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RADAR DETECTI ON AND DYNAM C FREQUENCY SELECTI ON
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
application clains the benefit of U S. Provisiona
Application No. 60/742480, filed on Decenber 5, 2005.
The di scl osure of the above application is

i ncorporated herein by reference inits entirety.

FI ELD OF THE INVENTION [0002] The present invention
relates to_radar and nore articularly to

ste
r adar Wé@tﬁ%ﬁfcﬂ AN%YNB DENCY GELECTION
| NVENTI ON [ 0003] Radar is an acronym for Radio
Detection and Ranging. The term"radio" refers to a
radi o frequency (RF) wave called a carrier of
frequency GROSEHAEFEBENSETRELABEDARRIACATHANSPUI se
train. The detection and ranging part of the acronym

ref er [000A] t i Whisg appiedtin belaineenther averefis s bPNUE. aProRisional
pul se and its subsequent return. If the tinme delay is

Applicationnye. 60/7414B0; fifk o mDedeenbed &, ezomsnewih@mdi&ure of the
formul a: R=cAU2 where c = 3 x 108 ms and is th

2B60s applichti@is inddporbtsdt I‘i&refﬁfb)} r‘@.‘f’eﬂe cd Iheitd & Ma

accounts for the return trip. Referrlng now to
FIG 1, a radar burst conprlses a pI urality of radar
pul ses. A pulse width (PW of a radar pulse is the

duration of the radag| plor 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 puise train. The detection and ranging part -of
the acronym refers to timing a delay between transmission of an RF pulse and its
subsequent return. If the time delay is At, a range of the radar may be
determined by the formula:

R=cAt/2

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

| MHARH AN

*159159*

MR

*G00002*




pul se. 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 nunmber of radar pul ses
transmtted per second and is equal to the inverse of
PRI. [0005] MIlitary organi zations use radar

communi cation systenms. Until recently, mlitary radar

co%%c@gﬁi on systens _en{ oyed nearly interference-free

EYfurt PXtSEorEPefifon dierya! (R s and befivees thss start of one

networ k comruni cations have proliferated. As a

Fadan| Ruls&iang| thes stast wbra sybsgnuest ragan puisef ere pulsih repetition

mlitary radar comunications. Interference between

peavensyy(ARMdsvihe giusslserneft radak pulsas dranishriitted yer 88édnd and is

systens is undesirable for security reasons. [0006]

Bgisaido the inkersdifE@Risures by the military

organi zations, |EEE has defined the | EEE 802. 11h

speci [000&]} i oMilitadyi eigan2alidhBOUSEO Failee olMhHitatioh systems. Until

reference in its entirety. |EEE 802.11 h attenpt’s to

récehtly, whilitdrg $8dareéomrmisRicatish sWtéﬁEeérﬁogéﬁt HHr@fiHFe\‘fle free
u

frominterfering with radar systens. pport “for

86BmUkicatibs. I RO vddepd feBrs?'HovJeEvEE.i \gﬁéle%slo r%\t/\gt?rgp&rﬁrrrlwtunications

access - points and client stat
Db oHeRAel s s et Ao 5018 mafegrere with mikary
' - TS ] S ti .DFS) .
b MR Ifeirerehts BEERh, BRbE, e wisieds nemorks
. ' .t adi h I, th
a8 U ot BB R SR resiecary.
Typi i.nt (AP) i i rel t k
(y ondobdr CBaSeH SPoHR Aot et o e utervcemensatons, reEE
t, the, AP . .When the -client tati

he¥ st 45 1. ERZ 4R cpeckiRgtian | whieh ds dncasmerefest hesein by
IS ente iR S irety imit wi '

its entirety. |EEE 802.11h attempts to limit wireless networks and

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 with military radar. Oné of the techniques I8EE
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 channel 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



2 this information, the AP uses DFS to sel ect the best
channel for network communications that will not
interfere with radar. [0008] Sone network devices,
however, nmay fal sely detect radar on a channel. For
exanple, a client station may incorrectly concl ude
that a noise signal such as a signal generated by a
m crowave appliance or other device is a radar

i gnal . The t kK wi | nnecessarjly block the
t@l%ﬂﬁ%@%'@&p?ﬁ%%euﬁeécb% ﬁ%tSQS“F@ thst beste ghanngh dor j retwork
not a radar .signal. al se_det ections increase,
WP'&W&?"%EQ&H@I@" %;%%“Biho’@ﬂ% and fewer channels
will r in avail able for network comuni cati ons.

Thi's le&'ﬁsi g%?”f‘? Ostwers dexigesdeowevaromay falselyr drtectaradar on a
SUMVARY OF THE | NVENTI ON [ 0009] A wirel ess network
ehannek EorexpERie, 2 Gligntestation maypingbrectlyaconduade dhatt 2 moise

a predeterm ned portion of a radio frequency (RF)
signaisuchad a signal gppamated by aamimowaveapplianse @ndthdrakRtte is a
thereon. The wirel ess network device conprises an

radapsighalc Tiee network will ubréEassarigbicckt thatcHapner dé&sitedthe fact
gain control signal based on the RF signal. The

that ethee sietatRiBighall RV h61e a CRIBF isidl.a /Q@Mé@'deté@fﬂrlé Sncrease
that selectively deternm nes whether the RF signal is a

dduiegna’ el P9 be ﬂﬁcﬂe@earfd)féi/@r%bﬁﬁbli WaPAim&R t véh‘?ole for

gain control signal. [0010] In another feature,

Wb HOtorAMdRICStiGHRL erHid 855 si ﬁEQﬁh' dd¥fad (Iatgq)&glgg{er&rf‘naa}\ce

radar signal when the corrélation si"gna
that the RF signal is not a packet of wrel ess data.
The control nodul e determ nes whether the RF signal

is a radar signal Fgﬁilg al si gnal
indicates that a %%W%?% he &9%‘33]!)@ exceeds a
Predqpagd] NeAl Wik Hendork device comprises a cormelation module that

correlates a predetennined 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.



3 1, [0011] In another feature, the wreless network
device further conprises a converter nodul e that
converts the RF signal to a digital RF signal,

wherein the control nodul e generates a reset signal

that resets the AGC nodul e when an output of the
converter nodul e decreases to less than a

predeterm ned value. [0012] In another feature, the
control nodule determ nes a pulse width- of a pulse of -
the EOtlgndn BASEEr ofeaure; i Wireless c oetwtrine davicee further
gain control signal and the reset signal that follows.
FARPriSEE @ eAYerer modyledthat ®nyedsdhe RF sigoalube digital RF signal,
determ nes that the RF signal is a radar signal when
wherejpithe eonirelirodwe generatesia resetisigral thatbeset®the AGC module
adj acent pul ses of the RF signal is substantially

whgraén outpuhobtilessruedéenmotiule decrsigies toileRdhaAdairedetermined
pul se. [0013] In another feature, the control nodule

ilud.des an out put of the converter nodule into N
equal segnents during a period between the gain

cont (00121 gnalanathér fdrturet SR caHt@n ﬁ\oduﬁ@&etfe%’n@@’%t ;SeJ?& width

gain control signal, where Nis an integer greater

dfhapulgaes th'EhRFa‘%gﬁa‘(i) ?bs@@ 8H!Ltikhe ldﬁﬁre?eﬁcrg g%ﬁ‘eren%? b&lrcontrol

crossings in e the N segments. The contro
-s;@ﬁﬂg:ag\d?g{ﬁ?érggggrﬁgﬁg!‘gﬁ%tf Qg%\gf éh% :nﬁg%ﬁglqp'gf{gfgﬁ@pgfqaﬂ'he control
BR0E dpleriies BUATRE RSl Lo GRS whopitat puike witn for a
efBmbEe Pufet B S BRanES e DRahlimawbrensaly caua
BBt S bR Sl S o (e reless

[0013] In another 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,.whe're 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 zerb-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 wireless network device further

comprises a channel changing module that changes a communication channel of



conprises a channel changi ng nodul e that changes a
communi cation channel of 4 the network device when
the control nodule determ nes that the RF signal is a
radar signal. [0015] In another feature, the wreless
network device is an access point. |In another
feature, the wireless network device is a client
station. [0016] In another feature, the wreless

r}m:vvork device further conprises a radio frequency
fetwpeerewre when the contresmerulergetermjnes thatitee RF signal is a
wi rel ess network device conplies with at | east one of
radaes@ogl 11, 802.11 a, 802.11 b, 802.11 g, 802.11 h,

802. 11 n, 802.16, and 802.20 standards. [0017] In
sti|1[0885kr Ieancther featus; Hoel wicelestetetwiorn gleviedais an access
conprises correlating a predeterm ned portion of a

paidt. olnfanethes fieatu(eRiHe wirgieas netyere davies isaa cliemt &itishi on
signal based thereon, generating a gain control signal

based00m6} heln Wntﬁ!ngﬂafbatuw]d thel evlelese! hetl@dRr rﬂeﬁHc@g further
whet her the RF signal is a radar signal based on the

compadest b aadp ﬂé@.lerr’wd(HFf)ereﬁéivEr @K%ﬂtr(e@élvéé HERIRF RALB] The
In another feature, the nethod further conprises

ARERESTHRNGH JdVidhebmblies Rﬁhsétgféékt bite ¥ fl?éér ?16'2 %gahoz.ﬂa,

when the correlation signal indicates tha
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further deterni'ning gnal
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RF signal, and selectively determining whether the RF signal is a radar signal
based on the correlation signal and the gain control signal.

