RADAR DETECTION AND DYNAMIC FREQUENCY SELECTION
CROSS-REFERENCE TO RELATED APPLICATIONS [0001]This
application claims the benefit of U.S. Provisional Application No.
60/742480, tiled on December 5, 2005. The disclosure of the above
application is incorporated herein by reference in its entirety. FIELD OF
THE INVENTION [0002] The present invention relates to radar
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Radio Detection and Ranging. The term "radio” refers to a radio frequency
(RF) wave called a carrier of frequency fc that is modulated to form a
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timing a delay between transmission of an RF pulse and its subsequent

return. fhfea fimerdplaydsdlicaddanagahthe fRdlargpaymie deterninednisional
the formula: R=cAt/2 where ¢ = 3 x 108 m/s and is the speed of light. The
fapisiicatibhoNG e fofpnde, amegusiSHRICEIRBEIUEN Y05, The disclosure of the

above application is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION
[0002] The present invention.relates to radar systems, and more

particularly to radar detection algorithms.

BACKGROUND OF THE INVENTION

[0003] Radar is an acronym for Radio Detection and Ranging. The
term “radio” refers to a radio frequency (RF) wave called a carrier of frequency f.
that is modulated to form a radar pulse train. The detection and ranging part -of
the acronym refers to timing a delay between transmission of an RF pulse and its
subsequentreturn. If the time delay is At, a range of the radar may be
determined by the formula:

| R=cA/2

where ¢ = 3 x 10® m/s and is the speed of light. The factor of two in the formula
accounts for the return trip.

[0004] Referring now to FIG. 1, a radar burst comprises a plurality of

radar pulses. A pulse width (PW) of a radar pulse is the duration of the radar



[0004]Referring now to FIG. 1, a radar burst comprises a plurality of radar
pulses. A pulse width (PW) of a radar pulse is the duration of the radar
pulse. A pulse repetition interval (PRI) is an interval between the start -of
one radar pulse and the start of a subsequent radar pulse. A pulse
repetition frequency (PRF) is the number of radar pulses transmitted per
second and is equal to the inverse of PRI. [0005]Military organizations use
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systems is undesirable for security reasons. [0006]Bas
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[0006] Based on the disclosures by the military organizations, IEEE
has defined the IEEE 802.11h specification, which is incorporated herein by
reference in its entirety. IEEE 802.11h attempts to limit wireless networks andv
wireless network devices from interfering with radar systems. Support for IEEE
802.11h is required in all IEEE 802.11a compliant access points. and client
stations to avoid interference Mth military radar. Oné of the techniques IEEE
802.11h uses to reduce radio interference is Dynamic Frequency Selection
(DFS).

| [0007] Generally, when a device that employs DFS detects other
device; on the same radio channel, the device switches to another cha;nne! if
necessary. Typically, an access point (AP) in a wireless network fransmits
beacons and informs the client stations that the AP uses DFS, When the <lient

stations detect radar on a channel, the client stations notify the AP, Based on



this information, the AP uses DFS to select the best channel for network
communications that will not interfere with radar. [0008]Some network
devices, however, may falsely detect radar on a channel. For example, a
client station may incorrectly conclude that a noise signal such as a signal
generated by a microwave appliance or other device is a radar signal. The
network will unnecessarily block the channel despite the fact that the
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additional channels may be blocked and fewer channels will remain
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network performance. SUMMARY OF THE INVENTION [0009]A wireless
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predetermined portion of a radio frequency (RF) signal and that generates
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SUMMARY OF THE INVENTION

[0008] A wireless network device comprises a cormrelation module that
correlates a predete_mined portion of a radio frequency (RF) signal and that
generates a correlation signal based thereon. The wireless network device
comprises an automatic gain control (AGC) module that generates a gain control
signal based on the RF signal. The wireless network device comprises a control
module that selectively determines whether the RF signal is a radar signal based
on the correlation signal and the gain control signal.

[0010] In another feature, the control module determines whether the
RF signal is a radar signal when the correlation signal indicates that the RF
signal is not a packet of wireless data. The control module determines whether
the RF signal is a radar signal when the gain control signal indicates that a gain

of the AGC module exceeds a predetermined threshold.



comprises a converter module that converts the RF signal to a digital RF
signal, wherein the control module generates a reset signal that resets the
AGC module when an output of the converter module decreases to less

than a predetermined value. [0012]In another feature, the control module
determines a pulse width of a pulse of the RF signal based on a time
difference between the gain control signal and the reset signal that follows
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predetermined radar pulse, [0013]In ano e control"mo

ividem ARcOsBRIE DBIELRO BuRERIBOS WR G I SO R SBEME MR %é@qtﬁ!édune

period between the gain control signal and the reset signal that follows
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module counts a number of zero-crossings in each of the N segments.
VWileecontrol module determines that the RF signal is one of a single tone

radar signal and a chirp radar signal based on the number of

zero-cf084Rigs inthadthse featuns, thleeconhtrbhmddidedeaiaminiaes thalkthaidth
RF signal is a chirp radar signal when the number of zero-crossings in the
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wireless network device further comprises a channel changing module
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control module determines that the RF signal is a radar signal. [0015]In
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feature, the wireless network device is a client station.
predetermined number of adjacent pulses of the RF signal is substantially equal

to a pulse width of a predetermined radar pulse.

{0013]  In ancther feature, the control module divides an output of the
converter module into N equal segments during a period between the gain
control signal and the reset signal that follows the gain control signal,‘where N is
an integer greater than one. The control module counts a number of zero-
crossings in each of the N segments. The control module determines that the RF
signal is one of a single tone radar signal and a chirp radar signal based on the
number of zero-crossings in the N segments. The control module determines
that the RF signal is a chirp radar signal when the number of Zero-crossings in
the N segments vary approximately linearly.

[0014] In another feature, the ‘wir'eless network device further

comprises a channel changing module that changes a communication channel of



[0016] In another feature, the wireless network device further comprises a
radio frequency (RF) receiver that receives the RF signal. The wireless
network device complies with at least one of IEEE 802.11, 802.11a,
802.11b, 802.11g, 802.11h, 802.11n, 802.16, and 802.20 standards.
[0017] In still other feature, a method for detecting radar comprises
correlating a predetermined portion of a radio frequency (RF) signal,
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signal. [0018]In another feature, the method further comprises determining
whetheggihg) RF sigaabina Rdneions whendse retelaliaB I an access
indicates that the RF signal is not a packet of wireless data. The method
foitiercempbse sedetestinenginhehasthe Rdsigiaids aTadestsiansl
when the gain control signal indicates that a gain of an automatic gain
contro[&1BD) nind ke etkezedsatpes ddherminieeid¢sseshetdiof®019%Wice  further
another feature, the method further comprises converting the RF signal to
ectigitsER R sigdial edeenediitfy aeesbesidnel teatiesetthanRiitsigradic The
gain control (AGO) module when the digital RF signal decreases to less
Wisrlas preefeeimifadofaRrRMAIED 0fith aplothestfeanaref teEmaiRBd furtR2.11a,
comprises determining a pulse width of a pulse of the RF signal based on
0 id e A 41 (%M1 P B PR Et RO dignal that

follows the_gain control S{%}alf The method further comprises determining
S

that thERE Signltl i§W ¢ GAM G nBrRRhRYIdonAiste fEpg radar comprises

R et SOOR e 5 s e oeres o

tdhe M ed AL AP e N 05, AT ESIANREN B tne

equal segm uring a perio ween e in cont

W%ﬁﬁ@%ﬁ@%&?&eﬁ% %Q@Hmﬂb”}‘vzﬁ@tﬂ@t’ YHacEEN 5.0 jgt?gr]eaérdﬁr signal

great an one, countirig a nu er or zero-crossings In each o

BESSFSH NG HelafiminiichiIalid B IgBahiRPaR R4 2 Single tone radar
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signal is a chirp radar signal when the number of zero-crossings in the N
segthentby Ry spprakisatedddingigtyl when the correlation signal indicates that
the RF signal is not a packet of wireless data. The method further comprises
determining whether the RF signal is a radar signal when the gain control signal
indicates that a gain of an automatic gain control (AGC) module exceeds a ,
predetermined threshold. |

[0018]  In another feature, the method further comprises converting the
RF signal to a digital RF signal and generating a reset signal that resets an

automatic gain control (AGC) module when the digital RF signal decreases to

less than a predetermined value.



[0022]In another feature, the method further comprises changing a
communication channel when the RF signal is determined to be a radar
signal. [0023]In another feature, an access point comprises the method. In
another feature, a client station comprises the method. [0024]In another
feature, the method further comprises receiving the RF signal. The
method further comprises complying with at least one of IEEE 802.11,
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(ACC) means for generating a gain control signal based on the RF signal.
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determining whether the RF signal is a radar signal based on the

toepelatiovictigiad aniete gainedmuwhbigned adjacdfORAkEs aNEGIRERF signal is
feature, the control means determines whether the RF signal is a radar
ssigstaniialnetieat dorelatitse wighbldhdipateietbatihedREdsigpalkis. not a
packet of wireless data. The control means determines whether the RF
signallif2 thdarsighathedrakegaihe ongtiosighathindicatesrites algddingf the
the AGC means exceeds a predetermined threshold. [0027]in another
qigital BFusional s B8 HEBRMBRLAFMERS a period between the gain control
signal and the reset signal that follows the gain control signal, where N is an
integer greater than one, counting a number of zero-crossings in each of the N
segments, and determining that the RF signal is one of a single tone radar signal
and a chirp radar signal based on the number of zero-crossings in the N
segments. The method further comprises determining that the RF signal is a
chirp radar signal when the number of zero-crossings in the N segments vary
approximately linearly.

[0022] In another feature, the method further comprises changing a
communication channel when the RF signal is determined to be a radar signal.

[0023] In another feature, an access point comprises the method. in
another feature, a client station comprises the method.

[0024]  In another feature, the method further comprises receiving the

RF signal. The method further comprises complying with at least one of IEEE

802.11, 802.11a, 802.11b, 802.11g, 802.11h, 802.11n, 802.16, and 802.20

standards.



comprises converter means for converting the RF signal to a digital RF
signal, wherein the control means generates a reset signal that resets the
AGC means when an output of the converter means decreases to less
than a predetermined value. [0028]In another feature, the control means
determines a pulse width of a pulse of the RF signal based on atime
difference between the gain control signal and the reset signal that follows
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[0027] In another feature, ’the wireless network device further
comprises converter means for converting the RF signal to a digital RF signal,
wherein the control means generates a reset signal that resets the AGC means
when an output of the converter means decreases to less than a predetermined
value,

[0028] In another feature, the control means determines a pulse width
of a pulse of the RF signal based on a time difference between the gain control
signal and the reset signal tha’; follows the gain control signal. The control
means determines that the RF signal is a radar signal when the pulse width for a

-predetermined number of adjacent puises of the RF signal is substantially equal

to a pulse width of a predetermined radar pulse.



[0033] In still other feature, a computer method for detecting radar
comprises correlating a predetermined portion of a radio frequency (RF)
signal, generating a correlation signal based thereon, generating a gain
control signal based on the RF signal, and selectively determining
whether the RF signal is a radar signal based on the correlation signal and
the gain control signal. 100341 In another feature, the computer
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exceeds a predetermined threshold. [0035]In another feature, the

datepetegreat¢hticafutiher coinepeisatsot anveningthesRE migRekiopdigialossings
RF signal and generating a reset signal that resets an automatic gain

dorersi(AGES Metgmertien FredigitabRifsigratidecrerrasttaians RAB@Nal is
predetermined value. [0036]In another feature, the computer method

fanaaf corgistengardaiiniggal potse oltthretianeitsebbtseRersigaalumber of
based on a time difference between the gain control signal and the reset
FSHAAIRLE RIS e NaRie Hents sighal CPRT@ompans: detenmingsttreat the RF
%c;én#rises determining that the RF signal is a radar signal when the pulse

bolSadhreltitRer AE P RIRb Y6 adfisc oW TRfSesToraie-RP S Es i the N
substantially equal to a pylse width of a predetermined radar pulse.
[88@%?&%%%’2?985%@%@9’3%&9r method further comprises dividing
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V%'%%Srises channe!l changing means for changing a communication channel of
the network device when the control means determines that the RF signal is a
radar signal.

[0031] In another feature, the wireless network device is an access
point. In another feature, the wireless network device is a client station.

[0032] In another feature, the wireless network device further
comprises radio frequency (RF) receiver means for receiving the RF signal. The
wireless network device complies with at least one of IEEE 802.11, 802.114,
802.11b, 802.11g, 802.11h, 802.11n, 802.16, and 802.20 standards.

[0033] In still other feature, a computer method for detecting radar

comprises correlating a predetermined portion of a radio frequency (RF) signal,

generating a correlation signal based thereon, generating a gain control signal



N is an integer greater than one, counting a number of zero-crossings in
each of the N segments, and determining that the RF signal is one of a
single tone radar signal and a chirp radar signal based on the number of
zero-crossings in the N segments. The computer method further ‘
comprises determining that the RF signal is a chirp radar signal when the
number of zero-crossings in the N segments vary approximately linearly.
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[0035] in another feature, the computer method further comprises
converting the RF signal o a digital RF signal and generating a reset signal that
resets an automatic gain control (AGC) module when the digital RF signal
decreases to less than a predetermined value.

[0036] In another feature, the computer method further comprises
determining a pulse width of a pulse of the RF signal based on a time differénce
between the gain control signal and the reset signal tha{ follows the gain control
signal. The computer method further comprises determining that the RF signal is
a radar signal when the pulse width for a predetermined number of adjacent
pulses of the RF signal is substantially equal to a pulse width of a predetermined
- radar pulse.

[0637] In another feature, the bomputer method further comprises
dividing the digital RF signal into N equal segments during a period between the
gain control signal and the reset signal that follows the gain control signal, where

N is an integer greater than one, counting a number of zero-crossings in each of



become apparent from the detailed description provided hereinafter. It
should be understood that the detailed description and specific examples,
while indicating the preferred embodiment of the invention, are intended
for purposes of illustration only and are not intended to limit the scope of
the invention. BRIEF DESCRIPTION OF THE DRAWINGS [0043]
The present invention will become more fully understood from the detailed
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frequency selection (DES) may be employed according o e
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;ir;;?;[al is a chirp radar signal when the number of zero-crossings in the N
segments vary approximétely linearly.

[0038] In another feature, the computer method further comprises
changing a communication channel when the RF signhal is determinad to be a
radar signal.

[0039] In another feature, an access point comprises the compuief
method. In another feature, a client station comprises the computer method.

[0040] In another feature, the computer method further comprises
receiving the RF signal. The computer method further comprises complying with
at least one of IEEE 802.11, 802.11a, 802.11b, 802.11g, 802.11h, 802.11n,
802.16, and 802.20 standards.

[0041] In still other features, the systems and methods described
above are implemented by a computer program executed by one or more
processors. The computer program can reside on a computer readable medium
such as but not limited to memory, non-volatile data storage and)or other suitable
tangible storage mediums.

[0042] Further areas of applicabi!ity of the present invention wil
become apparent from the detailed description provided hereinafter. It should be

understood that the detailed description and specific examples, while indicating
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the present invention uses to detect radar and to perform DFS; [0047]FIG.
4 lists various exemplary times within which a wireless network device
detects radar and perform DFS according to the present invention;
[0048]FIG. 5 is a functional block diagram of an exemplary system for
detecting radar and performing DFS in a wireless network; [0049]FIG. 6A
shows client stations implementing the present invention and operating in

YiTBleRS R AR URUTRIIRAS:  orJOGROIEIC, OF Shows an

access point and client stations implementing’ the prese orPHfRpses of

RerAiing: iBﬂ/VMiﬁ@;'@% RGeSk iR RRATHRARENQOR  [OPRLIFI G Filists
parameters of various exemplary short-pulse radar
BRIEF DESCRIPTION OF THE DRAWINGS

[0043]  The present invention will become more fully understood from
the detailed description and the accompanying drawings, wherein:

[0044] FIG. 1 shows an exemplary radar signal according to the prior
art;

[0045] FI»G. 2‘ shows the exemplary frequency bands wherein radar
detection and dynamic frequency selection (DFS) may be employed according to
the present invention;

[0046] FIG. 3 lists exemplary threshold values of signal strength that
the present invention uses to detect radar and to perform DFS:

[0047] FIG. 4 lists various exemplary times within which a wireless
network device detects radar and perform DFS according to the present
invention;

[0048] FIG. 5 is a functional block diagram of an exemplary system for
detecting radar and performing DFS in a wire{éss network;

[0048] FIG. BA shows client Astations implementing the present
invention and operating in a wireless network in an infrastructure mode;

[0050] FIG. 6B shows an access point and client stations implementing

the present invention and operating in a wireless network in an ad-hoc mode;
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signals that may be used to detect radar and perform DFS according to
the present invention; [0052] FIG, 8A shows an exemplary response of
AGC gain to a chirp radar pulse followed by a wireless data packet
according to the present invention; [0053]FIG. 8B shows exemplary
samples of a chirp radar pulse and a wireless data packet received by an
analog-to-digital converter (ADC), when automatic gain control (AGO) is

off, acpuysHg IFIe prasenphrepréieis of VAReds fenMlat) WS Abuise radar

exemplary response of AGC gain to a burst of three radar pulses followed

dyrealvitesmantbpackel accosting radae BRRSPRABNANEFS accliEfR) to the
FIG. 9B shows an exemplary decrease and increase in AGC gain in

pespoidevientioradar pulse according to the present invention; [0056]

FIG. 10 shows an exemplary method for measuring frequency of a radar
pulse HES#HingHi&thB prispms iavestiompjegsEFIGndd o d@Rhedin to a chirp
number of zero-crossings in a bin as a function of number of bins

R rchHts to MlepRERY iveniisips®odalr Gagieets gesprdiioumbideoipresent
zero-crossings in a bin as a function of number of bins when radar pulses
e Rered around carrier according to the present invention;

[0053] FIG. 8B shows exemplary samples of a chirp radar pulse and a
wireless data packet received by an analog-to-digital converter (ADC), when
automatic gain control (AGC) is off, according to the pre‘seht invention;

[0054]  FIG. 9A shows an exemplary response of AGC gain to a burst
of three radar pulses followed by a wireless data packet according to 'the present
invention;

[0055] FIG. 9B shows an exemplary decrease and increase in AGC
gain in response to a radar pulse according to the present invention;

[0056] FIG. 10 shows an exemplary method for measuring frequency
of a radar pulse according to the present invention;

[0057] FIG. 11 is graph of number of zero-crossings in a bin as a
function of numb‘ér of bins according to the present invention;

[0058] FIG. 12 is graph of number of zero-crossings in a bin as a
function of number of bins when radar pulses are centered around carrier

according to the present invention;
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[0059]FIG. 13 is graph of number of zero-crossings in a bin as a function
of number of bins when radar pulses are not centered around carrier
according to the present invention; [0060]FIG. 14 is a state diagram of a
finite DFS state machine according to the present invention; [0061]FIG. 15
~is a flow chart of a method for radar detection and UPS according to the
present invention; [0062]FIG. 16A is a functional block diagram of a high

celliaf R (03B T 1B S GUBRE S e o7, brachin o
ROt of number of bins when radar pulses are not centered around carrier
according to the present invention;

[0060] FIG. 14 is a state diagram of a finite DFS state machine
according to the present invention;

[0061] FIG. 15 is a flow chart of a method for radar detection and DFS
according to the present invention; -

[0062] FIG. 16A is a functional ‘block diagra_m of a high definition
televiéion; o

[0063] FIG. 16B is a functional block diagram of a cellular phone;

[0064] FIG. 16C is a functional block diagram of a set top box; and

[0065]  FIG. 16D is a functional block diagram of a media player.

DETA!LED. DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0066] The following description of the preferred emb,odimént(sj is
merely exemplary in nature and is in no way intended to limit the invention, its
application, oruses. For purpases of clarity, the same reference numbers will be
used in thé drawings to identify similar elements. ‘As used herein, thé term
module, circuit and/or device refers to an Application Specific Integrated Circuit
(ASIC), an electronic circuit, a processor {shared, dedicated, or group) and
memory that execute one or more software or firmware prégrams, a
combinational Iogic--c‘ircui.t, and/ar other suitable components that provide the .

described functionality. As used herein, the phrase at least one of A, B, and C

13



[0065]FIG. 160 is a functional block diagram of a media player.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0066] The following description of the preferred embodiment(s) Is merely
exemplary in nature and is in no way intended to limit the invention, its
application, or uses. For purposes of clarity, the same reference numbers
will be used in the drawings to identity similar elements. As used herein,

the term module, circyit and/or device refers to an Application Specific |
R BR CHOTHERS I TRA LR CTEITE AL Bpfbcbbs PR Aepon-exclusive

edicated, r group),an .t{ﬁg te one qr mre softwate or
#)r 'gvazr%r‘pr%gg‘a?ﬁwﬂs? g%cg%%?r%%%a ég‘??égé%cb"?, ah /g?e% c>egr B a%faeexecuted

SORRERER RIS R o e peEral v s e, e

east one of A, 13, and C " should be construed to mean a logical

(A or Brepézy USRErBIARE R4S redodicahyritishesi sy ndacsinnd (oFs) is
that steps within a method may be executed in different order without
alsgdnadhapsinciplestefdhecPrBe Rt 4hveriinl signk96 EhBefgirigsdoWetwork
to FIG. 2, dynamic frequency selection (DFS) is used to avoid interference
-tehheeiosia sighaissapbwiiele s thet §aEkeoraminisphe sy e MES is used
operating in the 5 GHz band. Specifically, DFS is used to select a
radselértcactaaiandtdorahanhed Saretiretkssonaiworic ationniworic atioltiflem multiple
non-overlapping channels in the 5.25-5.35GHz and 5.47-5.725MHz
frefoey@yarnine st e0Bsi italtne b LG5 ShGEzhent réshbid. VaklMs z dreyuency
the Federal Communications Commission (FCC) for avoiding interference
Bafween radar signals and wireless network communication. Thus, if a
wireless network device detects a signal of strength exceeding -64d8m in

a chanh®PB&Ld bf {RBIad0IELCant iFthdhRidMErRgIdiyaliss iselcRY Hre Federal

radar signal, the device should guit usi gthat.chanr,lel. 0069]A table in

eI ICTRE% ST BH e entO MRS e Tarenge ReBngen radar

wireless network device detects radar., the network should stopS using .

e A e A AR B lRES e device
icatl . ed for eque iod, .

R S A & AR S evice

f%@@?ﬁ@'%&@ﬁh@@gnal is indeed a radar signal, the device should quit using
that channel. | |

[0069] A table in FIG. 4 lists DFS response requirements set by the

FCC. Thus, once a wireless network device detects radar, the network should

stop ‘using that channel within a predetermined time, such as 10 seconds.

Communication on that channel may be blocked for a subsequent period of time,

such as half-an-hour.
[0070] Referring now to FIG. 5, a system 10 for radar detection and
DFS comprises an automatic gain control (AGC) module 12, a radar detection

module 14, a clear channel assessment (CCA) modute 16, an analog-to-digital

14



DFS comprises an automatic gain control (AGO) module 12, a radar

detection module 14, a clear channel assessment (CCA) module 16, an
analog-to-digital converter (ADC) module 18, a filter module 20, and a
dynamic frequency selection (DFS) module 22. [0071] The AGO

module 12 provides a radio signal strength indicator (RSSI) measurement

to the radar detection module 14. Based on RSSI, the radar detection ,
ekt A(ABEYMERiIka 1adia fiftgreReydiRE) Zignahds slreiaariidairéquency
predetermined threshold DFSth such as -64dBm. The CCA module 16
digntionsidSegitichdee28ireless data packets from other signals and

activates the radar detection module 14 only if the RF signal is not a
legitim#@87Hirele$belfiép patredUirhdd artaridete ticadin csigheall 4trapgiiuingicator
parameters of the RF signal such as pulse width, frequency, etc. The DFS
ittt Peassiemaras tRetharmtatefeipatinnaw tyieht4adBadetecioRSS!, the

module 14 with a set of parameters of known types of radar signals. The

Lpdas Hepcinn ped iR aherteimings Ligrardie feauapayyRi beianglde/atronger
YRR 2 SAeCRlS o SRR SeaiheS i HEThe MIBIEGA module 16
e BRI RS Feliely Toce e e ine potvates
e R R B e B L BN R el wieless

fitaEs sheBf Si%%ﬁ%?@&@dmﬂ%&ﬁé“fg’ Zﬁggg%ﬁée% t@s@%& FPO%g(')ﬁ\e RF

12, the ADC module 18, and the filter modu e control module

RIaHACSVBNRISR tb@éédﬁfdwt%@!bﬁwgﬁ:.l% HBEFS B80S 3G ihares the

the DFS module 22. [0074)In some implementations, the radar detection

madiniettd theadSGradngdite AfdAntbibeior hoibI2Zitnay £8 of éaarameters

Implemented in the BBP module 26 of the wireless network device 24. In

siflkotiver typeienfeatidiosignatde Riosystdrthetnendnips oaMR! if the RF signal
implemented by firmware and/or software. Although shown separately
figralrasansign@nbasenvan kyast one of the modules shown in-FIG. 5 may

be implemented using a single module. [0075]IEEE sections 802.11,
802.11(8978b2.11{1s), tem (§P may be implemented in a wireless network

device 24 such as an access point or a client station. The wireless network

device 24 typically comprises a RF transceiver module 26, a baseband processor

(BBP) 28, and a medium access controller (MAC) module {or a control module)
30.

