DETECTION AND ESTIMATION OF RADIO FREQUENCY VARIATIONS
CROSS-REFERENCE TO RELATED APPLICATIONS [0001]This
application claims the benefit of U.S. Provisional Application No.
60/749,222, filed on December 9, 2005. The disclosure of the above
application is incorporated herein by reference in its entirety. FIELD
[0002] The present disclosure relates to wireless networks, and more
particularly to a system and method for detecting and measuring
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above application is incorporated herein by reference in its entirety.

FIELD
[0002] The present disclosure relates to wireless nétworks, and more
particularly to a system and method far detecting and measuring frequency

variations in wireless signals.

BACKGROUND

[0003] The background description provided herein is for the purpose
of generally presenting the context of the disclosure. Work of the presently
named inventors, to the extent it is described in this background section, as well
as aspects of the description which may not otherwise qualify as prior art at the
time of filing, are neither expressly nor impliedly admitted as prior art against the

present disclosure,
_[0004] The LE.E.E. has defined several different standards for
configuring wireless networks and devices. For example, 802.11, 802.11(a),

802.11(b), 802.11(g), 802.11(h), 802.11(n), 802.16, and 802.20. According to



802.11(b), 802.11(g), 802.11(h), 802.11(n), 802.16, and 802.20.
According to these standards, wireless network devices may be operated
in either an Infrastructure mode or an ad-hoc mode. [0005]In the
infrastructure mode, the wireless network devices or client stations
communicate with each other through an access point. In the ad-hoc
mode, the wireless network devices communicate directly with each other
and do not employ an access point. The term client station or mobile
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actually mobile. For example, a desktop computer that is not mobile may
indoi¥piarduze medesy Aptarbhecimvide. and operate as a mobile station or
client steﬁ)i[ n. [0036 Referring now to Figure 1, a first wireless network 10
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a local area network (LAN), a wide area network or ano
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server 20 and may be connected to a distributed communications system
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wire esE‘ network 24 operates in an ad-hoc mode. The second wireless

nétBFK 2% SRETALES HithtipRe tmahi'e ifigopeerate » wimte seretwerk device
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and 26-3 collectively form a and communicate directly with each

other. TfgagHPNt Siafipnss2bow 26-%i806 264 2Rt NRSESSHNwork 10 is

connected to another network.
illustrated in an infrastructure mode. The first wireless network 10 includes one
or more client stations 12 and one or more access points (AP) 14. The client
station 12 and the AP 14 transmit and receive wireless sighals 16. The AP 14 is
a node in a network 18. The network 18 may be a local area network (LAN), a
wide area network (WAN), or another network configuration. The network 18
may include other nodes such as a server 20 and may be connected to a
distributed communications system 22 such as the Internet.

[0007] Referring now to Figure 2, a second wireless network 24
operates in an ad-hoc mode. The second wireless network 24 includes muitiple
client stations 26-1, 26-2, and 26-3 that transmit and receive wircless signals 28.
The client stations 26-1, 26-2, and 26-3 collectively form a LAN and
communicate directly with each other. The client stations 26-1, 26-2, and 26-3

are not necessarily connected to another network.



[0008]To minimize radio frequency (RF) interference, some wireless
networks may operate in a 5 Gl-lz band. However, regulatory

requirements governing the use of the 5 GHz band vary from country to
country. Some countries utilize the 6 GHz band for military radar
communications. Therefore, wireless networks operating In the 5 GHz

band generally employ dynamic frequency selection (DES) to avoid
interference with radar communications, A network device generally
employsBg8]to arditfermnlzehaine ldtiene/GHF PRIGHRARIILBIEGHLSs
with radar communications. [0009]In infrastructure mode, the AP 14
tramemitkbeampptoainfinna the@Henbstatiorioh2 vt thgubR ysesdiirdments
When the client stations 12 detect radar on a channel, the client stations
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select the best channel for network communications that will not interfere
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communications that does not interfere with radar. For example, if station
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stations 26-2 and 28-3. If any station 26-1, 25-2, and 26-3 detects radar,
stiRiGRIS NSRSt FS3b oEBreif@iRRg: channel and notify stations

26-2 an -3 to switch to that chanpel., SUMMARY  10011] A system
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(RF) signals on a first channel for a first predetermine iod and a

seedad predethamiredipedbehthettd sebregisant tadhadirst prefaisininatis
period. The counter module increments first and second counts when the
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reverse polarity, respectively. The frequency characteristic module
d&%WW?‘F@@%’#%E@E%&BP{P@WI%@@%QI "B48kd on at least one of the first
and the mﬁld c S ermi yency variation of the RF
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frequency characteristic module
stations. If any station in the ad-hoc network detects radar, the DFS owner uses
DFS to select the best channel for network communications that does not
interfere with radar. For example, if station 26-1 is the DFS owner, it will be
responsible for collecting reporis from stations 26-2 and 26-3. If any station 26-1,
26-2, and 26-3 detects radar, station 26-1 will used DFS o select the best

channel and notify stations 26-2 and 26-3 to switch to that channel.



compares the first and second counts to determine the frequency
variation. The frequency characteristic module determines that the RF
signal is tone radar when the first and second counts are approximately
equal. [00131In another feature, the sampling module samples the RF
signals for a third predetermined period that is subsequent to the second
predetermined period and wherein the counter module increments a third
count when the samples collected during the third predetermined period
reverse polarity.  10014] In anof\&¥lidatliYe, the system further
comprises a derivative module that determines a first difference between
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betwee secon erences.
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third counts are greater than a predetermined threshol
armtimndieattesthinkegpensy dharasteistsquastule dréerrinesddatihted
RE signal is chirp radar when the third difference is less than a
prediRErminal BasEpoRNOTHIe pretunsmiinbesttaedheidisdapprosinvdtety the
[0016]In another feature, the frequency characteristic module
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ANRIAKINAIEYEE%ly.  The frequency characteristic module determines &

frequency of the RF signal based on at least one of the first and the second
counts and determines frequency variation of the RF signal based on the first
and second counts. At least one of the first and second counts is equal to the
frequency.

[0012] In another feature, the frequency characteristic module
compares the first and second counts to determine the frequency variation. The
frequency characteristic module determines that the RF signal is tone radar when
the first and second counts are approximately equal.

[0013]  In another feature, the sampling module samples the RF signals
for a third predetermined period that is subsequent to the second predetermined
period and wherein the counter module increments a third count when the
samples collected during the third predetermined period reverse polarity.

[0014]  In another featurs, the system further comprises a derivative
module that determines & first difference between the first and second counts

and a second difference between the second and third counts. The derivative
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[0017]In another feature, the system further comprises a radar module

that determines whether the RE signal is one of chirp radar and tone radar
based on the frequency variation. The radar module determines that the

RF signal is chirp radar when the frequency variation is linear. The radar
module determines that the RF signal Is tone radar when the frequency
variation is approximately zero. [0018]In another feature, the system

further comprises a dynamic frequency selection (DES) module that
corffiPrliifcdesermitestre tinadifisnehde antivtat Helelist 2 cebohah@imBRInces.

havj different frequency than the first channel when the radar module
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100213In another feature, the first and second periods are adjacent.
determines that the RF signal is chirp radar when the third difference is less than
a predetermined threshold. The predetermined threshold is approximately zero.

[0016] In another feature, the frequency characteristic module
determines that the RF signal is chirp radar when the third difference is
approximately zero.

[0017]  In another feature, the system further comprises a radar module
that determines whether the RF signal is one of chirp radar and tone radar based
on the frequency variation. The radar module determines that the RF signal is
chirp radar when the frequency variation is linear. The radar module determines
that the RF signal is tone radar when the frequency varlation is approximately
zero.

[0018] In another feature, the system further comprises a dynamic
frequency selection (DFS) module that communicates with the radar module and
that selects a second channel having a different frequency than the first channel
when the radar module determines that the RF signal is one of chirp radar and
fone radar,

[0018]  In another feature, at least one of the samples is disregarded
and excluded from the first and second counts when an absolute value of the at

least one of the samples Is less than a predetermined threshold.



[0022]In another feature, the first, second, and third periods are adjacent.
[0023]In another feature, a wireless network device comprises the system,
[0024]In another feature, a radar detection device comprises the system.
[00251In still other features, a method comprises sampling radio

frequency (RF) signals on a first channel for a first predetermined period
and a second predetermined period that is subsequent to the first
predetermined period, Incrementing first and second counts when the
samples (666 tedidadoipehtsfingeatic: seedadpripaeatiinaineld pesinaeximately
reverse polarity, respectively, determining a frequency of the RF signal
ba8éld on at least one of the first and the second counts, and determining

frequenc, lation of the RF signal based on the first and second counts.
At least 20 the HPSEARS 3@8@@"38?}"?% BRI RAECRB GTRALIRCENt.
1002611n,38 herlf.?%% og fur comprises comparing th

first and rrs‘)(?cg'rid counts t@e’cﬁr;feegr?rﬁﬁe chél f}r{é%{ugﬁgé)n\gri%%or}h epr%éiﬁ%c? re
fursagiceamprises determining that the RF signal is tone radar when the

first and second counts are approximately equal.
[0023] In another feaiure, & wireless network device comprises the

system,

[0024] In another feature, a radar detection device comprises the
system, |

[0025] in sftil other featurss, a method comprises sampling radic
frequency (RF) signals on a first channel for a first predetermined period and a
second predetermined period that is subsequent to the first predetermined
period, Incrementing first and second counts when the samples collected during
the first and second predetermined periods reverse polarity, respectively,
determining a frequency of the RF signal based on at least one of the first and
the second counts, and determining frequency variation of the RF signal based
on the first and second counts. At least ane of the first and second counts Is
equal to the frequency.

[0026]  in another feature, the method further comprises comparing the
first and second counts to determine the frequency variation. The method further
comprises determining that the RF signal is tone radar when the first and second

counts are approximately equal.



[0027]In another feature, the method further comprises sampling the RF
signals for a third predetermined period that is subsequent to the second
predetermined period and incrementing a third count when the Samples
collected during the third predetermined period reverse polarity. [0025]In
another feature, the method further comprises determining a first
difference between the first and second counts and a second difference
between the second and third counts. The method further comprises

determinifgzrihirddifferencedatreandhgdinst Qﬂﬁfﬁ%}ﬂp‘#ﬂé@é’%ﬁﬁﬁng the
[0029] In another feature, the method further comprises determining the
firsRangigrateriar diffbiesh pessiaiaenitied firsticsettainds anddbigeeoustshareecond
greater than a predetermined threshold. [0030]In another feature, the

meliBHIHIFIBF LBRTISHY datearRmiRetRAbIHCRPtskgeal faccsappiadaniiccted
e NS s redbimiped tresnod The
feature, thaypagthogl IiLRGL SmBKSSRJRISHBING }.}%a Ecgpnﬁpr'i?slzess Iggfaelrrlr%ning a
chirp radar when the third difference is approximately zero.
first difference between the first and second counts and a second difference
between the second and third counts. The method further comprises
determining a third difference between the first and second differences.

'[0029] In another feature, the method further comprises determining
the first and second differences when the first, second, and third counts are
greater than a predetermined threshold.

[0030] In another feature, the method further comprises determining
that the RF signal is chirp radar when the third difference is less than a
predetermined threshold. The predstermined threshold is approximately zero.,

f0031]  In another feature, the method further comprises determining
that the RF signal is chirp radar when the third difference is approximately zero.

[0632] In another feature, the method further comprises determining
whether the RF signal is one of chirp radar and tone radar based on the
frequency variation. The method further comprises determining that the RF
signal is chirp radar when the frequency variation is linear. The method further
comprises determining that the RF signal is tone radar when the frequency

variation is approximately zero.



[0032] In another feature, the method further comprises determining

whether the RF signal is one of chirp radar and tone radar based on the
frequency variation. The method further comprises determining that the

RF signal is chirp radar when the frequency variation is linear. The

method further comprises determining that the RF signal is tone radar

when the frequency variation is approximately zero. [0033)In another
feature, the method further comprises selecting a second channel having

a differeniofiégjuenicy dhaththefSusrehannehwhen HAIRF sienHds088dting a
chirp radar and tone radar. [0034]In another feature, the method further
corRprRIELChRSTR ey artiifierent finguantyabeontbofittechanmelestfeanthe RF
- the first gnd sec,é)g d counts when an absolute value of the at least one of

the SHRpRYRS ‘Eﬂé_ﬁd&"pﬁ%ﬁa‘?ﬁﬁéa threshold. [0035]In another
feature i syeCeRA e pproIEE O 000l

another feature, the first and second periods are e
aneifeeiaating e dEsbresone BRI ARC ISR @ nd second counts when
an absolute value of the at least one of the samples is less than a predetermined

threshold.

[0085]  in another feature, the predetermined threshold is approximately

0.1.
[0036]  In another feature, the first and second periods are adjacent.
[0637] In ancther feature, the first, second, and third periods are
adjacent.

[0038]  In still other features, a system comprises sampling means for
sampling radio frequency {RF) signals on a first channe! for a first predetermined
period and a second predetermined period that is subsequent to the first
predetermined period. The system comprises counter maeans for incrementing
first and second counts when the samples coliected during the first and second
predetermined .periods reverse polarity, respectively. The system further
comprises frequency characteristic means for determining a frequency of the RF
signial based on at east one of the first and the second counts and determining
frequency variation of the RF signal based on the first and second counts, At

least one of the first and second counts is equal 1o the frequency.



adjacent. [0033]In still other features, a system comprises sampling

means for sampling radio frequency (RF) signals on a first channel for a

first predetermined period and a second predetermined period that is
subsequent to the first predetermined period. The system comprises

counter means for incrementing first and second counts when the

samples collected during the first and second predetermined periods

reverse polarity, respectively. The system further comprises frequency
characte[sissineans fanslate méaingen freguency Riike Ri-popaldaseteans
on at least one of the first and the second counts and determining
frego@neevdriatiost ehthesRindignalth dseidtemtine finst fang:sasonstiattimtsThe
At least one of the first and second counts is equal to the frequency.
[o0RAPARctharFeiRinie MRAfreatiene)rendhattbasTiE menahdsdonsparsy when
the,fi d second counts to determine the frequency variation. The
freeﬁq’{ﬁ%%&éa?%% enridg |currhsegﬁesaggf8Wﬁ@ytﬁ8f‘ﬁlre RF signal is tone
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another feature, the sampling means samp or a thir

predetetminec:periadithal jermibsraueBitedhessR 4o ML NELRIE BRIBSE rmined

period and wherein the counter means increments a third count when the
saRfpled coKeovbardinithptroothied predeseinvimetkptriad iidetseimtolngy the
[0041] In another feature, the system further comprises derivative means
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means determines a erence b
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differences when the first, second, and third counts are greater than a

predegesniniftbtareshitiveen {00dsidndomathipirdeaiune. thed@shiRnsY means
characteristic means determines that the RF signal is chirp radar-when

th& SR e R rbkq sd@ssentan s tpranthenfileidandesaeidd Tiferences. The
pr%g &%EWE@”%%%?%%%%S? %gxgps?thdZ gg%ond differences when the first,
second, and third counts are greater than a predetermined threshold.
[004Z] In another feature, the frequency characteristic means
determines that the RF signal is chirp radar when the third difference is less than
a predetermined tﬁreshold, The predetermined ‘threshoid is approximately zero.
[0043] In another feature, the frequency characteristic means
determines that the RF signal is chirp radar when the third difference is
approximately zero.
[0044]  In another feature, the system further comprises radar means
for determines whether the RF signal is one of chirp radar and tone radar based

on the frequency varation. »The radar means determines that the RF signal is
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[0043] In another feature, the frequency characteristic means determines
that the RF signal is chirp radar when the third difference Is approximately
zero. [0044]In another feature, the system further comprises radar means
. for determines whether the RF signal is one of chirp radar and tone radar
based on the frequency variation. The radar means determines that the
RF signal is chirp radar when the frequency variation is linear. The radar
means determines that the RF signal Is tone radar when the frequency
. varatipnasapproximnateégaeiey [RP4HR anmbey fealirgs thenaysie Bbtermines
further comprises dynamic frequency selection (DFS) means for
cofiuihe fiEssigingl thetead ardae arisaritis dtegtioneg sedativh dhappebximately
having a different frequency than the first channel when the radar means
deféifines that the RF signal is one of chirp radar and tone radar.

[0046]in r feature, at least one of the samples is disregarded and
excluded r(;;[ngﬁhe?ﬂrs?néiﬁ%ege%gt}%%oga?s ﬁ?ﬁé??%ﬁ%%ltﬁ%%@%fq mic
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selecting a second channel having a different frequency than the first channel
when the radar means determines that the RF signal is one of chirp radar and

tone radar.
[0046] In another feature, at least one of the samples is disregarded

and excluded from the first and second counts when an absolute value of the at

least one of the samples is less than a predetermined threshold.

[0047]  In another feature, the predetermined threshold is approximately
0.1.

[0048]  In another feature, the first and second periods are adjacent,

[0048] In another feature, the first, second, and third periods are
adjacent,

[0050] In another feature, a wireless network device comprises the
system.

[0051] In another feature, a radar detection device comprises the
system.

[0052] In still other features, a computer program executed by a

processor comprises sampling radio frequency (RF) signals on a first channel for

a first predetermined period and a second predetermined period that is
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[0047]In another feature, the predetermined threshold is approximately
0.1, [0048]in another feature, the first and second periods are adjacent.
[0049]In another feature, the first, second, and third periods are adjacent.
[0050]In another feature, a wireless network device comprises the system.
[0051]In another feature, a radar detection device comprises the system.
[0052]In still other features, a computer program executed by a

subsequent to the first predetermined period, incrementing first and second

counts when the samples collected during the first and second predetermined

periods reverse polarity, respectively, determining a frequency of the RF signal

based on at least one of the first and the second counts, and determining

frequency variation of the RF signal based on the first and second counts. At

least one of the first and second counts is equal to the frequerncy.

[0053]  In another feature, the computer program further comprises

comparing the first and second counts to determine the frequency variation. The
computer program further comprises detérmining that the RF signal is tone radar

when the first and second counts are approximately equal.

{0054]  In another featurs, the computer program further comprises

sampling the RF signals for a third predetermined period that is subsequent to

the second predetermined pericd and incrementing a third count when the

samples collected during the third predetermined period reverse polarity.

[0055] In another feature, the computer program further comprises

determining a first difference between the first and second counts and a second
difference between the second and third counts. The computer program further
comprises determining a third difference between the first and second

differences,

[0856] In ancther feature, the computer program further comprises

determining the first and second difierences when the first, second, and third

counts are greater than a predetermined threshold.
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processor comprises sampling radio frequency (RF) signals on a first
channel for a first predetermined period and a second predetermined
period that is subsequent to the first predetermined period, incrementing
first and second courts when the samples collected during the first and
second predetermined periods reverse polarity, respectively, determining
a frequency of the RF signal based on at least one of the first and the
second counts, and determining frequency variation of the RF signal

based onl@A&7jrst bndsetbendezdunis 1At learbore Priwdirstandsestifises
counts is equal to the frequency. 100531 In another feature, the

corPiSTEH e dhakine fesiaamh i conmpaiey the fist aftbsawerid less than
counts tdo {:ieterm'r{g? thﬁ%ﬁq ncy variation. The computer program
PSS IRTMIEES Heraheling hERH RA Rig Ares tolbisaarresabigsro.
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the computer program er comprises sampling

thietwedeieynraedmenad Kighss fIRFRaUeNIIP 85500 % ird dﬁfg{ggce is

predetermined period and incrementing a third count when the sam
coldstediterdhoztte.third predetermined period reverse polarity.
[0055] In_another feature, the computer program further comprises

determintRPSfirstigERiRE seiweedthetinpdad pecgradclutitsr aswharises

se ifference between the second and third counts. The computer
o R R R aCh T RGRn Rd Jons sebnieswagior
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computer program further comprises determining that the RF signal is tone radar
when the frequency variation is approximately zero.

