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34 DETECTI ON AND ESTI MATI ON OF RADI O FREQUENCY
VARI ATI ONS CROSS- REFERENCE TO RELATED APPLI CATI ONS
[0001] This application clains the benefit of U S

Provi sional Application No. 601749, 222, filed on
-Decenber 9, 2005. The disclosure of the above
application is incorporated herein by reference in its
entirety. FIELD [00.02] The present disclosure
relates to wireless networks, and nore particularly
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frequency variations in wreless sign
[ 0003] The background description provided herein is
for the purpose "of generally presenting the context
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di fferent standards for configuring wreless networks

and devi ces. For exanple, 8.02.11, 802.11(a),
802.11(b), 802.11(g), 802.11(h), 802.11(n). 802. 16,
and 802.20. According to | RIELDIILL 1L 11 1 1 1 I |

Fr e rrr.159159*
111101 1%002] 11The) present disclosure relates to wireless networks, and more
particularly to a system and method for detecting and measuring frequency

variations in wireless signals.

BACKGROUND

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

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

- 802.11(b), 802.11(g), 802.11(h), 802.11(n), 802.16, and 802.20. According to
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*@00002* these standards, wi reless network devices nay
be operated: in either an |Infrastructure node or an
ad-hoc node. . [0005] In the infrastructure node, the
wirel ess network devices or client stations _
conmuni cate with each other through an access point.
in the ad-hoc node, the wirel ess network devices
comuni cate directly with each other and do not
,enploy an access point. The termclient station or
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The net wor k a local area ne
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confi gurati on he net wor
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di stri buted conmuni cati ons system suc

| ah@bpérate dDMObil bR drefer® oMb Figure 2, a second
W reless network 24 operates in an ad-hoc node. The

secondoodgle! Rederfitg WowK @ Figuws! 4das iRy ilehss &NYo |
stati gns 6?}6 1, %66% and 26@,3 t hat translr%%]ts a%%l”b IS

r dostiated Wi areinrastnehge aodie2The fTﬁQwﬁéIésSWetv?drﬁﬁb@ﬁb‘fudes one
26-1, 26-2, and 26-3 collectively forma LAN and

conmord client stitions: 12 wndviont oe aedre @icbess. polite (AP) €At The client
stations 26-1, 26-2, and 26-3
station 12 and the AP 14 transmit and receive wireless signals 16. The AP 14 is
a node in a network 18. The network 18 may be a local area network (LAN), a
wide area network (WAN), or another network configuration. The network 18
may include other nodes such as a server 20 and may be connected to a
distributed communications system 22 such as the Intemet.

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

are not necessarily connected to another network.



are not necessarily connected to another network. 2
[0008] To mnimze radio frequency (RF) interference,
some wireless networks may operate in a 5 Gz band.
However, regulatory requirements governing the use of
the 5 Giz band vary fromcountry to country. Sone
countries utilize the 5 GHz band for mlitary radar
conmuni cations. Therefore, wreless networks
operating in the 5 Gi band generally enploy dynam c
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sinfdraiatiory tHeaPcharuzes .DFS to select the best channel for network
communications that will not interfere with radar.

[0010] In ad-hoc mode, one client station may be designated as a DFS
owner. The DFS owner is responsible for collecting reports from the other client
stations. If any station in the ad-hoé network detects radar, the DFS owner uses
DFS to select the best channel for network éommunicaﬁons that does not
interfere with radar. For example, if station 26-1 is the DFS owner, it will be
responsible for collecting reporfs from stations 26-2 and 26-3. If any station 26-1,
26-2, and 26-3 detects radar, station 26-1 will used DFS to select the best

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



3 SUMMARY 10011] A system conprises a sanpling
nodul e, a counter nodul e, and a frequency
characteristic nodul e. The sanpling nodul e sanpl es
radio frequency (RF) signals on a first channel for a
first predeterm ned period and a second predeterm ned
period that is subsequent to the first predeterm ned
period. The counter nodule increnments first and second
counts when the sanples collected during the first

and second predeterm ned ng@cj@reverse pol arity,
respectively. The frequency characteristic nodul e

det er njopge) a A Ei?s‘?é’rH"cBﬁﬁbriQécf 4 Qﬁmgfgnggrh%!m% RBRAEr ﬁ@d%, and
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[O n another feature, t requency
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counts to determ ne the frequency vari ation.

f ipefivENCHheC beuraer Mbbisib| HcreRidntse ke aRE NS kBats titnRihe
signal is tone radar when the first and second counts

asemplepraolédiad euing teafirst BA@lstkond PredBRiHiREd ;p%ﬁédéf foverse
the sanpling nodul e sanples the RF signals or a

t Ipbladtyp rresisdcively. ne dhp efreq@ubnti atharscteiiehs afioli  deferirites a

second predeterm ned period and wherein the counter

mbrdgliency rof tieemRITt sigreal thased] onatribasnions of ise fiSAERY 8% second
collected during the third predeterm ned period

r evunts ang dieteninings fieq0dntly Vaniatiorobhihe REaigHalcbaseon the first
system further conprises a derivative nodule that
danesesand sountsi rAdtleatit bhe o€ theefinskandesatond eodrits &t equatbito the

second counts
frequency.

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

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

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

and a second difference between the second and third counts. The derivative
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and a second difference between the second and third
counts. The derivative 4 nodule determnes a third
di fference between the first and second differences.
The derivative nodul e determ nes the first and second
di fferences when the first, second, and third counts
are greater than a predeterm ned threshold. [0015] in
anot her feature, the frequency characteristic nodul e
determ nes that the RF signal is chirp radar when the

t hinoduidideteifies s lo‘ﬁ‘ﬁe?er{cg teeinrcril sne%gnd differences.

t hreshol d. The predeterm ne res I
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det er mi nes” whet her the RF signal
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radar nodul e determ nes that t
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zero. [0018) In another feature t%e sgs{eégnéygﬁ tﬁ module

calgermines thatiiharRFE signak Gl @ARY rSGére%bﬁnthéDlﬁ% Efﬁéwrlro% is

that communi cates with the radar nodul e and
sdlpprixgnaielgeerond channel having a different frequency
than the first channel when the radar nodul e

det er nf08&7] t Hatanother REtuss, Yredysietn RABEPEoriHse! alrad# module
and tone radar. [0019] In another feature, at | east

oteat getermiaes whplhesthe RFosigmabigameaad chirp radar and tone radar based

on the frequency variation. The radar module determines that the RF signal is
chirp radar when the frequency varlation is linear. The radar module determines
that the RF signal is tone radar when the frequency varlation is approximately
zero.

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

[0019] In another feature, at least one of the samples is disregarded
and excluded from the first and second counts when an absolute value of the at

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



and excluded fromthe first and second counts when an
absol ute value of the at |east one of the sanples is
| ess than a predeternmined threshold. 5 [0020] In

anot her feature, the predeterm ned threshold is
approximately 0.1. [0021] in another feature, the
first and second periods are adjacent. [0022] In
anot her feature, the first, second, and third periods
are adjacent [0023] In another feature, a wWreless

net wor IS the system .[0024] In . '
anot he:ﬁ’&z’i "°é 5“&2 dE? Qﬁq%?ﬁﬁmlf\?g i["afsst@lﬂfaﬁpe@ymatew
th@1 system [0025] In still other features, a nethod

conpri ses sanpling radio frequency (RF) signals on a
first I d and
sle::gnd pre :ter%mhéeéd;eﬁgﬁ%dgéﬁ'ﬁg %@ﬁgggﬁé%{e?@a?%
first
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fifgl d second predeterm ned periods reverse
efoiércleