1 SYSTEM AND METHOD FOR REDUCI NG UPLI NK NO SE [0001] This application

rel ates generally to noise reduction and in particular, to a system and
nmet hod for reducing uplink noise on a communication 5 device in a noisy
environnment, such as in a vehicle. [0002] Mobile conmuni cati on devices are
I n use throughout everyday life. One coymon aspect to the use of nobile
communi cation devices is that they are often used in noisy environnents.
In particular, nobile conmmunication devices are.  Qfte ed .0 vehicle
cabins, such as caBYSTEMAND M OR REDYGINGURLINGNUEISE) tend to
have a considerabl e anount of |ow | evel background noise. [0003] As such,
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15 algorithms. The more complex algorithms often involve breaking a signal into

various frames and performing various computations on each of the frames to try
to remove noise from each frame, and thus, from the signal. Unfortunately, the
more simple methods typically do not remove enough noise or cause the voice
signal to be less intelligible while the more complex methods are typically more

20 computationally intensive and require greater processing power and processing
time to produce the adjusted signal, often with unpredictable effects on the

removal of noise from the signal.

[0004] There remains a need for an efficient and relatively simple (i.e. less
computationally intensive) system and method for reducing uplink noise on a

25 communication signal.

General

[0005] According to one aspect, there may be provided a method for
reducing uplink noise in a communications device, the method including: receiving
30 an input signal at the communications device; estimating a noise level in the

vicinity of the communications device; filtering the input signal based on the



estimated noise level. [0006] In a particular case, the filtering based on
the estinmated noise |level my include shelf filtering. 5 [0007] In another
particular case, the filtering based on the estimated noise |evel nmay

i ncl ude increasing the depth of the filtering for higher estinmted noise

| evel s. [0008] In yet another particul ar,case, the filtering based on the
estimated noise |evel may include fil te2ri ng according to a predeterm' ned
function. In this 10 case, the [[)redeterm ned functlon may
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15 [0009] In yet another particular case, the applying attenuation based on the
estimated noise level may include increasing the attenuation for higher estimated
noise levels. More generally, the applying attenuation based on the estimated
noise level may include applying attenuation according to a predetermined
function. For example, the predetermined function may include applying

20 attenuation of 0dB prior to a first threshold of estimated noise level, increasing
attenuation in a straight-line manner, and applying a predetermined attenuation
after a second threshold of estimated noise level. Further, the first threshold may
be approximately 70 dBA and the second threshold may be approximately 76
dBA.

25 [0010] According to another aspect, there may be provided a system for
reducing uplink noise in a mobile communications device, the system including: a
noise estimator for estimating noise in proximity to the mobile communication
device: an adjustable filter for receiving a signal from a microphone of the mobile
communication device; an adjustable attenuation block for receiving a filtered

30 signal from the adjustable filter; a controller configured to: monitor the estimated



[0011] In a particular case, the adjustable filter may include a shelf
filter. [0012] In another particular case, the controller nay be
configured to adjust 5 each of the adjustable filter and the adjustable
attenuati on bl ock based on a predeterm ned function of the estinated noise.
[0013] In yet another particular case, the controller may be configured to
adj ust the adjustable filter by increasing the depth of the filtering for
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exenpl ary thetfiyst theeshald reaynbe @ppfoximately 62 dBA and the second threshold may
be approximately 71 dBA.

15 [0014] In yet another particular case, the controller may be configured to
adjust the attenuation by increasing the attenuation for higher estimated noise
levels. In this case, the predetermined function for the adjustable attenuation
block may include adjusting the attenuation following a first threshold of estimated
noise, increasing attenuation in a straight-line manner, and applying a

20 predetermined attenuation after a second threshold of estimated noise. Further,
the first threshold may be approximately 70 dBA and the second threshold may
be approximately 76 dBA.

Brief Description of the Drawings

25 [0015] For a better understanding of the embodiments described herein
and to show more clearly how they may be carried into effect, reference will now
be made, by way of example only, to the accompanying drawings which show the

exemplary embodiments and in which:

[0016] FIG. 1 is a block diagram of an exemplary embodiment of a mobile

30 communication device;



5 a wireless network that the nobile conmunication device of FIG 1 may
comuni cate with; [0019] FIG 4 is a functional block diagramof an

exenpl ary enbodi nent of a systemfor reducing uplink noise; [0020] FIG 5
is a graph illustrating an adjustable filter; 10 [0021] FIG 6 is a graph
illustrating the adjustnent of the adj uséable filter as a function of the
estimated noise level; [0022] FIG 7 is a graph illustrating the adjustnent
of the adjustable attenuation block as a function g{r@toge estimat ed noi se

level ; [0d9817FI G &5 235 @apipek diagramPhaneeyPRIaR BPERH 2rbodi ment
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a ot a

voi ce/ noi se sign ore an ter use of enbodi nent of the system
of Fig 4; HIGNA5] FIG 10 is a graph showi ng the frequency response of a
signal when an enbodi ment of the systemof FIG 4 is operating; and 20
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vari ous enbodi ments described herein. [0028] Sone of the enbodi nents nake
use of a nbizkp comMmEIE. CAls PGraph illustrating the adjustment of the adjustable

attenuation block as a function of the estimated noise level;

[0023] FIG. 8 is a table listing the parameters for one embodiment of the
15 system of FIG. 5;

[0024] FIG. 9 is a screen showing a voice/noise signal both before and

after use of embodiment of the system of Fig 4;

[0025] FIG. 10 is a graph showing the frequency response of a signal when

an embodiment of the system of FIG. 4 is operating; and

20 [0026] FIG. 11 is a flow chart of an exemplary embodiment of a method for

reducing uplink noise.

