sources will be picked up by the cabin a current engine speed ( e.g. , measured in revolutions per microphone . minute ) , where the engine is known to make specific known In addition , an operational state may identify seat position 

sounds within the vehicle cabin at different engine speeds . 15 for the driver and / or passengers of the vehicle which may be 
In addition , an operational state of the throttle position referenced during the machine learning stage 103. For may correlate to a current engine speed or vehicle speed , example , the seat position may affect a distance of the user 

where the engine is known to make specific known sounds from the cabin microphone , where the user is responsible for 
within the vehicle cabin at different engine speeds and / or producing the user speech in the sound input to the cabin 
vehicle speeds that may be identifiable based on the throttle 20 microphone . Therefore , by changing the seat position for the 
position . user , the user's speech input may be affected , which in turn 

In addition , an operational state for a heating and venti may affect the overall sound input that includes the sound 
lation and air conditioning ( HVAC ) system may identify profile for cabin noise . It follows that the seat position 
whether heating or air conditioning is activated , where the identified by the operational state may correspond to a 
HVAC system operating under heating operations may be 25 known effect on how the cabin microphone is able to pick up 
known to create specific known sounds within the vehicle the user's speech input and / or cabin noise . 
cabin and the HVAC system operating under air condition The vehicle operational state information described 
ing operations may be known to create specific known herein are provided for exemplary purposes only , as a 
sounds within the vehicle cabin . greater , or fewer , number of vehicle operational state infor 

In addition , an operational state for an HVAC blower may 30 mation may be available to the noise reduction tool . 
identify a speed at which the HVAC blower is operating , Further , the noise reduction tool may receive external 
where the HVAC blower is known to have different sounds information 102 that identifies potential sources of noise 
within the vehicle cabin at different blower operational sounds that may infiltrate the vehicle cabin . The external 
speeds . information 102 may include geographic information 

In addition , an operational state for a wiper component 35 obtained from a global positioning system ( GPS ) for a route 
may identify a speed at which the wiper component is being traveled by the vehicle , where the geographic infor 
operating , where the wiper component is known to have a mation may include geographic conditions that may con 
specific sound within the vehicle cabin at different wiper tribute noise into the vehicle cabin . The external information 
operational speeds . 102 may also include road surface information for a road 

In addition , an operational state for a car audio system 40 being traveled on by the vehicle . The road surface informa 
may identify a sound output being output by the car audio tion may identify a type of road surface such as gravel , 
system such that a pre - filter may be generated and applied highway , asphalt , concrete , dirt , slick , or other identifiable 
for reducing , at least in part , the sound output caused by the road surface type , where the different road surface types are 
car audio system within the vehicle cabin . More specifically , known to contribute different noises into the vehicle cabin 
an operational state for a car audio system may also identify 45 due to tire - to - road contact . In addition , the external infor 
a volume at which the car audio system is operating , where mation 102 may include weather information that identifies 
the car audio system is known to contribute to specific weather conditions ( e.g. , rain , snow , hail , thunder , lighten 
sounds at specific frequencies within the vehicle cabin at ing , or other weather condition that may contribute to noise 
different sound volumes . It follows that a pre - filter may be into the vehicle cabin ) that may contribute to noise into the 
generated and applied for reducing , at least in part , the sound 50 vehicle cabin . 
output caused by the car audio system within the vehicle In some embodiments the obtained external information 
cabin , and in some embodiments , additionally compensate 102 may be received from an external information server 
for the known volume of the car audio system output . 203 as illustrated in FIG . 2. FIG . 2 illustrates an exemplary 

In addition , an operational state for windows may identify network system 200 comprised of the vehicle 202 ( e.g. , the 
a window open position for one or more windows of the 55 vehicle described herein ) , a network 201 , and an information 
vehicle , where the window open position is known to server 203. The information server 203 may represent one or 
contribute a specific sound into the vehicle cabin . more external servers that store one or more of the external 

In addition , an operational state for a spindle accelerom information 102 described herein . The noise reduction tool 
eter may identify an acceleration detected by a spindle of the may be running on the vehicle 202 such that the noise 
spindle accelerometer , where the acceleration of the spindle 60 reduction tool may control a communications interface of 
may identify the presence of road impacts by the vehicle , the vehicle system to communicate with the information 
where road impacts are known to cause specific sounds to server 203 via the network 201. The noise reduction tool 
infiltrate the vehicle cabin . may control a request for the external information 102 to be 

In addition , an operational state for cabin acoustics may transmitted to the information server 203 via the network 
identify characteristics of the vehicle cabin that may affect 65 201. In response , the information server 203 may receive the 
cabin noise . For example , the operational state may identify request and transmit , via the network 201 , one or more of the 
different cabin acoustic characteristics , such as number of requested external information 102 back to the vehicle 202 
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to be received by the communications interface of the the sound input in order to achieve clearer user speech and 
vehicle 202. Once the external information 102 is received better reduce cabin noise from the sound input , may be made 
and stored on a storage unit ( i.e. , memory ) of the vehicle based on learned results during the machine learning pro 
system , the noise reduction tool may then access the external 
information 102 as illustrated in FIG . 1 . For example , the machine learning may be configured by 

The external information 102 described herein are pro the noise reduction tool to analyze the performance of past 
vided for exemplary purposes only , as a greater , or fewer , applications of pre - filter options selected based on received 
number of external information options may be available to training inputs ( e.g. , vehicle operational state information 
the noise reduction tool . 101 and received external information 102 ) . The perfor 

