*159159* RADAR DETECTI ON APPARATUS AND METHOD THEREOF
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This

application clains t U.S. Provi sional
Appli cation No. 60/ 73&‘“@‘“‘“\\“\“\\“@‘ on August 8, 2005.
The disclosure of the abaygsapplication is

i ncorporated herein by reference inits entirety.
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[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 the use of radio frequency (RF) waves. The detection and
ranging part of the acronym is accomplished by timing a delay between
transmission of an RF pulse and its subsequent return. If the time delay is At,
then the range may be determined by the simple formula:

R=cAt/2

where ¢ = 3 x 108 m/s and is the speed of light. The factor of two in the formula
accounts for the return trip.

[0004] Referring now to FIG. 1, the common radar carrier modulation
or pulse train and other radar parameters are shown. The pulse width (PW) is

the duration of the radar pulse. The rest time (RT) is the interval between pulses.
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*@00002* The pul se repetition time (PRT) is the

interval between the start of one pulse and the start

of a subsequent pulse. PRT is equal to the sum PRT =

PWRT. The pulse repetition frequency (PRF) is the

nunber of pulses transmtted per second and is equal

to the inverse of PRT. The radio frequency (RF) is the
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swi tches to another channel if necessary.

[0006] Based on the disclosures by the military organizations, IEEE
has defined the IEEE 802.11h specification, which is incorporated herein by
reference. |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 fo
avoid interference with military radar. IEEE 802.11h uses two techniques to
reduce radio interference: Dynamic Frequency Selection (DFS) and Transmit
Power Control (TPC).

[0007] When a device that employs DFS detects other devices on the
same radio channel, the device switches to another channel if necessary.

Typically, an AP transmits beacons and informs the client stations that the AP

uses DFS. When the client stations detect radar on a channel, the client stations



Typically, an AP transmts beacons and infornms the
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channel. For example, a network device may incorrectly conclude that noise

such as a signal generated by a microwave appliance or other device is a radar

signal. The network will unnecessarily block the channel despite the fact that the

detected signal is not a radar signal. As false detections increase, additional

channels may be blocked and fewer channels will remain available for network

communications. This can significantly degrade network performance.

SUMMARY OF THE INVENTION
[0010] A wireless network device comprises a signal receiving module
that receives a radio frequency (RF) signal, a signal processing module that
comprises an automatic gain control (AGC) module and that generates control

signals when a gain of the AGC module changes based on the RF signal, and a
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that receives a radio frequency (RF) signal, a signal

processi ng nodul e that conprises an automatic gain

control (AGC) nodule and that generates control

signal s when a gain of the AGC nodul e changes based on

the RF signal, and a 3 control nodule that selectively

measures N time intervals between one of adjacent and
corfion- eHamRs thatc splectivelyi gresssresiérdng teryalsn behvagrrone of

greater than 1, and that selectively determnes that

adjE&%tancf heRAdjaderd dontrl sijrais|whdrein Nhis ai integer greater than
rntervals are’substantially equal. [0011] In other
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whren a t ngduletranswlonsfroma

i magni t ude secqn magni tude that is |ess

tlmﬁh%’@"‘?alﬁlaé%isf‘g?tﬁf‘ﬁ@g' ?/%Haje and the first magnitude,
an romthe second nmagnitude to a magnitu reater .
thafp@1d priodeher fﬁa’ﬁ@r@sm%%%@%ﬂ?t%g BP%dgtefBg rﬁoﬁ‘ifaﬁ signals
period. The BBP sel ectively generates one of the

wheArtheajain of inaAG Ginesduit dragwitionstframé istmagnifuge to a second
transitions Mnunber of tines within the

madrRiabanat ReksBaRARG pHitRtEINMInGYivaluee ahdttegdirstgmagnitude, and
aﬁmn % F10012] In yetpot her features, the cont ?g‘l ®

fro&?&%gge%«:ﬁﬁﬁpﬁﬁﬁg%e 5t rhignce 8GN thiah (RO bréddtaiined value

not substantially
equal to NFLYfh ti Lnt | ) ' '
Wi Eﬂi‘?z‘ﬁ?‘ﬂ’l : gead }Ega f%%‘%eﬂzfg'gg'%éﬁe"?‘?%{i@“t Y control
f a period of a radar, si l . o
sigriay; athematheagaipr eidéeeh@Cn Bpdule ér@nwt'aﬂgr@rw%@eef b fifes wittin
predeterm ned pul se repetition frequency. The RF
thé ipasdeteiraineelqeericed wereindias aslinteger gfegterdhendl: nodul e
generates a radar detection signal when the radar
si gnab12f It 96t SMhepredthros; i rehtrolihedulerdstetmines that the RF
signal is not a radar signal when N™ time interval is not substantially equal to
(N+1)th time interval. The N time intervals differ by a predetermined magnitude
that is less than five percent of a period of a radar signal. The radar signal has a
predetermined pulse width and a predetermined pulse repetition frequency. The
RF signal is received on a channel and the control module generates a radar
detection signal when the radar signal is detected on the channel. The control
module selectively transmits the radar detection signal to another network device
when the radar signal is detected on the channel.
[0013] In other features, a client station comprises the network device

wherein the client station operates in one of an infrastructure mode and an ad

hoc mode. An access point comprises the network device. The network device
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nmodul e sel ectively transnmits the radar detection
signal to another network device when the radar
signal is detected on the channel. [0013] In other
features, a client station conprises the network
device wherein the client station operates in one of
an infrastructure node and an ad hoc node. An access

furgm%i{%nﬁi&msi gafiedinm netyss kodeui (MACTmeodtdevuheraie fhe sontrol
urt her conprises a medi um access control (MAC

mq%ﬂe%%g%ﬁ%@ trﬁ@eﬁ;&:’éﬁé@'by I WAC ogelesCThe eignal receiving

nodul e. The signal receiving

mq%gggi%}g%si (ir%go? %I@T é%%{ﬁ/:ell 5661/ RE ﬁﬁﬂs@tﬂ'ﬁar‘g and the signal

. processi ng no

conprises a base band processor. [0014] A conputer
progesgingmedeiacaapPnsesd Eﬁaéé rP1e 'fﬁﬁqr]ses rggei vi ng

an RF signal, generating control signals when a gain

of §00#4)t onAt icompydeém prograrol ey d nmBYuPle RFQ comprises

based on the RF signal, and selectively neasuring N

reééivﬁgi M & alghabejemreatingeontronsigaalsnivhend gain of an automatic
non-adj acent control signals, wherein Nis an integer

g%&ec?ﬁgrrﬁglt(ﬂﬁg});mpggfé %ﬁhﬁﬁéé lskddenh ahel RFngighiatand Belectively

ar sighal when the Ntine intervals

A AREL T BBl 059801 08009 i 9t b corrl

( generating one
of the control signals when t [

signalaswhetsia N ﬂa)ﬁngnﬁgﬁgtgr%?&ﬁ:aﬂeﬁlgit B8 seleivRly o SRBilng that
magni tude that is less than a predeterm ned val ue, and

thieRF Bigrel isvagadarisignal aviuert thenh timee iséeryals arﬁgwhstﬁmiaﬂ% equal.
a magni tude greater than the predeterm ned val ue
wi t hjgp1&] Pr el eamitibnddatues te dobiriber Iptogramerfurther comprises

features, the conputer program further conprises

generating one of the control signals when the gain of the AGC module
transitions from a first magnitude to a second magnitude that is less than a
predetermined value and the first magnitude, and from the second magnitude to
a magnitude greater than the predetermined value within a predetermined period.