[0018] In another feature, the method further comprises determining
whether the RF signal is a radar signal when the corr_elatioh signal indicates that
the RF signal is not a packet of wireless data. The method further corﬁprises
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.

[0019]  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.



automatic gain control (AGC) nodul e when the digital

RF signal decreases to |ess than a predeterm ned

value. 5 [0020] In another feature, the nmethod further

- conprises determning a pulse width of a pulse of the

RF signal based on a tinme difference between the gain

control signal and the reset signal that follows the

gain control signal. The nmethod further conprises

deternmining that the RF signal is a radar signal when

the [§092Y wilatanother featgresdiee ersther furthensompases determining a

pul ses of the RF signal is substantially equal to a _

plseswidth of 8 piflse opthedRE signahbasedidara timel differepO Béiween the

anot her feature, the nmethod further conprises dividing

gdire conlirg)i sigrial RRdShe medet isignal that dolbiwsstag gair Somteslisignal. The

peri od between the gain control signal and the reset

raéthod futtifer cnopriseedetdrenigifg RhSIORE TRF sihanila ra‘ﬁé@rsﬁ‘gr{‘éfl when
ro

is an integer greater than one, counting a nunbe

tAE PRISeNAGH fBEE prédetadhingd ntiBeMof &Z@é@?\@?ﬁlseé‘fifjt RF signal is

determining that the RF signal is one of a single to
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[10023] |In another feature, an access point conprises
‘h‘?@eh%{%%r.a*ﬂ?ﬂ AiGo FAYNINGER PHMbEr T geioesipssings inopach of the N

conprises the nethod. [0024] In another feature, the
ﬂ;%ﬁs.mlptq%?rna@ﬁgm%tége cHgnal iyyone ef 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 combrises changing a
communication channel when the RF signal is determined to be a radar signal.

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

[0024] In another feature, thé 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.



RF signal. The nethod further conprises conplying with

at | east one of IEEE 802.11, 802.11a, 802.11b,

802. 11g, 802.11h, 802.11n, 802.16, and 802. 20

standards. [0025] In still other features, a wreless

net wor k device conprises correlation neans for
correlating a predeterm ned portion of a radio

frequency (RF) signal and generating a correlation
signal based thereon. The wireless network device
conprifQ&Y adfofit Pg‘eéafleﬁt%%t aowirelasC)natwarks dewice comprises
generating a gain control signal based on the RF
GOrgition meansiifereterseiating aredeterined pootiqn io$ esradin frequency
neans for selectively determ ning whether the RF
(RFyreigndl sand  gererating iagoerrelbicre dignal based therebarl | PRe wireless
signal and the gain control signal. [0026] In another
riefaotkr dgviceheomprisesoautomatis gdiet ctrrmiom@@G@P Phds fbhgené%stmg a
signal is a radar signal when the correlation signal

gainli comtreb sigrall Hdsed Rbn. thé ORR sigalnotThe RA#ele’s Adtwork device
wi rel ess data. The control neans determ nes whet her

doneprides Toatre| meang fdr%bﬁéctﬁb&}%te%ﬁmgt»b}%ﬂ@ the ﬁﬁ%@&l’ is a

signal indicates that a gain he™AGC neans exce

rad @ §161941 Dasta e thd Esvd1gtich s@?ur ﬂq the géfﬁoééh‘?(ole gr‘aﬁ‘érf” €

the wrel ess network device
RE 1
8"3.“?"?%”‘195%5}?% f%ﬁ@l‘%f%bt @‘*@Eme@a?' FHiraihés Whether the
t he A
e S ¥ o 5%%?‘3%9@%? i bRl slonat miedies foat the R
. t 28] | th
943 it 860 peBler e s‘ﬂ@aﬁ 9L maass dedeniges whether
tﬁ tﬁegu sle of dhe RF si ﬁ]nal based on a tine difference
2t NedHNEHE ag'é ﬁr gigngl-wen Q]egﬁn%ﬂ’ capiiclsigna! dadieates gratla gain

oWs ain cqontrol signal. The control
A&?LJ means excee sa pregetermlned ttgreshold

[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 that follows the gain control signal. The control
means determines that the RF signal is a radar signal when the pulse width for a
-p'redetermined. number of adjacent pulses of the RF signal is substantially equal

to a pulse width of a predetermined radar pulse.



means determnes that the RF signal is a radar signal

when the pulse width for a predeterm ned nunber of

adj acent pul ses of the RF signal is substantially

equal to a pulse width of a predeterm ned radar

pul se. 7 [0029] In another feature, the control neans

di vides an output of the converter neans into N equal
segnents during a period between the gain control

si gna the reset ;signal that follows the gain

cont rtﬂ&gfgng’l ?"QGEEF featiires the, contrplggeans, dividesr an lputput of the
one. The control neans counts a nunber of

FRRYRMEr Jaansdato N gogalsegpents@uinga getied betwrren thegairotontrol
nmeans determnes that the RE signal is one of a

§I9Rg| and dhe resalsignal ghat) follewss Ahe Igiairp conldelrsignajnehere N is an
based on the nunberof zero-crossings in the N
duegerareatemT@ncene. r bhe gemtny niksre counts a tiuntber g z&8¥o-crossings
signal is a chirp radar signal when the nunber of

ineeactt oiothsiMgegmentsheTHe cortmiremihs\dutymanes Hit 1 RFYsignal is
linearly. [0030] In another feature, the wireless

oat whalsirdtyione rhdart $ignal 208 BEHIHDIENSHAS ba‘"sggréﬁ\i tﬂg number of
means for changi ng a conmmuni cati on channel of the

REMOMTEKSIAES irC theWK edk ghitnt€ 0 The QlorfRR e tcfété‘?nﬂﬁ? tilthe RF
1 n o) %er

the RF signal is a radar signal. |[003 an

bRABLILa ERfp Wad® SRRaln MR thedRYINBET it Ao dKis in_the N

point. In another feature, the wreless ne

%égrﬂeﬁisi\éﬂ}aﬁﬁréiiir%y@@é’ﬁl I n another feature, the

W rel ess network \ rther conprises radio

1 ecumoshy R, 5558l Ink S BERE o S e
[R50 i B chins B i e o
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, 802.11s,
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, generafing a gain control signal



[0033] In still other feature, a conputer nethod for
detecting radar conprises correlating a predeterm ned
portion of a radio frequency (RF) signal, generating
a correlation signal based thereon, generating a gain
control signal 8 based on the RF signal, and

sel ectively determ ning whether the RF signal is a
radar signal based on the correlation signal and the

' r signal .. [0034] .In another feature, the .
B35ch PRI BF Supoc ep stk PeBOMnti whithar hee Mrcsimedl i o
the RFE signal is. a radar, signal when the correlation
t14n 1003, H5ed andbe cRae oling SPaLanshie gain pental sisaeket
of wireless data. The conmputer nethod further
con‘prllogggl delePRPIER Jedlver.nthe cREPRIErsmgihad ifutherr aataprises
signal . when the gain control signal indicates that a
geleAmipingawhethebther RE signal iz arredar signalcdhemttitarrelation signal
exceeds a predeterm ned threshold. [0035] In another
ndigatasethat e Rmrpianet ismpohecpdaket loé wiretessr dates The computer
converting the RF signal to a digital RF signal and
gethadaiuithgr sompgses detgmalninghahethee the RRsigha! RMatrb6ar signal
gain control (AGC) nodul e when the digital RF signal

wben dkes gsint conted signabindicatese thatt ar gainest arphuematiRQRkh control
I n anot her feature, the conputer nethod further

(ABE) msdule exetedsna pretigtarmimddsiredhdid) of a pul se of the
- RF signal based on a tinme difference between the gain

cont rjob3sji gnial apowe HeatuRs ethes coMpliter hﬁbtﬁo?h tﬁ%{t &ﬁnprises

gain control signal. The conputer nethod

Esrveringatfie R SigRbMoNPdighat R I%%nggalgé gg@%rgtiﬁ ﬁgrggﬁtgsﬁ%réarl that

si gnal when the pulse wdth for

BectqloneD 547 PR 5E) 0800% A 5 4 4 sona
- Bedr88ses 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 that 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. | |

[0037] In another feature, the Computer 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