Description of Preferred Embodiments
[0027] [t will be appreciated that for simplicity and clarity of illustration,

25 where considered appropriate, reference numerals may be repeated among the
figures to indicate corresponding or analogous elements or steps. In addition,
numerous specific details are set forth in order to provide a thorough
understanding of the exemplary embodiments described herein. However, it will
be understood by those of ordinary skill in the art that the embodiments described

30 herein may be practiced without these specific details. In other instances, well-



device, sonetines referred to herein as a nobile device, that is a two-way
communi cati on device with advanced data comruni cati on capabilities having
the capability to conmunicate in a wireless or wired fashion with other
conputing 10 devices. The nobile device nmay al so include the capability for
voi ce comuni cations. Dependi ng on theégunctionality provi ded by the
nobi |l e device, it may be referred to as” a data nessagi ng device, a
cellular telephone with data nessaging capabilities, a wireless |nternet
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they wll 5 have simlarities to the network behavior described herein, and
it will beorganizers, personal digital assistants, handheld wireless communication devices,

wirelessly enabled notebook computers and the like. Typically, the mobile device

communicates with other devices through a network of fransceiver stations. The

mobile device may also include the capability to communicate wirelessly with

20 other mobile devices or with accessory devices using personal area networking

(PAN) technologies such as infrared, Bluetooth, or the like.

[0029] Referring first to FIG. 1, shown therein is a block diagram of a
mobile device 100 in one exemplary implementation. The mobile device 100
comprises a number of components, the controlling component being a main

25 processor 102 which controls the overall operation of mobile device 100.
Communication functions, including data and voice communications, are
performed through a communication subsystem 104. The communication
subsystem 104 receives messages from and sends messages fo a wireless
network 200. In some implementations of the mobile device 100, the

30 communication subsystem 104 is configured in accordance with the Global
System for Mobile Communication (GSM) and General Packet Radio Services
(GPRS) standards. The GSM/GPRS wireless network is used worldwide. Other



under stood by persons skilled in the art that the enbodi nents descri bed
herein can use any other suitable standards that are devel oped in the
future. The wreless link connecting the comunication subsystem 104 with
the wireless network 200 represents one or nore different Radi o Frequency
(RF) channel s, 10 operating according to defined protocols specified for
GSM GPRS communi cations. Wth newer network protocols, these channels are
capabl e of supporting both circuit swi tched voice comuni cati ons and
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networks |ike ..GSM and. Ti e, D vi Si 0 | tipl. C systens. [0031]
The matth FRSEALRACAYSING @&??Wgrpiep%c% %Wmé)%fﬁff"iﬁi"r’@%stem such as a
Random Ac q@ssmivRiEatigns. RAMh nEer retvbASHrotEEaNs tha&s chankils Rrerap&e b0, an
auxiliary input/output (1/0O subsystem 112, a data port 114, a keal/board

116, a spealpportingsboth giicyit@yritehed Moice epppunicatigas absmankebswvisked data and

ot her devi g 124. 7 [0032] Sone of the subsystens of the nobile
devi ce 10§°&$'h§fcéﬁgﬁgsmmni cation-related functions, whereas other

Subsy St eTnfaf O 0% Myl e e Dol A SR b Blp i, o
conmun gatdeficd e0@ i GIMAGPRSSwirsed nd$work in some implementations, other
wireless networks can also be associated with the mobile device 100 in other
implementations. The different types of wireless networks that can be employed
include, for example, data-centric wireless networks, voice-centric wireless
networks, and dual-mode networks that can support both voice and data
20 communications over the same physical base stations. Combined dual-mode
networks include, but are not limited to, Code Division Multiple Access (CDOMA) or
CDMAZ2000 networks, iDEN networks, GSM/GPRS networks (as mentioned
above), and future third-generation (3G) networks like EDGE and UMTS. Some
other examples of data-centric networks include WiFi 802.11, Mobitex™ and
25 DataTAC™ network communication systems. Examples of other voice-centric
data networks include Personal Communication Systems (PCS} networks like
GSM and Time Division Multiple Access (TDMA) systems.

[0031] The main processor 102 also interacts with additional subsystems

such as a Random Access Memory (RAM) 106, a flash memory 108, a display
30 110, an auxiliary input/output (I/O) subsystem 112, a data port 114, a keyboard

116, a speaker 118, a microphone 120, short-range communications 122, and

other device subsystems 124.