[0016] In other features, the computer program further comprises
selectively generating one of the control signals when the gain of the AGC
module transitions M number of times within the predetermined period, wherein
M is an integer greater than 1. The computer program further comprises
determining that the RF signal is not a radar signal when N" time interval is not
substantially equal to (N+1)" time interval. The N time intervals differ by a

predetermined magnitude that is less than five percent of a period of a radar

signal. The radar signal has a predetermined puise width and a predetermined
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sel ectively generating one of the control signals when

the gain of the AGC nodule transitions M number of

times within the predeterm ned period, wherein Mis

an integer greater than 1. The conputer program

further conprises determning that the RF signal is

not a radar signal when N th tine interval is not
puisEbebantidmklaquenspl Tie cdibulémprogremi furthey aompfises Neceiving

time intervals differ by a predeterm ned magnitude

thetsF{gIngig?\alrﬁﬁsa thaRnEl YRdPRGEFREEin®Ta AadiRrdétectidn dignaflavhen the

g : e radar signal™ has a predeterm ned pul se

Wi a a edet er m ned e et

raqq!e&!gé’ﬁgy'.s ?E{eecg%i‘p%? e&‘%plggaﬁﬁéﬁf uﬁ-ﬁ Ee{r:béqlg?n]pﬂ?ri perem further
receiving the RF signal on a channel and generat i :

compiiaes selestivebiiransringisnradiaé deagion SpHic 3 fetwork tevice
detected on the channel. The conputer program further

whepnipei radar sighetisi detegtedramthe channgl.t AbercRmpUlgE PERATABI urther
signal to a network device when the radar signal is

cogrgir%%%\p%iném@h@mhputﬂﬁfpr@gmwtrea chewigstatior that loperates in

nprises I nplenmenting the conputer programin a

oni%lngafgh iﬁ?@%{rﬁ&uwg'éogeg?rﬁt 88 Ad) hoR"®icBk. 2The computer program

structure no an ad hoc node. The conputer

B 3o S, oSBT W RS . T

r progr

further conprises selectively inp|epmenti t he
CamopIAT TOOTDGRITREr nCAMRESFY SERHNEY dORSTBF e computer
nmodul e. [0017] In still other features, the systens

progeari hansdidesaccdssdcorditod (ALY enddigeenent ed by a
comput er program executed by one or nore processors.
The @@APY!L eln PEtMIg AR IC fdhtuRs), deosysteanande metbada bdascribed

medi um Such as but not [imted to nenory,

abE %Pé AhidiEmEnted HyPaaesnpRtkrobrayrafl exdcid 8y 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.

[0018] 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

the preferred embodiment of the invention, are intended for purposes of

illustration only and are not intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS



tangi bl e storage nediuns. [0018] 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 the preferred enbodi nent of the invention,

ar e;ninlgend RRStioRf willl bésthé ahbrenfuligl ynderstood from
ar e[drqufi nﬁg‘r%géesiégﬁl im tlo{ahwel scope of the i gventi on.

BRI EF DESCRL PT| ON T i -present
theySRiBlid DRSGTICTRGIE FBPE AP Ner et oud” P -t he

detai |l ed description and the acco L '

Whelta20] | Gogo)T HeratEs rHaceARELag A afioh &P fa e parameters

nodul ati on and radar paraneters according to the
aceording tarthe Aridatf;, FIG 2 illustrates different types

of radar signals; [0022] FIG 3Ais a functional block

di ag?mmon RIG. eXplupiratey diffstent typesed radar sigaalem in a

wirel ess network device according to the present

'dnvgﬁéi N Fl®038]isFA FundBnab blodkiGRigramabn kdroekemplary radar
i agl 2

mion an ‘exenplary radar detection systemin a

dei\{méf.{;@:qutesfc’y%?r%%ﬁ %&lﬁ%é% &3&%%[(;3?@9:& Qcéo@&inggtﬁ ¥ bresent invention;

a functio bl ock
di agram on an_exenpl ary radar ,.detect| S '
L S0P Pl SEUTR SnCORl Gt B B AR Tlry racer
invention; [0025] FIG 3D is a functional block . . fion:
delbetiprosystéman eweelesaagceshpeiat aperrdindiofbeRspRent invention;
[0026] FIG 3E is a functional block diagramof an ad
hoc 1aebupr KFIG. 3C is a functional block diagram on an exemplary radar
detection system in a wireless client station according to the present invention;
[0025] FIG. 3D is a functional block diagram of an exemplary
infrastructure network;
[0026] FIG. 3E is a functional block diagram of an ad hoc network;
[0027] FIG. 4Ais a graph of AGC gain as a function of time that shows
a drop in the AGC gain when a base band processor receives a wireless data
packet;
[0028] FIG. 4B is a graph of AGC gain as a function of time that shows
a drop in the AGC gain when a base band processor receives a radar signal;
[0029] FIG. 4C is a graph of AGC gain as a function of time that shows

a drop in the AGC gain when a base band processor receives a noise pulse in

the form of a spike;



[0027] FIG 4Ais a graph of AGC gain as a function of
time that shows a drop in the AGC gain when a base
band processor receives a wireless data packet;
[0028] FIG 4B is a graph of AGC gain as a function of
time that shows a drop in the AGC gain when a base
band processor receives a radar signal; [0029] FIG

4C (Aogwa@] ar ant. ab A@g IMoRAGE Gaincds afurdtioni ofetime dnat shows
shows 6°drop in the gai n when a base band

roce r cel: oj ' ' [

a GRS RS A Meh Fobate BépriPegscliebensh & cgom noise
. function of tine that shows a drop in the AGC gain
S'Q\W_ﬁb@nléi basg Fggg processor receives a random noi se

signal; an 1] FIG 5 is a flowhar .

exe@03ly ril@arb détaeﬂ@w%a'ﬁélfh% exﬁE‘tPi?rtéﬁ '%]Ejia? gielt%(glon method

present invention. [00321 FIG 6A is a functional
acbbreirig t therprasefit invériah.di sk drive; [0033] FIG 6B is

a functional block diagramof a digital versatile disk

(DV 9?13@003%.!%@5 Sfurictionaf blockidtagrambfoe: kaxdi digk airivef

?hi | elfinltlon television; [0035] FIG 6Dis a

un c i . | oM ) .

[ Oogé?gﬁla P@ #%qg %fgtLﬁﬁ"BéﬁgPl\ﬁ%Podgi@rgiﬁggﬁ & rrdlhg]lctélgﬁét%ﬁtlle disk
(D(\:/%I)[ ul ar phone;

[0034] FIG. 6C is a functional block diagram of a high definition
television;

[0035] FIG. 6D is a functional block diagram of a vehicle control
system;

[0036] FIG. 6E is a functional block diagram of a cellular phone;

[0037] FIG. 6F is a functional block diagram of a set top box; and

[0038] FIG. 6G is a functional block diagram of a media player.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0039] The following description of the preferred embodiment(s) is
merely exemplary in nature and is in no way intended to limit the invention, its
application, or uses. For purposes of clarity, the same reference numbers will be
used in the drawings to 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
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[00371 FIG 6F is a functional block diagramof a set
top box; and [0038] FIG 6Gis a functional block

di agram of a medi a player. DETAILED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS [ 0039] The fol | owi ng

description of the preferred embodiment(s) is nerely
exenplary in nature and is in no way intended to limt

meh?ﬁ'yi NSt dy@itute t Bneap! intarei osoftveareuses finPwarpuppegress, a
of Clarity, the sane reference nunbers will be used

cogﬂg' : |8ng{ ﬁoﬁ?%ﬁ'chﬁ b EIHr' bihebidliithBle Eb@PBARALs Atysredide the

erm no circuit and/or device refers

ol RN R 306 e P68 i A 9 e ©

i cat ed,
or group) and 8 nenory t cut .
shedflt bareonstrued rignaigan, Pog’ﬂ?ﬁﬁi ? 'e%)atlfsd 1 n88"ecx clusive
circuit, and/or other suitable conponents that pr

id
logiat ordds shobldcbe undetstord that stees wihin asrethad DAk 6 Sxecuted
phrase at | east one of A, B, and C should be

in @BRPéAtUREeE Wltﬁ@@tﬂalﬁarln@%ea}jrlr(cmles oBtherpre€sentisiventicn.
non- exclusive logical or. It should be understood

thaﬁo@i psor deéf?irvi?\m GRiBOEIdRY, Seriyapitypés offradar signals are

ere out altering the principles of the

shggygﬁ& : qvfﬂg@ se)gneil ch)ir%rléesf § rt{dr&gofnﬂyv h%e% \'z?ﬂh?a PW of 1 us

hal's are

r adar I b f
angkan RJT?O 2&@1 pgnn'Eypl gg@r %l,lrg%g&%gégsé)s:é;ﬁ%ﬁm@ {;q Bulp)% with a
conprises a burst of 10 pulses with a PWof 1 us

nd
PWofRT st ai8@nusT ofy3R0 Bsr akkpe 3irgaal SIgBaheeHRYSes Bt of 70
of 70 pulses with a PWof 2 us and an RT of 3 ns.

pURESR Withes PWofth@st ame apf RT asfed mssi Reghrdiess of dumtype of radar
puI ses occur in a definite sequence. Spurious noi se,
s@ﬁ'ﬁlh tke radar pulses occur in a definite sequence. Spurious noise, such as
spikes of electromagnetic radiation generated by microwave appliances and
other divices, impedes radar pulse detection. Such noise, however, is random.
Therefore, a radar sequence may be detected in spite of random noise.