[0037] In another feature, the conputer nethod further
conprises dividing the digital RF signal into N equal
segnents 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 nunber of zero-crossings in each of 9
the N segnents, and determining that .the RF signal is

one of a single tone radar signal and a chirp radar

8¢ Hhesorpentsdanshdeteaminingdbet e, RE signel issrienafsa singlehtenélradar
segnments. The conputer nethod further conprises
Spneeapt M elym Fedartsignakbasad gnahe insmbec of zero-ardesings in the N
si gnal when the nunber of zero-crossings in the N
seenesiR. s T\her gompptepxhetabe | fyrthemeampyised 06@&hirinyg that the RF
another feature, the conputer nethod further conprises
signahd$ rey chirporadani sigral omherh dine edurite noft h@roﬁﬁo§éis%@|in ithe N
determned to be a radar signal. [0039] In another
segaientsevargapproxirastefdinearigonpri ses the conput er

nmet hod. I n another feature, a client station conprises
the ¢0088It ennNBhdtRe: fedt@@4Ghe! t t :
comput er met hod. further cgh%r?%@g&%ggé?tblsggm{"ﬁgr F@‘?npnses
chiaoging-a ChRnAAIGUtoR" f IS :

corr%il 3i ng with a{oﬂlceﬁggtxéwgﬁgé:gftﬁﬁ{:%g@g@_ 'il‘?é%’i'."i‘ié? be a
r8éat. . 802. 11g, 802.11h, 802.11n, 802.16, and

802. 20 standards. [0041] In still other features, the
by St TRl IFedroRier RERGL DA becBe @il Comied e’ Somputer

by a conputer program ex€cute .
R e Ep AT i elioh Ptk BB commaranethed.
gﬁ{?;%%g?on'lﬁ/ oalnagthelarefe% Ltjrg, ttmg rgo%r?ptﬂgrd /rr?erthc?cg_hfﬁﬁther 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 systéms and methods described
above are implemented by a computer program executed by one or moré
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 applicability of the present invention will

become apparent from the detailed description provided hereinafter. It .should be

understood that the detailed description and specific examples, while indicating

10



tangi bl e storage nediuns. [0042] Further areas of
applicability of the present invention will becone
apparent fromthe detail ed description provided
hereinafter. It should be understood that the

detail ed description and specific exanples, while
indicating 10 the preferred enbodi nent of the

i nvention, are intended for purposes of illustration

%ﬂly aFd re not intended to limt the scope of the :
i HETCORY BRPREIMSASCRY the dRveRtionRrBRinte [fo048irposes of
Tﬂe gtese t invention will beconme nore fully

HHSERLSNRRY APY A Retdnigeded fekimiytiscsdapeiod theamvetian,
acconmpanyi ng drawi ngs, wherein: [0044] FIG 1 shows an
exenpl ary radar signal according to the prior art;

[0045] FIG 2 shows the exenplary frequency bands

wher ei n r adar BRiET BESGRIPAHIN @M AREDRAMINGE Y

sel ection (DFS) may be enpl oyed according to the

pr esel®048hv emhé @nesend Orv@ntieh Gvill Betomk smeree iy ainderstood from
threshol d val ues of signal strength that the present

thevdetailenndaseeptidroasttreciccb@@anying draviings v DFS;
[0047] FIG 4 lists vari ougﬂexéﬁn%]l aryn%?'ne%r\g\ninf hi n

whi ch[0844] 1 eFESS1 sROWSRLKeX@MPI&S rdehesihSal 292%g; j
perform DFS according to the péf‘stent |bna\l/|ent| Eﬁ}p;ﬁ&% the prior
pAP48] FIG 5 is a functional block diagram of an

exenpl ary systemfor “detecting radar and perform ng

DFS i jpoaspv r pi@ss Jratwaofhs eié?ﬂﬁ‘lg%y fibGtierty BOSHS whet&h Yradar

stations 1 nplenenting the presen
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 wirekss network;

[0049] FIG. 6A shows client stations implementing the present
invention and operating in a wireless ne{work 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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i nvention and operating in a wreless network in an
infrastructure node; [0050] FIG 6B shows an access
point and client stations inplenenting the present
invention and operating in a wireless network in an
ad- hoc node; 11 [0051] FIG 7 lists paranmeters of
vari ous exenplary short-pul se radar signals that nmay
be used to detect radar and perform DFS according to

the ntjinvention; [0052] FIG 8A shows an

exen‘plif6 gsgjer e@ﬁ% n-'g ES‘BdeA@EGBeé? @f vVgriqus, RrerpPiary §hert-pulsecradar
ol | owed b w reless data cket according to the
S8Rt Py e s “Bogess " T Bedom Dmcsering to the
sanEI es of a chirp radar pulse and a wreless data
BESRBYINYEWRMved by an anal og-to-digital converter

(ADCO), when _automatic gain control (AGC) is off,
accorfapﬁ%} t o Gh 8 plarwn @n; exparplanyTespoeesdf ABG. gdiito a chirp
shows an exenpl ary response of AGC gain to a burst of
fadoe Pyl dpligwads dy foWigiRss Wgtan packet! essordmga tpathlsepresent
according to the present invention; [0055] FIG 9B
ENekPNan exenpl ary decrease and increase in AGC gain

in response to a radar pul se according to the present

i nverl0083];, [FICEERB $hdws éxermplanyssampies ofal iy raBANOYse and a
for measuring frequency of a radar pul se according to

wireleps efatan packeterdceived by @7 Andlb&to-diiths cOMAMEr FADC), when
nunber of zero-crossings in a bin asa function of ”

PAOTSLe BSOS, bRy SBEHAARARR, |
a bi ro@s4ja 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 thé 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 number 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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function of nunber of bins when radar pulses are

centered around carrier according to the present
invention; 12 [0059] FIG 13 is graph of number of
zero-crossings in a bin as a function of nunmber of

bi ns when radar pulses are not centered around carrier
according to the present invention; [0060] FIG 14 is

a state diagramof a finite DES state nachine _
~according to the present invention; [0061] FIG 15 is

a fl omogghrt Fi§3. 43 rietdreph fad rnurabkar ofd eérecdrosing1dn FBin as a
according to the present invention; [0062] FIG 16A is
furictien tof awaibeln|of ddinsd whegn aadef p&lsb"s Gifie d'@i lcBhieréd around carrier
television; [0063] FIG 16B is a functional block
dceygdiagtotheapresémtiheantiphpne; [0064] FIG 16Cis a
functional block diagramof a set top box; and [0065]

FI G [D8B0] s BIG.undtisonastaty @dgrainasf &y ﬁﬁe DEEAs@te machine
pl ayer . DETAI LED DESCRI PTI ON OF THE PREFERRED

ESREBINYEDTHS pre6@fGhveriens of | owi ng description of the
preferred errbodi ment(s) is nerely exenplary in nature

and i [@0BN] NOFM@Y1 5 BtLMEIE dhb? of 'a%éthb{f for HQMSP&ét%Eﬂor'\ h3d DFs

application, or uses. For purposes 0

HSrB st TARIntio be  used in the dravv| ngs
?gd?%lgg?ﬁy S|$né}lﬂar ements As used herein, the term

o Bose] i P08 s KRGS e A7 BLAGR' bnton

Vidilh a processor (shared, dedicated, or group) and
frira'i\lsém)ryr‘that execute one or nore softvvare or firmaare

Pro9' 883} @ FiG. 168 is a functional block diagram of a cellular phone;
[0064] FIG. 16C is a functional block diagram of a set top box; and

[0065] FI!G. 16D is a functional block diagram of a media player.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0066] The following description of the preferred embodlment(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 thé drawihgs to identify similar elements. As used herein, the term
module, circuit and/or device refers to an Application Specific Integrated Circuft :
(ASIC), an electronic circuit, a processor (shared, dedicated, or group) and
memory that execute one or more software or firmware programs, a
combinational logic circuit, and/or other suitable components that provide the .

described functionality. As used herein, the phrase at least one of A B,and C
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conmbi national logic circuit, and/or other suitable

conponents that provide the described functionality.

As used herein, the phrase at |east one of A B, and C

13 shoul d be construed to nean a logical (A or B or

C), using a non-exclusive logical or. It should be

understood that steps within a nethod may be executed

in different order without altering the principles of

t he present invention. [0067] Referring nowto FIG 2,

GPRuld; e crasiiasdclp gepaca ilesicdiDspr B or Dedising avagrdexclusive

i nterference -between radar signals and wrel ess '
Pk cehavithbe snderstosddhatetepp avithin & gnethod maybeGeikecuted

band. Specifically, DFS is used to select a

imdiffieremt eedes wathael altedng the piinsigies of thertesantinuentiat.i on

frommultiple non-overlapping channels in the

5. 25- PN0SFBHz Reefeetriny AGwRo AGME7 dynemitcefrequencqi@hsttion (DFS) is

[0068] Atable in FIG 3 lists the threshold val ues

sstd bio tdweid-aftatencEomatwieratra@as SgHEN SSAPWikdIESS network

for avoiding interference between radar signals and

womenheficationtsyBlelnsCopErtiHCAlthe & GHRWandi fs;%cﬁicg@:,g%? is used

networ k device detects a signal of strengt ng

1646186t & RadarGhaNEfinnEsRA v@bélésgené?!ﬁéﬁk‘:@qmmﬁﬁﬂa{iinefrgﬁ multiple

interfering signal is indeed a radar signa

! I oIS ] |
n@ﬁWvéﬁaéﬁéﬁ%dﬁzﬁ?&& lh‘ﬁihé‘%.Zé BdsEHALRE 5.4&-@5%!@2etfreﬁyency

table in I sts DFS response requiremne
rdeesFCC. Thus, once a wirel ess network device detects
radar, the network should stop using that channel