[0073] The RF transceiver 26 receives RF signals. The BBP module

- 28 demodulates, digitizes, and filters the RF signal. The BBP module 26 may

comprise the AGC module 12, the ADC module 18, and the filter module 20. The

control module 30 may comprise the radar detection module 14, the CCA module

16, and the DFS module 22.
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802.11(h), 802.11(n), 802.16, 802.20, which are hereby incorporated by
reference, define ways for configuring wireless networks and devices.
According to these standards, a wireless network device may operate in
either an an infrastructure mode or an ad-hoc mode. {0076)Referring now
to FIGs. 6A-0B, various exemplary implementations of the system 10 in
wireless networks are shown. In FIG. 6A, an infrastructure network is
shown[0@ifivirelessaiienirstitioenBlidnG 442k . radad detesticolledd@ly 14, the
64) that communicate with an access point 63. The access point 63 may
ESminTopidee Vithandother B5 SAmustiden B3 may previdplaccesetb m the BBP
distributed communications system (DCS) 67 such as the Internet, a wide
Bredtifeffork theAKve 'sne/peMekafiaMcendwolik BtANIhet Frelessetiations, at
lient stations 64-1, 64-2, ..., and 64-X S%ollectivel 64) are configured in
g?r?%’fd‘%%‘c?ﬁ&ﬁ@. ERduiaRaaY &8 hep "ﬂ%‘@%rg%,t HBWa 4 #ngijor software.

) SR LS RS R R oS e s
i f y-. ' signals. A table,in FIG. 7 list
S B IS s P R e e g, i 3 chir

mple parsi rSfoft BURE FEH Signats. n
ulses B b 5 Sea] i B S Sk hatk & bIED w110

>r lirp T2 _ e |
o) a5 é@@pﬁ(@p%@@,rﬁ@etmzezefwléﬁR%ragr éﬁ%ﬁ%@%@%d by

width of 5-20MHz. A typical frequency-hopping ra
RiféehtpSdeTiRR el 833P SorneLANy aREIRss PRAVGRAIIRISNAUES R cording

radar signals used in actual applications may vary. [0078]Referring now to

Eletheds-Shral sesporsevirEREO gaindi diféaiest iapSopbRIeSIgNaRHS: an an
shown. FIG. 8A shows a response of AGC gain to a chirp radar pulse

foffeateechy e maddessatatal racketoddG. BB shows exemplary samples of

a chirp radar pulse 74 and a wireless data packet 72 received by the ADC
moduld0fZ GihenRAtERBY isrufiy FItn 8BRS, sh@AsaByariatinnoug3 insemplary
signal input to the ADC module 18, when the AGC is off, corresponding to
IMppmsyrlane Rhtisr Svsisradd ik ndreasshpphyer ke sensbosi\GIB FIG. 6A,
|%air] a burst of three radar pulses followed by a wireless data packet.

NGB LRSI SRS FeShoYEe WENralefvcrisst sationaGé-habie. ...,
2§ I [0079]When the RF tr; i 28 i
e e e 10 i SR DAl s oA Rt A 5. The

Eu 12 returns to the

I Y . The.qgain of.th I
B R UG R S SR oy g RN st e

B B R CR LB SHB T B e o
M medulerheisar ANGJihaiaral RIEBNIRINAISAIBH (LAN). In FiG. 6B, the
client stations 64-1, 64-2, ..., and 64~X (cét!ecti\kely 64) are configured in an ad
hoc mode. Either the AP 63 and/or the client stations 64 may comprise the
system 10.

[0077] - Radar signals may be generally classified into three categories:

Short-pulse radar signals, long-pulse or chirp radar signals, and frequency-
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(RSSI) to indicate the strength of the RF signal to the radar detection
module 14. If RSSI exceeds a threshold value DFSth such as -64d8m, the
radar detection module 14 performs radar detection. [0080]The CCA
module 16 determines whether the RF signal is a legitimate wireless data
packet. A preamble in a legitimate wireless data packet comprises a
standard sequence. The CCA module 16 performs a correlation on the

segpémeerdd shespyramblentasistenmira®hetherdheMpriopatititers for four
legitimate wireless data packet. The CCA module 16 uses a CCA signal to

aotbrapdatiyes hadap uleteditar sigaklie 14 whﬁimh%zﬂid? §i@ﬁ@", iﬂ'@(ﬂf@uency of the
legitimate wireless data packet. Thus, the CCA module 16 prevents false
teRfGEN e biaheyraesiedewibifo raddpldskes. That isxdmep@CA tppidalechp radar
prevents the radar detection module 14 from performing radar detection
SRNSRAY RavafePriseEi EXWglthRa180u b el agratiion interval (PRI)
@g%itionally, the CCA module 16 prevents the radar detection module 14

B8ty FiSe ﬁfﬁ@’e?’é‘ﬂ%ﬁél ﬁQMﬁ*]’amﬁé@Wb@_ﬂmﬁbt@PPmQ radar
A R e S S G B S oMb s per hop. Parameer

values of radar signals used in actual applications may vary.

[0078]  Referring now to FiGs. BA-9B, a response of AGC gain to
different types of RF signals is shown. FIG. 8A shows a response of AGC gain
to a chirp radar pulse followed by a wireless data packet. FIG. 8B shows
exemplary samples of a chirp radar pulse 74 and a wireless data packet 72
received by the ADC module 18 when the AGC is off. FIG. 8B also shows a
variation 73 in the signal input to the ADC module 18, when the AGC is off,
corresponding to a varying frequency of chimp radar. FIG. 9A shows a response
of AGC gain fo a burst of three radar puises foliowed b-y»é wireless data packet.
FIG. 9B shows in detail a decrease 78 and an increase 80 in AGC gain in
response to a radar pulse.

[0079]  When the RF transceiver 26 receives an RF signal, the gain of
the AGC module 12 decreases to a value that is less than a normal value. The
gain of the AGC module 12 retums to the normal value after a period of time.
The time taken by the gain ’of the AGC module 12 to return to the normal value

depends on various parameters of the RF signal such as signal strength, pulse

- width, frequency, etc. The AGC module 12 uses a radio signal strength indicator
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decreases to a low value. The radar detection module 14 monitors the
output of the ADC module 18. When the output of the ADC module 18
decreases below a predetermined threshold and remains below the
predetermined threshold for a period of time, the radar detection module
14 detects an ADC under-run condition. The ADC under-run condition
indicates an end of a pulse of the RE signal. The radar detection module

1mywm&§daﬂ@&ﬂg§fiﬁﬂgsm6fhﬁ§ﬁF%@@1%Hgﬂea a%sé?ﬁ‘ééﬁﬂ"qﬁfé%um 14,

frequency, etc., based on the ADC under-rtin condition.

nbRBSPetypintsliv cnrapRisRS low-pres filesihal fisamihe f?z%tﬁgkgi e ection

ADC module 18. The radar detection module 14 determines whether the
RPatgiei4 sinfgierte nedeadistectidicp radar based on the output of the
filter module 20, Additionally, the radar detection module 14 determines

the freqli@P@8] of thbeRECRyrmmiddatediOrdtitermitist albpditernpgule R is a

[0083] The radar detection module 14 measures parameters of the RF
sigRAIsath Wesiras dalripaTketudhpygerbleina fegiimaty viegiedanga packet
frequency, etc.), and pulse repetition interval (PRI). The DFS module 22

cORPRASE T SiardATEERIusERSUrdne R rmaduidetéctieriamadwadrtdition on

t eeé‘emfﬁéa%fa meters shown in the table in FIG. 7 to determine
whetherte %fgﬁaﬁﬁé%\%&%ﬁ&ﬁﬁmmwmﬁ@ RF signal is a legitimate

[ Specifically, when the signal strength of the RF signal exceeds
ggg%%sgnéa\{mah%%%-c en%%%‘lé“@mﬁiégté’éﬁﬁa?tﬁ&RFSEJQﬁhmvsamtvate the
legit el A packet, the radar detection module 14 measures
T e R - REAb e, Priscilees aaniere cat

e s eRaiioe AR BHEnRacR e e ARSI ecton

generated by the AGO modu_ signa
ofrwpulser wh.efngh%ﬁ@@mmrﬁmﬁsﬂ%feﬁfé%‘?mé%@%é‘%%ﬁ%{and o Aule 14

pulse is indicated by the ADC under-run condition detecte e PRdE
detzntiparfonnivig idat theteeibal SNETDPYISENERAHBREIGISEION 4 egitimate

module 14 calculates the pulse width of the
wireless data packet. Additionally, the CCA module 16 prevents the radar
detection module 14 from being falsely triggered by Blustooth jammers.