[0041] Referring now to FIG. 3A, a system 50 for detecting radar is
shown. The system 50 may comprise a wireless network device. A radio
frequency (RF) transceiver 52 receives RF signals and communicates with a
base band processor (BBP) 54. The BBP 54 filters, demodulates, and digitizes
the RF signals. The BBP 54 comprises an automatic gain control (AGC) module
56. The gain of the AGC module changes based on the characteristics of signal
received. The BBP 54 generates an interrupt signal when the AGC gain drops

below a threshold.



spi kes of el ectromagnetic radiation generated by

m crowave appliances and other divices, inpedes radar
pul se detection. Such noise, however, is random
Therefore, a radar sequence may be detected in spite
of random noi se. [0041] Referring nowto FIG 3A a
system 50 for detecting radar is shown. The system 50

”Hygm ri 9 cBnitbf MloBER B lanalysedanictriptdrecaivead from the BBP
frequenCy (RF) transceiver 52 receives RF signals and

0 ni | r S

s+ SRTHNA Rl R PSR P GRar oo SR oo my
signals. The BBP 54 conprises ' '

be élah)tﬁgfq;pd M&gnq@gaﬂpglen%_tei—ﬁg %&eﬁ%?%égc%@‘%MﬁCg module.
changes based on the ch teristi f .Si .

TS ot etk E Soudlr i et jgropts and
when the AGC gain drops below a threshold. 9 [0042] A

tingostarop regisitre638thah abgistess i the dlimapefs erele dntgswipt.r ohhve control
the BBP 54 to determ ne whether the received signal

méoﬂl%%af nfifi8s €88 tsighal Hadalrad a8 siganl ifbe predetgrmined number of
W and/or i nplenented by a media access control

MAC lLennnl t ul idy u '
oA50R SR nar WY HPIRELIRCR 4 semimIggal e
) regllster 62 that registers the tine of each interrupt.
‘nt?ﬁ\ga Tontrol I modul e 58 identifies the signal as a

radar signal if_a predeterm ned nunber .of adjacent ,
and/[8048bn- AbpaBentranseellel i rBERYPS i Stelgoah: ) gomeprise
equal time intervals. [0043] The RF transceiver 52
pdoket vEwirelapsahstwdikidat@yradansignads, pA/RENGIsS! signals. When a
wirel ess network data, radar signals, and/or noise
sighaINR! feceiRN) fhe gain of the automatic gain control (AGC) module 56
changes from a normal value to a lower value. After a time period, however, the
gain returns to the normal value. The magnitude by which the gain changes and
the time in which the gain retumns to the normal value depend on the
characteristics of the signal.

[0044] Referring now to FIGs. 3B-3E, various exemplary
implementations are shown. in FIG. 3B, an exemplary radar detection system is
shown in a wireless access point 63. In FIG. 3C, an exemplary radar detection
system is shown in a wireless client station 64. In FIG. 3D, an infrastructure
network is shown with wireless client stations 64-1, 64-2, ..., and 64-X that
communicate with an access point 63. The access point 63 may communicates

with a router 65. A modem 66 may provide access to a distributed

communications system (DCS) 67 such as the Internet, a wide area network
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signal is received, the gain of the automatic gain
control (AGC) nodule 56 changes froma nornal val ue
to a lower value. After a tine period, however, the
gain returns to the normal value. The nagnitude by

whi ch the gain changes and the tinme in which the gain
returns to the nornmal val ue depend on th

e
(WAKRr fed/er bsiboalsare nétwosk gnaN). 10646} Skeftlee cliont $falipns 64-1.
FI Gs. 3B-3E, various exenplary inplenentations are

64-8N0Wn 4 54X Sre &drfigured fxamaldeioc mader det ect i on
Systemis shown in a wireless access point 63. In

::L?go\%g; ef‘g%eg)éﬁ{@eﬁ%% fAERs. AR 8 %Qilfr:‘n %@bgtt@fﬁéré Sitbwkes at

_ station 64. | | D, an
|nfrastructL{| net wor, k

loast a0 aisstogietun tgatoial 1 e FASRAYibHal ' LhEeReS retibrk data
with an access point 63. The gccess [

pacietrthat isagbleasiviOn ks w@ﬂﬁ-eﬁ%g?e Rarﬁdﬁg%ﬂ%éﬁ%ﬁ%%‘?ﬁsdt& zero
access to a distributed conmunications system

an§ aytikeaat rhbst 4 ps éo return to npmealaseshav M‘L@-f@( m\ﬁeceived
and/or a |local area network (LAN). In FIG 3E, the ’

sighal ﬁ“a it s Batlis 2 Bé-Wide. (for erantpiy-radar &ype 3 in FIG. 2).

configured in an ad hoc node. [0045] Referring now to

Thglggﬂ'yqélés.lpéﬂge%?itﬂe 2Pt 5%@?@? ﬁ@ﬂ/vérﬂk(ﬁﬁa Mackéeasd/or a radar

290 1 e:urnk 8 nor ma e received signal is

.a wireless networ ata packet that is at |east 100

signak Is,predictaple; ne ot her hand, the gain drops to zero
and nmay take at nost 4 /is to ret

_ urp to,nornal as
ShoyBOAE] Fi The.gminshawrvarerasnasds difieiaty e Nise;gigpals than to
pul se that is 2 lis wide (for exanple, radar type 3 in
citheBwirtless Mdwork data paskedrand/orf a radargignal; & of examleshe gain
networ k data packet and/or a radar
may drop only slightly and may quickly return to normal depending on the
amplitude and width of the noise pulse as shown in FIG. 4C if the received signal
is a noise pulse in the form of a spike. On the other hand, the gain may drop to
zero but may return to normal in more than 4 us and less than 200 us as shown
in FIG. 4D if the received signal is a random noise puise.

[0047] Therefore, the BBP 34 can be programmed to generate an
interrupt only if the AGC gain drops below a predetermined threshold X and if the
gain returns to normal in less than a predetermined time. The predetermined
time may be equal to twice the pulse width of the widest radar pulse (for
example, 4 us to detect all the radar types in FIG. 2). Specifically, the BBP 54

can be programmed to not generate an interrupt for situations illustrated by FIGs.

4C and 4D. This selective interrupt generation technique helps in avoiding false
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signal is predictable. [0046] The gain, however,

responds differently to noise signals than to either

wi rel ess network data packet and/or a radar signal.

For exanple, the gain may drop only slightly and may

qui ckly return to normal depending on the anplitude

and wi dth of the noise pulse as shown in FIG 4C if
raddiedeReabNed Adiditioalally) this tedtsiqueul comservesheesayraesfsuch as

spi ke. On the other hand, the gain may drop to zero

Y, n ' h e :
o Gy A o 0 S s

R T e L

interru
only if the AGC gain drops belo ed r
counieb R dnoRTRd 5 Cau hEdn g BN, DTGP PI3or g Pulse
than a predetermined tinme. The predetermined  tine m
thdtds egoeived byt thecystare 56Lase thatdnay & a fiadel pese- e stamp
pul se (for exanple, 4 ps-to detect all the radar

redi¥Re 2 Neddrls tRp - tinkeestafmpcior ggcht nterB@st. 570 degideevhether the
programmed to not generate an interrupt for situations

redi:érﬁlgt?trsf 6 iRde&d _@ﬁ'adaﬂggﬂag tH&cothblsne&lie B8 sempares the time

t generation technique hel ps in avoiding fal se

A1l radar .detecti i ' '
ot s V5L bR o S, S, 1
t i ; ,
tie SRPORISE 6 SORABIRNGAHEL 160 FacBiAue g ool “fodule 58
interrupt, a pulse counter 60 is triggered to count
canctudesttbat inetreceied signadis agedacsigealent s a pul se that

is received by the system50 and that may be a radar
pul J8049] t | Bpesifiatly, thegostret md@uleeBd catcutates thertime difference

stanp for each interrupt. To deci de whether the

between a predetermined number of successive time stamps. For example, if
interrupt 1 is detected at time t4, interrupt 2 is detected at time to, interrupt 3 is
detected at time ts, etc., then the control module 58 calculates the time
differences (t2 — t1), (ts — t2) etc. The control module 58 then determines whether
the time differences are substantially equal. The control module 58 concludes
that the signal detected is a radar signal if the time differences are substantially
equal.

[0050] In use, when a stream of radar pulses is received by the RF
transceiver 52, the AGC gain drops similar to the drop shown in FIG. 4B for each
pulse. The BBP 54 generates an interrupt for each pulse. The control moduie

58 triggers the pulse counter 60 upon receiving each interrupt. The pulse

counter 60 counts each interrupt. The time stamp register 62 registers the time
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received signal is indeed a radar signal, the contro
nmodul e 58 conpares the time difference between a
predeterm ned nunber of successive tinme stanps. If the
time stanps occur at substantially equal tine
intervals, the control nodule 58 concludes that the
received signal is a radar signal. [0049]

tatefrf gl hierridte. TR coftromabidute 58 caltulatent e tite difference
Saﬁbma IFaé#c?erence[h bet ween a predet erm ned nunber of

betlf’/\gueceg'l: ﬁé{%@agé{gg ﬁﬁigﬁ%p& 9 dfq%ir;g?ét‘%s. gN( -1) tiecHfdPdnde values.

detected at
Thé I}q:ggtr;ﬁmoigghféérc%w% tggte @Céﬁ%%magsélgﬁgl l%.a r&ddt signal if the

differences (t2 - t1), (t3 - t2) etc. The control
(N1t divdecdifi@rerioes an‘etsenbﬁt |§lly\pgpﬁ29wlth|9@epqq rmlned tolerance.

di fferences are substantially equal. The control

nodyd o518 Ryt vetefastérhednvengerteyand faree sicker idstermination of
radar signal if the tinme differences are substantially

fal§§‘@étec do‘}g%@]%ée AolES 8. fuHeR Gptihization ahay dsanutiivédesWhen the

ceive transcei ver 52, the AGC gain drops

COITr'H'gi bu@@% @P‘[ﬁ‘@%ﬁg@me Gifteterc %M@n%’?ﬁwcoﬁ%@%lse and

control dul cs Interrupt for each pul se

ol nodul e t rs t h ul s t ,

a rudsse Vprﬁge@aghthq{t gp eTﬁgngaf &élg ﬁ? ?,Egﬁngg%’éd |s time
each interrupt. The ti ma stanp regist i sters

différente nwith 2aspdonp tinae @Eerence: &p%@caeil-yhet%@ gpgpl module 58
nmodul e 58 cal culates the tine difference between

COPHSATES Shethéd TIE— s papd (Ane tgdrase atithin anprepletarmined tolerance of
di fference va The control nodul e 58 concl udes

oAy, 150 150 sheeindats Sodopmg ity Breee koo, 1
fa?se?rtﬁgeéo%rtro neddljlglgé 38&éts the pulse counter 60 and starts checking
again. In the event that the received signal is a noise signal, the control module
58 does not wait to acquire N signals before determining that the received signal
is not a radar signal.

[0052] Notably, radar pulses occur at regular time intervals, whereas
noise pulses generally occur randomly. Consequently, the time difference
between radar pulses will be substantially equal, whereas the time difference
between noise pulses will not be equal. Therefore, calculating and comparing
time differences between approximately five pulses may suffice to determine
whether the signal received is a radar signal.

[0053] Although radar pulses have a definite frequency, the time

difference between successive pulses may not be exactly equal. This is because
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[ 0051] For even faster convergence and for a quicker
determ nation of false detection of signals, a
further optim zation nmay be utilized. Wen the
control nodul e 58 calculates the tinme difference

between an incom ng pul se and a pul se preceding that
pul se, the control nodule 58 conpares this tine

thed RITF betwemn tha radarppilses maie nat Bivabe. constants | Mareqver, the
the control nodule 58 conpares whether (t; - t;_1)

sighBfpfdcesding tirde 23uch &s intérpt generatien cuise eduntirigs edmcereates
of each other. If true, the control npdul e 58

ang%ﬁﬁggﬁﬁﬁgmﬁt QegagrH&?Weﬁﬁiﬁ%bﬁﬁsidbfatid‘rﬁ%@n ddiiparing the time

reset pul se counter 60 and
Sstart Ki in. t j
aifarghess | §ParaiBr & Sahi ARl ReSEENh he i MEAG Badded
to wehrigmeidiereoenal U3 SAGIMS SERBNCES ghar )y Boszkh oo, may
Not abl y, radar pul ses occur at regular tinme interv

val s,
diffdrebca€. GeneealiylGowmygbadess thantive peream @a perio of a radar
Consequently, the tinme difference between radar

sightdl S For bixamphs, fBrbaseanandl type oaalr, imeayehs 1t5hes, taindefor type 3
Ifference between noise pulses will not be equal.

d
I [ gul ating and conparing tinme differences
ragglte, Ehiyhe 88 ﬁjlé

ween’approxi mately five pul ses may suffice to

det ernj et her th i I [ I § a8 rs

S| gﬁgﬁbﬂf 005 HCeAR, ﬂ@urgh&?gcgi rde%%ﬁger\éagé\/@\easf gﬁlﬁnlmoerms other

frequency, the tine i fference bet .successi ve
et g it s e e g BE o YT g mose. 1n

the RT between the radar pul ses nmay not al vva%/s be.
infrastsuctte mdtes dhe rAP tiieadcssism eagent & difagn thenstationenio use a

as interrupt generation, pulse counting, etc., creates
different radar-free channel instead of the current channel. Some regulations
require that the total time of all broadcast transmissions may not exceed a
predetermined period such as 200ms. Therefore, quick and accurate radar
detection is important.

[0055] Notably, the system 50 for detecting radar recognizes that
detecting a radar signal is sufficient because a channel is unusable once radar of
any type is detected regardless of the type of radar. Therefore, the system 50
does not necessarily need to determine the type of radar once radar is detected.
Instead, the system 50 may only check if a predetermined number of successive

pulses occur at substantially equal time intervals to determine whether the

received signal is a radar signal.
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an aggregate time delay that requires consideration
when conparing the tine differences. Therefore, a
narrow all owance Cin the time differences is added
to each time difference. Thus, the tine differences

(t2 - t1), (t3 - W etc., my differ by C GCenerally,
6 may be less than five percent of a period of a radar

si g[o056]ForRedanmiay, alsorbe gfiectiveindetagied Dyr measurieg the time
may be 15 /is, and for type 3 radar, E, may be 30

diffrSncd OPEMedMEfer FE bRk ifsihwT sletessise patkes, wheee P is an
statiron infornms ofher <client stations (in ad-hoc

B8 el R Rl iy plram s pssyanmed

informth ot t dfroadcasts beacons to

he station 0 yse a ' - .

gepREAtaan interrRk oyt h@’ﬁ[ﬁr%ﬂ?u‘l&éﬁ?z\r& a@%ﬁr@ﬁe &€ gain drops
regul ations require that the total tijnme of all i

betove dle disteshokthXm @gedﬁigrmag?dmmlg%@é’@mgs within ‘a predetermined

predet erm ned period such as 200nms. Therefore, quick
pefiod. aThiy il alledathe dentak module S8ntopederm ptesgynctions and
Not ably, the system 50 for detecting radar recognizes

b ?tumﬁ%_t pEddutGes sru%ﬂaéssbr@&@‘ssih? soéi cueing trecdinse ik is not
channel is unusable once radar o any type is

. det ect I s of the type of radar. Therefore,
'nﬁ@p:;@iggﬁf%yéfﬂgis not necessarily need to determi ne
e e o adar, once radar _is. defect

e (B s Rl 8 b ey B B gt shown

of successive pulses occur at substanti a}l |y al
sapareteiytfor ublsiratyed pUEIOsRR e 20 TR DS HEP sEgaIgHLan the control

signal is a radar signal. 14 [0056] Radar nmay al so be
meHlRC B8V eMpremierc bk driparhefishe isysterh 80t fomsletécting radar may be
implemented by firmware.

[0058] Referring now to FIG. 5, a method 100 of detecting radar is
shown. The method 100 begins at step 102. In step 103, a pulse counter 60 is
reset, (i=0). In step 104, a BBP 54 determines whether a signal received by an
RF transceiver 52 has caused a gain of an AGC module 56 to drop below a
predetermined threshold X. The signal is ignored as noise in step 106 if the gain
has not dropped below the threshold X, and the method 100 returns to step 104.

[0059] If the gain has dropped below the threshold X, the BBP 54
determines whether the gain returned to normal in less than a maximum of 4 us
in step 108. If the gain returned to normal in more than 4 us, the BBP 54

determines whether the gain returned to normal in more than 200 us in step 110.

The signal is ignored as noise in step 106 if the gain returned to normal in less
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di fferences between every P pulses instead of

successi ve pulses, where Pis an integer greater than

1. In another variation, the BBP 54 may be programred

to generate an interrupt for the control nodul e 58

only after the AGC gain drops below the threshold X a
predet erm ned nunber of times within a predeterm ned

thaReZ0ds, antl thewnkethad 1 0Ovretuens tinstep! 1020dﬁh% signay i presumed to

performother functions and better utilize resources

f
be iﬂflﬂa?@irefegﬁ SThivak dMaBTacker imstephie 2tiF tree gainireturoed to normal
interrupted by the BBP 54. [0057] The pul se counter 60

in Ffe AR 200 Ee ;oA RSP 067eis £eisp 103epar at el y

rposes and nay be inplenented in

tsSg{éqoﬁrbtjBﬂ'@pe@i&ﬁéﬁﬁ%%ﬁ%@&u‘f%& r%éér ?{T%{ii%tif e Oddgisl returned

ement e
firmvare. [0058] Referring nowto FIG
to obrrdat inclesaghamdars ins stegnBo. Iwﬁ@at&%iﬁﬂ@é@%&?ﬁ@@?ﬁs an
step 102. In step 103, a pulse counter 60 is reset,
inteirgB) in |stept £14.10A, canBaiPmBruletas iiggarswAepwsp gounter 60 to
signal received by an RF transceiver 52 has caused a

incggg%n@% ANlséGuAPdHl tepa 160_Altiore btampwegister 62 records the time

edetermned threshold X The signal is ignored as
noi S& LN s e & ' has not dropped bel
t . ppe el ow
Sti’ggﬁ‘tefﬂgg%??%:ﬂi%i%ﬁéemg:ﬁlEgod 100 returns to step
: ai n, has dr . :
v AU e S AMS htpn ofe
in | ess than Max | f 4 ps |
(st op) AUB(t.4 + lizherg gaHal WD A @redptRBRIRD tPlPrABRE Rk 119
4 /is, the BBP 54 determ nes whether the gain
fafsel, Wieedntrol modute 58 rdetermeinehdhabihe gignalisatgadanin step 125,
The signal is ignored as noise in step 106 if the gain
afEHHENRLthED MU0 BktirAs | ©SStep 103. If true, the control module 58
determines whether the pulse count i is less than a predetermined number N in
step 120, where N is an integer greater than 1. The method 100 returns to step
104 if the pulse count i is less than N. If the pulse count i is equal to N, the
control module 58 measures the time difference between the time stamps of N
successive pulses, such as (tz —t1), (s —t2), ... J(tn — tnq) etc. in step 122,

[0062] The control module 58 compares the time difference between
successive time stamps in step 124. For example, the control module 58
compares whether (t; — t2) approximately equals (t2 — t1) and so on. The control
module 58 determines that the detected signal is a radar signal in step 126 if the

time differences are approximately equal within a predetermined tolerance €.

Otherwise, the control module 58 determines that the detected signal is not a
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15 than 200 ps, and the nmethod 100 returns to step

102. The signal is presuned to be normal w rel ess

network data packet in step 112 if the gain returned

to normal in nore than 200 /is, and the nethod 100

returns to step 104. [0060] The signal, however, could

be radar or noise if the gain returned to nornal in
rada®Sighd1an dtepi 528,narsd ¢me TRGhotiM aaetuces ¢o stére 188P Bar radar

generates an interrupt in step 114. A control nodul e

ionglst SHAAE pyl ge qu.@i for typerearRet haer signal
S'gggﬁn%l [ LésF{?%bgi%r.n%X t rre@?ﬁzlagrrp |-r ggi ster 6y rgcgr drSS|gnas
t ti st tj for, the detected pulse in step 118.
anf’g@e‘ﬁdﬁf@%gﬁgq%&s'%@ul e 58 deternines whet her Itohe
time differences (ti - tj-j) and (t1-1 - ti-2).ar .
equi@063]t hilhthe ﬁ?@@&%?'ﬁﬂﬁ'eﬂé QOGF'EP%“%%JE’P@ Eqd@ﬁ)sigf@i the client
false, the control nodule 58 determ nes that the
statiognthbt detanbed theel aadarrtransmits #w infermgatianeoves ednetwerk that it
returns to step 103. If true, the control nodul e 58

defisited FadRSoMIRS bieanridie The client stationi trassrhiés thet informzation to an
predeterm ned nunber Nin step 120, where Nis an

as%@éig%* @EQP g{f hetlt#R oberdie8 iNBhRAN L rer RbUE b7 tb Dthdrestations

ulse count 1 1s less than N. If the pulse

. count. i |s ual, t . C I u i

SRk TR Do el A8 OB SRS A
successi ve pul - . - -

infrastryqturet rmggieif@baéggsgﬁgﬁ g@E.C'Ft@geéﬁaﬁ%hg ik petiork the
nodul e 58 conpares the tine difference between

infonmatiosabout iareest anarndl ithet Byay1be. usesr fasxeammenicatien in step
control nodule 58 conpares whether (t3 - t2)

12N PTI9 iiBthéd Y 00@lssin stéb 1300 ) and so on. The contr ol

nmodul e 58 determ nes that the detected signal is a
radapoegipnatrnen sresentl AhvértionNds highly scalable as opposed fo
traditional approaches, which are very specific to the particular type of radar
pulse. The present invention employs the periodic and time invariant nature of a
radar pulse and the random nature of noise signals for successful radar
determination.  With different countries introducing their own radar pulse
determination requirements, the number of types of radar pulses that the wireless
network device will need to determine may increase. This scheme provides a
single unified method for identifying radar pulses that may be introduced in the
future.
[0065] Referring now to FIGS. 6A-6G, various exemplary

implementations of the present invention are shown. Referring now to FIG. 6A,

the present invention can be implemented in a-hard disk drive 400. The present
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time differences are approximately equal within a

predeterm ned tolerance C. O herw se, the control

nodul e 58 determines that the detected signal is not a

16 radar signal in step 125, and the nethod 100

returns to step 103. For radar signals shown in FIG

2, 6 my equal 15 /is for type 1 and type 2 radar
inventisiahtay B imBRrpentbdrin tejther dr batasigsial psdcesdgsand/pf control

the detected signal is confirned to be a radar signal,

cir&.ﬁt@, Cvhidh al ajdriitallyaideditifigst @dl FIG. rewamtt 48RS s some
the informati on  over the network that it detected

g S oSl AR S e anr o
oG e e LE 06 R Sybab it g e

oCc nD
Subsequently, the AP (in infrastructure node)
entyptidoagesior ealculefipesi: apgiri tmat athethabiorwihdo andlor
i nformation about a new channel that may be used for
receVenfibera mayrsticsterage M&diumh406et hod 100 ends in
step 130. [0064] The present invention is highly

SC&"[@(%@ asTRE PN 40b0may cafirhufidate whnoassteievioshino shown)
are"very specific to the particular type of radar

su{%ﬁ# lnég : ﬂ\T ggpﬁ)ru?&ﬁ NnobliY e?é@ﬁﬂ}iﬁ@??@%’iéiaé heu@erdoPers8hal digital

t : Nt ha_tureI 0 f se and the random

nature o oi se signal s,.for essf ul .

asgietati ﬁﬁ'l“lﬂﬁh.p?‘W‘f’ ' H?qdﬁ%roén@%@ yﬁ?@sarq%ﬁﬁ%élga e dior other
the|r own radar pul se determ nation requirenent tﬂ}e

denigesevia aimer gpewrefwiredi gF Witalass CORERURIRALIQH fiakgds. The HOD
network device will need to determne may increase.

400hinaly S5t eornguted itd eseraons40@Isachrasf rapdoneahoess memory (RAM),
i dentifying radar pul ses that nay be introduced in the

low latency nonvolatile memory such as flash memory, read only memory (ROM)

and/or other suitable electronic data storage.