It follows that vehicle operational state information 102 10 mance analysis may be based on a speech quality perfor 
may be received by the noise reduction tool that identifies mance measure generated for a resulting sound input that 
the operational state for one or more vehicle components has had the selected noise reduction pre - filters applied . 
that may be operational and may contribute noise into the Further description for the generation of the speech quality 
vehicle cabin . The noise reduction tool may also receive performance measure is provided below with reference to 
external information 102 that identifies one or more external 15 block 107 . 
information that may contribute noise into the vehicle cabin . As described earlier , the initial machine learning for 
The noise reduction tool may also receive speech quality developing an initial pre - filter selection strategy may occur 
measurement information . Together , the vehicle operational during an off - line training period corresponding to a time 
state information 101 and external information 102 may period when the machine learning is trained on an external 
comprise training inputs for training the machine learning 20 computing system . For example , the off - line learning may 
described below in order to develop the pre - filter selection be accomplished on a computing device such as a personal 
strategy at 103. The training inputs may be information that computer ( PC ) , server ( e.g. , information server 203 illus 
identifies vehicle components or other sources that are trated in FIG . 2 ) , or other computing device capable of 
predicted to contribute to cabin noise . receiving past vehicle state data , microphone sound data and 

After receiving the vehicle operational state information 25 noise reduction performance data . However , following the 
101 , and receiving the external information 102 , the noise pre - loading of the initial pre - filter selection strategy onto a 
reduction tool may apply a pre - filter selection strategy at computing system of the vehicle , the noise reduction tool 
103. The pre - filter selection strategy may be the result of a running on a computing system of the vehicle may imple 
machine learning training operation that develops a strategy ment an on - going machine learning training process during 
for selecting pre - filters based on previously achieved speech 30 the course of operating the vehicle . For example , FIG . 1 
quality performance in view of previous applications of illustrates subsequent machine learning being implemented 
pre - filter combinations in light of previously identified train by the noise reduction tool at 103. The ongoing machine 
ing inputs . Therefore , the machine learning training may be learning to develop improved pre - filter selection strategies 
an analysis based on a combination of one or more of past may be based on feedback information that includes speech 
vehicle state information , past microphone sound informa- 35 quality performance measurements in view of previously 
tion , past speech quality performance measurement data , or enforced pre - filter selection strategies , the previously 
previously received external information . The machine selected pre - filters and the corresponding training inputs that 
learning process itself may be in accordance to known caused the pre - filters to be selected . 
techniques such as decision tree learning , clustering , neural It follows that by analyzing the speech quality perfor 
networks , or other similarly applicable machine learning 40 mance measure , the noise reduction tool may learn how the 
technique . application of certain pre - filters performed in view of the 

Initially , the machine learning training may be imple predicted cabin noise sources determined from the training 
mented on an external computing device ( i.e. , not part of the inputs . It follows that going forward , the machine learning 
onboard computing system on the vehicle ) during an off - line may learn to apply different pre - filter options based on the 
training period , wherein the resulting pre - filter selection 45 same or different received training inputs . The learned 
strategy may be pre - loaded onto a computing system of the behavior implemented by the machine learning at 103 may 
vehicle as part of the noise reduction tool as illustrated by be made in accordance to machine learning techniques such 
the pre - filter selection strategy at 103. Following the loading as decision tree learning , clustering , neural networks , or 
of the initial pre - filter selection strategy , subsequent other similarly applicable machine learning technique . 
instances of the machine learning may be implemented at 50 The machine learning process at 103 will rely on its 
103 by the noise reduction tool running on the vehicle to learned intelligence and received training inputs to identify 
develop updated pre - filter selection strategies . and select one or more pre - filters for application on the 

The pre - filter selection strategy applied at 103 is imple sound input 105 from the cabin microphone . 
mented in order to determine which pre - filters from the For example , a transient removal pre - filter 1 may be 
database of pre - filter options at 104 will be applied to the 55 selected for removing cabin noise corresponding to road 
sound input 105 received by the cabin microphone . For impacts from the sound input 105. The cabin noise due to 
instance , applying all of the pre - filters that correspond to road impact may be the result of road to tire impact sounds , 
operational vehicle components based on the vehicle opera or sounds from other parts of the vehicle suspension system 
tional state information 101 and received external informa caused from road impacts . The transient removal pre - filter 1 
tion 102 may not result in the clearest noise reduction of the 60 may correspond to a specific road impact noise recognized 
sound input received by the cabin microphone . In some at 101. For example , operational state information obtained 
embodiments , not all pre - filters corresponding to predicted from a spindle accelerometer may have identified a specific 
cabin noise source candidates based on the vehicle opera type of road impact at 101 such that the transient removal 
tional state information 101 and / or external information 102 pre - filter 1 corresponding to the specific type of road impact 
may be applied in order to achieve better noise reductions of 65 identified at 101 is selected from the pre - filter options at 104 . 
the sound input that includes both user speech and cabin Another pre - filter option that may be selected for remov 
noise . Such determinations of which pre - filters to apply to ing cabin noise is the frequency - weighted noise reduction 
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( NR ) pre - filter 2. The frequency - weighted NR pre - filter 2 tra may be mapped based on vehicle speed , such that the 
provides the ability to emphasize specific frequency regions wind noise pre - filter 7 selected for removing cabin noise 
within the sound input 105 for noise reduction . It follows may correspond to a predicted cabin noise caused by wind 
that the vehicle operational state information from 101 may at a specific vehicle speed identified from the vehicle 
help determine the frequency region most appropriate for 5 operational state information at 101. It follows that the wind 
noise removal from the sound input 105. For example , at low noise pre - filter 6 serves to reduce , at least in part , predicted 
speeds wind noise is unlikely to be a significant cabin noise wind noise types of cabin noise from the sound input 105 
factor . Therefore , the emphasis may not be on higher fre based on vehicle operational state information from 101 . 
quency regions ( i.e. , higher frequency regions correspond to Another pre - filter option that may be selected for remov 
cabin noise caused by wind at high speeds ) and rather the 10 ing cabin noise is the HVAC noise pre - filter 7. The HVAC 
frequency - weighted NR pre - filter 2 may be on the lower noise pre - filter 7 may be created to reduce , at least in part , 
frequency region for noise removal . recognized steady air flow noise that may be part of the 