&%mo@gﬂ g%e%ﬁfeﬁ;ﬁgcaﬂéﬁ%% ltﬁﬁg@'e%@olélov ﬁ{%%ganqg)'ry the Federal
%%ﬁ%gmorgebk%gnigiog i(EEC) fEQS}J Ca'?ro%?ngh?rlttlar:fgrgﬁgg ubre'tween radar
signals and wireless network communication. Thus, if a wireless network device
detects a signal of strength exceeding -64dBm in a channel used by the device,
and if the interfering signal 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
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[0070] Referring nowto FIG 5, a system 10 for radar
detection and DFS conprises an automatic gain control
(AGC) nodule 12, a radar detection nodule 14, a clear
channel assessnent (CCA) nodule 16, an

anal og-to-digital 14 converter (ADC) nodule 18, a
filter nodul e 20, and a dynam c frequency selection
(DFS) nodule 22. [0071] The AGC nodul e 12 provides a

RS (O, BB, Rl B A AR veency
g,ge{,on &fﬁo&éﬁﬁu' e 14 determines if a radio

requen is stronger than a

prede hol DF t h such as -64dBm The CCA
nodul fs‘f’?@i ef@? ?#S@irgﬂ e1épovREs & R Figes! stggngth indicator
g@gésts from ot her Si | s, and  activates the radar
tMeFFUrREMeto e, ‘saf i deteqtionmmodulgntd. iBasgdtom RSS!, the
itimte wreless data packet. The radar detection
Fﬁ:fgﬁ.ﬁldétefhm?rﬁ&gwee%“ gatesminesiika sadie freqwencydRim algneliststronger
as pulse wdth, frequenc etc. The DFS nodul e 22
: Q'tﬁﬂparpé%dqtﬁ@m%ﬂé{ﬁéh@ldsgfﬁ%ﬂwcbdasb-ﬁ4dl3m r AarCCA module 16
detection nodule 14 with a set. of paraneters of

ﬁﬁgmusfﬁgelggmfnat@d'areleasmaﬂaspac‘kbts Boratatherl Signdia gl activates
channel if the RF signal is a radar signal of a known

thepeadaf deEzliom e duyes idronlp ifrthy RRE sighpl -t fgitinate wireless
wirel ess network device 24 such as an access poi nt or

datd pauket. s Taki adar Betectibh ehefide nat mé&regwr@rﬁet%ﬂs of the RF
typically conprises a RF transcei ver nodul e 26,

bignabeutth gy paies witth, Flaghe t@ang
controller ?I\/AC) modul S {%%82 conpgé?@no%‘ﬁfw?%f“pms the

Eég%ﬁﬁ;erﬁh\geé%‘ﬁréd BPSEE AR défectin RlotaR fHwith 3% Bf pdfineters
of known types of radar signals. The system 10 changes channel if the RF signal
is a radar signal of a known type.

[0072] The system 10 may bé irﬁplemented 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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28 denodul ates, digitizes, and filters the RF signal .
The BBP nodul e 26 may conprise the AGC nodul e 12, the
ADC nodul e 18, and the filter nodule 20. The contro
nodul e 30 may conprise the radar detection nodul e 14,
the CCA nodule 16, and the DFS nodul e 22. 15 [0074]
In sone inplenentations, the radar detection nodul e
14, the CCA nodule 16, and the DFS nodul e 22 nmay be

| p! epgeripd Insdie RighemdRdi, e ﬁEd{aJ“Se‘é"f{Qer? Fickule, 14, the

net wor k devi ce 24.

FOR ke Tt EhE BT BE SomBBY ey ?%dﬁﬁy o ThsiEmpties in ghe eoe

'EjuleI #@%H@ Mégleggrr%gﬁgrﬁ eé’l?&n? §F Iﬁaﬁgrérgﬁ@nngdmugt?gns at
B BT, e Wi g
36 e o Bl R O Db 5 o
SRS G108 hegmlBaeates dShepenal aiodde. o

i nfr tructure nmode or an_ad-hoc node. [0076]

Refer 3 nolkhfo PeEionssB@R. B, v802.00@)ex80RN4D), 802.11(g),
Iementatlons of the system 10 in w rel ess networks

59 13HdwB021 1 (m), GBOBAS, @220# mdithy Lareuherebyt Weadtporaited by

shown with wireless client stations 64-1, 64-2, ...

eafereds, Xiefine Ivaystfor ebryfigiuing irdlessaTatWOIke 2irk m\hdzasamccordmg
access point 63. The access point 63 may conmuni cate

td these standands63. wikeks ateEkNEEVIEE O gj%geﬁétéeﬁseﬁ&raan an
di stri buted conmuni cati ons system ( such as the

infrastrutiire riodé\beign ad@ciréaddr k (WAN), and/or a | ocal
area network (LAN). In FIG 86, the

{0076] Referring now to FIGs. 6A-68, various exemplary
implementations of the system 10 in wireless networks are shown. In FIG. 6A,
an infrastructure network is shown with wireless client stations 64-1, 64-2, ...,
and 64-X (collectively 64) that communicate with an access point 63. The
access point 63 may communicate with a router 65. A mddem 66 may provide
acceés to a distributed communications system (DCS) 67 such as the Intermet, a
wide area network (WAN), and/or a local area network (LAN). In FIG. 6B, the
client stations 64-1, 64-2, ..., and 64-X (collectively 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 signais, and frequency-
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client stations 64-1, 64-2, ..., and 64-X
(collectively 64) are configured in an ad hoc node.
Ei ther the AP 63 and/or the client stations 64 may
conprise the system 10. [0077] Radar signals may be
generally classified into three categories:
Short - pul se radar signals, |ong-pulse or chirp radar
signals, and frequency- 1-6 hopping radar signals. A

Vi S A BT 8 PR A s o o

) ul'se radar srgnal? n e I
SaPBlervr i RUBR P R oo BRGRby sfgl. 15 fedivency of the
SR o BBy PR RSl e B kbl & S chir racr

1:2 and a chirp wd of 5-20MHz. A typical
FIEET oA ok gty R IPW o sar 0N, #avied Fermitien intens (PR)
a_P f 333pS, .and 9 pul ses per hop. Paraneter _ '
\Péﬂgi@g P"Fa%aﬁh'@i‘ﬁ'ﬁm gf és?&ﬂﬁﬁgﬁ a/étfg@ma'aﬁﬁmw@vmﬁpmg radar
may vary. [0078] Referring now to FIGs. 8A-913, a.
SEERbMIY have A iwS; 8 PRiiof 83Beht and/ Bevlises pRFEhep gRatameter
is showmn. FIG 8A shows a response of AGC gain to a
¥Rluep of Eafiar sigmatseused|in aoiud! anpligativnsoney varyat a packet .

FIG 8B shows exenplary sanples of a chirp radar

pul se[0078hnd Refeiring | naves tol ffiGspBAEB, B2 respenee WJABL gain to
the ADC nodule 18 when the AGC is off. FIG 88 al so

siiftensntetypesaoi RFi signakSisi shoiwine BIGy8a shows!a respdrize AAGC gain
nodul e 18, when the AGC is off, <corresponding to a

varay ichigp fra¢gruene foflowdd by & alisslesd Idata PACRAOVFIE. 8B shows
response of AGC gain to a burst of three radar pulses

SELEPIS sirgicl o 995 19 ATk rd O U pc 72
rEEIRIESBY tfe AD@MRIduRh §Svhen the AGC is off. FIG. 8B aiso shows a
variation 73 in the signal input to the ADC module 18, when the AGC is off,
corresponding to a varying frequency of chirp radar. FIG. 9A shows a response
of AGC gain to a burst of three radar pulses foliowed by a wireless .data packet.
FIG. 9B shows in detail a decrease 78 and an increase 80 in AGC gain in
response to a radar puilse.