[0067] Referring now to FIG. 6B, the present invention can be
implemented in a digital versatile disc (DVD) drive 410. The present invention
may be implemented in either or both signal processing and/or control circuits,
which are generally identified in FIG. 6B at 412, and mass data storage 418 of
the DVD drive 410. The signal processing and/or control circuit 412 and/or other
circuits (not shown) in the DVD 410 may process data, perform coding and/or
encryption, perform calculations, and/or format data that is read from and/or data

written to an optical storage medium 416. In some implementations, the signal

processing and/or control circuit 412 and/or other circuits (not shown) in the DVD
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future. [0065] Referring nowto FIGS. 6A-6G various
exenplary inplenentations of the present invention
are shown. Referring nowto FIG 6A  the present

i nvention can be inplemented in a- hard disk drive
400. The present 17 invention may be inplenmented in
ei ther or both signal processing and/or contro

Lreuits, Jwieh I duen chiing armd/6t Gecddingtand/
41%63? %Ilﬁgspoefn@rf]i %Pgﬁgﬁ{@hgo%%h ?ﬁghgl gngl pr/ocesgi ngg ancer
nd/or .control circuit.4 . : h Ikt t
anﬁﬁgx/m)sugné?mcqﬁmfém%s?%%é%é@dﬁ@?ﬁ? e ot ng
or encryption, performcalcul ati ;

f or [¥R6&at al R AVE Jr 68 W@yaﬁﬁﬁﬁld"%i%e"?@g/@?‘g pytput device
magneti ¢ storage medi um 406. [0066] The HDD. 400 na .
(not@howi)caich asi @ complitesn televisied QRINCEABYIAT VIaalH °5¥“°Je wired

comput er, nobile conmputing devices such as personal

or %i%lé@é coMmuRicands  linke! 4T .ar ThedD¥D, 4f@dmnayogomymrinicate with
ayers and the |i ke, and/or other devices via one or

p . .
masy atg'o{}g%acg 48 Et%t%%&reegjﬁttg h GARdrVdIAtIa ksart8, THeemass data

eces e bechl\)/;meclte menory 409 such as random
¥ Lat | At 4 |

o368 Sl TRLInAEAEls el AR /LRI OB neve e
ot her suitable el ectron'g?‘l o‘ﬂ@ st or,age. [0 E .

coRbgarationslions for i G-t B FRiRTE mbLHREL atipetyges one
inplenmented in a digital versatile di DVD '

or4h6re Platteps baeing a diwmtebthatr'ra;slnwéleir hﬁ@%@a{cﬁ@%ﬁﬁ&'- The
eit he!r or both si gnal processing and/ or control

Dglt)f ﬁﬂllg triiay behESfnavted gememiory 4i1desudht aedRAM, IR@M, dew latency

, and nmass data storage 418 of
nonvolatile memory such as flash memory and/or other suitable electronic data
storage.

[0069] Referring now to FIG. 6C, 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. 6C at 422, and mass data storage 427 of
the HDTV 420. The HDTV 420 receives HDTV input signals in either a wired or
wireless format and generates HDTV output signals for a display 426. In some
implementations, signal processing circuit and/or control circuit 422 and/or other
circuits (not shown) of the HDTV 420 may proéess data, perform coding and/or
encryption, perform calculations, format data and/or perform any other type of

HDTYV processing that may be required.
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the DVD drive 410. The signal processing and/ or
control circuit 412 and/or other circuits (not shown)
in the DVD 410 may process data, perform coding and/or
encryption, performcalculations, and/or format data
that is read fromand/or data witten to an optica
storage nedium 416. In sone inplenmentations, the

Si 9@@70 1 Pr qRRSHDTY a00/may commuoihicaier withtmass dataystarage 427
other circuits (not shown) in the DVD 18 410 can al so

thag g{sodgﬁ ﬁ'&% Ihe§ A6t shatinel sash ercsslicapandidh onagnetic storage

and any other signal processing functions

deviggs.c CLA S ! hHQqDﬁ.%gﬁﬁ Vthd %ﬁ@hréﬁ% ENVBWATin FEGA9R and/or

put not shown
such as conmput er, t’wel evi_si o ( )

at leastrone WpdﬂaYJYaVﬁ g cudigy n?hsoél\{rh kh%rdné X’i@a AU may

The DVD 410 nay communi cate with nmss data st

bedd Emiri DB thatsindiadasi pney AToMPE? Raters havieg 3 Hiamgter dhat is
data storage 418 may include a hard disk drive

srnH!l%r R BBYroxavatein e .8"c oThegd DAV 420 siaywbe mnpp@fedép?memory

nmay be a mni HDD that includes one or nore

A ATH Y, oty o s e 5o

iReeet S8 BB sy, gy b aimby suppor

ot her suitable
el ectronic data stora 0069
copDoCtions pie SMLAN VEns FEALZIERRrd PITdcelARd s 100 ©
hi gh definition tel evision é DTé‘/S 420. The
i nvejoo7dh  Refeivingi meventonfdd eitheprese oWNeQ{% ay be

processi ng and/or control circuits, which are
1@8%‘?\@&“\' Q%@htrbl system 61 GvebClad3a2nd mags weta stpiage 446 of

orage 427 of
the vehicle control system 430. In some implementations, the present invention
may implement a powertrain control system 432 that receives inputs from one or
more sensors such as temperature sensors, pressureé Sensors, rotational
sensors, airflow sensors and/or any other suitable sensors and/or that generates
one or more output control signals such as engine operating parameters,
transmission operating parameters, and/or other control signals.

[0072] The present invention may also be implemented in other control
systems 440 of the vehicle 430. The control system 440 may likewise receive
signals from input sensors 442 and/or output control signals to one or more
output devices 444. In some implementations, the control system 440 may be

part of an anti-lock braking system (ABS), a navigation system, a telematics

system, a vehicle telematics system, a lane departure system, an adaptive cruise
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the HDTV 420. The HDTV 420 receives HDTV input signals

in either a wwred or wreless format and generates

HDTV output signals for a display 426. In sone

i mpl ement ati ons, signal processing circuit and/or

control circuit 422 and/or other circuits (not shown)

of 'the HDTV 420 nmay process data, perform codin
comrsl/ systerana vehidle enteptaifiment systend awdhoas a $t6reQath‘d|at gompact

and/ or perform any other type of HDTV processi ng that
disEBhdBeIkaYiStRtbthéPinhSiem{EhtdtitmsHiré\cottémprated.

communi cate wth mass data storage 427 that 'stores

dat ﬂoqﬁéast ! agb%gﬂ'ﬁn BRI s )ﬁ#&ﬁ‘\ £52 ﬁﬁy‘&@hmﬁﬂ%@é with mass

evi ces. east one "HDD may have

the confi on sho in Fl
dalh St90gR P ﬁ‘é%s 9{88 i 'au?%fi@'%ﬂ%mﬁépﬂé"‘p. aﬁ?%@ass data
The HDD nay ni HDD that inc)Judes one or
stq;agetoaﬁsmeyww@ gptisalt and/on aagneticssigrags deNigs Tor example
approxi mately 1. 8 The HDTV 420 may be connected to
haf@ngisk drivés DD deIMDVW | Aty leasteopg i omay (have the
menory such as flash nmenory and/or other suitable

coﬁhgaﬁaheﬂ' EheWhairstRICRUBA Hhe/diDRY 1636t adreo DD supdidve the
connections with a WLAN via a WLAN network interface

cof‘nﬁgrérr%t 8975%V\}%e|fneffl'd r@ NeRe DD rﬁag% a rhIRi RDEP e |ncludes one

| ozsga d ‘ement ed control system of

vehi cl e a »

o e e B AL S SN B spb S AA& o
Py T R IaTe ARy BV i RN G FETBPY fbf SUCH as RAM,

sensors such as tenperature sensors, pressure sensors,

ROM, aloworialencyg ensiovalatilai nfenaovys euclor as a‘lafphomemgryotandfor other
sui tabl e sensors and/or that generates

suitable electronic data storage. The powertrain control system 432 also may

support connections with a WLAN via a WLAN network interface 448. The
control system 440 may also include mass data storage, memory and/or a WLAN
interface (all not shown).