5 entering a text nessage for transm ssion over the network 200, and

devi ce- resident functions such as a calculator or task list. Operating
system software used by the main processor 102 is typically stored in a
persistent store such as the flash nenory 108, which can alternatively be
a read-only nenory (ROM or simlar stOfage el ement (not shown). Those
skilled in the art will appreciate that 10 the operating system specific
device applications, or parts thereof, can be tenporarily |oaded into a
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(MVS). More advanCed services can include: point of sale, field service
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menory for stofing information. 30 Once the SIMcard/RU M 126 is inserted
into the ShwrfhkMiiehkss heteorik 280 afterirgquiteslipétedrk ceginksatinn aor petbedissor 102.
In order to identify the subscriber, the SIM card/RU M 126.contains.sonme
user par anR¥PEFSUES V&shb%ﬁp FomRlered i NG or%gﬁp?%s§a§88@é§g?wétﬁqﬁ@?ﬁcpp§r
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Removable User Identity Module) to be inserted into a SIM/RUIM interface 128 in
order to communicate with a network. Accordingly, the SIM card/RUIM 126 and
the SIM/RUIM interface 128 are entirely optional.

20 [0034] The SiM card or RUIM 126 is one type of a conventional “smart
card” that can be used to identify a subscriber of the mobile device 100 and to
personalize the mobile device 100, among other things. Without the SIM card
126, the mobile device 100 is not fully operational for communication with the
wireless network 200. By inserting the SIM card/RUIM 126 into the SIM/RUIM

25 interface 128, a subscriber can access all subscribed services. Services can
include: web browsing and messaging such as e-mail, voice mail, Short Message
Service (SMS), and Multimedia Messaging Services (MMS). More advanced
services can include: point of sale, field service and sales force automation. The
SIM card/RUIM 126 includes a processor and memory for storing information.

30 Once the SIM card/RUIM 126 is inserted into the SIM/RUIM interface 128, it is
coupled to the main processor 102. In order to identify the subscriber, the SIM
card/RUIM 126 contains some user parameters such as an International Mobile



device as well, including datebook (or calendar) information and recent

call 5 information. Alternatively, user identification information can al so
be progranmed into the flash nenory 108. [0035] The main processor 102, in
addition to its operating system functions, enables execution of software

applications 134 on the nobil e device 0. The subset of software
applications 134 that control basic devite operations, 10 including data
and voi ce conmuni cation applications, will normally be installed on

t he
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device state module 136 ensures that important device data is stored in persistent
memory, such as the flash memory 108, so that the data is not lost when the
mobile device 100 is turned off or loses power. The address book 138 can provide
information for a list of contacts for the user. For a given contact in the address

20 book, the information can include the name, phone number, work address and
email address of the contact, among other information. The other modules 142
can include a configuration module (not shown) as well as other medules that can
be used in conjunction with the SIM/RUIM interface 128.

[0037] The PIM 140 has functionality for organizing and managing data

25 items of interest to a subscriber, such as, but not limited to, e-mail, calendar
events, voice mails, appointments, and task items. A PIM application has the
ability to send and receive data items via the wireless network 200. PIM data
items may be seamlessly integrated, synchronized, and updated via the wireless
network 200 with the mobile device subscriber’s corresponding data items stored

30 and/or associated with a host computer system. This functionality creates a
mirrored host computer on the mobile device 100 with respect to such items. This



100 through at | east one of the wreless network 200, the auxiliary I/0O
subsystem 5 112, the data port 114, the short-range conmuni cati ons
subsystem 122, or any other suitable device subsystem 124. This flexibility
in application installation increases the functionality of the nobile

devi ce 100 and can provi de enhanced on-éjevi ce functions,

comuni cation-rel ated functions, or both. For exanple, secure

comuni cati on applications can enable el ectronic commerce f_u%%imocg)s 10 and
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onto the mobile device 100 through a direct and thus reliable and trusted

connection to provide secure device communication.

[0040] The data port 114 may be any suitable port that enables data

20 communication between the mobile device 100 and another computing device.
The data port may be a serial or a parallel port. In some instances, the data port
114 may be a USB port that includes data lines for data transfer and a suppiy line
that can provide a charging current to charge the mobile device 100.

[0041] The short-range communications subsystem 122 provides for

25 communication between the mobile device 100 and other mobile devices,
computer systems or accessory devices, without the use of the wireless network
200. For example, the subsystem 122 can include a wireless transmitter/receiver
and associated circuits and components for short-range communication.
Examples of short-range communication standards include those developed by

30 the infrared Data Association (IrDA), Bluetooth, and the 802.11 family of
standards developed by IEEE. These short-range communication standards allow

the formation of wireless connections between or among mobile devices and



comuni cations is described in greater detail below [0042] In use, a

recei ved signal such as a text nessage, an e-nail 5 nessage, or web page
downl oad will be processed by the conmunicati on subsystem 104 and input to
the main processor 102. The main processor 102 will then process the

received signal for output to the displzg 110 or alternatively to the
auxiliary 1/0O subsystem 112. A subscrib can al so conpose data itens, such
as e-nmai|l nessages, for exanple, using the ke })oarag_ 116 in conjunction with
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al phanuneri c keyboard and/or tel ephone-type keypad. However, other types

of keyboarjggagpn al 9@ Jae, H5ebeivéd bigrrpenek ad a fextmessade, dnesmail t t ed over
the wirel ess network 200 through the comunicatjon subsystem 104. [0043]
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communication subsystem 104.