[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 retumns to the normal value after a period of time.
The time taken by the gain of the AGC module 12 to return to the nomal 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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[0079] When the RF transceiver 26 receives an RF
signal, the gain of the AGC nodule 12 decreases to a
value that is less than a normal value. The gain of
the AGC nodule 12 returns to the normal value after a
period of time. The tine taken by the gain of the AGC
nmodul e 12 to return to the normal val ue depends on
vari ous paraneters of the RF signal such as signa

S etc. The AGC nodul e
TSR S oR e 5l < ERST RGN a1d e croar deiaeiommodule 14.
t i cate the,strength of eRF signal to the radar
d@t% | GiteRt @ brashol ?'Uﬁeﬁ 0,806l @8 -R4dBmedhelradar detection
val St h such -64dBm t he radar detection
§F|8%4 %@”F’Srr rdgiestioBet ect i on. [0080] The CCA
rmdul Hég determ nes whether the RF signal is a
| egi tilQHBY wiThe &%dﬁ@@'%é‘@kd@temlr}e%\ahﬁher ithe &RF signal is a
legitimate wirel ess data packet conprises a standard
3{9@1?&% wireless defe pechet.e Alpepmblepinna legitowate alirsléssndata packet
the sequence in the preanble to determ ne, whether the
FEOMBRIHeSIa stendard exgiquenee. e ThavQGA emeiutial & pedei® a th—gaﬁon on
g'gA nodul e 16 uses a CCA signal to activate the radar
eseguencenindhe erdambibdo deteemitie whethe tHeSRR®igrl is a |
legitimate wirel ess data packet. Thus, the C?CA o2 ?gltlmate

IGirgleey dataspckes € Thei QOAT meemehé 08ed 8 t
modul e 14. That is, the CCA nodul e 16 S?geg:ﬁéﬁaq thoarbt'vate the

rradar déRtmer moauRDtIWAchhe |
detection and DFS when the nggggﬁgsoerspd;%gﬁmé Wifeless data

VpdoREE SPhutatie CeAkRbduléddighé wiad %a)'ﬁe Wﬁe%ﬂﬁg F?fga d%tectlon

prevents the radar detection no

rabagbyaL T e BAAELRAT olcBHE R RSl TBE A0G e 14

modul e 18 converts the nal

Gﬂ(ﬂhtpﬂrfofnﬁfrﬁafagsctdei%%Pﬁw{)F%h%hgg tﬁeq’i‘é sngnaﬁ1 iIs a legitimate

out put of t
wireless data packet. Additionally, the CCA module 16 prevents the radar

detection module 14 from being falsely triggered by Bluetooth jammers.

[0081] The ADC module 18 converts the RF signal ffom 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 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 RF

signal. The radar detection module 14 determines characteristics of the RF
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decreases to a | ow value. The radar detection nodul e
14 nonitors the output of the ADC nodule 18. Wen the
out put of the ADC nodul e 18 decreases bel ow a
predeterm ned threshold and remai ns bel ow t he
predeterm ned threshold for a period of tinme, the
radar detection nodule 14 detects an ADC under-run
condi tion. The ADC under-run condition indicates an

: f ulse of. th signal. The radar detection
St guéh B abenvinty ?%\57; HequEnckt ftes bgsed Ia the ADG under-run
Si ggg{l} such as pulse wwdth (PW, frequency, etc., :
FRE8Y°%n the ADC under-run conditi on. [ 0082] The

filte ule 20 typically conprises a | ow pass filter
t hat [‘%q%&f e 3 he filtel jpedile A0 tyRisaliDcomprise® al Bw-Fass filter that

radar detection nodule 14 detern nes whether the RF
diltgrsathe sulpuh ffetheo ADG aneduler1&chithe radiar destish efodule 14
the output of the filter nodule 20. Additionally, the

dgtpiminesihathenthedifusignalds sidgledone reetar bhehifs R BEYedén the
the RF signal based on the output of the filter

uthut of 2De filR08BPdTlee20.adAddidenatg! tien ra@subigtetfon module 14
nmeasures paraneters of the RF signal such as pul se

Wettrinjnefr g uzequer(cy. ¢f. theC RIFT SighaleBakacYn tﬁé"@itﬁutt ginme filter
frequency, etc.), and pul se repetition interval (PRI).
ToelulRFED.nodul e 22 conpares the paraneters neasured by
the radar detection nodule 14 to the exenplary

par anmeBEeShﬁé\ﬁﬂad!é} detéctionthéadid 15 'n%as@rés‘éPglg%%]%%pﬁ the RF

whet her t RF signal is a radar signa

o 5 e (A a8 4 A b e
ieqlemdycakes LhRtphille ragetﬁéogn%kerl/ﬁ (Hil).a The DFS module 22
compares the parameters measured by the radar detection 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 typé.

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

every pulse. The radar detection module 14 calcuiates the pulse width of the
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legitimate wirel ess data packet, the radar detection
nmodul e 14 neasures pulse w dth of every pul se of the
RF signal as follows. The radar detection nodule 14
determ nes a begi nning of a pul se based on the RSSI
signal generated by the AGC nodule 12. The RSSI
signal indicates a beginning of a pulse when the AGC
gain crosses the -64dBmthreshold. An end of a pul se

hSick R . under ndi ti.on detected
bk BY'cbBhfifh &8s Eres PoruiAn e, e of Hecbeaiimes of Bamyse and
e ra det ctl on nodul e 14 cal cul ates the
B%L}ﬁﬁ% ﬂ?‘(?terpdd%rtpﬁé’” %9 pul se by counting a difference
bet we ﬁegﬂ %a;; of th begi nni ng of the. pul se and
the th t prdtaRaeplter Biyingethe [ATYg Sdedaint signed iat the end
“‘F receéw ng the ADC under-run signal at the end
thepul ® radadetaglion meddeideenmsales @ signgdoaeaetdbe gain
a si aI to reset the gain of the AGC nodule 12 to
phise i ramodie (12 to the eermnal yalues dinlessso 1gseh thd ghineof MECAGC
nodul e 12 may take a long tine to return to the nornal
edule, 12amayitalspailong time 4o retumi toghe matmalivaskuey @t astoiibg data
be lost. [0086] Referring nowto FIG 10, the radar

dering-thablimemenbd may beriestur es t he frequency of the RF
signal to determ ne whether the RF signal is a single

t one (0886} sRefemtin@rnaaw dbi FIG.r a0arthei gral - detb&ont hodule 14
gain of the AGC nodule 12 decreases to |less than a

peaderesithe freduértayesiing RFVagn? tOdstdimire WiRbthas 1hg CFF signal is a
-64dBm), the duration of the RF pulse is divide tg

singlei fohe BEEMBYral oPfa BhiRRFadat si§Ralli  thed '
wi dt h. The nun‘g%er of bi ngﬁl S typllgc% %egrtg%ogébo(ﬁaﬁs AGC

e gtk 5 4010 St g e ors,
(WAEHYEBEBABm), the duration of the RF puise 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 to 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, efc., may be used to 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
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[0087] The radar detection nodul e 14 neasures the
frequency of the RF signal in each bin. Nunerous
net hods such as Fourier transfornms (e.g., DFT, FFT),
zero-crossing nethod, etc., may be used to neasure the
frequency. The radar detection nodule 14 uses the
zero-crossing nethod since the zero- crossing nethod
is less conmplex than Fourier Transfornms. [0088]
r .now to .FLG,. 1 t he nunber of zero-crossings
BF < St B B i et paphrrliona o I esauenm o SeitF signal
ef,ection ule 14 neasures frequency by counting
ﬂhg.'enéﬁ]bep—ﬁg?'sz S’Peohtgh%é'i“?}é@ql-'ﬂ@‘?)’déh? Hughsirrtbe nimeber of zero-
nunber 2Q, of zero-crossings in a binis directly
GPSEBPE omeRectiisalihea f inagliegi@phoindicatesRma dingarl variatiot hia the
in. That is, the higher the frequency, the higher the
BRERNCYoA Inqas vagatioadn thrsfre@mrsyfindicatey tha the REasignal may be
graph indicates a |inear variation in the frequency.

ghim radar. v d¥uraberonf izero-tressings|mtaw & npiésatentined ahrddh8id is
RF signal may-be chirp radar. Nunber of

Bapedcsinee ianvary iy oumbep ve detoetrobsings hidyesd 8bikifive to random
i gnored since a very |ow nunber of zero-crossings may
peiseensitive to random noise. [0089] Referring now to

FI Gs. 12-13, the radar detection nodule 14 determ nes

whet hi@088he REfesrignabwite Eldy, P2t eflatheaaidhP
Initially, the radar detection nodule 14 gé%\grﬁ%n r%%du{e 14

détemninies fvaricaRarethd: RIDRIGMAE TS m%’%dﬁfagﬁg%.fggﬁgq}yg qRe radar

i n adj acent bins exceeds a predeterm ne

detastiort Wudte 19 GaRImtSs Pla Bl Ee BNELALA pand Y

be chirp_radar. O herw se, the radar _
e et s A £ OBl FGHERS. P, e
signal is not single tone radar and may be chirp radar. Otherwise, the radar
detection module 14 determines that the RF signal is. a single tone radar signal
and generates an isTone signal.