Another pre - filter option that may be selected for remov cabin noise as identified from the vehicle operational state 
ing cabin noise is the engine harmonic pre - filter 3. The information identified at 101. For example , the HVAC 
engine harmonic pre - filter 3 may be created to reduce , at 15 pre - filter 7 may be a Weiner filter , where a spectra of 
least in part , cabin noise resulting from the rotational physi frequencies for predicted HVAC noise cabin noise may be 
cal operation of the vehicle engine as identified from the mapped based on HVAC mode , HVAC blower speed set 
vehicle operational state information identified in 101. For tings . In this way , the HVAC noise pre - filter 7 may corre 
example , the engine harmonic pre - filter 3 may be an adap spond to a specific predicted HVAC cabin noise based on an 
tive notch filter based on an engine rpm value identified from 20 HVAC mode , or HVAC blower speed , as identified at 101 . 
the vehicle operational state for the vehicle engine . The The HVAC mode or HVAC blower speed operational state 
engine rpm value may be used to create a notch filter type information may identify potential HVAC type cabin noise . 
of pre - filter that reduces engine harmonics noise within the In such cases , the creation of the HVAC noise pre - filter 7 
vehicle cabin . The engine harmonic pre - filter may be created may be triggered by the identification of the HVAC mode 
in view of the engine rpm value such that the engine 25 and / or HVAC blower speed being operational , and further 
harmonic pre - filter reduces , at least in part , cabin noise the HVAC noise pre - filter 7 may be created to reduce , at 
resulting from the engine operating at the identified engine least in part , the HVAC noise predicted to be within the 
rpm value from the sound input 105 . vehicle cabin from the sound input 105 . 
Another pre - filter option that may be selected for remov Another pre - filter option that may be selected for remov 

ing cabin noise is the road noise pre - filter 4. The road noise 30 ing cabin noise is the car audio removal pre - filter 8. The car 
pre - filter 4 may be created to reduce , at least in part , audio removal pre - filter 8 may be created to reduce , at least 
recognized road noise that may be part of the cabin noise as in part , recognized sounds that may be output into the 
identified from the vehicle operational state information vehicle cabin from the vehicle's car audio system . The car 
identified at 101. For example , the road noise pre - filter 4 audio system output sounds may be identified from the 
may use spindle vibration information from a spindle accel- 35 vehicle operational state information identified at 101 such 
erometer as a reference signal to remove road noise from the that the car audio removal pre - filter 8 serves to subtract the 
sound input 105 signal using a least mean square ( LMS ) identified car audio output sound from the sound input 105 
approach in which the spindle input is the reference signal . from the cabin microphone . It follows that the car audio 

Another pre - filter option that may be selected for remov removal pre - filter 8 serves to reduce , at least in part , pre 
ing cabin noise is the wind buffeting ( non - stationary wind 40 dicted car audio system output types of cabin noise from the 
noise ) pre - filter 5. The wind buffeting pre - filter 5 may be sound input 105 based on vehicle operational state informa 
created to reduce , at least in part , recognized wind noise that tion from 101 . 
may be part of the cabin noise as identified from the vehicle The pre - filters described herein are provided for exem 
operational state information identified at 101. For example , plary purposes only , as a greater , or fewer , number of 
the HVAC mode or HVAC blower speed operational state 45 pre - filter options may be available for selection by the noise 
information may identify potential cabin noise . In such reduction tool to be applied to the sound input 105 . 
cases , the creation of the wind buffeting pre - filter 5 may Then the one or more pre - filters selected by the pre - filter 
triggered by the identification of the HVAC mode and / or selection strategy at 103 may be applied as pre - filter options 
HVAC blower speed being operational , and further the wind at 104 to the sound input 105 received from the cabin 
buffeting pre - filter 5 may be created to reduce , at least in 50 microphone . 
part , the wind noise predicted to be within the vehicle cabin At 106 , a traditional noise reduction filter ( e.g. , Weiner 
due to wind buffeting . In addition , the identification of one filter ) may additionally be applied to the sound input 105 
or more windows being in one or more down positions may after applying the one or more pre - filter options at 104. It 
trigger the creation of the wind buffeting pre - filter 5. In such should be noted that the application of the traditional noise 
cases , the creation of the wind buffeting pre - filter 5 may 55 reduction filter at 106 following the application of the one or 
serve to reduce , at least on part , cabin noise predicted to be more pre - filter options at 104 may be optional . In other 
within the vehicle cabin caused by wind buffeting due to the words , in some embodiments , the traditional noise reduction 
down position of one or more windows from the sound input filter may not be applied to the sound input after applying the 
105 . one or more pre - filters at 104 . 
Another pre - filter option that may be selected for remov- 60 The noise reduction tool may then implement a speech 