[0043] For voice communications, the overall operation of the mobile
device 100 is substantially similar, except that the received signals are output to
the speaker 118, and signals for fransmission are generated by the microphone
20 120. Alternative voice or audio I/O subsystems, such as a voice message
recording subsystem, can also be implemented on the mobile device 100. |
Although voice or audio signal output is accomplished primarily through the
speaker 118, the display 110 can also be used to provide additional information
such as the identity of a calling party, duration of a voice call, or other voice call

25 related information.

[0044] Referring now to FIG. 2, a block diagram of an exemplary
embodiment of the communication subsystem component 104 of FIG. 1 is shown.
The communication subsystem 104 comprises a receiver 150 and a transmitter
152, as well as associated components such as one or more embedded or

30 internal antenna elements 154, 156, Local Oscillators (LOs) 158, and a
communications processor 160 for wireless communication. The communications

processor 160 can be a Digital Signal Processor (DSP). As will be apparent to



comuni cati on subsystem 104 can depend on the communication network with
whi ch the nobile device 100 is intended to operate. Thus, it should be
understood that the design illustrated in FIG 2 serves only as an
exanple. 5 [0045] Signals received by the antenna 154 through the wreless
network 200 are input to the receiver %?0 whi ch can perform such common
receiver functions as signal anplification, frequency down conver si on,

filtering, channel ' selection, and analog-to-di %Wc nversion. A/D
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[0048] Referring nowto FIG 3, a block diagram of an exenpl ary
communication signals, but also provides for receiver and transm tter control. For
example, the gain/attenuation applied to communication signals in the receiver
150 and transmitter 152 can be adaptively controlled through automatic
gain/attenuation contro! algorithms implemented in the communications processor

20 160.

[0046] The wireless link between the mobile device 100 and the wireless
network 200 can contain one or more different channels, typically different RF
channels, and associated protocols used between the mobile device 100 and the
wireless network 200. An RF channel is a limited resource that must be

25 conserved, typically due to limits in overall bandwidth and limited battery power of

the mobile device 100.

[0047] When the mobile device 100 is fully operational, the transmitter 152

is typically keyed or turned on only when it is sending to the wireless network 200

and is otherwise turned off to conserve resources. Similarly, the receiver 150 is
30 periodically turned off to conserve power until it is needed to receive signals or

information (if at all) during designated time periods.



enbodi nent of a node of the wireless network 200 is shown as 202. In
practice, the wireless network 200 conprises one or nore nodes 202. The
nobi | e device 100 communicates with the node 202. In the exenplary

i mpl enentation of FIG 3, 5 the node 202 is configured in accordance with
General Packet Radio Service (GPRS) an@lzGl obal Systens for Mbile (GSM
technol ogi es. The node 202 includes a base station controller (BSC) 204

with an associ ated tower station_206 Packet Control Uni P 208
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transc’_b‘? vé?et\é’&’ﬂfg Nt transmits conmunication signals to and receives
comuni cation signals fromnobile 13 .
[0049] In a GSM network, the MSC 210 is coupled to the BSC 204 and to a
landline network, such as a Public Switched Telephone Network (PSTN) 222 to
satisfy circuit switching requirements. The connection through PCU 208, SGSN
216 and GGSN 218 to the public or private network (Internet) 224 (also referred to
20 herein generally as a shared network infrastructure) represents the data path for
GPRS capable mobile devices. In a GSM network extended with GPRS
capabilities, the BSC 204 also contains a Packet Control Unit (PCU) 208 that
connects to the SGSN 216 to control segmentation, radio channel allocation and
to satisfy packet switched requirements. To track mobile device location and
25 availability for both circuit switched and packet switched management, the HLR
212 is shared between the MSC 210 and the SGSN 216. Access to the VLR 214

is controlled by the MSC 210.

[0050] The station 206 is a fixed transceiver station. The station 206 and

BSC 204 together form the fixed transceiver equipment. The fixed transceiver
30 equipment provides wireless network coverage for a particular coverage area

commonly referred to as a “cell”. The fixed transceiver equipment transmits

communication signals to and receives communication signals from mobile



devices within its cell via the station 206. The fixed transceiver

equi pnent normally perforns such functions as nodul ati on and possibly
encodi ng and/or encryption of signals to be transmtted to the nobile
device 100 in accordance wth particular, usually predeterm ned,

communi cati on protocols and paraneters,1€ under control of its controller
The fixed transcei ver equipnment simlarl denodul ates and possi bly decodes
and decrypts, if necessary, any communication signals received fromthe
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per manent nobile ata transmtted fromthe HLR 212 to the VLR 214
for fast erexanugesondnodemaygeapladalidiffesaat modalationtscbame aid ape@t®at HLR