[0090] The radar detection module. 14 confirms whether the RF signal
is chirp radar by further deterr_ﬁining if an absolute value of (d; - diq) for all i's is
less than a predetermined threshold. If trué, the change in frequency is linear,
and the RF signal is chirp radar. The radar detection fnodule 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 threshoid and if abs(d- d.) is less

than a predetermined 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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[0090] The radar detection nodule 14 confirnms whet her
the RF signal is chirp radar by further determ ning
if an absolute value of (d; - di-1) for all i's is

| ess than a predetermned threshold. If true, the

change in frequency is linear, and the RF signal is
chirp radar. The radar detection nodul e 14 generates
an isChirp signal. [0091] Thus, the radar detection

14 determines if the RF signal is chirp radar
iwf?edgj;':%éﬁ'&%bi%‘}sgﬁwﬁ? zﬂ%tt Sr fecRING: theeksider signatl iFIGans (shows an
dkl)/ ia. kg\ss}s than a predetermined threshold. FIG 12
SHEVRD distridytion gf SUMbsGof darcoerossinge wheof puiseof chimp radar are

crossi ngs when pul ses of chirp radar are centered at

nebRerdered at gaater jrequencylof the IFSeenalsl elbvitethatistrBediving the

is receiving the radar signal. FIG 13 shows an
&i9ndl-stri buti on of nunber of zero crossings when

pul ses of chirp radar are not centered at center

f r equii8Y] of ThéeaditSdeteatibre thatiné aa praeldek Sthk A5ES Vi
the radar signal. [0092] The radar %Iet egti on ngﬁu’i"g@”'e 22

withpmeaisuresmenbe dDFParapistbl 3dch Wad %J@@Wiﬁﬂ@ﬁééué#cy pulse
paranmeters such as pulse width, frequency, puls '

regetition irdervan(RRIY @tc. ( FIRl dved) pulsel Ofhe VY nﬁldg%e%% lységennines

DFS nodul e 22 determ nes whether the neasur

whdthes thermeaguréd i wWidifls r’for%ePEecd%de ?\g@%%hgs%%cessive

are equal . If true, the DFS nodu onpar !
TR o PE P! DES HyE R b ARl e et S puie
W 5o R0 (e 5t g o7 e
PRSI D oS A0S s B bt L W
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'FS,,, threshold. The DFS module 22 determines if
the time interval (spacing) between a predetermined number of successive
pulses of the RF signai (i.e., the pulse repetition rate or PRI) is substantially
equal. If true, the DFS module 22 compares the PRI with exemplary PRI values
of radar signals such as thoée shown in the tabie 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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with-time stanps for each RF signal that causes the
gain of the AGC nodule 12 to decrease to |l ess than
the DFSth threshold. The DFS nodul e 22 determines if
the tinme interval (spacing) between a predeterm ned
nunber of successive pulses of the RF signal (i.e.,
the pulse repetition rate or PRI) is substantially

equal . If true, the DFS nodul e 22 conpares the PRI

ThE 3SEROIR Yobomplsheh S by et &hopling réarchoteion and DFS in
whet her, the gl':: .sieg'g?l [ s a.r adar signal . [0094 | f
f9rRoPRedo fysNy BFJbterierencsi rreaiveainstend, tire syster 10 screens and

radar signal, the system 10 determ nes that the
Sﬁajﬁﬁ%@”s to”%é'%’?%n‘b“éﬂ’.e $RRbIINgy Eadan deteetion; pog SDFS.  For
interruption of naormal operation of the network device
g¥ample, tergysteny 18nganeratesoapifsletestednsignaly tovindicate that the
enabl i ng radar detection and DFS in response to every
Refwort éeYies @dcehquid sheage thenshannsl it the mepsivedhRP signal single
screens and qualifies an input RF signal before

R bIadAL) OF sahiip chstas cwitho pasardetBRsS thafomatatx sitgskeeof kRGwn radar
system 10 generates a dfsDetected signal to indicate

sipaals tdréf thaeeoeived RE\sigral Ba pbisulofl aceangort Bgagbannel
if the received "RF signal single tone radar or chirp

r adar[0085]h pRefemiigenow thFIG P4, GhDFBORfte PhtekNS¥InG 388'has a
signals, or if the received RF signal is a pulse of a

passyesfirarctivellsiatd 3, ah QR0 sBRE &1 iaRd Wit Qafd §. Fhe state

a DFS finite state nmachine 100 has a passive

(adkiné | 408) chbAgEs Teate AMorACE) Y& S mnSﬁSS‘? c@e&?iéF% and

state S2. The state machine 100 nges state om

fePnats Me@nl@%@%@%ﬁfﬁnﬁg@rﬁat gﬂ%r_e; gf;s:@fa? réteived

unl ess t he nmodul e 16 con

SR kel S LIRS M85 0 e AL T 108 memaure
parameters such as pulse width, frequency, etc., of the pulse of the RF signal.

[0096] The state machine 100 also determines in state S, 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 staie machine 100
indicates the type of radar signal detected (e.g., single tone or chirp) and that
DFS is detecte_d. At the end of the pulse, the AGC gain is reset to normal value,
and the state machine retums to state So.

[0097] If the state machine 100 determines in state S, that the RF
signal is not a radar signal of a known type, the state machine 100 waits in state

Sz 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

23



paranmeters such as pul se width, frequency, etc., of
the pul se of the RF signal. [0096] The state nmachine

- 100 also determnes in state S, if the RF signal is a
single tone or a chirp radar signal. If true and if
the paraneters of the radar signal match the
paraneters 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

dipewn saflar Aignaie thadinihg tdieeaphlsep in e 466 GRIdRINES100 can be
reset to nornmal value, and the state machine returns

t brogrammeedo. [0097] If the state nmachi ne 100

determines in state S, that the RF signal is not a

radar [0D98Jal Réfearinguow td ¥I®. 15, Remainakier SheP rifar fiection and

waits in state S2 until the interference ends or

uDFElbegirs AGRASD The rEGRdetettiBR ﬁH?
state nmachine 100 returns to st'at éﬁ@g.lé/%léggke I ﬁgeso\ﬁhether the

L RESpar ameRe! sijAalueteedlis Bes, 47 1P¥8a! 30! 8080 Sunog 150

the timng of each step in t

beturhs ogr £9[ 0 efierri o FIG, 15 a . .
ot o o ey it ot o Qe oriuie e eqaonaly
i ' 14 det.er m nes whet her
haemiles VT PRD, FELARRLRN I ottt eSied s Srleghimste wireless
I d eturns,to step 152. |f
data Pebfet R TRIBREOMY PR oA Badhls 16, i ore Honmetipd 150 retums
t 1488S i t 156 whet her the RF signal received
ﬁg %éﬁ"ég?t i'trg?%e'\?\‘)ﬁ?é? arsdetgction WSER'@t“a@gqaﬁurqsatfeopaggmeters
t{lﬁhw%)dulcﬁ ]TG' If true, the nethod 150 returns to
step 2r92'sq Widlhy Teguenpy, steq gt theefe signahinrateul168 Lbtil an end of
neasures, the paranmeters such as pulse wdth, -
fquilﬁﬁj'élﬁ’s@fdeéj(@ﬁ,soof ‘the RF signal |oi n step 158 until an

end of |se.is detected in 160.
[009[3)5l eThe radar detection module 14 resets the AGC gain in step 162

at the end of.the pulse. The DFS module 22 compares the parameters
measured by {he radar detection module 14 to the exemplary parameters of
radar signals of known types in step 164 and determines whether the RF signal
is a radar signal of a known type. If true, the method 150 determines in step 166
that the channel should be changed. Otherwise, the method 1.50 Tetumns to step
152. |

[0100] Referring. nqw to FIGs. 16A-16D, various exemplary
implementations of the present invention are shown. Referring now to FIG. 16A,
the present invention can be implemented 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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0099] The radar detection nodule 14 resets the AGC
gain %n'step 162 at the end of the pulse. The DFS
nodul e 22 conpares the paraneters neasured by the
radar detection nodule 14 to the exenplary paraneters
of radar signals of known types in step 164 and
determ nes whether the RF signal is a radar signal of
a known. type. If true, the nethod 150 deternmines in

hanged
%%%'E?laﬁgﬂeé*h%%a?ﬁiﬁﬁég o0t RGN 326 SF% vy peaospeives

ﬁ ring. . l: 16A- 16D, varl ous exerrpl ary :
m ? 39”8#3'”0?' heted wiredett Wirslesatipamataard shoerates HDTV
n FIG 16A, the present invention can
lgegﬂé ft%é@ iSPRY Hi26h drempme Insplementatioes ,osigratiprydessing
420 The present invention may be inplenented in
e qtl'lefl”dé?f BRAtFP! $irgWhH22 mnsiéarsethey cimisofnot shown) of the HDTV
Ci l‘CUI ts, which are generally identified in FIG 16A

0 may M@Qes%ﬁatamse‘or(ﬂmcadmgoaradjer éacryptiort, pe bl \Cafbeihtions,
The HDTV 420 receives HDTV input signals in either a

larnatidate andier @esfofrorarat othed typm e DTV HRbYessiHY Btk may be
signals for a display 426. In sone inplenentations,

reiqgined. processing circuit and/or control circuit 422
and/ or other circuits (-not shown) of the HDTV 420

may {00@HsS Trad HDTNEAI® MRa\COSHhRANRAY th GRELSY Atk Worage 427
Ag®

perform cal cul ations, format data an performa

thahetorey pRatdfin HPTNARBRERS $hdMhel NAt dé’(ﬁé’esh §ucrl eagu'gétgcal and/or
[0101] The HDTV 420 may conmmuni cate w d

R A s
dg{i‘lsﬁ% aHfordBVDEEST H@Hdd‘%aydgé a Qi WLat’ mlc?lgtries 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 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 429,