[0074] Referring now to FIG. 6E, the present invention can be
implemented in a cellular phone 450 that may include a cellular antenna 451.
The present invention may implement and/or be implemented in either or both
signal processing and/or control circuits, which are generally identified in FIG. 6E
at 452, and mass data storage 464 of the cellular phone 450. In some
implementations, the cellular phone 450 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 such as a keypad, pointing device, voice actuation and/or other
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one or nore output control signals such as engine
operating paraneters, transm ssion operating
parameters, and/or other control signals. [0072] The
present invention may al so be inplenented in other
control systens 440 of the vehicle 430. The contro
system 440 may |ikew se receive signals fromi nput

inpBE HERice. 44haarilral rotessing cand/ol contolatiscuits 462 and/or other
nore output devices 444. In sonme inplenentations, the

cir %L{n%k sﬁ%@bzm'ﬁi&%g?ﬂ?ﬂarbﬁhorﬁ@ﬂso%a?@r@ééés-dam,kperform coding

ng sy a navi gation system a

telemati cs  system i Gl [
o P PEALGE el g R B B {38, Ao coluer
system a vehicle entertai nment system such as a

thn%flﬁlﬁtloDﬁ’D, conpact disc and the like. Still other
i npl ement ations are contenplated. [0073] The
pow§d075]i n Toat cellulary phene 4450 n@ayc 6AMHNIGAE Withp mass data
mass data storage 446 that stores data in a

stdtag¥ cd@Y ithst BRIEEdatdHe amsonviidtie raaonergsuchi@smaptical and/or
I nCl ude optical and/or magnetic storage devices for

m%@%ﬁﬁlﬁgé@e{/ ﬂﬁgfcég fﬁl‘é ng@ﬁ]ﬁi RRr@RECariVddVHDID afld/dreBYDs. At

i | ?ve t ey I guration shown in FIG 6A
or east_on : : fi '
SR R b AR B S ARG ot o
i ncl udes one or pore, platt . hawyl ' -
DVE AN e Thea kRl manend M BIC- G THERED,RA be @ min
control system 432 nay be connected to nennr¥ 447 suc

HEB RaMincl@ias onevor snose djattrreviaving lredigaier thalda S&galﬂar than

flash menory and/or other suitable electronic data
afprexiftRely 8" poTRe icelillar pboheat 50 retyere 46anedted toeapemory 466

support connections with a WAN via a WAN net wor k
sudht 85F BAR1 4RBM TRRv latency nonvolatile memory such as flash memory
and/or other suitable electronic data storage. The cellular phone 450 also may
support connections with a WLAN via a WLAN network interface 468.

[0076] Referring now to FIG. 6F, 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. BF at 484, and mass data storage 490 of the 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 audio/video signals suitable for a
display 488 such as a television and/or monitor and/or other video and/or audio

output devices. The signal processing and/or control circuits 484 and/or other

circuits (not shown) of the set top box 480 may process data, perform coding
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control system 440 may al so include nass data storage,
menory and/or a WLAN interface (all not shown).

[0074] Referring nowto FIG 6E, the present invention
can be inplemented in a cellular phone 450 that may
include a cellular antenna 451. The present invention
may i npl enent and/or be inplenented in either or both

and/b BALryRXiBR epsiIEn aaldlittionsformiat datecand/sr peffooh amyeother set
generally identified in FIG 6E at 452, and nass data

t°PS¢FE’{%%ﬁ §4 of the cellular phone 450. In sone
| enentations, the cellular phone 450 includes a

m c[.Q ne 456 udi . e
andh)(f;:guqi %E?tg{‘]f’[pa?%a% 3}‘%? ?%Wiﬁé'ﬂé%@gﬁ@ ﬁa%ﬁ@éﬁa §torage
i nput device 462 such as,a keypad,__pointi devi
490 dhatstecendetai AMITYPIIS BTIET| R MRS Gaa SipiAge 490 may
signal processing and/or control circuits 452 and/or )
inohidee opticalr endfos riagnetishstarpge rdevicas a5 exaraplephark digkpdrives
may process data, perform coding and/or encryption,

HOS 'dnerép Debeul At ibastsond PIDMmalahavattl configuratiomsbowsrin FIG.
cellular phone functions. [0075] The cellul ar phone

eA;‘?er/%%é? eCBYD MislhalRSthed@igurdtRiragitowt§4n 1Bt 6B. The

L6 T ARV 1 o e
80t B SURRERALES 05 o e pEReE Mif lom
thaesTHeleTITRge APRETERIA(rist | ReSHBIRP EIPXH Miy ergnnected

HDD may be a mni  HDD that includes one or nore
topietricey A%asuchy as BAMEROM ek lateneyrapnwplatileamemory such as

approximately 1.8". The cellul ar phone 450 may be
flaBPABRIGRY aha/dredtRey sdible electronic data storage. The set top box 480
also may support connections with a WLAN via a WLAN network interface 496.

[0078] Referring now to FIG. 6G, 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, which are generally
identified in FIG. 6G at 504, and mass data storage 510 of the media player 500.
In some implementations, the media player 500 includes a display 507 and/or a
user input 508 such as a keypad, touchpad and the like. In some
implementations, the media player 500 may employ a graphical user interface
(GUI) that typically employs menus, drop down menus, icons and/or a point-and-
click interface via the display 507 and/or user 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
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such as RAM ROM |ow | atency nonvol atil e nmenory such
as flash nenory and/or other suitable el ectronic data
storage. The cellul ar phone 450 al so may support
connections with a WLAN via a WLAN network interface
468. [0076] Referring nowto FIG 6F, the present
|\Bvent| on can be inplenented in a set top box 480.
sh RF SRENMddRY ehh{@n 508Y nisy ipfitewseabes perforn t dwatingrand/or
cgo’?’n Si gnalrr: proggsgl ng and/ or control ci rgui ts, whi cgtz
are.gener | 1 ' 'a&q,m i
engipLoL, 8?‘3‘&@4%&@?{@#;@3?%% ?Sgbc?)?ﬁﬁ o.péﬁtq&‘ﬁne1 set top media
box 480 receives signals froma source such as a

playepBSHAB- source and out puts standard and/or hi gh

definition audio/video signals suitable for a i spla
488[@07Q] asThe twiegis s@lawrarﬁ@poﬁ“%rﬁqrﬁmuﬂﬁﬂt%rnghg}as}é data

video and/or audio output devices. The signal
stdage 646ithgt stordsdataosiahoas compressedssiiiapadiar videgeontent in a
circuits (not shown) of the set top box 480 may

noRVGER ni&irfor, PAR 86MeC AHprRINSRatioNl, otheemonypessed audio files

perform cal cul ations, format data and/or perform any

inﬁ%@g :ﬁg’ﬁe@}ﬁﬁ,ﬁﬁ% g@%gfi%mﬁfﬁ/itﬂrMPb%F%bt Bheotast s&fg%o’oltéﬁégmpressed

mass data storage
stores d

ata in a nonvglatile n . Th t Qe
e e g s, Sl AT B dbtca andior

storage devices for exanple hard disk dri HI(PI D
magnitir stovage davicesdior exagnie bars fisk deves HiSD andlor DVDs. At

configuration shown in FIG 6A and/or at |east one
le&M dheTRD D anay havee tentonfiguratiom sbowminifGR6A amdior Fhieast one
HDID may be a mini H D D that includes one or nore

DYk Savtie BoAfigliraliBh showat FiG. 6Ba! The HDBNmay be a mini
approximately 1.8"7 The set top box 480 nay be

HBBnﬁ\%%tir?gudes one or more platters having a diameter that is smaller than
approximately 1.8". The media player 500 may be connected to memory 514
such as RAM, ROM, low latency nonvolatile memory such as flash memory
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.

[0080] Those skilled in the art can now appreciate from the foregoing
description that the broad teachings of the present invention can be implemented
in a variety of forms. Therefore, while this invention has been described in

connection with particular examples thereof, the true scope of the invention

should not be so limited since other modifications will become apparent to the
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to nmenory 494 such as RAM ROM | ow | at ency
nonvol atile nmenory such as flash nenory and/or other
suitabl e electronic data storage. The set top box 480
al so may support connections with a WLAN via a W.LAN
network interface 496. [0078] Referring nowto FIG
6G the present invention can be inplenented in a
skifledli praglitorsr 0P6n dhstugy esfetite idrawirtgsorthengpeification and the
I mpl'emented in either or both signal processing
trol circuits, which are generally
RM?Q@ﬁf@Fﬁg% in FIG 6G at 504, and nass data storage
510 of the nedia player 500. |In some inplenentations,
the nedi a player 500 includes a display 507 and/or a
user input 508 such as a keypad, touchpad and the
like. I'n some inplenentations, the nedia player 500
may enpl oy a graphical user interface (GUJ) that
typically enploys nmenus, drop down nenus, icons and/or
a point-and- click interface via the display 507
and/ or user input 508. The nedia player 500 further
i ncl udes an audi o out put 509 such as a speaker and/or
audi o output jack. The signal processing and/or
control circuits 504 and/or other circuits (not 23
shown) of the nedia player 500 may process data,
perform codi ng and/or encryption, perform
cal cul ations, format data and/or perform any ot her
media player function. [0079] The nedi a player 500
may conmuni cate with nmass data storage 510 that
stores data such as conpressed audi o and/ or vi deo
content in a nonvolatile manner. In sone
i mpl ement ati ons, the conpressed audio files include
files that are conpliant with MP3 format or other
sui tabl e conpressed
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audi o and/or video formats. The mass data storage may
i nclude optical and/or nagnetic storage devices for
exanpl e hard disk drives HHDID and/or DVDs. At | east
one H DD may have the configuration shown in FIG 6A
and/or at |east gmmsDVD may have the configuration
shown in FIG 6B. The HDID may be a nmini H DI D that

i ncl V\ﬂ%ﬁ- : re platters having a dianeter that
is snal éér)e?‘r@%dr%ppr oximately 1.8". The nedi a pl ayer
500 may be connected to nmenory 514 such as RAM ROM
| ow | at ency nonvol atile nenory such as flash nenory
and/ or other suitable electronic data storage. The
medi & pl afevirelgss Q?%Orﬁ‘éf}ev'%ﬁﬁmﬁr's%necti ons with a
W.AN via a WAN network interface 516. Still other

i npl enent at signs! ireceiviogt meduie thafoseceaivasc Ai o Jfieuency (RF)
are contenpl ated. [0080] Those skilled in the art can
sigpat;appreci ate fromthe foregoing description that
the broad teachings of the present invention can be

i npl ement gdsignal regessihy Modlly That EbaTpeises eanwautoenatic gain
this inventi on has been described in connection with

cBAtL! AGE) r@ﬁ%\ﬁ?{jﬁﬁdtthgg Sgﬁera{t&e CBQHS[ §i§98% fhehh® gain of said

Fnvént i on not olimted sinCe other
ifications wi|l becone. arl. ) the 24 skilled