[0060] in another feature, the computer program further comprises
selecting a second channel having a different frequency than the first channel
when the RF signal Is one of chirp radar and tone radar. |

[0061] In another feature, the computer program further comprises
disregarding and excluding at least one of the samples from the first and second
counts when an absolute value of the at least ane of the samples is less than a
predetermined threshold.

[0062]  In another feature, the predetermined threshold is approximately

0.1,

[0063]  In another feature, the first and second periods are adjacent.
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[0057] In another feature, the computer program further comprises
determining that the RE signal is chirp radar when the third difference is
less than a predetermined threshold. The predetermined threshold is
approximately zero. [0058] In another feature, the computer program
further comprises determining that the RF signal is chirp radar when the
third difference is approximately zero. [0059]In another feature, the
computer program further comprises determining whether the RF signal is

one of cliypemdarangisnerrasaurased onripe ILgHeneny aF{HﬂHOB?IES&?s are

computer program further comprises determining that the RF signa
chirfi@aeiztr when the frequency variation is linear. The computer program
further comprises determining that the RF signal is tone radar when the
frequendy Q/%ﬂatioﬁ‘ iSHb bRz sRrdhf068slemanattiereatrte, deecribed

cc;%rgy%%er éo%p] furthe gomprises selecting a second channel having a
différent frequency tRATT the%irst EHARMEN WHRHane RESHEhINY GRe ¢ir more

chiipéasayrangtane radas, (95N ﬁw}gsgjée&ﬁuéecégg %gggéﬁgn%ﬁﬁg;um

program further comprises disregarding and excludin
af O ie
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least one of the samples is less than a predetermined threshold. [0062]In
angnebiestitpgetmegitrdetermined threshold is approximately
[0066] Further areas of applicability of the present disclosure will
become apparent from the detailed description provided hereinafter. It shouid be
understood that the detailed description and specific examples, while indicating

the prefered embodiment of the disclosure, are intended for purposes of

ilustration only and are not Intended to limit the scope of the disclosure,

BRIEF DESCRIPTION OF THE DRAWINGS

[0067] The present disclosure will become more fully understood from
the detalled description and the accompanying drawings, wherein:

[0068] Figure 1 is functional block diagram of a wireless network
operating in an infrastructure mode according to the prior art;

[0069] Figure 2 is a function block diagram of a wireless network
operating in an ad-hoc mode according to the prior art:

[0070]  Figure 3 a functional block diagram of an exemplary system for
detecting radar and performing DFS in a wireless network according to the

present disclosure;
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0.1. [0063]In another feature, the first and second periods are adjacent
[0064]in another feature, the first, second, and third periods are adjacent.
[0065]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. 100661Further areas of

applicabiligraf thermesentisisgaskienil bracomesapHeahemihise radar
detailed description provided hereinafter. It should be understood that the
desénaisdbstriptiore andbivatifiectreataptes] peitermdicsting the preferred
embodiment of the disclosure, are intended for purposes of Illustration

only and8PEHot ifiteHEGAodfRitih & Be et rarpsosrel BRIEDaIN to a
D%T%%era%-glr%u sce) 'f:o;{oldv%dDbF}{/%%rNegsss data packet;
[0073]  Figure 5B depicts exemplary samples of a chirp radar pulse and
a wireless data packet recelved by an analog-to-digital converter (ADC) when
automatic gain control (AGQC) is off;
[0074]  Figure 6A depicts an exemplary response of AGC gain to &
burst of three radar pulses followed by a wireless data packet:
[0075]  Figure 6B depicts an exemplary decrease and increase in AGC
gain in response to a radar pulse;
[0076]  Figure 7 depicts an exemplary method for measuring frequency
of a radar pulse;
[0077]  Figure 8 is a graph depicting data samples of @ baseband slgnal
versus time;
- [0078] Figure 9 is an exemplary functional block diagram of a
frequency module of the system depicted in Figure 3;
[0079] Figure 10 is an exemplary functional block diagram of a
frequency characteristic module of the frequency module of Figure 9;
[0080]  Figure 11 is graph of number of zero-crossings in a bin as a
function of number of bins when chirp radar pulses are centered at a center

frequency of a frequency measuring device;
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[0067]The present disclosure will become more fully underst_ood from the
detailed description and the accompanying drawings, wherein: .
[0068]Figure 1 is functional block diagram of a wireless network operating
in an infrastructure. mode according to the prior art; [0069]Figure 2 Is a
function block diagram of a wireless network operating in an ad-hoc mode
according to the prior art; [0070]Figure 3 a functional block diagrgm of an
exemplary system for detecting radar and performing DES in a wireless

network 4888tHingFigutee 1 dsantipisebauretefOS7ddRideedsiSn a bin as a

parameters of various exemplary short-pulse radar

function of number of bins when chirp radar puises are not centered at a center
frequency of a frequency measuring device;

[0082]  Figure 13 is a flowchart depicted exemplary steps taken by the
frequency maodule of Figure 3;

[0083]  Figure 14 is a flowchart depicting exemplary steps taken by the
frequency characteristic module of Figure ¢

[0084]  Figure 15A is & functional block diagram of a high definition
television;

[0085]  Figure 15B is a functional block diagram of a cellular phone;

[0086]  Figure 15C is a functional block diagram of a set top box; and

[0087]  Figure 15D is a functional block diagram of a media player.

DETAILED DESCRIPTION

[0088]  The following description is merely exemplary in nature and is in
no way intended to limit the disclosure, its application, or uses. For purposes of
clarity, the same reference numbers will be used in the drawings to identify
similar elements. As used herein, the term module, circutt 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 programs, a combinational log‘ic cirouit, and/or other
suitable components that provide the described functionality. As used herein, the

phrase at least one of A, B, and C should be construed to mean a logical (A or B
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signals that may be used to detect radar and perform D_FS; [0072]Figure
5A depicts an exemplary response of AGO gain to a chlrp radar pulse
followed by a wireless data packet; [0073]Figure 58 depicts exe;mplary
samples of a chirp radar pulse and a wireless data pz_acket received by_ an
analog-to-digital converter (ADC) when automatic gain control (AGC_) is
off; [0074] Figure CA depicts an exemplary response of AGO gain to a
burst of three radar pulses followed by a wireless data packet;

[00361Rigusiadtd Jsiepiciasarexgoaptary Hesteaseanddoeasen A within

gain In response to a radar pulse; [0076]Figure 7 depicts an exemplary

methBY fdrieashrinyehdgddncifofent adderpuitseyt altering the principles of the
present disclosure.

[0089]  Dynamic frequency selection (DFS) is typically used to avoid
interference between radar signals and wireless network communication systems
operating in the 5 GHz band. More specifically, DFS is used to select a radar-
free channel for wireless network communication from muttiple non-overlapping
channels in the 5.25-5.35 GHz and 5.47-5.725 GHz frequency ranges.

[0090] Referring now to Figure 3, a system' 40 for radar detection and
DF$ may include an automatic gain control (AGC) module 42, a radar module
44, a clear channel assessment (CCA) module 48, an analog-to-digital converter
(ADC) module 48, a filter module 50, and a dynamic frequency selection (DFS)
module 52.

[0091] The AGC module 42 provides a radio signal strength indicator
(RSSI) measurement to the radar module 44. Based on RS8l, the radar module
44 determines if a radio frequency (RF) signal is stronger than a predetermined
threshold DFSy, such as -64 dBm. The CCA module 46 distinguishes legitimate
wireless data packets from other signals and activates the radar module 44 when
the RF signal is not a legitimate wirsless data packet. The radar module 44
measures parameters of the RF signal such as pulse width, frequency, frequency
variation, etc. More specifically, the radar module 44 may include a frequency
module 53 that measures frequency and frequency varation of an RF signal.

The DFS module 52 may compare the parameters measured by the radar
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[0077]Figure 8 is a graph depicting data samples of a basebar_ld signal
versus time; [0078]Figure 9 is an exemplary functional block o!lagram qf a
frequency module of the system depicted in Figure 3; [0079]Flggr§ 10is
an exemplary functional block diagram of a frequency char_acterlstlc_
module of the frequency module of Figure 9; [0080] Figure 11 is _
graph of number of zero-crossings in a bin as a function of number of bins
when chirp radar pulses are centered at a center frequency of a frequ.ency
meswsdiifydevitoes JO0EYEigusetbiSigrmaphipesioTthedHfgrarosfingstem
in a bin as a function of number of bins when qhirp r_adar pulsgs are not
cerftérBavatitel et HiEamanehaTgliibiveRE\sivieldarmngdievigmal of a known
type.

[0092] The system 40 may be implemented in a wireless network
device 54 such as an access point or a client station. The wireless network
device 54 typically includes an RF transceiver module 56, a baseband processor
(BBP) module 58, and a medium access controller (MAC) module (or a control
moduie) 60,

[0093] The RF transceiver 56 receives RF signals. The BBP module
58 demodulates, digitizes, and filters the RF signal. The BBP module 58 may
include the AGC module 42, the ADC module 48, and the filter module 50. The
control module 60 may include the radar module 44, the CCA module 48, and the
DFS module 52.

[0094] In some implementations, the radar module 44, the CCA
maodule 46, and the DFS module 52 may be implemented in the BBP module 58
of the wireless network device 54. In stilt other implementations, at least one of
the modules may be implemented by firmware and/or software. Although shown
separately for Hlustrative purposes, at least one of the modules shown in Figure 3
may be implemented using a single module.

[0085]  Additionally, the system 40 may be implemented in any other

devices and/or systems that may be used to detect radar. Although the

disclosure explains how the system 40 may be used to detect chirp radar, a
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[0082]Figure 13 is a flowchart depicted exemplary steps taken by_ the
frequency module of Figure 3; [0083]Figure 14 is a flowchart depicting
exemplary steps taken by the frequency characteristic module of Figure 9;
[0084]Figure 15A is a functional block diagram of a high definition

television; [0085]Figure 158 is a functional block diagram of a cellular
phone; [0088] Figure 15Cis a functional block diagram of a set top box;

and [0087]Figure 15D Is a functional block diagram of a media player.
DEskiidE RridaS GRIP U€Nthe system 40 fo detect and measure frequency

variations in signals other than radar.

[0098]  Radar signals may be generally classified into three categories:
short-pulse radar signals, long-pulse or chirp radar signals, and frequency-
hopping radar signals. A table in Figure 4 lists sample parameters for four
exemplary short-pulse radar signals. In a chirp radar signal, the frequency of the
carrier is linearly varied within radar pulses. For example, a typical chirp radar
signal may have a pulse width (PW) of 50-100u8, a pulse repetition interval (PRI)
of 1-2mS, and a chirp width of 5-20MHz. A typical frequency-hopping radar
signal may have a PW of 1pS, a PRI of 333uS, and 8 pulses per hop. Parameter
values of radar signals used in actual applications may vary.

[00e7]  Referring now to Figures 5A-6B, a response of AGC gain {o
different types of radar signals is depicted. Figure 5A depicts a response of AGC
gain to a chirp radar pulse followed by a wireless data packet. Figure 5B depicts
exemplary samples of a chirp radar pulse 74 and a wireless data packet 72
received by the ADC module 48 when the AGC is off. Figure 5B also depicts &
variation 73 in the signal input to the ADC module 48, when the AGC s off,
corresponding to a varying frequency of chirp radar, Figure BA depicts a
response of AGC gain to a burst of three radar pulses followed by a wireless data
packet. Figure 6B depicts In detail @ decrease 78 and an increase 80 in AGC
gain in response to a radar pulse.

[0098]  When the RF transceiver 56 receives an RF signal, the gain of

the AGC module 42 typically decreases to a value that is less than a normal
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[0088]The following description is merely exemplary in nature and is in no
way intended to limit the disclosure, its application, or uses. For purposes
of clarity, the same reference numbers will be used in the drawings to
identify similar elements. As used herein, the 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 programs, a combinational

logicabiecuiThangior aftiter a@@%&ﬂmﬁﬁmﬁﬁmp@m%%ggﬁﬁﬂgeﬁter a
C

functi‘onalitg/.‘ As used herein, the phrase at least one of A, B, an
shORREASECEBisEr Tt thmadaken lyghrabptoaf BieoAGK usingi@42 to retum to the
non-exczl?isive logical or. It should be understood that steps within a

melRERFh 5 € & Phh Rflte esratarmSubaItRingane ptickiptesignal
of t ent disclasure. [0089]1Dynamje frequency selection (DES) is
typgz% yg?fs' itgcl)é a&\k/%?a’ ?rﬁ éﬁee?c c%p“bggw&%%%d digr4ie drep\aredassignal

NetyRIHgeP MAMLNFAIRESTY Siesss, Yo i hAnd, Mare
specifically, DES is used f)é) seIecﬁgﬁ;%%%%lgegéﬁeaﬁneléfotigv?/icr%%é@nal to the

netwdak morueuCatiBS Sosrcadtiple-ResHEaYSHARDIDESE NARRELS 1B ANEm the
5.25-5.35 GHz and 5.47-5.725 Gl-Iz frequency ranges. [0090]

Ref@HAG PUPH FTIR e BTamsystenta®tionadar detection and DES may
include tgm |c gain control (AGO) module 42, a radar module 44, a
“clear chmﬁ# ss %né%\(@@ﬂ‘ﬁrﬁ%dﬁ?é( deteamiannbettediptAF signal is a
COnNY&F 0 4 filter module 50, and a dynamic frequency
s S o PR A AL B2 TR ke
signalugiee rotatititicpRidiRAs ) MRS L ReRLIO Hbeﬂmgd%?réézgg)on

Based on RSSI, the radar module 44 determines if a radio frequency

sighalisasteopgér thapegretetedatosditbrenboiorBISR: siekias aGdgitimate
dam. ,% CA module 46 distinguishes legitimate wireless data packets
frofirBfFRS: W ARCERl TR S84 (e THBaftidEs e AAGHhsigrilct R Btigrialthe

: it ireless d t. The radar module 44
" 556 IS (R Rt e it 4 e
vaTationhetc Mo eneciically, 6%&%‘?%&@%&%%@#‘#%?‘1’. include '%%%‘ﬁ‘eof*“'

frequency module 53 that measures frequency equency varia
anMRIE: stpralclliy BESOTAdNeDR MENHLRAMREVErNHhPIRARCISule 44 from

measured by the radar
petforming radar detection and DFS when the RF signal is a legitimate wireless
data packet. In addition, the CCA medule 46 may prevent the radar moduie 44
from belng falsely triggered by Biuetooth jammers.
[00100] The ADC module 48 converts the RF signal from an analog to a
digital format. When the RF signal is no longer being recelved, the output of the
ADC decreases to a low value. The radar module 44 monitors the output of the

ADC module 48. When the output of the ADC module 48 decreases below a

predetermined threshold and remains below the predetermined threshold for a
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module 44 with a set of parameters of known types of radar signals. The
system 40 may switch to a different channel if the RF signal is a radar
signal of a known VP& [0092] The system 40 may be implemented in
a wireless network device 54 such as an access point or a client station.
The wireless network device 54 typically includes an RF transceiver
module 56, a baseband processor (BBP) module 58, and a medium
access controller (MAC) module (or a control module) 60. f0093] The

RF pesiosioeftien & e qaivasninid 8iona sicldesBRP AP IR S5 JeRRRHIBIES The
digitizes, and filters the RF signal. The BBP module 58 may include the

AGEPR AR teaditide insticiés 48, emtoine fillet BabsRISOGFAE The radar
control module 60 may include the radar module 44, the CCA module 46,

and FRYS S AstRImines chacrssiistionss thepRinmiarations) tseordstamidth (PW),
the C dule 46, and the DFS module 52 may b

O IO e S e e e e e

still Othermﬂﬁﬁ‘e‘?@@f@’rﬁ&éﬁ%%@%ﬁgﬁﬁtﬁ%%{ oAy Re srdnpiers

implemented by firmware and/or software. ug own separa

illuSieativipyiurpibeesDat teasiione. of e e Weu SB N HINIFIIHES 358Ysr the
be implemented using a single module. [0095]Additionally, the system 40

maybéigpldinEngel inanypdaner dbiicasdadiassystentistoatpunyibee fiter
us%gi(gp iole(ta{%?t radar, Although the disclosure explains how the system 40
may be Used to dBteRt ERfpTIcar, Besiirsuenaiamenaieuts tHeteysines the

40 fRiRis) e MERRHLS USAMRAR RIS . ionals,aiher than radar.
determines characteristics of the RF signal based on the frequency variation.
The characieristics of the RF signal may be used to determine whether the RF
signal Is single tone radar or chirp radar.

[00102] The radar module 44 determinss parameters of the RF signal
such as pulse width, frequency, frequency characteristics (e.g., chirp frequency,
single tone frequency, etc.), and pulse repetition interval (PRI). The DFS module
52 compares the parameters determined by the radar module 44 fo the
exemplary parameters shown in the table in Figure 4 to determine whether the
RF eignal is a radar signal of a known type.

[00103] When the signal strength of the RF signal exceeds DFSy, and
when the CCA module 46 indicates that the RF signal is not a legitimate wireless
data packet, the radar module 44 measures pulse width of every puise of the RF.
More specifically, the radar module 44 determines a beginning of a pulse based

on the RSS! signal generated by the AGC module 42. The RSSI signal indicates
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[0096JRadar signals may be generally classified into three categories:
short-pulse radar signals, long-pulse or chirp radar signals, and
frequency-hopping radar signals. A table in Figure 4 lists sample

parameters for four exemplary short-pulse radar signals. In a chirp radar
signal, the frequency of the carrier is linearly varied within radar pulses.

For example, a typical chirp radar signal may have a pulse width (PW) of
50-100pS, a pulse repetition interval (PRI) of 1-2m5, and a chirp width of

5- 20 RREFITHNY picalrvisquehey- hepisiy cattacsigsal thaysayem RWsabIDS An
. a PRI,of 333p8, and 9 pulses per hop. Parameter values of radar signals

us&dhPh&RHISTIS IRdiBIRS Malis AN qosteirensentiisowatsrtrslibashe radar
5A: in to diff f radar signals |

o T S LS T R Tl D g aus peiase
follminieddntiee wiiRle ss SXAPRABIFEIGHES %M@&%ﬁ%%@mﬁg il ez!z?nsg of

of a chirp radar pulse 74 and a wireless data packet 72 received by
ADigerputielentBtenenetbetkdGRd oioffdjguse, 5B also depicts a variation 73
in the signal input to the ADC module 48, when the AGC is off,
correspoffiBdbo \dditiangfreafias negaiviobitherABar uRigeBSgeDEtH8 end
res&q&se d"ifA O gain to a burst of three radar pulses followed by a
wirles% RIATE JARIET TG0k B B Rsliersipsctignal detrecidbergaimalane AGC

INGHeRARRBHINAE in.in response to a raday, pulse. [0098]When the RF
transceiver 55 recée)lr\wlge@éfn% %Segiggl%?, ?ﬁer%sa?ﬁ‘u tI‘?'é'(]e Aot madule 42
typiealiysdecsngses ieianab i dhahisdessiaana nrRiml ke ip

of the AGO module 42 may return to the normal value a%ter a St‘!r%%%%t time
tinRErPHaTEN&adken by the gain of the AGC module 42 to return to the
normal value depends on various parameters of the RF signal such as
signal str@ﬂéﬂ?} pUrEERiRAMare U BIRsTeete tenBea®aon owdolel 53 1sesaaures

, indicat SS)) t icate the st th of th
R g T IR RCRR 10 oS s e ptneerpidvaional A

Disrsticuah aentdndBieAam tadRiRAM A, ) radar
dﬁtion,p ~10099] The cpzaé%#'r@nﬂggule 46éni’a%%¥aofe“ergr{1%@%h“étete¢%@e RF