[0102] Referring now 1o FIG. 16B, the present invention can be
implemented in a cellular phone 450 that may include a cellular antenna 451.
The present invention may lmplement and/or be |mplemented in either or both
signal processing and/or control cxrcunts which are generally |dentlf ed in FIG.
16B at 452, and mass data storage 464 of the celiular phone 450. In some

nmplementatlons the cellular phone 430 includes a mlcrophone 456, an audio

output 458 such as a speaker and/or audlo output jack, a display 460 and/or an
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[ DD and/or DVDs. The HDD nay be a mni HDD that
?LIC?“SZeIs_' one or nore platters having a di aneter that
is smaller than approximtely 1.8". The HDTV 420 may
be connected to nenory 428 such as RAM ROM | ow
latency nonvolatile menory such as flash nenory
and/or other suitable electronic data storage. The
HDTV 420 al so may support connections with a WAN vi a
a; 08k rk dnterface 429.w2010_2_] Referring now t/o
FI”W%E, #08 S{icfL 88 A keVRadnRal Q:%Wé% chﬁﬁcéﬁ:qm@d or other

may include a cellu
BB VR, PP SuTSH Sil, andiscionte Semtiansa andior other
and/ or be inplemented in either or both signal _
pF'&%%EéPﬂ‘gShgﬁ’d‘f &t torriiuar RiioneA50smaybragesardata, perform coding
generally identified in FIG 16B at 452, and nmss
d8PHO5 BBTHRYION4 Barfenm calsuletions. famasivateearidor peromobther celiular
[ Ienfent%ti ons, the cellular ph?nisgﬁg Lﬂclagdgs a
WBEONS456, an audi o out pu su

gge(;rffgr and/ or audi o output jack, a display 460 and/ or
an 250103] 1 Thepwelldevint®nd6256 usby asrembeitaRd with mass  data
poi nti ng device, voice actuation and/or other inpu

glorage. 6mibat stgned dptacines AOMEIANE RGP IH HBYicEE SAH LS optical
?152 ﬁd/or other <circuits (not shown) in the cem%ar

pandier HBEENEtystoraResovicRt aTh@Qfeﬁlfééfngﬁ}gitnnggfa 3 Yample, hard

encryption, perform cal cul ati ons, a

paisk drivesoHDBr azbl OVE%, THORBD %g%ﬁ?ﬁiwﬁé%ﬁ?gﬂ%m% one

cel l ul ar phone 450 nay conmuni cat

gt g Sl AL B S o
ARNLEP horld 450 YA B8 BRNeBE 1Y WamdiP 468 U S5 RAR SRom, 1ow
latency nonvolatile memory such as flash memory and/or other suitable
electronic data storage. The celiular phone 450 also may support connections
with a WLAN via a WLAN network interfacé 468.

[0104] Refeﬁing 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 deﬁn.ition
audio/video. signals suitable for a display 488 such és a télevision and/or 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



[ i ves HOD and/or DVDs. The HDD may be a mini HDD
SEZF ?LLIudes one or nore platters haylng a dlarFtFr
that is smaller than approxinmately 1.8". The ce Rx ar
phone 450 may be connected to nmenmory 466 such ?s A M
ROM low |atency nonvolatile nenory such as flas
menory and/or other suitable electronic data storage.
The cel |l ul ar phone 450 also_nay_support_connectlggz
with a WAN. via a WAN network interface 468. [0104]
Re"@F#SSngatle werienp| @ding @ndidneerraaion] _Femﬁﬁtémlms, format
be inplenented in a set top box 480. The preSﬁnt. I
i A% BNY/Ar peoreanympihemseattog bbR furktibher or both si gna
processi ng and/or control circuits, which are

gener all0105]i ddiitei $atadp box ABEmPEodnuhR4te gﬂﬁ gifég 448 storage

box 480 receives signals froma source su

. , Cah
bréS@dbahstoszsudate iarnemiokile mdnRBAATH atd'storage 490 may
definition audio/video signals sui _ta%l e or/grs%;tgﬁziﬁ?
Agacledec bptical antifdravagnetie @M@Qrde@% ts%rch.%gﬁar% disk drives HDD
vi deo and/or audi o out put deVices. The ' si

: . cirk 84 and/ or- ot her
DR R ENODS 60 AL Dl B 8 ot

. ti , .

et o SRl R iR gk aanﬁaiéﬁfr@f%%%‘*p'e%ﬂ@sm iy 460

O béS %nrﬁéb?e@%n{%b%&iég%sgkgla&%ts %A&g %5’@5&@ r?c);/ nonvolatile

S res dats o onvol ati| e panner. The nmass data

gi”g ag Q%@aﬁ@)a}é‘h ﬁm% @”8)8( PEer syitahie plestignistdata storage. The
- i sk dri HDD and/ or

SD\&tGE %{g %B%‘T%afp‘é&guﬁgﬁ 2&9@@%% ?é?i(SVLANe\da arWLAN network

[ [ [ [1er than
e.platters having a dianeter that is sma
gﬁﬁ’@@? ely 1.8". The set top box 480 nay be

nory 494 such as RAM ROM | ow | at ency
ﬁgﬂcgﬁbsaﬂéo Hgferrir%/g now to FIG. 16D, the present - invention can be

implemented in a media player 500. The present invention may be implemented
in either or both signal processing and/or control circuits, whic_:h are generally
identified in FIG. 16D at 504. In some implementat_idns, the media player 500
includes_a display 507 énd/or a user input 508 such as a keypad, touchpad and
the like. In some implementations, the media'playe_r 500 may employ a graphical
user interface (GUI) that typjcally employs menus, drop down menus, icons
and/or a point-and-click interface via the display 507 and/or usér’ input 508. The
media player 500 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
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menory such as flash nenory and/or other suitable

el ectronic data storage. The set top box 480 al so may
support connections with a WLAN via a WLAN net wor k
interface 496. [0106] Referring nowto FIG 16D, the
present invention can be inplenmented in a nedia

pl ayer 500. The present invention may be inpl enented
in either or both signal processing and/or control
circuits, which are generally identified in FIG 16D

aBngfoxn encrypfone peripite weloulations)storhbe daRdhcd/B}
i ncludes a di splay 507 and/or a user input 50?@;&5&%&0%; otner

amesiepplayerfooctigmad and the like. In sone
i mpl enent ati ons, the nmedia player 500 nay enploy a

or aphi {8407 usehe | micek! peef B0 HBA cIiALARblY WP IR data

menus, drop down nenus, icons

pstorageaBitd that storésd£s a8 ay koL 7_and/ or ,
user input 508. rThe redi gyglag{?gérassgg%%ﬁo\r/?rg@?rY'ﬁ%? frfyent in a

anorauotatite auammbr. SO0 SN iIRBlenSRSRLRS C}ﬁ %‘%ﬂ@%%& Gudio files

out put jack. The signal processing anh

cincitidetfileStHh / o Gi ' (not, shown) of the -
nedi a pl %yer tgégg %ﬂ%ﬁ@%@“ %gﬁ g{"ﬁ?}e?rf g 586%91@ coppressed

aameti® fang I 'iddlg er | cul ations, fornat data
and/loranperf orm gjmagf h'i;"sr:a'ir mﬁ%‘gicéltj?ﬂs 8g9e MAycipFlyde optical and/or

[a8Rdtck i a. r_500 conmuni cate wi th nmass
(fAaGenciSiErafE ol REH o bRl Bk SAvas IR Coand/onpy Bss dde HOD
' .or Nkdeo content in a nonvolatile manner.
Iarﬂgg gﬁe%Wﬁ[ﬁI%%ﬂgﬁR 'P% €S Pk OF Ffse Plalteds hading o diameter that is
i{;ﬁ%‘tégghfi |l es that are "cortrpl_i ant with MP3 fornat or
J Ui 2BPEOXEeRtBYeb8ed Thaumesiaptaver 500 deay bardthhected
| _ to
The masé ‘Pata storage nay include optical and/or
TAgRam 14 sych g@@&}g\ﬁ@ loyy tetency hemweblatiles knethidry @acii@® flash
andLar DVGE;S. The HOD |
Ory and/or other suitable electronic data storage. The media player 500
also may support connections with a WLAN via a WLAN network interface 516
Still  other implementations in addition to those described above are
contemplated.