ing cabin noise is the wind noise pre - filter 6. The wind noise quality performance measure at block 107 on a resultant 
pre - filter 6 may be created to reduce , at least in part , sound input 105 ' , where the resultant sound input 105 
recognized wind noise that may be part of the cabin noise as corresponds to the sound input 105 after application of the 
identified from the vehicle operational state information one or more pre - filter options at 104 , and optionally the 
identified at 101. For example , the wind noise pre - filter may , 65 application of the traditional noise reduction filter at 106 . 
for example , be a Weiner filter created based on a wind noise In some embodiments , the speech quality performance 
spectrum for the specific vehicle . The noise reduction spec measure may be generated by an external server in commu 

be 
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nication with the noise reduction tool running on the vehicle . It follows that other types of algorithms or processes may 
The external server may be similar to the information server be implemented by the noise reduction model to generate the 
203 illustrated in FIG . 2. For example , the noise reduction speech quality performance measure of the resultant sound 
tool may cause an interface of the vehicle to transmit the input 105 ' that identifies a quality of the user's speech from 
resultant sound input 105 ' to the external server along with 5 within the resultant sound input 105 ' . 
a request to generate the speech quality performance mea In some embodiments a baseline speech quality perfor 
sure . The external server may then receive the speech quality mance measure may be developed from testing enacted 
performance measure and request , make a determination of before the manufacture of the vehicle on which the hands 
whether to generate the speech quality performance measure free phone system is installed . The baseline speech quality 
in response to receiving the request , generate the speech 10 performance measure may identify a baseline speech quality 
quality performance measure based on the determination , of a sound input that is received for use in the hands free 
and transmit the speech quality performance measure back phone system . The baseline speech quality performance 
to the noise reduction tool through the interface on the measure may be stored on a memory that is part of the 
vehicle if the speech quality performance measure was vehicle system such that the noise reduction tool may 
generated . If a determination was made not to generate the 15 reference it . It follows that the speech quality performance 
speech quality performance measure , the external server measure may be generated at 107 to be in terms of the 
may transmit a message back to the noise reduction tool baseline speech quality performance measure . For example , 
identifying a reason why the speech quality performance a speech quality performance measure generated at 107 that 
measure was not generated ( e.g. , not enough information to is better than the baseline speech quality performance mea 
generate a speech quality performance measure ) . The gen- 20 sure may be considered by the noise reduction tool to have 
eration of the speech quality performance measure may be been the result of an effective ( i.e. , positive ) noise reduction 
a processor intensive analysis . Therefore , by relying on the strategy , where the level of noise reduction effectiveness is 
external server to generate the speech quality performance in terms of how much better the speech quality performance 
measure , the noise reduction tool may conserve processing measure generated at 107 is in terms of the baseline speech 
bandwidth or reserves for one or more processing compo- 25 quality performance measure . Similarly , a speech quality 
nents of the vehicle . Further , the external server may be performance measure generated at 107 that is worse than the 
better equipped to generate the speech quality performance baseline speech quality performance measure may be con 
measure due to the external server including a processor sidered by the noise reduction tool to have been the result of 
having greater processing capabilities over processors avail a non - effective ( i.e. , negative ) noise reduction strategy , 
able on the vehicle . Because processors having greater 30 where the level of noise reduction non - effectiveness is in 
processing capabilities may be more expensive , the noise terms of how much worse the speech quality performance 
reduction tool may have been configured to communicate measure generated at 107 is in terms of the baseline speech 
with the external server in order to generate the speech quality performance measure . 
quality performance measure for the resultant input sound In an effort to promote machine learning , the noise 
105 ' to compensate for processors having lower processing 35 reduction tool may feedback at least the speech quality 
capabilities ( i.e. , cheaper ) on the vehicle . performance measure to the machine learning process at 103 