REigEd B sngigitimateduireigss oatadpaeketih fsramble faIRAHEMARIuIe
wireless data packet includes a standard sequence. The CCA module 46
perfoftiMidasca harahandorianel e binsceflindive pedadsblTHe detexhineach bin
WE}Seth'%r tg%jRF s;gn | is a legitimate wireless data packet. The CCA
mod S AR TR LB SRkl athiviie fFRIMS0aY MsaawsemeRinentheome

RES| i iti i acket, Thus, the CCA module
O U bney PN PR RR 5 Feputivocy e
thBRC GAgnad dwleeA6 taygaisvent the radal merdvle 4&frgg&,%%gg§mg§ow .
radar detection and DFS when the RF signal is a legitimate wireless data
pavREeiprainttdheshe|C OASH (v lb -Bvagingvent the radar module 44
from being falsely triggered by Biuetooth Jammers. [00100] The ADC
module @&8%&&%?@%%%%%%%@@% thelifjrauenenalf the RF
Wg; rQth%rRé:ag raal is,no longer e'Pg received, the output of the ADC

d 05; }%V\’/n\'/a u8,rerﬁ§e?éb°§.‘¥nc§8%|8%'?ﬂ@hﬁa? WeeSoURR T Bfso-

ecreases to a

ABesBIRgH! I8 A8 MY RGN 8 DL O modyle 48 decreases below
a predetermined threshold and remog{ﬁs?rt%%%gc 'ed%)(e%)gfé%rﬁ%n%a number of
threshold for a
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period of time, the radar module 44 detects an ADC under-run condition.
The ADC under-run condition indicates an end of a pulse of the RF signal.
The radar module 44 determines characteristics of the RF signal such as
pulse width (PW), frequency, frequency variation, etc., based on the ADC
under-run condition. [00101) The filter module 50 typically includes a
low-pass filter that filters the output of the ADC module 48. The radar
module 44 determines whether the RF signal is single tone radar or chirp
radeerbesessiopsihido fterfcthentitefensadinke, SRiibdoressneehicalby théh more
fre%;éency module 53 determines the frequency and frequency variation of

the RERIGHARHS thet e &P Hisa RSB tRséerninBEThEFIOteristics of the
RF signa 5)@%9[? ot e,fre(}u}ﬂen &A}u_ariation. The characteristics of the RF
signal may be Used 16 G MMNeAVAHBHIEGha RERgAaridiamsleitorrmples of
rad@ Q5 LRkR-fRdak The, r module 44 determines_
parameters of th%gR?:} g%;r%g%gﬁﬁ gssé%) se vnv}lﬁ)& }?ren&ﬁseengi/??ﬁe@feﬁ@az* the
chazantesis dasa (Brgy, HAVEHBEME Yo RBISHAN R j

pulse repetition interval (PR!). The DFS moc@le 52%9(?&% rens% &%ﬁy aggmed at
pafensr SBleternvirgerbyithebeadanntodigieati4rigy thR:exemiRao true zero-
parameters shown in the table In Figure 4 to determine whether the RF

sigNRPRINYT 48 W R Bioarrbwig/ptere, thipleoaiwhawduesgnaly counts
stE?g%t_@,%f gpne ROFf F?i nal ex?ee%\%g)FSt, and when the CCA module 46
Indicates thatine K SigRaPIE hbEL TaYRifN-ARSR g s eiusAAB R Rsatgidhan a
radaedeed &SR ' e ulse of.the RF. Mor
s.pqeff:ificalI)l/q,IJ ﬁﬁﬁ%ﬁ#{odule '4?}(/1%%}?#?{%65%%%%&? BN gt ho a[? %‘(ﬁs%nbazb§é’8‘te
on\ileRGEdtsighah Jen bR thhysHaeI ARE ageAe RodlR B3$451908ht two
indicates a beginning of a pulse when the AGO gain crosses the-64
dBFRRERFRIIES Aathendhenateuiseriscinditage ddn b e AdRBand degraiNshown in

co {:Iitionade ected by the radar module 44 at the end of every pulse. The
radat odule 4P BRI CIIRIRTeRtRRNSe RIMEST thieghaist Bt dentirg although

diffgrepaaRebresh e time of the beginning of the pulse and the time of
the end of the pu?s?g& be Uﬁ(%i%] Additionally, after receiving the ADC

under-rufosigepl ®eringdhehthemyles dheyradanmaquls 44 €8s
signal to reset the gain of the ACC Module 42 to th%? n%rmﬁevﬁﬁﬁgﬁﬁhégge
reSEQURBEY IPDEith A G Qlepidete 4Zmadictakadonaetiteressrmty thelude -
normal yalue, and incomin%data during that time period may be lost

(05705 PRRAANG 1oy 38 ARBr@YEUkeTRR (R ereyitheemkerEan d64Lmem thier
fr ; F_signal t termine characteristics of the signal. As
p%ﬁl@%&f@ﬁ, ?h‘g%%(aﬁac Blistics %a@ eANed BIRURRRIRNGIRSEistic
thenBdugignal is a single tone radar signal or a chirp radar signal. The
frequency module 53 divides a baseband signal into bins of equal periods.
The perifi@ tiogacdrhbisasnpliogorionaé tagoermagsobatian afithe frefHensY anc
measurement. in some Implementations, the frequency module 53 may
detEtHifetthdr AR ey dfehtOR Fasig i Winen the. gaineoh e i@ GOmparator

migglle 42 decreases below a predetermined threshold DFSEr, (typically
-64°dBHY COMTHHTEIS ik HetRPd)ada R e rinimedthend memory

fraqye E si for each bin, More cifically, the frequency
mortie O Counts 2 e D 28 ek et FogGBnag?
BYeeufiing tberaymdiefehicate with the timer 108.
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zero-crossings, the frequency module 53 may utilize less resources than
more complex methods that use Fourier transforms (e.g., IDFT, FFT).
[00107] Referring now to Figure 8, a graph depicting data samples of the
baseband signal versus time is shown. Due to noise in the RF signal, the
sampled data may have multiple zero-crossings like those generally

depicted at 86 and 88, However, the baseband signal may have only two
true zero-crossings as shown in Figure 8. Therefore, the frequency

module 5300nt0Fonis zek-aressiagp&IRAIABPIRS ARG Bount down
absolute value (ABS) greater than a predetermined ABS threshold. By
coufiRy dlatedsianpleedtanhavihan ostiteneal Uuergreatr dhassHRARE the
thresholgz, the frequerg@(fmodule 53 may count two zero-crossings rather

thaPTER%BHNEBESInY Sl e Yraeehah dosrgnatistotenm iz seendlitg module

some dmplementations, the ABS threshold may be 0.1, although other
oS P R AP R o o PG gL BB rmocu 102

eXemB)aRL4NR rRetlAteL e odule 53 is depicted. The
freqﬁ?rlmcy module 53 may inc ﬁdgﬁeg%%ﬁ%ﬁ%%%%ﬁﬁﬁ?go?%&a&w samples
mothde 1% apOkrEyIEeMBAiSIaE04naCANNUEROOAUNRT 10818 Lolarity
clock 110, memory 112, and a frequency characteristic module 114.
[00£PTBarHerstif singraTed die 100ankg campemicatepvativ e MM stored in
module 48,1t{|e ABiFmodul.e 102, and the timer 108. The polarity

comParaib 164 thiliP RARFRIALHTE RIRHIHE HEDInédorsatie, abthesantele, a
105,20d memor 2, Ihe counter, 106 may communicate with the timer
108 and rn%%agrh ry¥1 Z.Qfﬁ%%c g‘ck ﬁgerrﬁa? COMHTURREARE vABTUie thferpolarity
10&ompatfer 164 Hhieceiask LdHmRYReHqH) 105 HMSLA98,10

count down from a predetermined ti?ndg?r%'%%&ﬁg gfegr%?ﬁgg%%%g ?nda%;ores the
corseBRimth withrtbwy JdeiodTabtbeuhier Ydbiledhss HREEIAR ISIEOHMIRSory 112

down, the sampling module 100 may collect data samples from the AD
mot(fS A% e B8 srelate o2 saytécehsstheishmples fremrttetermined

samli Ule 100 and discard samples that have an absolute value
Ies@%%% {»‘%% ﬁ?ﬁ?é’é’ﬁgﬁd?%?ﬂa%‘%ﬂaﬁﬁ%sfﬁ%%&o?fqm eosasirbinthe
remaininghgMmplesi ' mgl@ ed inmemory 112. if the
polarity oifhthe p@evidusq;%ar?l%)%ﬁ opposnre%](q))i5 tHE°‘§3r%p1e,“a’E%¥o98F8§‘§1W§ate

hag/iticcosrealy Wit aral 2rrerafpsshg s @y shiRS-RYISHLY SOMPASAIR rt&%é, for
mple’i

directs the counter 106 to increment a count total and stores the sa
mefRBRFEISS) T tRslinter 108NsIyretithie cvotetotapéninemorhdl 2 whphcy

thecﬁénrae&lo? ex irgi. The count total sampled during the predetermined
time generany o HANALRRRES Lo dRoysToiRe RFearirkinfortkdelsimes

[0 h ar ristic module 114 may communicate with
m%&%l@%ﬁgﬁﬁcﬁe\%ﬁzég%@c aldcherRRES GrNRed o RAttEHRals FOr

(Orekeipensian siachitanompadanlieys sReaiieall-Neieauency 1.,

characteristic module 114 compares the frequencie edch bin an

debernhiine sedidretifcihth edoegeincies \ubsREERNI M IOABRLSIEITINGH. the
pattern. For example, if the frequencies vary according to a linear pattern,
th&SBIEhERNES BeeRdRFadar. If the frequencies are substantially the

same fr jn.to hin, the RF signal may be tone radar. 00112]
Referrin mr)i?vg 0 %&F@%’?% %@Wﬁ?aw'iﬁfb?éﬁ@ﬁ@ﬁdﬁ‘ JerrRtaignehdye