[0081] The ADC module 18 converts the RF signal from an analog to a
digital format. At the end of the RF signal, the output of the ADC module 18
decreases to a low value. The radar detection module 14 monitors the output of
the ADC module 18. When the output of the ADC module 18 decreases below a
predetermined threshold and remains be!owthe predetermined threshold for a
period of time, the radar detection module 14 detects an ADC under-run

condition. The ADC under-run condition indicates an end of a pulse of the RF

signal. The radar detection module 14 determines characteristics of the RF
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pulse by counting a difference between the time of the beginning of the
pulse and the time of the end of the pulse. [0085]Additionally, after
receiving the ADC under-run signal at the end of the pulse, the radar
detection module 14 generates a signal to reset the gain of the AGC
~module 12 to the normal value. Unless so reset, the gain of the AGC
module 12 may take a long time to return to the normal value, and

iRgaming st g i I e lost. [0086]Referring now to
FIG. 10, the ragg{ det?(i:?iggn moghfggfgéﬁégsﬁkr%s S (ﬂjbﬁ& REST-run

sighalttondetermine whether the RF signal is a single tone radar signal ora
chirp radar signal. When the gain of the AGC module 12 decreases to less

than a ppedelernihedftheesholduualze %ﬁﬁﬂ)ﬁ“ﬂ@ﬁ%%‘@ﬁ@%%?f?% filter that
scC

duration of the RF pulse is divided into multiple segments or are alled

biiersf tgualitime widthe TAOGumbeiuef higis iSThwicalaprapiiaid! iniife 14
pulse width. The width of each bin is proportional to the resolution of

frEieeRbe sdRibrtn RF0Sgn e siadkr tdatecticar mo6kig F4dBE85568%n the

the frequency of the RF signal in each bin. Numerous methods such as

F3lPir Bhitofilter enedue T2k F TAddiiorallyssihg methodietisstiotaydRiuie 14

used to measure the frequency. The radar detection module 14 uses the
PSS &P enRLecththee RECRIgRm PARstHlodristies scctpoplex the filter

tpn%ralljce) ler Transforms. [0088]Referring now to FIG. 11, the number of

zero-crossings in each bin is plotted against bin index. The radar detection

e O g O B A 12 e matnes parametors 0T e R
signal such as pulse width, frequency (e.g.,‘, chirp frequency, single tone
frequency, etc.), and pulse repetition interval (PRI). The DFS module 22
compares the parameters measured by the radar detecﬁoh module 14 to the
exemplary parameters shown in the table in FIG. 7 to determine whether the RF
signal is a radar signal of a known type.

[0084] Specifically, when the signal strength of the RF signal exceeds
DFS¢ and when the CCA module 16 indicates that the RF signal is not a
legitimate wireless data packet, the radar detection module 14 measures puise
width of every pulse of the RF signal as follows. The radar detection module 14
determines a beginning of a pulse based on the RSS| signal generated by the
AGC module 12. The RSSI signal indicates a beginning of a pulse when the
AGC gain crosses the -64dBm threshold. An end of a pulse is indicated by the

ADC under-run cpndition detected by the radar detection module 14 atthe end of

every pulse. The radar detection module 14 calcuiates the puise width of the
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of zero-crossings in a bin is directly proportional to the frequency of the
RF signal in the bin. That is, the higher the frequency, the higher the
number of zero-crossings. Specifically, a linear graph indicates a linear
variation in the frequency. A linear variation-in the frequency indicates that
the RF signal may be chirp radar. Number of zero-crossings below a
predetermined threshold is ignored since a very low number of

ZR1IBeCEYSHNEEH Y IR TensHiMeHREBNIRMRRISS M@@Mﬁ%@ﬂtﬂ%@%e and

FIGs. 12-13, the radar detection module 14 determines Whether the

stgntainis chile easthohthtolows. Initially, the radar detection module 14
determines if a difference di between number of zero-crossings in

adjaceitfit} exdettitanpledaternsoeiityeeokDE tingetherRERIEN the end
not single tone radar and may be chirp radar. Otherwise, the radar .
PéibetioH!sgo theeradatedetaniiers thedute Rirgsigeadfissaasiigha ltonegsstathe gain
signal and generates an isTone signal. [0090]The radar detection module

P4 berhitprs adiifed thio dire sigrmaiyakiey rdolessysturdset dbtegainioltife AGC
an absolute value of (cli cli..1) for all is is less than a predetermined

RELHEIA2 IR iR 2 IR NI fRetrim jodhm ewrms vehkeradigmarnisng data

chirp raday..The radar, detection module 14 generates an isChirp signal.
[&@ﬁ?ﬁﬂé‘,'%?8889&8?@@&%#%1% 14 determines if the RF signal is

A IR AR R AR R A 1
ggﬁ'%\e‘é;}% ﬁieﬁﬁé%ﬁé?ﬁi}@ﬁ%‘@@ﬁ&%ﬁoo e RY R SRS T g‘rtgnal is a
single tone radar signal or a chirp radar signal. When the gain of the AGC
module 12 decreases to less than a predetermined threshold value DF Sy,
(typically -64dBm), the duration of the RF pulse is divided into multiple segments
or areas called bins of equal time width. The number of bins is typically
proportional to the pulse width. The width of each bin is proportional fo the
resolution of frequency measurement.

[0087] The radar detection module 14 measures the frequency of the
RF signal in each bin. Numerous methods such as Fourier transforms (e.g._,’
DFT, FFT), zero-crossing method, etc., may be used 10 measure the frequency.
The radar detection module 14 uses the Zero-crossing method since the zero- |
crossing method is less complex than Fourier Transforms.

[0088] Referring now to FIG. 11, the number of Zero-crossings in each
bin is plotted against bin index. The radar detection module 14 measures

frequency by counting the number of Zero-crossings inside the bins. The number



the DFS-enabled device that is receiving the radar signal, FIG. 13 shows
an uneven distribution of number of zero crossings when pulses of chirp
“radar are not centered at center frequency of the DFS-enabled device that
is receiving the radar signal. [0092] The radar detection module 14
provides the DFS module 22 with measurements of parameters such as
pulse width, frequency, pulse repetition interval (PR!) etc., for every pulse.

bhedpb-Srovethde BaOaieiRBEW RIS s ISaTHESRLRUISR Y TS d %42 signal

predetermined number successive pulses are equal. If true, the DFS

inotheet®? cdimphrestiie myprsues! frelgeantsith Wi HBRP@RIBIELNISS! zero-
widths shown in the table in FIG. 7. If the measured pulse width matches
&rpakingeidth Specitickllypuisdirndar kgoaphtyipdidheORS medrle/2ration in the
determines that the RF signal is a radar signal, 10093] Additionally,
firRAVRICIn duline 2o vprintide intteeDFes neodyl @R atith thate lssaRIDSiforal may be
each RF signal that causes the gain -of the AGC module 12 to decrease

B TRREN thdNDMBAT thf c2piotE TRIMISShelodule JXetistemmines ifttheshold is
time interyal (spacing) between a predetermined number of successive

BUISER F%%e%vﬁ@h Vi RUMRE o erepeassinasensy R pRnsitive to random
%%t')ssetantially equal, If true, the DES module 22 compares the PRI with
exemplary PRI values of radar signals such as those shown in the table in

BT R R e e S RO U
B Ot S S PG SRS TR T, o

10 controls interruption of nor operation 0 ne

AaRALRO AeeRNePlshasdhisiRuO G enai %F%%aﬁd%t&%&%g}gﬁmﬂ B0 zero-

response to every RF interference received. Instead, the's

seseenend aupliias aminput &K sianplaeiameRal RGP defeelian e rE

and DFS. For example, the system 10 generates a dfsDetected signal to
sigicatéstimatt tiingletvimils devareadd Shey hehames H8ANRREINR. . the radar

received RE signal single tone radar or chirp radar with parameters that
ArigsHidoswdbiknowetetanisigntiat ol RIE seaeives RErRIENAIAS 34u88Signal
of a very short duration. [0095] Referring now to FIG. 14, a DES finite
spdosnriaies 800sTena Passlve (inactive) state So, an active state S1,

and a wait state 32. The state machine 100 changes state from So to Si

when He%Uxcedhs rmdaraiertirmmpdule thtediiomesdetbeC@ie RF signal
module 16 confirms that a RF signal received is a legitimate wireless data

BaEREP [REERYSUTRE Hote it sporhridierealyaramiderstarfoasl i's is
PeuslsS %\1’%‘9 tQ';‘;rr%%%?é‘r%hgépih?éstﬂgié’.“'?? t?&lé??hgi‘fsl?n%%'in frequency is linear,
and the RF signal is chirp radar. The radar detection module 14 generates an
isChirp signal.