The speech quality performance measure that is generated so that the machine learning component may apply machine 
may gauge a speech quality of the user's speech component learning techniques to determine how the application of 
within the resultant sound input 105 ' . For example , the certain pre - filter options , either individually or in combina 
speech quality performance measure may be a MOS ( mean 40 tion with one or more pre - filter options at 104 , performed in 
opinion score ) ( e.g. , ETSI EG 202 396-3 or ETSI TS 103 reducing the cabin noise from the sound input 105 so that the 
106 ) value of the resultant sound input 105 ' , wherein the user's speech is enhanced within the resultant sound input 
MOS value may range from 1 ( lowest / worse ) to 5 ( highest / 105 ' . In addition or alternatively , the machine learning 
best ) . In addition or alternatively , the speech quality perfor process at 103 may receive as feedback information , one or 
mance measure may be a signal - to - noise ratio ( SNR ) mea- 45 more of the following : the speech quality performance 
surement generated in terms of a non - intrusive model that measure for the resultant sound input 105 ' , information 
does not require the original speech signal for calculation . identifying the previously selected pre - filter options that 
For example , the noise reduction tool may generate a SNR resulted in the speech quality performance measure for the 
measurement in which a voice activity detector ( VAD ) resultant sound input 105 ' , and the previously received 
determines when speech is present in the resultant sound 50 training inputs that resulted in the selection of the previous 
input 105 ' and calculates energy content for the speech . In pre - filter options that resulted in the speech quality perfor 
the segments when speech is not present , the energy of the mance measure for the resultant sound input 105 ' . It follows 
noise is determined to provide the SNR estimate . In addition that this feedback of information provides the machine 
or alternatively , other non - intrusive speech quality perfo learning process at 103 of the noise reduction tool with the 
mance measures may include techniques such as ITU - T Rec . 55 information needed to apply machine learning techniques to 
P.561 ( 2004 ) and ITU - T Rec . P.562 that are used to quantify adaptively learn from previous noise reduction strategies . 
physical characteristics of live call traffic and estimate a Call By feeding back speech quality performance measure 
Clarity Index ( ITU - T P.562 ) and E - model ( ITU - T Rec . ments to the machine learning process at 103 , the noise 
G.107 ( 1998 ) ) to assess speech quality . Other non - intrusive reduction tool may be able to better analyze the training 
techniques may use a priori information to train a machine 60 inputs going forward to develop an improved pre - filter 
learning stage ( e.g. , Gaussian mixture model , neural net selection strategy also at 103 that may result in even higher 
work , etc. ) to quantify the quality of the speech . For these ( i.e. , better ) speech quality performance measurements for 
models , a set of known distortions is characterized by improving the user's speech from amongst the cabin noise 
several parameters and a relationship between this set of found in the sound input 105 . 
distortions and the perceived speech quality is derived . The 65 This type of adaptive machine learning may be continu 
machine learning process at 103 can establish these rela ously implemented by the noise reduction tool during the 
tionships once training has been completed . operation of the hands free phone system ( i.e. , while the 
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vehicle is being driven or otherwise in operation ) , or other adaptive noise reduction of cabin noise described herein . 
types of hands free audio systems , such that the machine Further description is now provided describing the flow 
learning process at 103 may have access to a growing chart 300 . 
database of feedback information for analyzing in view of At 301 , the noise reduction tool may receive vehicle 
received training inputs . As the database of feedback infor- 5 operational state information for one or more vehicle com 
mation continues to grow from continued operation of the ponents , according to one or more of the methods described 
hands free phone system and the noise reduction tool , the herein . For example , the noise reduction tool may receive 
machine learning process at 103 will be capable of devel the vehicle operational state information at a machine learn 
oping an improved pre - filter selection strategy also at 103 ing component , according to one or more of the methods 
that will select pre - filters for achieving better noise reduc- 10 described herein . By receiving the vehicle operational state information at 301 , the noise reduction tool may identify tion in the received sound input 105. In other words , by which vehicle components are currently running or opera continuously growing the feedback information identifying tional , and also identify a specific operational state for a the speech quality performance measure , the machine learn vehicle component ( e.g. , on or off , running at high , medium , ing will have access to more information which may result 15 or low , or other operational state ) . in the development of an improved pre - filter selection At 302 , the noise reduction tool may receive external 
process that may select the proper pre - filter options in view information , according to any one or more of the methods 
of the received training inputs for achieving better noise described herein . For example , the noise reduction tool may 
reduction . This allows the noise reduction tool to generate a receive the external information at the machine learning 
resultant sound input signal 105 ' having a clearer user voice 20 component , according to any one or more of the methods 
component over a cabin noise component . The resultant described herein . By receiving the external information at 
sound input 105 ' may then be transmitted to a receiving 302 , the noise reduction tool may identify one or more 
communications device and output on a speaker of the external conditions that may contribute to cabin noise within 
receiving communications device having a clearer user the vehicle cabin that may further be picked up by the cabin 
speech component . 25 microphone . 

In some embodiments , the machine learning process at Assuming the hands free phone system is currently run 
103 may be implemented on an external server in commu ning , the cabin microphone may receive a sound input at 
nication with the noise reduction tool running on the vehicle . 303. The sound input may be a combination of a user's 
The external server may be similar to the information server speech , as well as cabin noise originating from the operation 
203 illustrated in FIG . 2. For example , the noise reduction 30 of vehicle components , passengers , and / or external condi 
tool may cause an interface of the vehicle to transmit the tions . The cabin microphone may , for example , pick up the 
training input information and the feedback information to input sound from the vehicle cabin at 303 according to any 
the external server along with a request to generate a one or more of the methods described herein . 
selection of noise reduction pre - filters to apply to the sound At 304 , the noise reduction tool may determine one or 
input 105. The external server may then receive the training 35 more pre - filters to select for application on the sound input 
input information and the feedback information and request , based on a combination of one or more of the vehicle 
make a determination of which pre - filters to select according operational state information received at 301 , the external 
to one or more of the methods described herein in response information received at 302 , and previous machine learning 
to receiving the request , and transmit a response identifying intelligence . For example , the machine learning component 
one or more selected pre - filters back to the noise reduction 40 of the noise reduction tool may determine the one or more 
tool through the interface on the vehicle . The machine pre - filters to apply to the sound input according to any one 
learning techniques applied by the machine learning process or more of the methods described herein . 
at 103 may be a processor intensive analysis . Therefore , by At 305 , the noise reduction tool may apply the one or 
relying on the external server to implement the machine more pre - filters selected at 304 to the sound input . The one 
learning techniques to select the one or more pre - filters for 45 or more pre - filters may , for example , be applied to the sound 
applying to the sound input 105 , the noise reduction tool input according to any one or more of the methods described 
may conserve processing bandwidth or reserves for one or herein . In addition , in some embodiments a traditional noise 
more processing components of the vehicle . Further , the reduction filter may be applied after the application of the 
external server may be better equipped to implement the pre - filters . The traditional noise reduction filter may be , for 
machine learning techniques due to the external server 50 example , a Weiner filter . 
having a processor with greater processing capabilities over At 306 , the noise reduction tool may determine a speech 
processors available on the vehicle . Because processors quality performance measure for the sound input resulting 
having greater processing capabilities may be more expen after the application of the pre - filters ( and optionally the 
sive , the noise reduction tool may have been configured to traditional noise reduction filter ) at 305. The determination 
communicate with the external server in order to implement 55 of the speech quality performance measure for the resulting 
the machine learning techniques to compensate for proces sound input may , for example , may be determined according 
sors having lower processing capabilities ( i.e. , cheaper ) on to any one or more of the methods described herein . The 
the vehicle . speech quality performance measure may be stored on a 