Cr@ééﬁé‘?ﬂ?%ﬁ?@&@%ﬂrﬁn@d@?&ﬁf qs Eg&ctfggueﬂgg %Q%E%%E?ric tiz?ractezistic
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module 114 may include a tone module 150 and a chirp module 152. The
tone module 114 may determine whether the RF signal is tone radar, and
the chirp module 152 may determine whether the RF signal is chirp radar.
Although this example only includes the tone and chirp modules 150, 152,
other modules may be included to determine other frequency variation
characteristics of the RF signal. [00113] The tone module 150 may
include a tone comparator 154. The tone comparator 154 may compare
therfreqeetitiasaf pathibia siesetbiureersorntla diithersedueniesTde one
substantially the same, the tone module 150 may determine the RF signal

to Bedulse] o maletsivrivhatheinthictfie fifeniges! asdoubsidatiadtydtiies chirp
same, the tone comparator 154 may also compare the variation of each

bil P H fotRABKIIE ™INe (§Baa] it RhiRFAR dRNB 2dateriiheyah this

whetl cy. of the RE signal varies lineatly, ip,which case the
R e BT B P P LISE may
ZeHR-GHeRRIBIS Y RRISRINSCSIRE CRIRUANSS R SRIHCERSAUESRRCE: the RF
frequency of a DFS-enabled device receiving the chirp radar signal. Chirp
radignatay include a down-chirp as generally depicted at 180 and an
up-chirp as generally depicted at 182. Since the down-chirp arid up-chirp
are linedPf haturéhenierhimeaulsaife 153 ingludete tinetimpataoRE4. The
signal is chirp radar when the gattern is linear. [00115]Figure 12 depicts

un8UB/ EREART A% ERY GURBRG IR M- pIRES raash Pinstarastdnigemory
ceptereh 41 SEIRLICINONGHOLIA PRS- enabled device tecavinghe,
hat Poenteledrs Y

radar signal. As with Figure 11, chirp radar 1SN0 She

CedRIHRRUERCRISSHIRE toasy iBneatts da%wmrfélmtﬂémﬁe%ﬁé%@g}e%r Qre

generally depicted at 184 and up-chirps are generally depicted a
[08alsBRRiefbr tivey smok thd-ignredbpahetehiptimeguitsd 3mpayeinisiigdeiation
high pass module 156, a chirp comparator 158, and a derivative module

160 BRHALP RooesaFRYGuency may be sensitive to random noise

d luded.when determining the fre h; istics.
arera D R e e e e e the
fregugperiossdbanadie s ianRy tueshrldieam canmidas t&%na’\f%%. Figure

determining the frequency variation. [0011 ]The erivative module
160 rapidppeszmatisaificstangsegossirdarivaiére olibes fleaserciesiof are

each bin stored in memory 112. The second derivative may be used to
dEEHRIRE FiRctrBlaHEcreenRYR RiTfttow ietidevicnrsaeispgdifiealijrpl Fadar
thg s%io derivative is aﬁgroximately zero, the frequencg variationls
T (o lEh SPVATAHGR R IREE IR EhAgTREHNIRoPsier g 190 and
g%?(ﬁﬁleﬁh%‘@tstggn@r%lﬁ}%ﬂd@&%@s@d@rindc%etﬁ%t %vlrly[lc%%%m %%E%H%Casre
linear in nature, the chirp module 152 may determine that the RF signal is chirp
radar when the pattem is linsar.
[00115]  Figure 12 depicts unevenly distributed zero crossings where
pulses of chirp radar are not centered at the center frequency of the DFS-

enabled device receiving the radar signal. As with Figure 11, chirp radar that is
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chirp radar. [00118] To determine the first and second derivatives of

the frequencies, the derivative module 160 may use difference equations.
The first derivative may be determined with the following equation: di= Izt
-1/4.11 where di is the first derivative, Z1 is the frequency In a current

bin, and zi4.1 is the frequency in the next bin. The second derivative may

be determined with the following equation: s =1", where s is the second
derivative, di is the first derivative of the frequency in a current bin, and
clitiist tremferstiderinatbentof thedemyeancyido henextbilre. DIAMLAAIENS the
chirp comparator 158 determines whether the second derivative is

approsignabaie ervemiy d spiceificatllyBtherchinp-comparatoed&8Imalepicted at
coq‘#) re the second derivative of the frequencies to a chirp threshold that

is sl geﬁtly greater than zero. If the second derivative is less than the chirp

threshol th nd. derivative is approximately zero. If the second
d_erivativoebi%)’g%_ r&?r%ﬁgﬂ/bfgr&o\fothéggﬁﬁrﬁ &ﬁg? %‘39 et e a
Signghipde RIadRE, o oD LARDEEIBH B NANR HIGRIS moduie 160,
exemplary steps taken by the frequency module 53 to determine the

freginentyebhthe RFisighiakan genassl b dapisted e 08nddl8 HISESSnd are
starts in step 202 when the RF transcetver 56 receives the RF signal. In

stépFdadedhehan detervisog the firI08 Wessttdsios froneasfore, the high
e. In step 204, the counter 106 is initialized to zero. The

predetermined tjm , ' .

saﬁ?ﬁﬁn&ﬁqﬁ% I@?dﬁ%’;‘oﬂ%d@%fﬁ JEMPKSs Bismnie A DenHeswyIdess than a
t I the ABS module 102 determi

B R L Rl R N

theaksioute value of the sample is greater than the ABS threshold in step
210. If the absolute value of
[00117] The derivative module 160 may approximate a first and second

derivative of the frequencies of each bin stored in memory 112. The second
derivative may be used to determine whether the frequency variation is linear.
More specifically, if the second derivative is approximately zero, the frequency
variation s linear. If the frequency variation Is finear, the chirp module 152 may
determine that the RF signal is chirp radar due to the linear characteristics of
chirp radar.

[00118] To determine the first and second derivatives of the frequencies,
the derivative module 160 may use difference equations. The first derivative may

be determined with the following equation:

di::‘z:‘”zﬂ-ll
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the sample is greater than the ABS threshold, the polarity comparator 104
determines whether the polarity of the sample has transitioned in step

212. If the polarity of the sample has transitionecl, the counter 106
increments in step 214. In step 210, the frequency module 53 determines
whether the timer 108 has expired. If the timer 108 has expired, the value
that the counter 106 has incremented to Is stored in memory '112 in step
218 and the process ends in step 220. If the timer 108 has not expired,

the prsress reterfstodste@ 66 2; is 100 128ldhtyarABSUREHWM L8R 2. is the

determines that the absolute value of the sample is not greater than the
ABS AN IDifN&t8% HOn-thENRES Ipid dRIE v elistet s thietsamiptel inith the
stego%é%m hee lerEeH uency module 53 determines whether the timer 108 has
expire .'If the timer 108 has expired, the value that the

counter 106 has incremented to is St?Lc?d Ii? emory 112 in step-218 and

the process ends in step 220. If the fimer £68 has not expired, the process

t 206, 0123] If the polarity. ator 104 det i
a8 SIE Bacona BeraRle Kb b aer e e@ s e frgauercy n o
frectieRey ModMeH3 ig%li%fﬁﬁgﬂﬁérw&‘ﬁ&@%"f%fé]&%ﬁé#«%ﬁ%e@{ %’ in

step 216, If the timer 108 has expired, the val at the counter 106 has

incremenieattRis stheedhimmennery-akh? insstegoithnad a5 88%nd
in step 220. If the timer 108 has not expired, the process returns to step

206!emvafyg 119 PP RIERIFRRhEe G0 MilpieespasiBsainptaey stiepsctakearbipr 158
the ncy characteristic module 114 to determine whether the
freqﬂgﬂgﬁi’%%{&?f& Fﬁ?ﬁ@%@?{)&?‘iwg CBTATRGRNE IR Ra pAREFhaIEthat is
geng igted The prac agins.i p.252. In step 253,
My dpRigiedigd 23R T RERCRSSRA %ﬁ%ﬁ?&g i§ 65 ;ﬁgﬁi%\ﬁomtrp

the frequency characteristic module 114 rea requency o
meteishdl2? therstee 2atotht tefet08paraipfokii-aateraines Whethekcond

the frequencies are substantially the same from bin to bin. More

spdGHivEive iharsreitatehazator hsabbmpatetethsdmayeatymeaad RBEignal

met@ggyclngZ to.a frequency that was previously read from memory. If the
encl

frequ rspf?a%g’lwbin to bin are substantially the same, the tone module

150 may@@&%@?i”ﬂéfé%ﬁgergg %9&5?#\'5??@%3 rea}%?é i%rsgtgt 8%)%65%%% hgy the

process ends in step 258. [0012 he toné comp
defesmierey thatithe Sequesriesasamotsyksiantialydire-same frgm hinda,

bin in step 254, the frequency comparator 156 determines whether the
frefBRIRtar iglgraate MtaRTadREE ATty irseh GlaZinstap BEORK thensceiver 56

frequency is not.greater than the frequency threshold, The frequency
chgc}%%%%st%ﬁ:em %u‘?@ﬁﬂ ?éte%?ﬁn% IniEnelPekeld Qreetsoteeniigsn 108 to

MeRRRdAR iRslen,A02edHRNE MR MRS AN emony 112, the

frequency module I:1)914 reads the requeﬁ'l%ggﬁ%‘g %xf%"l’r%{tgfo 8 f, nitialized

meomesse 1 Thinssteplidg Inedule 100 coliects data samples from the ADC module
48 in step 2086.

| {00121} In step 208, the ABS module 102 determines an absolute value

of {he samples. The ABS module 102 determines whether the absolute value of

the sample is greater than the ABS threshold in step 210. If the absolute value of
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[00126] lithe frequency comparator 156 determines that the frequency is
greater than the frequency threshold, the derivative module 160

determines the first derivative in step 264 and the second derivative in

step 266. In step 268, the chirp comparator 158 determines whether the
second derivative Is less than the chirp threshold, If the second derivative

is less than the chirp threshold, the chirp module 152 determines that the

RF signal is chirp radar in step 270 and the process ends in step 258. If

the secaachglerizativeaismaidashth amarURIAresROlh IR PEBRG R ator 104
ends in step 258. [00127] Referring now to Figures. 15A-150, various
exeRfRERRaERIBAtAIOMolefithefdiisteama awes showtio Referriienr o to the
Figure 15A, the system 40 can be implemented in signal processing
and?c?jaé@hﬂfoﬁh@i REME'2 1Es fmmsiR Rt AoenesIOn (DTN Jthp 214,