212 node tgo_the VLR 214 he apount . of traffic between these nodes can be
reduceﬂ) sc?ﬁftf‘ﬁrﬂ‘t Sﬂﬁﬁngﬁﬂal&%ﬁ 8@@[\998@3 can be provided with faster
response tinmes.and at the sange tinme require |l ess use of. _conputing

resour ces.[0P882] THeOTSREN !ﬁ%dﬁﬂtﬂ’e@;@%& registered i ﬁéﬂ?g‘ﬁﬁdﬁ‘ﬂoﬁl‘or GPRS 25
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MSC 210 hdve siml ar sponsibilrties within the wirel ess network 200
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SGSN s 216 via an Internet 'Protocol (IP) backbone network operated within
t he net wordevigs: cuienthygnritsraren of spepensillity, in dheyMEnZ Wb diurthedethiec R @3 4nust

perform a alsd Bontid @ omidtidtC e hidbile devices that are visiting other networks. The

information in the VLR 214 includes part of the permanent mobile device data
transmitted from the HLR 212 to the VLR 214 for faster access. By moving

20 additional information from a remote HLR 212 node to the VLR 214, the amount
of traffic between these nodes can be reduced so that voice and data services
can be provided with faster response times and at the same time require less use

of computing resources.

[0052] The SGSN 216 and GGSN 218 are elements added for GPRS

25 support; namely packet switched data support, within GSM. The SGSN 216 and
MSC 210 have similar responsibilities within the wireless network 200 by keeping
track of the location of each mobile device 100. The SGSN 216 also performs
security functions and access control for data traffic on the wireless network 200.
The GGSN 218 provides internetworking connections with external packet

30 switched networks and connects to one or more SGSN's 216 via an Internet
Protocol (IP) backbone network operated within the network 200. During normal
operations, a given mobile device 100 must perform a “GPRS Aftach” to acquire



14 an I P address and to access data services. This requirement is not
present in circuit switched voice channels as Integrated Services D gital
Network (I SDN) addresses are used for routing incom ng and outgoing calls.
Currently, all GPRS capable networks use private, dynam cally assigned IP
addresses, thus requiring 5 the DHCP seji)r(ner 220 to be connected to the GGSN
218. There are many mechanisns for dynamc | P assignnent, including using

a conbination of a Renpbte Authenticatjion Dial-In User Service RADI us)
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t he DHCP sgriere ARRR. aridfhedhobiie dgvicks 1®ba>aemdéemmargt ajmgemimouhﬁm'tl e
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be descri bes thhy We!dorRiered to be similar to an Internet domain name such as

“myconnection.wireless.com”.

[0053] Once the GPRS Attach is complete, a tunnel is created and ali traffic
is exchanged within standard IP packets using any protocol that can be supported

20 in IP packets. This includes tunneling methods such as IP over [P as in the case

with some IPSecurity (IPsec) connections used with Virtual Private Networks

(VPN). These tunnels are also referred to as Packet Data Protocol (PDP) contexts
and there are a limited number of these available in the wireless nefwork 200. To
maximize use of the PDP Contexis, the wireless network 200 will run an idle timer

25 for each PDP Context to determine if there is a lack of activity. When the mobile
device 100 is not using its PDP Context, the PDP Context can be de-allocated
and the IP address returned to the IP address pool managed by the DHCP server
220.

[0054] Using the above described general mobile device environment as
30 an exemplary environment for communications, an exemplary embodiment of a
system and method for reducing uplink noise will be described. it will be



15 wunderstood that the system and nethod for reducing uplink noise my

al so be wused in other communi cati ons systens that are used in noisy
environnments. [0055] FIG 4 is a block diagram of an exenpl ary enbodi nent
of a system for reducing uplink noise 300. The system 300 includes a noise
estimator 305, 5 an adjustable filter S%g, an adj ustabl e attenuation bl ock
315, and a controller 320. The system 380 is provi ded between the

m crophone 120 of the nobile device 100 and further processing el enents
(not showuriderstocd taat thistsyistern laadrmopthod foreadusingloplink] TBHSBMaASAISAHEN | n
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adj ust ed based on a predeterm ned function of the estinated noise |evel.
The adjusiedcasil@dal is then sent for further processing. It will be
understood that the 20 system 300 descri bed herein may be a part of, for
exanpl e, t[0O56pnmuni Amthown is Sy 41 avoitespius nolse crybpositedzighalds Q@i t he

furth i i de , th t f the signal .
¢ anord Q. BT mitaPRone. 120 668 o Haskh & BaStee B 1Bp arissabibdftepa PG upie
currently HNgibply Serftho ee ﬁ@fsbeéstingﬁ‘gfbggfcfhémd@e esfirnaRIr 305 monitersand | e,

known noi se estirators nonitor a 2 i , evaluate when there is a break
i n speech,signal toxseate anestimateosf thadoismlenel indbeleryiipnmgnt EEE br eaks in