FIG . 3 illustrates an exemplary flow chart 300 describing memory of the vehicle as feedback data . 
a process for the noise reduction tool according to some 60 At 307 , the speech quality performance measure may be 
embodiments . The process described by flow chart 300 provided back to the noise reduction tool via a feedback loop 
describes exemplary steps that may be implemented by the in order to promote adaptive machine learning to promote 
noise reduction tool to achieve the adaptive noise reduction better noise reduction strategies . For example , the feedback 
described herein . The steps of the process described below loop may provide the speech quality performance measure 
is provided for exemplary purposes , as it is within the scope 65 back to the machine learning component of the noise reduc 
of this disclosure for the noise reduction tool to implement tion tool according to any one or more method described 
a greater , or fewer , number of steps in order to achieve the herein . 
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It should be noted that the process described by flow chart 422 that can communicate with each other via a bus 405. As 
300 is provided for exemplary purposes , and it is within the shown , the computing system 400 may further include a 
scope of the innovation described herein for the noise display unit 425 , such as a liquid crystal display ( “ LCD " ) , an 
reduction tool to implement a process for adaptive noise organic light emitting diode ( " OLED " ) , a flat panel display , 
reduction that includes a greater , or fewer , number of steps . 5 a solid state display , or a cathode ray tube ( “ CRT ” ) . The 
For example , although not expressly illustrated in FIG . 3 , the display unit 425 may correspond to a display component of 
resultant sound input following step 305 may be transmitted a navigation system , vehicle infotainment system , a heads to a phone that is at the other end of the call conversation up display , or instrument panel of the vehicle ( e.g. , vehicle with the phone linked to the hands free phone system . 202 ) described herein . Additionally , the computing system 

Referring to FIG . 4 , an illustrative embodiment of a 10 400 may include one or more input command devices 423 , computing system 400 that may be used for one or more of 
the devices shown in FIG . 2 , or in any other system such as a control knob , instrument panel , keyboard , scanner , 
configured to carry out any one or more of the methods , digital camera for image capture and / or visual command 
features , and processes discussed herein , is shown and recognition , touch screen or audio input device ( e.g. , cabin 
designated by the computing system 400. For example , the 15 microphone ) , buttons , a mouse or touchpad . The computing 
functional components of the vehicle ( e.g. , vehicle 202 ) system 400 can also include a disk drive unit 421 for 
described herein needed to implement the noise reduction receiving a computer readable medium 428. In a particular 
tool may be implemented as the computer system 400. Also , embodiment , the disk drive unit 421 may receive the com 
the information server 203 illustrated in FIG . 2 may be puter - readable medium 428 in which one or more sets of 
implemented as the computing system 400 . 20 instructions 427 , such as the software corresponding to the 

The computing system 400 may include a processing unit noise reduction tool , can be embedded . Further , the instruc 
410 comprised of a processor 411 in communication with a tions 427 may embody one or more of the methods or logic 
main memory 412 , wherein the main memory 412 stores a as described herein . In a particular embodiment , the instruc 
set of instructions 427 that may be executed by the processor tions 427 may reside completely , or at least partially , within 
411 to cause the computing system 400 to perform any one 25 any one or more of the main memory 412 , the static memory 
or more of the methods , processes or computer - based func 422 , computer readable medium 428 , and / or within the 
tions disclosed herein . For example , the noise reduction tool processor 411 during execution of the instructions 427 by 
described throughout this disclosure may be a program that the processor 411 . 
is comprised of the set of instructions 427 that are executed The computing system 400 may also include a signal 
to perform any one or more of the methods , processes or 30 generation device 424 , such as a speaker or remote control , 
computer - based functions described herein such as the pro and a vehicle operational state interface 429. The vehicle 
cesses for achieving the noise reduction applied to a sound operational state interface 429 may be configured to receive 
input picked up by the cabin microphone of the hands free information related to an operational state for various 
phone system described herein . This includes the machine vehicle components that comprise the vehicle system . For 
learning processes implemented by the noise reduction tool 35 example , the vehicle system may include one or more power 
described herein . The computing system 400 may be mobile windows , an engine , windshield wipers , turn signals , car 
or non - mobile , operate as a stand - alone device , or may be audio system , HVAC system , suspension system , and other 
connected using a network , to other computer systems or components with the potential of adding to cabin noise . 
peripheral devices . The computing system 400 may further include a com 