[0091]  Thus, the radar detection module 14 determines if the RF signal
is chirp radar if d; exceeds a predetermined threshold and i abs(d- di.q) is less
than a prédetermined threshold. FIG. 12 shows an even distribution of number

of zero crossings when pulses of chirp radar are centered at center frequency of
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[0096] The state machine 100 also determines in state Si if the RF signal
is a single tone or a chirp radar signal. If true and if the parameters of the
radar signal match the parameters of a known radar type, the stale
machine 100 indicates the type of radar signal detected (e.g., single tone
or chirp) and that DFS is detected. At the end Of the pulse, the AGC gain
Is reset to normal value, and the state machine returns to state S. [0097]If

t Ak ines in.state Si that the RF signal is not
e T oty e e ek M P d2160 e e 5 ahgws an

thadoiariaranseeRds LML NG 2GS %Qelgsii‘?xégsv% é% rr@%}al ‘fﬁ'“gﬁ r}'gdar are

state machine 100 returns to state So. Depending on t Sraftle

vebtesaten dnaniradauEiaBals: the Bﬁ@%ﬁé&é&%é%ﬁ@? igt%tgeiying the

machine 190 can be programmed. [0098]Referring now to .1
rmethodidsél for radar detection and DES begins at step 152. The radar
detection module 14 determines whether the RSSI of an RE signal

exceed 0¥ th iifistemadsn défatsorthecdatbols1RIALESHE BB 1534l 20
true, the radar detection module 14 additionally determines in step 156

WHEthEteReURMSIgRabfe peitem eteaslegitithateswiseless Wil PFekelascy, puise
indicated by the CCA module 16. If true, the method 150 returns to step
18pehitiensBtaneatdFR etetitn men@ulsenclibares SematameiRéetermines
such as pulse width, frequency, etc., of the RF signal in step 158 until an
d l&eg??ful i§BERERE 860 WigtR] e d drredatamuinsrinudutest successive
rﬁﬁ%@st%?ep‘%%a?ainhmxr%tg,pt%gzDFS module 22 compares the measured pulse
width with the exemplary pulse widths shown in the table in FIG. 7. If the
measured pulse width matches a puise width of a radér pulse of a known type,
the DFS module 22 determines that the RF signal is a radar signal. |

[0093] Additionally, the MAC module 30 provides the DFS module 22
with time stamps for each RF signal that causes the gain -of the AGC module 12
to decrease to less than the D'FSm threshold. The DFS module 22 determines if
the time interval (spacing) between a predetermined number of successive
pulses of the RF signal (i.e., the pulse repetiﬁon rate or PRI) is substantially
equal. If true, the DFS module 22 compares the PRI with exemplary PRI values
of radar signals such as tho-ée shown in the table in FIG. 7 to determine whéther
the RF signal is a radar signal.

[0094] If the DFS module 22 determines that the RF signal is a radar

signal, the system 10 determines that the channel should be changed. The

system 10 controls interruption of normal operation of the network device 24.
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at. the end of the pulse. The DFS module 22 compares the parameters
measured by the radar detection module 14 to the exemplary parameters

of radar signals of known types in step 184 and determines whether the

RF signal is a radar signal of a known type. If true, the method 150
determines in step t66 that the channel should be changed. Otherwise,

the method 150 -returns to step 152. [0100]Referring now to FIGs.
mé\sl,@%mar@ta%samﬁﬁ&ﬁ%'mﬁ&ea}ﬁmﬂeﬂéwf &SP HEERRNAPEES in

shown. Referring now to FIG. 18A, the present invention can be
respiensentesl sra R haatieitnpdeldsien (bt 2R: THaere8 N creens and
invention may be implemented in either or both signal processing and/or
coalifelscrouitpuyRh aigrgenisstdheidenitied indd&r. defatoA28ndNIFS. For
mass data storage 427 of the HDTV 420. The HDTV 420 receives HDTV
AremRRntie isysiemr A0vgederetesclesifienattand dgneratesrtdRIN that the
output signals for a display 426. In some implementations, signal

RROveEsHRY GRcart ahdreldcehargeitbeitcirmneldibthetreceiradtRhatgnal single
shown) of the HDTV 420 may process data, perform coding and/or

1ONE565h, PeRbip cafialiavBRsPesamatemsdhaldmeishithasanyf dthewn radar
type of HDTV processi at may be required. [0101] The HDTV 420
RO B F RS LS HHE, BB 5o A ehed dbeion
nonvolatile.manper.in_devices su s optical and/or magnetic storage
device@.&ﬁ?de&%&esnmgyr}%\ﬁl?%g?@r 15afh @Hé{}lﬁed%%armégm{@d% has a

. ‘a.mini that includ

gﬁﬁg{%%g%?ﬁ&g %i%?w%%?'?éi%s&é%gﬁg%aﬁ’ :%ré)grgéji M?‘[t:é}%% ;"-‘F) rﬁ he state
oy d 8 OM., | '

HBdh4200mayie sennasie ﬁ%me@f{ﬁ ‘rtn%e rﬁg%ﬂa?d%ﬁg%ﬁ%eedﬁa% 'Sy, and

latency nonvolatile memory such as flas rsu

Riacienia dele SI0iaaesd heetiTAV S MSRRENRHRP ' g,
a WLAN via a WI?AN nthork interface 42%%%?%){2]Refg%iﬁgrﬁfv§%§%c}g & Ived

beBletitrpeas eividleesndion ¢arig. IMRIeResiethd AA8/WaERRoedt AR asures
that may include a cellular antenna 451. The present invention may

wapsemtans andfoad e umpleidntéd duenidierenr. ORI ALOSIAREHUsignal.
and/or control circuits, which are generally identified in FIG. 16B at 452,
and miGhta stomgatsamrchineclWaaishotetdBiinksspmaate S, if the RF
implementations, the cellular phone 450 includes a microphone 456, an

8987 BLfpRinglssienerPas it srermnpignsl alfdioie wpdtijdbl, madispitars of the
460 and/or an : :

radar signal match the parameters of a known radar type, the state machine 100
indicates the type of radar signal detected (e.g., single tone or chirp) and that
DFS is detected. At the end of the pulse, the AGC gain is reset to normal value,

and the state machine retumns to state Se.

[0087]  If the state machine 100 determines in state S4 that the RF
signal is not a radar signal of a known type, the state machine 100 waits in state
S; until the interference ends or until the AGC gain is reset to normal value. The

state machine 100 returns to state Sg. Depending on the parameter values of the
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Input device 462 such as a keypad, pointing device, voice actuation

and/or other input device. The signal processing and/or control circuits

452 and/or other circuits (not shown) in the cellular phone 450 may

process data, perform coding and/or encryption, perform calculations,

format data and/or perform other cellular phone functions. [0103] The
cellular phone 450 may communicate with mass data storage 464 that
st%g\%rg,iata in a,nonvolatile manner in devices such as optical and/or
magneticrasngasdgr@éﬁi%. W@a&fi&@mawmcmmfmwmmmamo can be
diﬁ}ﬁgrg{_ﬁ%pr and/or OVDs. The HOD may be a mini HDD -that includes

one Or more platters having a diameter that is smaller than approximately

1.8". Th lar .4 onpected to memory 466 such as

RAM, Rggﬂg,ﬁlgw g%?u%@rhgo%\%%ﬁﬁﬁge rd BRIl 138Han erdar, dstrptien and
olhes BHREE! 6 d 'he.cellular phone 450 also ma
supposgéconnegti&o%r:ésoj/vgi?ﬁ ﬁ%ﬁ%\g}ge}\ﬁfﬂﬂ}?&@ﬁrﬁrﬂ%m%n%% ether the

[(RO8]RsrferminrnewialIFiGdQfs. H}es%,r‘%ﬁe&‘ei{}.v%‘iipnlrf?]%‘%’;‘?béhe method 150

implemented in a set top box 480. The present inveritio

© inngtleme ke dste @ithep or bn)thrglgnql]@r(pggggir&@lﬁ C cireyits, , ...
which are generally identified in FIG. 16C at 484. T (gﬁse%%g[?t?ox ES@GdltlonaHy
rétspresnsgrialstepn sesoinshaute Fer HEpalbaRshaQS outputs -
standard and/or high definition audio/video signals suitabllee?c?r% g @@r%%y%we‘ess
488t3Rarks) sxdnsitatedanyitbe DOMtatoAUHOr OEtYE SR MUK AU retums
output devices. The signal processing and/or control circuits 484 and/or
dﬂwéﬁ‘?r&éi@s (Hoesroving drdes seteotiobomdBlicay metess ¥R parameters
pe%m coding and/or encryption, perform calculations, format data and/or
pEYSHASRY SRRt HegwWICHRiEiorT the R 6B éinsstion 38X 8GN end of
may_cammunicate with mass data storage 490 that stores data’in a
nB‘r%{\?S@ni%?%%?ﬁééP TR mass data storage 490 may include optical

and/or tic storage devices such as hard disk drives HOD and/or
DVDs. The HOD maey%g%r AEFHeTbIRIUIRCIdoes eiscths AR pRntérstep 162

hawing ad] t |s.smaller t pproximately 1.8". The set top box
B e IS merd R, 55 SRR UE REAMERTON iR cResameters.