HDTV 420 receives HDTV input signals in either a wired or wireless
forrl%tsg%dﬁgghé\égt&e%wﬁ?&ﬁesiaﬁﬁgwaﬁsffmﬁtﬁ%mﬁ §B1pe 108 has
imPigpyentati s I ing. qircuit and/or congrol circuit 422 and/or
othéé;gz E??c%itsw()gé? sﬁﬁn?cﬁﬁ%ﬂH %‘ﬁ&%oﬁ%ﬁ?&%&% gg a,CBlé%S?nqg has
codimgeanshipreactsypiinn peronBryaleintians Sma e AL DeHO T ,
any other type of HDTV processing that may be required. [00128] The
HD¥5P4X0Mm Hpeoidtd baicncs svpliatiabe gateestoratiend 23 snat steres data
le manner in devices such as optical and/or magnetic

| o

Qé:;g iz TREGRR &R detamriegamplchpaksoliste urlvewf the
HDD, S, inf HDD. that includ

HORale YRR ISR I IR 000 o,

Theisiaiad hCsenabmaaepeoiectaaRmAnAAAsTD 58 RAMR N notner

low latency nonvolatile memory such as flash memory and/or other
suitablsletd®his dadarstbiragiep BHe. HPRY tH28- 3169 1R shiRROkhs value that
connections with a WLAN via a WLAN network interface 429. [00129]
Ref8RFRYMEN! RS Higt Facteraetirddy dtestonal dambamimpldménstebia wWanal the
processing and/or conjrol circuits 452 of a cellular phone 450 that may
ol R 4D S AR 4B 1 28 A HoReRRE RN @ eRRRAR LS o
phepg; 498, includes a microphone 456, an audio output 458 such as a
speaker and/or audio output jack, a display 460 and/or an input device
462 suchiem adjeyipdcs poiatingeiapinetorcion asiRPRAMIANHGL P the
device. The signal processing and/or control circuits 452 and/or other
cirGaRP (R AesHavriyansinenedllinteth8ne, 450 frsyupnogassdldasperdaimines
codiggtﬁ%r; or encryption, perform calculations, format data ancUor

m Ot

perto WORIAPHRBREEREdhster 2180k 40 TiRecanalhrprupiced, the

45 : icate wj ass data storage 464 that stores data in a
o R RSBl S e oeGtoragdn step

degiteand Bdgmieass 4N X ; j ives HDD
and/or DVDs. 'Ighe HDD méyﬁti)?gp mffi%i(?H gfgft?%leefﬁ%{:rcliu §§1 gr%engi r%xgr;{aecj’ the
plattersstaetngra tiatmpt2edhat is smaller than approximately 1.8. The
cellular phone 450 may be connected to memory 468 such as RAM,

ROM, loW H &t cyFRIRTBIALIROM e Tg Wisch 4s dkeshpiasmetspandiamotethe
suigi% le ele%go,nic datg storage. The cellular phone 450 also may support

connactions with AW KN'OHATS WE ANCRERIGR whsthesdhrsiiequensis mared
Rafep I ; 40, can be implemented in signal
BT e e o] & AT lo8 BRI T AP 200
box 480 receives signals from a source such as a broadband source and
outputs standard and/or high definitioil2audio/video signals suitable for a
display 458 such as a television andlor monitor and/or other video and/or
audio output devices. The signal processing and/or control circuits 484
and/or other circuits (not shown) of the set top box 480 may process data,
perform coding '



and/or encryption, perform calculations, format data and/or perform any
other set top box function. [00132] The set top box 480 may
communicate with mass data storage 490 that stores data in a nonvolatile
manner. The mass data storage 490 may include optical and/or magnetic
storage devices such as hard disk drives HOD 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 '

conmecirddsseneamiy 494aras RAMBOMsJow, [atency nanvalatie. . ..
memory such as flash memory and/or other suitable electronic’ data
storagisleTie seatspizoiketB@rals ofmayrstipRoneeactions with 264V kANone
via a VVLAN network interface 496. 100133] Referring now to Figure
156 TRt d fiadeteimivesnbrethrs it maigneieprecessistpatiaipthe same

co trronl %)II‘CL{itS 904 of a media,gla er 500. In some implementations, the
media prayer 505 indNRi&sSREH ‘ﬁﬁiV'GWaWBR)FS'UEéWﬁbu'&%OS%UEW%% e

keyRad=iuch d ]i implementations, the media player
cosaadleyaad bl B SR GRS L M
Menesoe O AV REReSH S0P éfhd{@rb@hF&?&‘%@E@SH%IW%“@%&@%QQetone
display 507 and/or user input 508. The media player 500 further includes
anfaRdiis St m0geterohiresthat fiealkdT sigdidisaidtio LUPURjags T4eand the
signal processing and/or control circuits 504 and/or other circuits (not
shBRRTS BREsTefEPAaGer 500 may process data, perform coding and/or

encrypti orm calculations, format data and/or perform any other
media p@fﬁncﬁﬁ? toné m@ﬁgﬁéﬁﬁgm Bgbthgaljeauencies are
CoRYSHSRIRIMHNBASH AR RIBk thguste Snch.as
compressed audio and/or video c@r%faﬁﬁ i?\ng%%?\%(féﬁﬂ%a%rﬁgh'ﬁ%?y I%og}j)r%ator

impiénetiations, Wretempeeseqdonddie frmisctmds flesdhatéfanreshold in
compliant with MP3 format or other suitable compressed audio and/or
viddPfaRRatdf the fraisteraistorhgeantey thetudbeoptiqabamdibreshold, the

m%%netic sto ageége,vices S fg’1 as hard disk drives HDD and/or DVDs.

THE I AT B S TR T e SR 6R &7 B RS b R R pRiing In
digra thas i lgg4h ' ly.1.3". The media player 500
e oot e B ar L8 FERMIT A o gy ey
nomalaéiIe1meews/m@_cﬁe@;@émhdmﬁf@Qfé&ﬁsﬁ{%&ﬁbernsh‘ﬂéﬂ#&?ﬂ%%ﬁ@%p
data storage. The media player 500 also may support connections with a

WEEN via a WLAN network interface 516. Still other implementations in
addition to those described above are contemplated. [00135] Those

skilled i thi#8H AR arptetRaBRRIhER riejermtnee seafpienfrbauency
th ings of the di be implemented | iety of

o R R e TR e RN e ap aranes
tfumﬂ%@%@@ﬁ%%&%@%@&ﬁé&”[\5‘:@% ﬁﬂ?%pggeg " in stePu%?/B,

modifications will become apparent to the skilled practitioner upon a’'s

ofttieectimwingsathespesitieatinmasdvinarelpwisacslairnsiMeeSd- ksl than
CLAIMS
the chirp threshold. If the second derivative is less than the chirp threshold, the

chirp module 152 determines that the RF signal is chirp radar in step 270 and the
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What is claimed is: 51.A system comprising: a sampling module that
samples radio frequency (RE) signals on a first channel for a first
predetermined period, a second predetermined period that is subsequent
to said first predetermined period, and a third predetermined period that is
subsequent to said second predetermined period; 10a counter module
that increments first, second, and third counts when samples collected
during said first, second, and third predetermined periods reverse polarity,

respeeheiinds in &dpRB%ative madilehatdeiprmines AfiisLAIfIRIeRce ohip

between said first and second counts, a second difference between said

secindiang thy groousisraiRdrastby ddhdifference between said first and
second differences; and  a frequency characteristic module that
determiné¥ afeqRgieyiog saitvR RsighigwesedidA-dbRasvaimief sademplary
first and said second counts, that determines fre?uency variation of said

RFERIREIHEEES AT <A P At Mo PRPWBrifS st ot s Mhadhe
Sai%%%«?%‘é‘é S e el I e P Sl rsdts 422 of
predetéermine
a high definition television (HDTV) 420. The HDTV 420 receives HDTV input
signals in efther a wired or wireless format and generates HDTV output signals
for a display 426. In some imptementations, signal processing circult and/or
control circult 422 and/or other circuits (not shown) of the HDTV 420 may
process data, perform co’ding and/or encryption, perform calculations, format
data and/or perform any other type of HDTV processing that may be required.

[00128] The HDTV 420 may communicate with mass data storage 427
that stores data in a nonvolatile mannef 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 platiers 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 memory such as flash memory and/or other suitable electronic data
storage. The HDTV 420 also may support connections with a WLAN via a WLAN
network interface 428.

[00128] Referring now to Figure 15B, the system 40 can be
implemented in signal processing and/or control circuits 452 of a cellular phone

450 that may include a cellular antenna 451. In some implementations, the
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20threshold. 2.The system of claim 1 wherein at least one of said first and
second counts is equal to said frequency. 253.The system of claim |

wherein said frequency characteristic module compares said first and

second counts to determine said frequency variation. 4.The system of

claim 3 wherein said frequency characteristic module - determines that

said RE signal is tone radar when said first and second counts are
30approximately equal. 5. The system of claim 1 wherein said _
precetienipbohthddhoidisies firshipregeteemised dhrasbRldapdiwaersiRh as =
said derivative module determines said first and second differences when

saicPRFRKSESHRY, aiitotRitPebiants aisglantiGieand/arscondt device 482 such

[ old. , . .
pre%%t%rr@égﬁgdfhégﬁ%ng device, voice actuation and/or other input device. The

signal processing and/or control circuits 452 and/or 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 cellular phone functions.

[00130] 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 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
cellutar phone 450 may be connected to memory 486 such as RAM, ROM, low
latency nonvolatile memory such as flash memory and/or other suitable
electronic data storage. The celiular phone 450 afso may support connections
with a WLAN via a WLAN network interface 468.