In a networked deployment , the computing system 400 40 munications interface 426. The communications interface 
may operate in the capacity of a server or as a client user 426 may be comprised of a network interface ( either wired 
computer within a vehicle in a server - client user network or wireless ) for communication with an external network 
environment , or as a peer computer system within a vehicle 440. The external network 440 may be a collection of one or 
in a peer - to - peer ( or distributed ) network environment . In more networks , including standards - based networks ( e.g. , 
addition to being a component within the vehicle system , the 45 2G , 3G , 4G , Universal Mobile Telecommunications System 
noise reduction tool may also be run on the computing ( UMTS ) , GSM® Association , Long Term Evolution ( LTE ) 
system 400 that is implemented as , or incorporated into , or more ) , WiMAX , Bluetooth , near field communication 
various devices , such as a personal computer ( “ PC ” ) , a tablet ( NFC ) , WiFi ( including 802.11a / b / g / n / ac or others ) , WiGig , 
PC , a set - top box ( " STB " ) , a personal digital assistant Global Positioning System ( GPS ) networks , other telecom 
( “ PDA ” ) , a mobile device such as a smart phone or tablet , 50 munications networks and others available at the time of the 
a palmtop computer , a laptop computer , a desktop computer , filing of this application or that may be developed in the 
a network router , switch or bridge , or any other machine future . Further , the network 440 may be a public network , 
capable of executing a set of instructions ( sequential or such as the Internet , a private network , such as an intranet , 
otherwise ) that specify actions to be taken by that machine . or combinations thereof , and may utilize a variety of net 
In a particular embodiment , the computing system 400 can 55 working protocols now available or later developed includ 
be implemented using electronic devices that provide voice , ing , but not limited to TCP / IP based networking protocols . 
video or data communication . Further , while a single com For example , the external network 440 may correspond to 
puting system 400 is illustrated , the term “ system ” shall also the same network 201 described with reference to FIG . 2 . 
be taken to include any collection of systems or sub - systems In some embodiments the program that embodies the 
that individually or jointly execute a set , or multiple sets , of 60 noise reduction tool may be downloaded and stored on any 
instructions to perform one or more computer functions . one or more of the main memory 412 , computer readable 
As illustrated in FIG . 4 , the computing system 400 may medium 428 , or static memory 422 via transmission through 

include the processor 411 , such as a central processing unit the network 440 from an off - site server . Further , in some 
( " CPU " ) , a graphics processing unit ( " GPU " ) , or both . It embodiments the noise reduction tool running on the com 
follows that the processor 411 may be representative of one 65 puting system 500 may communicate with an information 
or more processing units . Moreover , the computing system server via the network 440. For example , the noise reduction 
400 can include the main memory 412 and a static memory tool may communicate with the information server 203 via 

TM 
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network 440 in order to receive any one or more of the from the spirit and principles of the techniques described 
external information described herein through the commu herein . All such modifications are intended to be included 
nication interface 426 . herein within the scope of this disclosure and protected by 

In an alternative embodiment , dedicated hardware imple the following claims . 
mentations , including application specific integrated cir- 5 
cuits , programmable logic arrays and other hardware What is claimed is : devices , can be constructed to implement one or more of the 1. A system comprising : methods described herein . Applications that may include the ( i ) a vehicle comprising : apparatus and systems of various embodiments can broadly 
include a variety of electronic and computer systems . One or 10 ( a ) a microphone configured to capture audio ; 
more embodiments described herein may implement func ( b ) a memory configured to store a Weiner filter and a 
tions using two or more specific interconnected hardware database including a plurality of predetermined dis 
modules or devices with related control and data signals that crete prefilters and a plurality of selection strategies , 
can be communicated between and through the modules , or each selection strategy referencing at least one pre 
as portions of an application - specific integrated circuit . 15 filter ; 
Accordingly , the present system encompasses software , ( c ) processor ( s ) in communication with the memory , 
firmware , and hardware implementations . the processor ( s ) configured to , while a hands free 

In accordance with various embodiments of the present phone system is operating : 
disclosure , the methods described herein may be imple receive vehicle operational state ( s ) , external infor 
mented by software programs executable by the computing 20 mation , and feedback data ; 
system 400. Further , in an exemplary , non - limited embodi select at least one of the selection strategies from the 
ment , implementations can include distributed processing , database based on the vehicle operational state ( s ) , 
component / object distributed processing , and parallel pro the external information , and the feedback data ; 
cessing . Alternatively , virtual computer system processing apply the prefilter ( s ) referenced by the selected 
can be constructed to implement one or more of the methods 25 selection strategy to the captured audio ; 
or functionality as described herein . apply the Weiner filter to the prefiltered audio ; and 
While the computer - readable medium is shown to be a update the selected selection strategy based on an 

single medium , the term " computer - readable medium ” analysis ; and 
includes a single medium or multiple media , such as a ( ii ) server ( s ) configured to : 
centralized or distributed database , and / or associated caches 30 generate the analysis by analyzing a quality of the 
and servers that store one or more sets of instructions . The Weiner filtered audio to change the stored selection 
term " computer - readable medium ” shall also include any strategy while the hands free phone system is oper 
tangible medium that is capable of storing , encoding or ating ; 
carrying a set of instructions for execution by a processor or segment the Weiner filtered audio into first segments 
that cause a computer system to perform any one or more of 35 determined to include human speech and into second 
the methods or operations disclosed herein . segments determined to lack human speech ; and 