neRYalatle men ( ory and/or gther suitable electronic

data storagg.ya Tmhg)s/réﬁagﬂ %%él %Zﬁ@%éﬁ&@ﬁ}%&ﬁm pafemeters of
VithdBN it aIY\F AN VRO e s s eferring pow to FIG,
160, the present invention%anﬁgﬁﬁaé%@c? %nrg1 *rﬁ%%l%%fﬁ!‘ r B§RF signal

Tihe peesersigneeotierkRaN g pRIPIe MRt ek i siingy %g@r%{ﬁé%?pﬁéﬁié step 166

processing and/or control circuits, which are generally i

1ibet dhschatmsbshe lidptencaatajiens ja i sa ,
display 507 and/or a user input 508 sﬁ?&%b%ﬁﬁﬁ%ﬁgﬁﬁarﬁetﬂ step
likeZ1n some implementations, the media player 500 may employ a

graphical user interface (GUI) that typically employs menus, drop down

menus &8 andiefermngnt-and-clitk irfiéEace yertheoisphayrpdé aré;(Qanlary
user input 508. The media player 500 further includes an audio output 509
JIiieRReR SRR dha/Bressmiovepinnaate THemsigrRERIGRRSAING R 16A
ggntrol circuits 504 and/or other circuits (not shown) of the media player ’

Bﬁ{gﬁ%'é‘é%ﬁ%‘?a?%r?@rm‘@mted in a high definition television (HDTV)

420. The present invention may be implemented in either or both signal

processing and/or control circuits, which are generally identified in FIG. 16A at
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and/or encryption, perform calculations, format da_lta and/or perform any
other media player function. (0107) The media player 500 may
communicate with mass data storage 510 that stores.data such as
compressed audio and/or video content ir_1 a r!onvolatll_e manner. In some
implementations, the compressed audio files include files tha_t are
compliant with MP3 format or other suitable compressed audio and/or

i T » rae. iclude optical andlor .
agnens 101806 Beviese Duch e T 2T B i B 320 egeives
HHOD\Mizyp e shgruni mmaatain%@_@sof?%i%:él%%r?ﬂ?éﬁfié%ga"é“ é%t&s HDTV
diameter that is smaller than approximately 1.8". The media player

1Pl e signaiected 30dfsﬁmpr§'2~7ﬁl4'W%%Rﬁweﬁ’w%tl%éls%e el _processing

. ¥
nonvolatile memory such as flash memory and/or other suita ctronic

ddakiensger Thatrkediaylay2? 50R Als®thay SHOMEIt(GONRAG ' .scwi{ﬁéa HDTV
WLAN via a WLAN network interface 516. Still other implementations in

4dditBAMPiResEsHeEinaifatoedirgamsinptated B Teesars kird iftions,
e art can now appreciate from the foregoing descrlptlo_n that t_he broad
85%%&%@ Y SERPIN Mo thaT HenmpitETYddrosesmiialytaht may be

forms. Therefore, while this invention has been described in
required.

[0101]  The HDTV 420 may communicate with mass data storage 427
that stores data in a nonvolatiie manner in devices such as optical and/or
magnetic storage devices. The devices may include, for example, hard disk
drives HDD and/or DVDs. The HDD may be a mini HDD that includes one or
more platters having a diameter that is smaller than approximately 1.8". The
HDTV 420 may be connected to memory 428 such as RAM, ROM, low latency
nonvolatile mémory such as flash memory and/or other suitable electronic dats
storage. The HDTV 420 also may support connections with a ’WLAN via a WLAN
network interface 429. | |

[0102] Referring now o FIG. 16B, the present invention can be
implemented in a cellular phone 450 that may include a celiular antenna 451,
The present invention may implement a‘nda’or‘ be imblemented in either or bpth
signal prociessing and/or control éircuits, which are generally identified in FIG.
16B at 452, and mass data storage 464 of the celiular phone 450. In some
implementations, the ceuufar phone 450 includes a microphonke 456, an audio

output 458 such as a speaker and/or audio output jack, a display 460 and/or an
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‘connection with particular examples thereof, the true scope of_ the
invention should not be so limited since other modifications ywll become
apparent to the skilled practitioner upon a study of the drawings, the

- . specification and the following claims. MCSLLP CLAIMS What is claimed

is: 1,A wireless network device, comprising: a correlation modl_JIe that
correlates a predetermined portion of a radio frequency (RF) signal and

. : i ' id .

oo R AL SR BRI T o e

thapgederates aTyRINAAMIObRIBBaLIHEPaRRPRSAILRENGNE 452 andior other
circuits ('not shown) in the celiular phone 450 may process data, perform coding

“and/or encryption, perform calculations, format data and/or perform other celiular
phone functions.

[0103] The cellular phone 450 may communicate with mass data
storage 464 that stores data in a nonvolatile manner in devices such as optical
and/or magnetic stdrag,e devices. The devices may include, for example, hard
disk drives HDD and/or DVDs. The HDD may be a mini HDD that inéludes one
or more platters having a diameter that is smaller than approximately 1.8". The
cellular phone 450 may be connected to memory 466 such as RAM, ROM, low
latency nonvolatile memory ‘such as flash memory and/or other suitabie
electronic data storage. The celiular phone 450 also may support connections
with a WLAN via a WLAN network interface 468.

[0104] Referring now to FIG. 16C, the present invention can be
implemented in a set top box 480. The present invention may be implemented in
either or both signal processing and/or control circuits, which are generally
identified in FIG. 16C at 484. The set top box 480 receives signals from a source
such as a broadband source and outputs standard and/or high deﬁnkiﬁon
audio/video} signals suitable for a display 488 such as a‘teleVision and/or monitor
and/or other video and/or audio output devices. The signal processing and/for

control circuits 484 and/or other circuits (not shown) of the set top box 480 may



a converter module that converts said RE signal to a digital RF S|gr_1al; ar_ld
a control module that selectively determines whether sz_aud RF signal is
a radar signal based on said correlation signal and said gain control
signal, and 15that generates a reset signal that resets said AGC module
when a value of said digital RI' signal decreases to less than_a_ .
predetermined value, wherein said control module: - divides said

[oT] jgnal into. N equal.segments during a period between said gain
Si)q#(?oﬁ&ggjiggidz%%n és%?ﬂqugté's?&ngp 31 ERGHE Ay @&iﬁm&ﬁﬁs{@?ﬁ?g format
' ' ; - each o

wheie %ln@/@,nplél,tﬁgﬁ{ %9%%51@ {)On%eg é}({)f&l@ts zero-crossings in

said N equal segments; etermin &t 8ifBrence between said

Zero-Crogeifgsy in &Hés%@f'%Bfﬂ%%%ﬁglégrﬁm%méa?n%;g;?g%s%ﬂ%g storage

zero-crossings in a second one of -sa_lid N équa segments, !
thasSaiheR Boignaliteais iradadaE AEALHAED S Thatdlatense iSoe 490 may
greater than or equal to a first predetermined threshold; and determires

thinalaie Rtsiginahitier torgratlersxigage vieenesid st SATRLANCASS I6R%s HDD
than said first predetermined threshold, ,
and/or DVDs. The HDD may be a mini HDD that includes one or more platters
having a diameter that is smaller than approximately 1.8". The set top box 480
may be connected to memory 494 such as RAM, ROM, low latency nonvolatile
memory such as flash- memory and/or other suitable electronic data storage. The |
set top box 480 also may support connectfons with a WLAN via a WLAN network
interface 496. |
[0106] Referring now to FIG. 16D, the present invention can be
implemented in a media player 500. The pre'sent invention may be implemented
~ in either or both signal processing and/or control circuits, wh‘ich »are generally
. Identified in FIG. 16D at 504. In some impiementations. the media player 500
includesva display 507 énd/or a user input 508 such as a keypad, touchpad and
the like. In some implementations, the media player 500 may employ a graphical
user interface (GUI) that typically employs menus, drop down menus, icons
and/or a point-and-click intefface via t‘he display 507 and/or usér input 508. The
media player 500 further includes an audio output 508 such as a speaker and/or

audio output jack. The signal processing and/or control circuits 504 and/or other

circuits (not shown) of the media player 500 may process data, perform coding
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2.The wireless network device of claim 1 wherein said contro_l module .

determines whether said RF signal is a radar signal Wh_en said correlation

signal indicates that said RP signal is not a pacKet of.W|reIess data.