speech 2 AGhREL S kel dBAE L e Mk R magarsiy of 1he

m cr ophon current enbodi nent, the noi se
estimator gyeRidedrs theeohtreal 320, avhithedusts trehadjestabROfiitdr@Meased on s al so

possi ble for the noise estimator to nmonitor noise leyels, in 30 ot her ways,
For exbinpl Riedefaroliged Binsipactee RPEREIEe ieYidsHovkE. adiigaB Mena 10

adj ust abl gsTid &l 13 4% SRYhath S (R MickHEhePand'BlePAitdr8l signal is sent to the
adjustable attenuation block 315. The adjustable attenuation block 315 is also
‘adjusted based on a predetermined function of the estimated noise level. The
adjusted signal is then sent for further processing. it will be understood that the
20 system 300 described herein may be a part of, for example, the communication
subsystem 104 of the mobile device 100 and the further processing may include

the preparation of the signal for transmission or the like.

[0057] The noise estimator 305 may be any currently available or hereafter
developed noise estimator. For example, known noise estimators monitor a

25 signal, evaluate when there is a break in speech, and use an average of the
sound level during these breaks in speech as an estimate of the background
noise in the environment of the microphone and/or person speaking. In the
current embodiment, the noise estimator monitors the signal from the microphone
120, however, it is also possible for the noise estimator to monitor noise levels in

30 other ways, for example, through a separate microphone (not shown).

[0058] The adjustable filter 310 may aiso be a known or hereafter
developed adjustable filter. In a particular case, the adjustable filter 310 is a high



devel oped adjustable filter. In a particular case, the adjustable filter
310 is a high 16 pass filter, which filters | ow frequency sounds fromthe
signal. FIG 5 shows an associated characteristic of an exenplary high
pass shelf filter of a type that can be used in the system 300. As noted
above, the adjustable filter 310 is adjusted by the controller 320 based
on a predeterm ned function of the estimated noise 5 level. [0059] FIG 6
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out as'd hds ﬁ%@&@& &fter Whl'cr%b&g‘%{ 3’5??%@ H}e}’i’g?g?lunct ions are
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adj usta | e attenuation bl ock I's provid so that the controller 320 can
adj ust range and at a lower amp!rtude whrle at higher noise levels, the filiering may

cover a larger range of frequencies and be ata higher amplitude. When the

controller 320 is controlling the adjustable filter 310 over a range, the simplest

function is generally a straight-line function such that the filter amplitude is

20 increased and low frequencies are gradually filtered out as the noise level
increases. However, various other functions are also possible and the type of
adjustable filter 320 used and the amplitude and frequencies filtered can be varied

based on the type of noise in the environment.

[0061] In a particular case with regard to vehicle noise, which tends to be
25 lower frequency noise, the use of an high pass adjustable filter to reduce the low
frequency noise is understood to be surprisingly effective at increasing voice

intelligibility on an uplink.

[0062] As with the adjustable filter 310, the adjustable attenuation block
315 may also be a conventional or hereafter developed component. The

30 adjustable attenuation block 315 is provided so that the controller 320 can adjust
the attenuation of the filtered signal based on a predetermined function of the

noise level. The predetermined function used to adjust the adjustable attenuation



the attenuation of the filtered signal based on a predeterm ned function of
the noise level. The predeterm ned function used to adjust the adjustable
attenuation 17 block 315 may be the sanme as, simlar to or different from
the predeterm ned function used to adjust the adjustable filter 310. In
conventional systens, a gain block is gf#ten used to increase/anplify the
signal, however, contrary to what m ght otherw se be consi dered
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"transition". frequenc Ian [or cut-off frequency may also be adjusted as a
function ofSUEBR@ICAAISS IVElt her, other filter shapes may be used and/or

vari ed based on ENL, for exanple, a, pre- 1asi s, may be ded to the
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functions or variations that can be used. For example, to provide a more complex
function without overly increasing computational complexity, it is possible to
consider a class of piece-wise linear functions. Continuous functions or piece-
20 wise continuous functions may also be implemented. Further, it will be understood
that the adjustable filter's “transition” frequency and/or cut-off frequency may also
be adjusted as a function of ENL. Still further, other filter shapes may be used
and/or varied based on ENL, for example, a pre-emphasis may be added to the
adjustable filter 310 as a function of ENL.