In a particular non - limiting , exemplary embodiment , the analyze the quality of the Weiner filtered audio by 
computer - readable medium include a solid - state comparing at least one of the first segments to at least 
memory such as a memory card or other package that houses one of the second segments . 
one or more non - volatile read - only memories , such as flash 40 2. The system of claim 1 , wherein the processor ( s ) are 
memory . Further , the computer - readable medium can be a configured to transmit the Weinder filtered audio , but not the 
random access memory or other volatile re - writable prefiltered audio to the server ( s ) . 
memory . Additionally , the computer - readable medium can 3. The system of claim 1 , wherein the at least one of the 
include a magneto - optical or optical medium , such as a disk selection strategies is at least first one of the selection 
or tapes or other storage device to capture information 45 strategies , and wherein the vehicle comprises a motor that 
communicated over a transmission medium . Accordingly , drives wheels , and the processor ( s ) are configured to : 
the disclosure is considered to include any one or more of a determine a motor running state ; 
computer - readable medium or a distribution medium and select at least second one of the selection strategies based 
other equivalents and successor media , in which data or on the determined motor running state ; 
instructions may be stored . retrieve the prefilter ( s ) referenced by the at least second 
Any process descriptions or blocks in the figures , should one of the selected selection strategies from a database ; 

be understood as representing modules , segments , or por and 
tions of code which include one or more executable instruc select and apply the Weiner filter without reference to the 
tions for implementing specific logical functions or steps in determined motor running state . 
the process , and alternate implementations are included 55 4. The system of claim 3 , wherein the motor running state 
within the scope of the embodiments described herein , in is a rotational speed of the motor . 
which functions may be executed out of order from that 5. The system of claim 1 , wherein the at least one of the 
shown or discussed , including substantially concurrently or selection strategies is at least first one of the selection 
in reverse order , depending on the functionality involved , as strategies , and wherein the vehicle comprises an accelerom 
would be understood by those having ordinary skill in the 60 eter configured to sense an acceleration , and the processor ( s ) 
art . are configured to : 

It should be emphasized that the above - described embodi select at least second one of the selection strategies based 
ments , particularly , any “ preferred ” embodiments , are pos on the sensed acceleration ; and 
sible examples of implementations , merely set forth for a retrieve the prefilter ( s ) referenced by the at least second 
clear understanding of the principles of the invention . Many 65 one of the selected selection strategies from a database . 
variations and modifications may be made to the above 6. The system of claim 1 , wherein the selection strategies 
described embodiment ( s ) without substantially departing causes the processor ( s ) to : 

can 
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configure the selected prefilter ( s ) to filter a first frequency segmenting the Weiner filtered audio into first segments 
region of the sound , but not filter a second frequency determined to include human speech and into second 
region of the sound . segment determined to lack human speech ; and 7. The system of claim 2 , wherein the vehicle includes analyzing a quality of the Weiner filtered audio by com audio output speakers , and the selection strategies cause the 

processor ( s ) to : paring at least one of the first segments to at least one 
of the second segments . select prefilter ( s ) that subtract the audio output from the 

captured audio . 12. The method of claim 11 , comprising : transmitting the 
8. The system of claim 1 , wherein the processor ( s ) are Weiner filtered audio , but not the prefiltered audio to the 

configured to : update the selection strategies based on the servers such that the generated analysis is based on the 
analysis , the applied prefilter ( s ) , and inputs that caused the quality of Weiner filtered audio received from the vehicle 
selection strategies to select the applied prefilter ( s ) . and not a quality of prefiltered audio received from the 

9. The system of claim 1 , wherein the vehicle comprises vehicle . 
a moveable seat and the processor ( s ) are configured to : 13. The method of claim 12 , wherein the vehicle com 

select the selection strategy based on a detected current prises a moveable seat and the method comprises : position of the moveable seat ; and 
retrieve the prefilter ( s ) referenced by the selected selec selecting the selection strategy based on a detected current 

tion strategy from a database . position of the moveable seat ; and 
10. The system of claim 1 , comprising a mobile phone in retrieving the prefilter ( s ) referenced by the selected selec 

wireless communication with the vehicle and wherein the tion strategy from a database . 
processor ( s ) are configured to : transmit the Weiner filtered 20 14. The method of claim 13 , comprising : based on the 
audio to the mobile phone and the server ( s ) . stored selection strategy , configuring the selected prefilter ( s ) 

11. A method of controlling a system , the system com to filter a first frequency region of the sound , but not filter 
prising : ( a ) a vehicle comprising a microphone configured to a second frequency region of the sound . 
capture audio and processor ( s ) , and ( b ) server ( s ) , the method 15. The method of claim 14 , wherein the system com 
comprising , via the processor ( s ) : 25 prises a mobile phone in wireless communication with the 

receiving training input data and feedback data ; vehicle and the method comprises : 
selecting a stored selection strategy based on the training updating the stored selection strategy based on the analy 

input data and the feedback data , the selection strategy sis , the applied prefilter ( s ) , and inputs that caused the 
referencing stored predetermined discrete prefilter ( s ) ; stored selection strategy to select the applied 

applying the prefilter ( s ) referenced by the selected selec- 30 prefilter ( s ) ; and 
tion strategy to the captured audio ; transmitting the Weiner filtered audio to the mobile phone 

selecting and applying a Weiner filter to the prefiltered and the server ( s ) . 
audio without reference to the selected selection strat 16. The system of claim 1 , wherein the external informa 

tion are not provided by the microphone . egy ; 
updating , during a current use of a hands free phone 17. The system of claim 1 , wherein the external informa 

system , the stored selection strategy based on an analy tion includes geographic information , and 
sis ; wherein the geographic information is obtained by a 

the method further comprising , via the server ( s ) : global positioning system ( GPS ) for a route being 
generating the analysis by analyzing a quality of the traveled by the vehicle . 
Weiner filtered audio based on sound quality measure- 40 18. The system of claim 1 , wherein the server ( s ) is further 
ments taken during the current use of the hands free configured to provide the external information . 
phone system ; 
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