53.The wireless network device of claim | wherein said contrc_)l mo_dule

determines whether said RF signal is a radar signal when said gain

control signal indicates that a gain of said AGC module exce_eds a

predetermined threshold. 4. The wireless netwprk device of claim 1
ﬁ%?eé?ﬁ SR BYIRTo PREaR relgetetionsesermatscatilinoior mesenf seig other

RE s(igna] basefd on a time difference between s_ald gain contr(_)l signal and

said reas’,g{agiarnélr}ﬁtécf'?ollows said gain control S|gngl.l5.1'!|;rcljetW|re!esz ot 7

work deyise of-claim 4 wherein said control module 15determine
QZitd %Ftsglzé] is ﬁaedarpg%%afﬁ\ﬁﬁ% S48 p’lﬂ]@é \/%I'b t?ﬁ‘??ﬂi@é?ﬁﬂmatm data
' f said RF signal is substantia : ]
o g ool A o T SR A e eairbuiing content i o

dewieponitiéaimah M1 e Sah O MBIAAI S ions. the compressed audio files
include files that are cqmp!iant with MP3 format or other suitable compressed
audio and/or video formats. The mass ‘data,,storage may include optical and/or
magnetic storage devices such as hard disk drives HDD and/or DVDs. The HDD
may be a mini HDD that includes one or more platters having a diameter that is
smaller than approximately 1.8". The media player 500 may be connected to
memory 514 such as RAM, ROM, low latency nonvolatile memory such aé flash
memory and/or other suitable electronic data storage. The media player 500
also may s»upbort connections with a WLAN via a WLAN network interface 516.
Still other implementations in addition to those described above are
contemplated.

[0108] Those ékilled in the art can now appreciate from the foregoing
description that the broad teachings of the present invention can be implemented
in a variety of forms. Therefore, while this invention has been described in
connection with particular examples thereof, the true scope of the invention
should not be so limited since other modifications will become apparent to the

skilled practitioner upon a study of the drawings, the specification and the

following claims.
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20determines that said RF signal is a chirp radar signal when said
zero-crossings in said N equal segments vary linearly. 7. The
wireless network device of claim | further comprising a channel changing
module that changes a communication channel of said network device LLP
when 25said control module determines that said RF signal is a radar MCSL
signal. 8. The wireless network device of claim 1 wherein the wireless
network device is an access point. 309.ARdWireless network device of

claim | wherein the wireless network device is a client station. 10. A
method for a wireless network device for detecting radar, the method
cvipprisgnostnglating a predetermined portion of a radio frequency (RE)

signal; generating a correlation signal based on said correlation;

generating a gain control signal based on said Rh signal;
A wireless network device, comprising:

a correlation module that correlates a predetermined portion of a radio frequency
(RF) signal and that generates a correlation signal based on said correlation of said
predetermined portion;
an automatic gain control (AGC) module that generates a gain control signal
based on said RF signal;
a converter module that converts said RF signal to a digital RF signal; and
a control module
that selectively determines whether said RF signal is a radar signal based
on said correlation signal and said gain control signal, and
that generates a reset signal that resets said AGC module when a value of
said digital RF signal decreases to less than a predetermined value,
wherein said control module:
divides said digital RF signal into N equal segments during a period
between said gain control signal and said reset signal that follows said gain
control signal, where N is an integer greater than one;
counts zero-crossings in each of said N equal segments;
determines a first difference between said zero-crossings in a first one of
said N equal segments and said zero-crossings in a second one of said N equal
segments;
determines that said RF signal is a chirp radar signal when said first
difference is greater than or equal to a first predetermined threshold; and
determines that said RF signal is a tone radar signal when said first

difference is less than said first predetermined threshold.
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selectively determining whether said RE signal is a radar signal based on
said correlation signal and said gain control signal; converting said RE
signal to a digital RF signal; generating a reset signal that resets an
automatic gain control (AGC) module 10when a value of said digital RE
signal decreases to less than a predetermined value; dividing said
digital RE signal into N equal segments during a period between said gain
controlBignal hel wiklawsseteigiraderieerof] é\ﬁ/%git}/b%ﬁ%%ﬂé%@ﬂdﬂ‘)dule
W&@{&Ne@memgﬁ%f@mﬂégnm%_maa&ggﬂ.gp@w@a@a%mﬁim of

said N equal segments; 15determining a first difference between sai
redisatpsdbmgaihBivsnshs apsapprkefarusisettieand said
zero-crossings in a second one of said N equal segments; determining
that said RF signal is a chirp radar signal when said first difference is

greaterthan of R UATHESs RFSYBredetasml SrtRrdsHBRIC ARG dernrihmgdule
that saickRERIgRakis prengsaday siana! when saishfystidiffierenseol signal

indicates that a gain of said AGC module exceeds a predetermined threshold.

MCSLLP

4. The wireless network device of claim 1 wherein said control module
determines a pulse width of a pulse of said RF signal based on a time difference
between said gain control signal and said reset signal that follows said gain control

signal.

S. The wireless network device of claim 4 wherein said control module
determines that said RF signal is a radar signal when said pulse width for a
predetermined number of adjacent pulses of said RF signal is substantially equal to a

pulse width of a predetermined radar pulse.

6. The wireless network device of claim 1 wherein said control module
determines that said RF signal is a chirp radar signal when said zero-crossings in said N

equal segments vary linearly.

7. The wireless network device of claim 1 further comprising a channel
changing module that changes a communication channel of said network device when

said control module determines that said RF signal is a radar signal.

8. The wireless network device of claim 1 wherein the wireless network

device is an access point.

0. The wireless network device of claim 1 wherein the wireless network

device is a client station.
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20is less than said first predetermined threshold. 11. The method of

claim 10 further comprising determining whether said Rh signal is a radar

signal when said correlation signal indicates that said Rh signalisnota ¢ Lp
packet of wireless data. 25 12. The method of claim 10 further

comprising determining whether said RE signal is a radar signal when

said ga.in control signal indicates that a gain of an automatic gain control

(AGC) hfbduledexsterbiarpradesiesmnssaativdshisiel fo1 Serprsipgatidsd. ¢he method

%@rﬁgrilsqn?rther comprising determining a pulse width of a pulse of said
RE signalbased on a time difference between said gain control signal and

said resevsighagtharddHiowsisedgeintohtratdig He SeTHE e sl of
claim 1&%&%5%@9%%@%9%@i@é@&a%ﬁ%&ﬁi%}%ﬁm@ is a radar

signal when said pulse width for a precleteimined number of adjacent

pulses BERRIRREasIgis o8 Epls e Ay pintasl RBusaaidth of a
predetefmingsl radaf-AilSehe whether said RF signal is a radar signal based on said
correlation signal and said gain control signal;

converting said RF signal to a digital RF signal;

generating a reset signal that resets an automatic gain control (AGC) module
when a value of said digital RF signal decreases to less than a predetermined value;

dividing said digital RF signal into N equal segments during a period between
said gain control signal and said reset signal that follows said gain control signal, where
N is an integer greater than one;

counting zero-crossings in each of said N equal segments;

determining a first difference between said zero-crossings in a first one of said N
equal segments and said zero-crossings in a second one of said N equal segments;

determining that said RF signal is a chirp radar signal when said first difference
is greater than or equal to a first predetermined threshold; and

determining that said RF signal is a tone radar signal when said first difference

is less than said first predetermined threshold.

11.  The method of claim 10 further comprising determining whether said RF
signal is a radar signal when said correlation signal indicates that said RF signal is not a

packet of wireless data.
12. The method of claim 10 further comprising determining whether said RF

signal is a radar signal when said gain control signal indicates that a gain of an

automatic gain control (AGC) module exceeds a predetermined threshold.
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101S.The method of claim 10 further comprising determining that said RF
signal is a chirp radar signal when said zero-crossings in said N equal

segments vary linearly. 16.The method of claim 10 further comprising MCSLLP
changing a communication 15channel when said RF signal is determined
to be a radar signal.

13.  The method of claim 10 further comprising determining a pulse width of

a pulse of said RF signal based on a time difference between said gain control signal

and said reset signal that follows said gain control signal.

14.  The method of claim 13 further comprising determining that said RF
signal is a radar signal when said pulse width for a predetermined number of adjacent
pulses of said RF signal is substantially equal to a pulse width of a predetermined radar

pulse.

15.  The method of claim 10 further comprising determining that said RF
signal is a chirp radar signal when said zero-crossings in said N equal segments vary

linearly.

16.  The method of claim 10 further comprising changing a communication

channel when said RF signal is determined to be a radar signal.
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