[00131] Referring now to Figure 15C, the system 40 can be
implemented in signal processing and/or confrol circuits 484 of a set top box 480,
The set top box 480 receives signals from a source such as a broadband source
and outputs standard and/or high definition audiofvideo signals sultable for a
display 488 such as a television and/or monitor and/or other video and/or audio
output devices. The signal processing andfor control circults 484 and/or other

circults (not shown) of the set top box 480 may process data, perform coding
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5 6. The system of claim 1 wherein said predetermined threshold is
approximately zero. 107.The system of claim 1 wherein said frequency
characteristic module determines that said RF signal is chirp radar when
said third difference is approximately zero. 8. The system of claim |
further comprising a radar module that determines 15whether said RF
signal is one of chirp radar and tone radar based on said frequency
variation. 9. The system of claim 8 wherein said radar module

detgiannendhatisaiheoPonatiseoHe BAALReD.SRIAf Eelq#zg%% (_j)ther set

variation is linear. 20 10. The system of claim 8 whe ar
maddplecadtentiines that said RF signal is tone radar when said frequency
variation is approximately zero.

[00132] The set top box 480 may communicate with mass data storage
490 that stores data in a nonvolatile manner. The mass data storage 490 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 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 connections with a WLAN via a WLAN network
interface 486.

[00133] Referring now to Figure 15D, the system 40 can be
implemented in signal processing and/or control circuits 504 of a media player
500. In some implementations, the media player 500 includes a display 507
andlor 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 interface via the display 507 and/or user input 508. The media player 600
further includes an audio output 509 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 and/or

encryption, perform calculations, format data and/or perform any other media

player function.
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14.The system of claim 8 further comprising a dynamic frequency

selection (DFS) module that communicates with said radar module and

that selects a second channel having a different frequency than said first
channel when said radar module determines that said RF signal is one of
chirp radar and tone radar. 12.The system of claim 1 wherein at least one

of said samples is disregarded 30and excluded from said first and second
counts when an absolute value of said at least one of said samples is less
than a pripgetymined thresholslayer 54@. b ysiemeéakRinik? waeseidata
said predetermined threshold is approximately 0.1. 14. The system of
cladaragerdfeihad slemast alad seendporitsseara utijaartinr SdEoacoptiohin a

of claim 1 wherein said first, second, and third periods are adjacent.
nonvolatile manner. In some implementations, the compressed audio files

include files that are compliant 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 ane 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 as flash
memory and/or other suitable electronic data storage. The media player 500
alse may support connections with a WLAN via a WLAN network interface 516.
Still  other implementations in addition to those described above are
contemplated,

[00135] Those skilled in the art can now appreciate from the foregoing
description that the broad teachings of the disclosure can be implemented in a
variety of forms. Therefore, while this disclosure includes particular examples,
the true scope of the disclosure 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 foliowing claims.
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16. A wireless network device comprising the system of claim I. 17. A
radar detection device comprising the system of claim 1. 18. A method
comprising: sampling radio frequency (RF) signals on a first channel for a

first 15predetermined period, a second predetermined period that is MCSLLP

subsequent to said first predetermined period, and a third predetermined
period that is subsequent to said second predetermined period;
incrementing first, second, and third €&édidvhen samples collected
during said first second, and third predetermined periods reverse polarity,
respectively; 20 determining a first difference between said first and
B3 e8iiRes 18 second difference between said second and third
counts, and a third difference between said first and second differences;
determining a frequency of said R.17 signal based on at least one of said
first and-said <LEHERSGMBISBEetermining frequency variation of said

RU signakbaseg anvaald st anthreeaid frequency (RF) signals on a first channel
for a first predetermined period, a second predetermined period that is subsequent to
said first predetermined period, and a third predetermined period that is subsequent to
said second predetermined period;

a counter module that increments first, second, and third counts when samples
collected during said first, second, and third predetermined periods reverse polarity,
respectively;

a derivative module that determines a first difference between said first and
second counts, a second difference between said second and third counts, and a third
difference between said first and second differences; and

a frequency characteristic module that determines a frequency of said RF signal
based on at least one of said first and said second counts, that determines frequency
variation of said RF signal based on said first and second counts, and that determines
that said RF signal is chirp radar when said third difference is less than a predetermined

threshold.

2. The system of claim 1 wherein at least one of said first and second

counts is equal to said frequency.

3. The system of claim 1 wherein said frequency characteristic module

compares said first and second counts to determine said frequency variation.
4, The system of claim 3 wherein said frequency characteristic module

determines that said RF signal is tone radar when said first and second counts are

approximately equal.
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counts; and determining that said RU signal is chirp radar when said
third difference is less than a predetermined threshold. 3019.The method
of claim 18 wherein at least one of said first and second counts is equal to
said frequency. 20. The method of claim 18 further comprising
comparing said first and second counts to determine said frequency

variation. 21. The method of claim 20 further comprising determining
that saif: RE 53iemariteroné ¢hdar Wwihenatnishfit srredriesadoed thowhtd diea first

%Qﬁ%%%h/tﬁ%ﬁbld and?g\’h!&?ﬂ%@&&ﬁ%ﬁ@%&ﬁl%@@%%g said first and

predetermined threshold is a first predetermined threshold, said metho

ferenad dofspeiiag Hete naifift s argdnd: abtbsdonyniiffareaiceteithen saagond

fg%égﬁg%datﬁpegmmpounts are greater than a second 10predetermined
threshold.

MCSLLP

6. The system of claim 1 wherein said predetermined threshold is

approximately zero.

7. The system of claim 1 wherein said frequency characteristic module
determines that said RF signal is chirp radar when said third difference is approximately

VA (OR

8. The system of claim 1 further comprising a radar module that determines
whether said RF signal is one of chirp radar and tone radar based on said frequency

variation.

9. The system of claim 8 wherein said radar module determines that said

RF signal is chirp radar when said frequency variation is linear.

10. The system of claim 8 wherein said radar module determines that said

RF signal is tone radar when said frequency variation is approximately zero.

14.  The system of claim 8 further comprising a dynamic frequency selection
(DFS) module that communicates with said radar module and that selects a second
channel having a different frequency than said first channel when said radar module

determines that said RF signal is one of chirp radar and tone radar.

12. The system of claim 1 wherein at least one of said samples is disregarded
and excluded from said first and second counts when an absolute value of said at least

one of said samples is less than a predetermined threshold.

34



10

15

20

25

30

23. The method of claim 18 wherein said predetermined threshold is
approximately zero. 1524.The method of claim 18 further comprising
determining that said RE signal is chirp radar when said third difference is MCSLLP
approximately zero. 25.The method of claim 18 further comprising
determining whether said RF signal is one of chirp radar and tone radar
based on said frequency variation. 20 26. The method of claim 25
further d8mpridihg Yetemtifinegitha? seidRE sighptddettrinpned diadhold is

:%558%? yovfarlatlon is linear. 27. The method of claim 25 further

prising etermlnlng that said RE 25signal is tone radar when said

frequency variation is approximately zero. 28. The method of claim 25
further qgmpr'%‘ﬂ@_?@@ﬁi'@@c@aﬁﬁcpm‘&gﬁp@?& @Xf%&f‘s@%ﬁ'@?&nods are adjacent.
frequency than said first channel when said RF signal is one of chirp radar
and tone radar.

15.  The system of claim 1 wherein said first, second, and third periods are
adjacent.

16. A wireless network device comprising the system of claim 1.

17. A radar detection device comprising the system of claim 1.

18. A method comprising:

sampling radio frequency (RF) signals on a first channel for a first
predetermined period, a second predetermined period that is subsequent to said first
predetermined period, and a third predetermined period that is subsequent to said
second predetermined period;

incrementing first, second, and third counts when samples collected during said
first, second, and third predetermined periods reverse polarity, respectively;

determining a first difference between said first and second counts, a second
difference between said second and third counts, and a third difference between said
first and second differences;

determining a frequency of said RF signal based on at least one of said first and
said second counts;

determining frequency variation of said RF signal based on said first and second
counts; and

determining that said RF signal is chirp radar when said third difference is less

than a predetermined threshold.

19. The method of claim 18 wherein at least one of said first and second

counts is equal to said frequency.
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30 29.The method of claim 18 further comprising disregarding and
excluding at least one of said samples from said first and second counts

when an absolute value of said at least one of said samples is less thana 105 1 p

predetermined threshold. 530.The method of claim 29 wherein said
predetermined threshold is approximately 0.1. 31. The method of

claim 18 wherein said first and second periods are adjacent. 32. The
method26 claifthg owtthereid saiafir8t{istusndmamichithdraopepiotg apéd first and

asg!:%%%rthunts to determine said frequency variation.

21. The method of claim 20 further comprising determining that said RF

signal is tone radar when said first and second counts are approximately equal.

22, The method of claim 18 wherein said predetermined threshold is a first
predetermined threshold, said method further comprising determining said first and
second differences when said first, second, and third counts are greater than a second

predetermined threshold.

23.  The method of claim 18 wherein said predetermined threshold is

approximately zero.

24, The method of claim 18 further comprising determining that said RF

signal is chirp radar when said third difference is approximately zero.

25.  The method of claim 18 further comprising determining whether said RF

signal is one of chirp radar and tone radar based on said frequency variation.

26. The method of claim 25 further comprising determining that said RF

signal is chirp radar when said frequency variation is linear.

27.  The method of claim 25 further comprising determining that said RF

signal is tone radar when said frequency variation is approximately zero.
28. The method of claim 25 further comprising selecting a second channel

having a different frequency than said first channel when said RF signal is one of chirp

radar and tone radar.
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29.  The method of claim 18 further comprising disregarding and excluding
at least one of said samples from said first and second counts when an absolute value of

said at least one of said samples is less than a predetermined threshold.

30.  The method of claim 29 wherein said predetermined threshold is
approximately 0.1.

31.  The method of claim 18 wherein said first and second periods are
adjacent.

32, The method of claim 18 wherein said first, second, and third periods are
adjacent.
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