25 [0064] The reason that the attenuation is increased as a function of
increasing noise relates to a phenomenon known as the Lombard effect. The
. ombard effect is the name of the phenomenon that a human speaker will
typically raise the volume of his/her voice when in a noisy environment. An
interesting aspect of this Lombard effect that is used to advantage in the

30 exemplary embodiments herein is that the human speaker will often raise his/her
voice higher relative to their normal speaking voice than the level that the noise is

higher relative to a no-noise environment. As such, an increase in the attenuation



30 exenpl ary enbodi nents herein is that the human speaker will often raise
hi s/ her voice higher relative to their normal speaking voice than the

| evel that the noise is higher relative to a no-noise environnent. As
such, an increase in the attenuation 18 of the signal containing both

voi ce and noise tends to inprove the clagity of the voice while |essening
the effect of the noise. [0065] Interestingly, experinents have shown that
the system_300 of

[ he . exenpl ary .enbodi nent, havi ' ' shel f
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attenuation of 0dB and max of 9 dB, and an offset of 62 %?A. .
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| evel for nci es bel ow Fc. 15 frequency, the
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that for j usta er ecause the attenuation was applied to
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bl ock 315 sygch that there S, A1 NCrea t ' ] for
cach 1o 9 fler ead anafeel br HZRBA TEb AR R20tobRYEh i adustele fily
uplink fr 86oh RS RIS Svad &R indieasy i sferdflionestalbeB faseach 1B exper i ment
above. [0067] FIG 11 is a flowhart of an exenplary nethod for reducing

upl i nk  25nomsiase in estmatechneisareve! dor albfreauencaies below ket IRdemMEOd can
generally be understo f iRt |
Jene! 44 Y dhSaud RS SRR RERRR R PR gD i BURETEOERRE
when a si gid hed eAgeit Ved Sirild0 the bdjustatsapittenuatiombluckrdifhwas sef tot he
communi cation device. At 1120, an .
provide a min attenuation of 0 dB and a max of 3 dB, with an offset of 70 dB. The
offset for the adjustable attenuation block 315 was higher than that for the
adjustable filter 310 because the attenuation was applied to the whole band. The
20 controller 320 controlled the adjustable attenuation block 315 such that there was
an increase of attenuation of 0.5 dB for each 1 dB increase in estimated noise
level. FIG. 10 shows a typical uplink frequency response with the system 300

enabled as in the experiment above.

[0067] FIG. 11 is a flowchart of an exemplary method for reducing uplink
25 noise 1100 in a communication device. The method 1100 can generally be
understood from the description of the system 300 above. However, FIG. 11 is
provided for further clarity. The method 1100 begins when a signal is received
(1110), for example, at a microphone of the communication device. At 1120, an
ambient noise level in the environment of the communication device is detected.
30 At 1130, the signal is filtered based on the detected noise level. At 1140, the
signal is then attenuated based on the detected noise level. The signal is then
transmitted by the communication device at 1150. It will be understood that this



anbi ent noise level in the environnent of the conmunication device is
detected. 30 At 1130, the signal is filtered based on the detected noise

| evel . At 1140, the signal is then attenuated based on the detected noise
| evel . The signal is then transmtted by the comunication device at 1150.
It will be understood that this 19 nethgd is preferably perforned in an
adaptive manner such that the filtering and attenuation are perforned
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departing rom neral scope of the appended clains. In particular, it
shoul dibe maydenestydntivdaanadiusiablecatiamedprdiock that eanee? i bed for
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15 [0069] it should be understood that various modifications can be made to
the exemplary embodiments described and iliustrated herein, without departing
from the general scope of the appended claims. In particular, it should be
understood that while the embodiments have been described for mobile
communication devices, the embodiments are generally applicable to

20 communications devices that are used in noisy environments.



| evel ; and applying attenuation equally to the whole frequency range of the
filtered signal based on the estimated noise | evel, and increasing the
attenuation for higher 10 estimated noise |levels. 2. The nethod of claim
1, wherein the filtering based on the_estimated noise |evel conprises
increasing the transition frequency of0t he shel f filtering for higher

esti mategipri-se levels or filtering according to a predetermned function.
15 3. %ﬁguggéhod of claim2, wherein filtering according to the
predeterm ned function conprises: (i) applying a filter of 0dB when the
est i mat bdAnaietkod doerediming nplink gxaiseedn £ cphwpUnipatiforaviee. & imethed noi se
| evel , éii%.aﬂﬁjying i ncreasing attenuation in a straight-1line manner when
the estYHPEY ™oi se 1 evel is between the first 20 threshol d of estinated

noi se | evel widiving e aiplitishyres aotite edmatinicationd deicee | evel, and (iii)
applying a predeterm ned constant attenuation when the estimated noise
levdl exceedestimatinga seise Isrvelindhe visiniyefithacommunisations, devicel, The net hod

Second | hr oougri I KR oG5 ok FRERETLERCE of e Ssnden §8e, &rei n

t he appleyenhandttenuati on based on the estimated noise |evel conprises

appl ying attenuation accaording to a predeternined function. 0 The
o hod ot cl aPPYBY ke Etion BaKgIN do ABoRDG BROERS) Gmg o thRefltered

hod of _ BRH9 g _ _ eree
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| eved , éstinnatedppdise leyelsacr easi ng attenuation in a straight-1ine manner when
the estimated noise 21 level is between the first threshold of estimated
noi se |l evel and a second threshold of estimated noise level, and (iii)

appl yi ng. 2,21 REP0LY" I A& 3t LWekahi tAB MRARGIEMRedee HERESHMBRIG Aokse eYel
exceeds the second threshold of estimated noise level. 5 7. The method
cl ai m 6¢omhdses rincieasirigr dine t tharsition dréequensyr oki thet ehelf 7itarBg dord higher

noi s i Reuralsn: T IR T Acselr BE o ahredeTATRRLARGIOE ng. "T0"R noi se
estigmtor for estimating a noise level in proximty to the nobile
3. The method of claim 2, wherein filtering according to the predetermined function
comprises: (i) applying a filter of 0dB when the estimated noise level does not
exceed a first threshold of estimated noise level, (ii} applying increasing attenuation
in a straight-line manner when the estimated noise level is between the first
20 threshold of estimated noise level and a second threshold of estimated noise level,
and (iii) applying a predetermined constant attenuation when the estimated noise

level exceeds the second threshold of estimated noise level.