[0108])  Those skilled in the aﬁ ¢an 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 scobe 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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may be a mni HDD that includes one or nore platters

having a dianeter that is smaller than approxi mately

1.8". The nedia player 500 may be connected to nenory

514 such as RAM ROM | ow | atency nonvol atil e nenory

such as flash nenory and/or other suitable electronic

data storage. The nedia {Mayer 500 also may support

connections with a WLAN vi %L’?\IWN network interface

516. Still other inplenentatiions in addition to those

descri {agdy %Q‘ﬁé’freﬁearise contenpl ated. [0108] . Those

skilled Inthe art can now appreciate fromthe

foregoing. description that the broad teachi ngs of

the present invention ¢can be inplemented in a variety

of Lf or . Wingless 8F31o8k dsa EOPPHYNE nvent i on has been

described in connection with partjcul ar exanples ..

t her eof 2 cqrFrdation Tpoduls,that GorTelatis 2 pgAsHrREIFd 'pgﬁg’glogaﬁ?ﬂ“.’ frequency

be so limted since other nodifications will becone
(RF)asigrat andithatgentrates s Rprrelalipnoyignal pasedHsFeoipon a st udy of

the drawi ngs, the specification and the follow ng .

cl ai ms. apBit@haio\gin samaro!l (AGE) mpdulel thas genprates againpqnimgl signal

networ k device, conprising: a correlation nodul e that
based oh k&l RFessgral;pnédet er m ned portion of a radio

frequency (RF) signal and that generates a

corr el aj t@iro$ pdalke tha seectivelyrdetmmires whethensid BF gignal is a radar

control (AGC) nodule that generates a gain control
sign81b88:A on sARASREreRAoS SigHalANd $4i@ Rain;coltsl signalont rol  nodul e

that selectively determ nes whether said RF signal is

a- r adar

2. The wireless network device of claim 1 wherein said control module determines

whether said RF signal is a radar signal when said correlation signal indicates that said RF signal

' is not a packet of wireless data.

3. The wireless network device of claim 1 wherein said control module dg:termines
whether said RF signal is a radar signal when said gain control signal indicates that a gain of said

AGC module exceeds a predetermined threshold.

4. The wireless network device of claim 1 further comprising a converter module
that converts said RF signal to a digital RF signal, wherein said control module generates a reset

signal that resets said AGC module when an output of said converter module decreases to less

than a predetermined value.
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si gnal based on said correlation signal and said gain
control signal. 2. The wirel ess network device of
claim 1l wherein said control nodul e determ nes
whet her said RF signal is a radar signal when said
correlation signal indicates that said RF signal is
not a packet of wireless data. 3. The wrel ess network
device of claim 1l wherein said control nodule
determ nes whether said RF signal is a radar signa
wheh sai Thegair¢lesortwak dsvighaf cliimdi whtreis shidajonfolgabdul®fetermines a
said AGC nodul e exceeds a predeterm ned threshold. 4.
pulsheidvii ofd pds ofetidRKsigeal baed oh acln®d diffdrehey bed@Een said gain control
conprising a converter nodule that converts said RF
sigisil gidibaid feset sthingl thal foRbws b4 adin c¥kiRY] Gighalsai d contr ol
nodul e generates a reset signhal that resets said AGC
modul e when an out put of said converter nodul e
decreases to less than a predeterm ned val ue. 29 5.

Theg wi r mra%%{%rggwrg@oﬂﬁaxﬁl Wﬁ@r%n%ﬁrcghﬁolﬁﬁéﬂxle ?“termmes

control nodule determnes a pulse wdth of

thatsséf_dcthEr 8419 Ql'adglasﬁgx?il sehéi séj{v c{tl? F& rflﬁ)‘?«fdgfe#ﬁfn%g nﬁ%bgr of

gain co tro sign sal rese

adj Jchjxtl %Y% gﬂagd ﬁ?' nglolggtgb%gan m%;}lg?&*ual tg a parpse W1 qf %S,P%‘Efﬁ eémmed radar

evi ce off claim el n sai'd con
plgpternrnes that said RF signal is a radar S|gnal when
said pul se width for a predeterm ned number of
adj acent pul ses of said RF signal is substantially
equal to a pulse width of a predeterm ned radar
puI The wirel ess networ deV|ce of claim
rei nzlg’ﬁl‘ﬂreéﬁﬂf‘?t&"rw&eé’fc it Jeherein S%GPB‘EHOI(S‘FO%‘E d
converter nmodul e into N equal segnents during a period
bet ween 95415 agHuPUE éﬁ%ar%rorgr@qrarodamn@ar gaad segmagiriuing 2 periad
that follows said gain control gnal where N is an
betvyeﬁp é@‘é ,gagqu@atr@]rmgrﬁgmdowéi reset srgnal that follows said gain control signal, where

N is an integer greater than one;
counts a number of zero-crossings in each of said N segments; and
determines that said RF signal is one of a single tone radar signal and a chirp

radar signal based on said number of zero-crossings in said N segments.
8. The wireless network device of claim 7 wherein said control module determines

that said RF signal is a chirp radar signal when said number of zero-crossings in said N segments

vary approximately linearly.
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counts a nunber of zero-crossings in each of said N
segnents; and determnes that said RF signal is one
of a single tone radar signal and a chirp radar
si gnal based on said nunber of zero-crossings in said
N segnents. 8. The wirel ess network device of claim?7
wherein said control nodule determnes that said RF i
si ghal i Bheaviepsspepiakdedrgplalaimnehrisen cpmnuifinga panel changing
zero-crossings in said N segments vary approxi mately

modiylp gt FRAngS(R mmpricationshanns! plesaigorarv é\ﬁie&@e gher paid ﬁ?tlltrol module
further conprisin a channel changing nodul e that

deterpireydhat said dnsigniat ind redarstemahel  of sai d networ k devi ce
when said control nodule determ nes that said RF
signal is a radar signal. 10. The wi rel ess network
device of claim1l wherein said wirel ess network device
i s 10one Te wircless petyerbdevite efivdhim Icwhenin sgidavirdess ngtivorkdevice is
nmet hod for detecting radar, conprising: correlating a
pr eghetof anacuesk goisttandn chitntatdtiadi o frequency ( RF)
signal; generating a correlation signal based on said
correlation; generating a gain control signal based
on. said RF signal; and selectively determ ning

whetiher &ﬁie%o@&bﬁd@&ﬁhgk&iaﬂ cbRgakingi gnal based on said
correlation signal and said gain control signal. 12-.

The net %ﬁcﬁtlxﬁgh 9&%&%&9& b&ibn BPEYFHd'loSﬁEt?er@)I @ FYisltnagy

whet her said signal is "a radar signal wien said

correl at Cﬁ&aﬁﬁ E@énélﬁﬁﬂn“sﬁ’gn Fbés@cf‘&i 3§£q_ﬁor%‘fat§dn9na' I's

not a p W rel ess ata met hod of

claim i eB&E&@J gﬁg@mcﬁ' @9@%\/\}1&{ JH 4k \éﬁﬁhh%dt said

RF sign en sa| arn ¢tontr ol

ilogtn ?lol Isglgé:t?vae yec‘?'eterxhrfrjllrtnnél nga{her sald ﬁ? s?glﬂt 1§n§tra'1 Ar gmﬂ based on said

correlation signal and said gain control signal.

12.  Themethod of claim 11 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.
13.  The method of claim 11 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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(AGC) nodul e exceeds a predeterm ned threshold. 31 14.

The nmethod of claim 11 further conprising converting

said RF signal to a digital RF signal and generating

a reset signal that resets an automatic gain contro

(AGC) nodul e when said digital RF signal decreases to

| ess than a predeterm ned val ue. 15. The nethod of

claim 14 further conprising determning a pulse width

of a pulse of said RF signal based on a tine

di fier emae meetHodRE blainil 0l fgeten canftisind conleptial said RFSagrhl to a digital
reset signal that follows said gain control signal

RF slhal ddtegetetatifg a 8fseCdi gamthbbrekets hi@itomaiigdis tétgrol (AGC) module when
determning that said RF signal is a radar signa

sai.d\ﬂ?i‘tlal RRistinResRaids €6 fesé Gfn @ pridedahipedi 8¢ nunber of
adj acent pulses of said RF signal is substantially

equal to a pulse width of a predeterm ned radar pul se.
17. The nmethod of claim 14 further conprising:

dividing said digital RF signal into N equal segnents
during a period between said gain control signal and

saikd re | taf I WaRNe :
TR e KOO, B 80P B it of
of said H?tslr%'ﬂgl_ &spcpgrp g ﬁ{n%fdiﬁs‘gr?de%%ﬁc%h Rt &h}%ﬁ%ﬁﬁ‘& sﬁna? Qdddsam reset
segnem's; and detéerm nrng that sal sign IS one
._af ingl e.tone radar. si,gnal and a chirp radar
s%n§ﬁ§§5%h3§§5 %ﬂngg%@ ightler of zero-crossings in said
N segnments. 32 18. The nmethod of claim 17 further
conprising determning that said RF signal is a chirp
radar signal when sai d_nunber of,zero-crossin%s in . .
sal® N $Bgmsthed of slaym 5 Sirger pupRIfSng deteTaapipg thay gpid R gignal is a
met hod of claim 11 further conprisin% changi ng a .
radap ¢ gmal mben s3id pulse 3¢t |for a predetermined number of adjacent pulses of said RF

signal is substantially equal to a pulse width of a predetermined radar pulse.

17.  The method of claim 14 further comprising:
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 a number of zero-crossings in each of said N segments; and
determining that said RF signal is one of a single tone radar signal and a chirp

radar signal based on said number of zero-crossings in said N segments.
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when said RF signal is. determ ned to be a radar
signal. 33

18. The method of claim 17 further comprising determining that said RF signal is a
chirp radar signal when said number of zero-crossings in said N segments vary approximately

linearly.

19.  The method of claim 11 further comprising changing a communication channel

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