ARG e cBAras heseE TR RPN A0F nos. ¢ he

specification and the followng clains. 25 C aiI\ITB.V\hat

is claimed icontrol  mogpiez|thak ﬁ?g?%ﬁ degpyes time " Intervals

conpri si ng:

between one of adjacent and non-adjacent control signals, wherein N is an
integer greater than 1, and that selectively determines that said RF signal is a

radar signal when said N time intervals are substantially equal.

2. The wireless network device of claim 1 wherein said signal
processing module generates one of said control signals when said gain of said
AGC module transitions from a first magnitude to a second magnitude that is less
than a predetermined value and said first magnitude, and from said second
magnitude to a magnitude greater than said predetermined value within a

predetermined period.

26



a signal receiving nodule that receives a radio
frequency (RF) signal; a signal processing nodul e that
conprises an automatic gain control (AGC) nodul e, and
that generates control signals when a gain of said

dU' N@P%ﬁgﬁ ﬁ}érp?” L4 &F&élﬁf‘a%\l;wﬁ&%iﬁ said signal

CtIV y neasures

|nter_vals et ween one of agdjacent .and, non- adj
PreeRRsing m%ﬁ% elecivelcgsnaraies o fﬁ?&&?”ﬁ?‘eéaﬁsg ‘HQ%" said

1, and that sel ectlvel determ nes that said RF SI\% ,
gairs af $aidarA@CgrdeU\lﬁeﬁfaﬂ§it@nN tMumesy i) §imgse |th|n said

substantially equal. 2. The wirel ess network device of
prétietermineghpennd) vewireindiids ah integec gessitergthandul e

generates one of said control signals when said gain

of said AGC nodule transitions froma first magnitude

to a second magnitude that is less than a

pr eg@t er n?’ \%lr&@sgﬁmeggg%kz@é\ﬁcé bf éltanrg‘g%hér‘éﬁ? sai@r%bnrftfdl’ﬁ‘nodule

sal SECO nagn magni tu greater th

sai d, det er. d. val ue
aqiaimioRs Thel i o sigrbitcad! 4 2edaioRUTHERT I B intepval is not
wherein said signal, proceSS|ng nodul e selectlvely
supstantially equabtooN+la;' dmeite¥al. si gnal s when said gain
of said AGC nodul e transitions M nunber of tines
within said predeterm ned period, wherein Mis an
integer greater than 1. 4. The wirel ess network device

of of ai mfpehgieliess SRétlorierdévite Bidglaim deivdrenginesaid N time
that said RF signal is not a radar signal when Nth

m[er\r)as'cmf&r W‘l b:%d%fgrmmed magnitude that is less than five percent of a

cont

period of a radar signal.

6. The wireless network device of claim 1 wherein said radar signal

has a predetermined pulse width and a predetermined pulse repetition frequency.

7. The wireless network device of claim 1 wherein said RF signal is
received on a channel and wherein said control module generates a radar

detection signal when said radar signal is detected on said channel.

8. The wireless network device of claim 7 wherein said control module
selectively transmits said radar detection signal to other network devices when

said radar signal is detected on said channel.

27



substantially equal to (Nt1)th tinme interval. 5. The
wi rel ess network device of claim1 wherein said Ntine
intervals differ by a predeterm ned magnitude that is
| ess than five percent of a period of a radar signal.
6. The wirel ess network device of claim1l wherein said
radar signal has a predeterm ned pulse width and a

pre ter e repetition fre uenc 7. ,The . .
ecs it Rty [EBRsisg Sai ViFIEES Hinbark devige of claim 1
naI Is received on a channel and wherein said
wfwmrr sidnejiemt étﬁmemaer@ée%lw aeryof aneinbrasirgeuse gde and an ad
when said radar signal is detected on said channel. 8.
hothmoder el ess network device of claim7 wherein said
control nodule selectively transmts said radar
detection signal to other network devices when said
radar signal is detected on said channel. 27 9. A
cli Sl ' ' :
o ol%i mA SR FORt SRRy SaM LRSS R d ViR bF faim 1.
one of an infrastructure node and an ad hoc node. 10.
An access point conprising said wirel ess network
device of claim1l. 28 11. A nmethod of detecting radar,
conprising: receiving a radio frequency (RF) signal;
generating control signals when a gain of an autonatic
gain control (AGC) nodul e changes based on said RF
signal; and
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selectively neasuring N tine intervals between one of
adj acent and non-adjacent control signals, wherein N
is an integer greater than 1, and selectively
determining that said RF signal is a radar signal when

said, N ti ' : i.ald.-y equal. 12.
The 1—:@ hdg‘?%?thgfj%rfﬁghe}“ﬂ éﬁ? ﬁ%‘?%gm’rsﬁyng generati ng
one of said . control signals sai g gain of said
AGC nDduI@GFPVH}%?W%'H}Q%L@HP&\@FFﬁgna gnitude to a
second magni tude that is less than a _predeterm ned
val ue andgenreipting cestrohgignals hen aedin phan austematie gain control
magni tude to a nmagnitude greater than said
(AGEYmioeiute cleahges hased omsaidRpsighal;,eand ned period. 13.
The method of claim 12 further conprising selectively

gener at i ngplefRIPMeBRUENG Ntime! infiredis lbetwéem onsiof agioent and
of said AGC nodul e transitions M nunber of tines

ol s rRlof TR LGB N s MHSREIRMyfehial fhan 1, and
SRENGT; qRBPhRaLRL R hal A°h, BBag s ek tme
substantially equal to (N+1)th tinme interval. 29 15.
innemalﬁara@@b§¥ar¢la5y gAYal. wherein said N time intervals
differ by a predeterm ned nmagnitude that is | ess than

five percent of a period of a radar signal. 16. The
nmet hod of claim 11l wherein said radar signal has a

pr edep er nTRE tnébaeofvéldid 1anfirthep coaptieing generatihg ®ne of said
repetition frequency.
control signals when said gain of said AGC module transitions from a first
magnitude to a second magnitude that is less than a predetermined value and

said first magnitude, and from said second magnitude to a magnitude greater

than said predetermined value within a predetermined period.

13. The method of claim 12 further comprising selectively generating
one of said control signals when said gain of said AGC module transitions M
number of times within said predetermined period, wherein M is an integer

greater than 1.

14. The method of claim 11 further comprising determining that said RF
signal is not a radar signal when N time interval is not substantially equal to

(N+1)" time interval,
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17. The nmethod of claim 11 further conprising:
receiving said RF signal on a channel; and generating
a radar detection signal when said radar signal is
detected on said channel. 18. The nethod of claim 17
further conprising selectively transmtting said
radar detection signal to other network devices when

d rad , . .
>al 15r.a auI"heS In%‘t%'od'éf clgﬁrﬁ e1c1t\<’ev erain Ssaalic?I I\Fttll?n%n%lt'erv%% differ by a
predetermined magnitude that is less than five percent of a period of a radar

signal.

16. The method of claim 11 wherein said radar signal has a

predetermined pulse width and a predetermined pulse repetition frequency.

17.  The method of claim 11 further comprising:
receiving said RF signal on a channel; and

generating a radar detection signal when said radar signal is

detected on said channel.

18. The method of claim 17 further comprising selectively transmitting
said radar detection signal to other network devices when said radar signal is

detected on said channel.
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