4. The method claim 3, wherein the first threshold is approximately 62 dBA and the
25 second threshold is approximately 71 dBA.

5. The method of claim 1, wherein the applying attenuation based on the estimated

noise level comprises applying attenuation according to a predetermined function.

30 6. The method of claim 5, wherein applying attenuation according to the
predetermined function comprises: (i) applying attenuation of 0dB when the
estimated noise level does not exceed a first threshold of estimated noise level, (if)

applying increasing attenuation in a straight-line manner when the estimated noise



conmmuni cation device; an adjustable filter conprising a shelf filter for
receiving an input signal from a m crophone of the nobile comrunication
devi ce; an adjustable attenuation block for receiving a filtered signal
fromthe 15 adjustable filter, and for applying attenuation equally to the
whol e frequency range of the filter edll si gnal ; and a controller configured

to: monel@rstHawesh kmatied theishsld svedtimaxed rmslse! fdvel BAd adsesdrabingedridid er and
t he adj ustable attenuation bl ock based 20 on the estinmated noise |evel;
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The sysTaimAlpUERITd Ryt rBIHE Retnd MrsPhal o cSBiidiBl AisRWed, 1S *cach

of the 25 adjustable filter and the adjustable attenuation bl ock based on
a predeterm ned function of the estimated naoise |evel, 10, The Sé?tem of
t
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hi gher é)ééc?nggwe?r%toie}%mn |sré§lﬁ{e]a\i/%|&sﬂgcrié%ased on a predeterm ned function of
the estimated noise level. 11. The system of claim 10, wherein based on
the predeterm ned _function for, the adjustab ? filter, the controller is
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second & miesipbbdeics the prabilermaramynizatidBAevice; 13. The system of claim 8,
wherein the & né(ﬁjaétla%fe ia e%%g{icimquﬂl%gkt%rardelc%"ls\}iné hae filtered signal from the
15  adjustable filter, and for applying attenuation equally to the whole frequency range
of the filtered signal; and
a controller configured to:
monitor the estimated noise level; and
adjust the adjustable filter and the adjustable attenuation block based
20 on the estimated noise level;
wherein the controller is configured to adjust the adjustable attenuation block

by increasing the attenuation for higher estimated noise levels.

9. The system of claim 8, wherein the controller is configured to adjust each of the
25 adjustable filter and the adjustable attenuation block based on a predetermined

function of the estimated noise level.

10. The system of claim 8, wherein the controller is configured fo adjust the
adjustable filter by increasing the transition frequency of the shelf filter for higher
30 estimated noise levels or based on a predetermined function of the estimated noise

level.

11. The system of claim 10, wherein based on the predetermined function for the

adjustable filter, the controller is configured to adjust the adjustable filter to: (i) apply



adj ust abl e attenuati on bl ock according to a predeterm ned function of the
estimated noise level. 15 14. The systemof claim 13, wherein based on the
predeterm ned function for the adjustable attenuation block, the
controller is configured to adjust the adjustable attenuation block to:

(i) apply attenuation of 0dB when th #stimated noise level does not

exceed gtdriuatibndIs When dhe estimatieroiBeilse! ldeeelnot Eixteed adrstdeeshold
attenuation in a straight-line manner when the estimted noise level is
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conprising the systemof any one of clains 8 to 15.
12. The system of claim 11, wherein the first threshold is approximately 62 dBA and
the second threshold is approximately 71 dBA.
10
13. The system of claim 8, wherein the controller is configured to adjust the
adjustable attenuation block according to a predetermined function of the estimated

noise level.

15  14. The system of claim 13, wherein based on the predetermined function for the
adjustable attenuation block, the controller is configured to adjust the adjustable
attenuation block to: (i) apply attenuation of 0dB when the estimated noise level
does not exceed a first threshold of estimated noise level, (ii) increase attenuation
in a straight-line manner when the estimated noise level is between the first

20 threshold of estimated noise leve! and a second threshold of estimated noise level,
and (ii) applying a predetermined attenuation when the estimated noise level

exceeds the second threshold of estimated noise level.

15. The system of claim 14, wherein the first threshold is approximately 70 dBA and
25 the second threshold is approximately 76 dBA.

16. A computer readable medium storing instructions that, when executed on a

processor, cause the processor to perform the method of any one of claims 1 to 7.

30  17. A communications device comprising the system of any one of claims 8 to 15.



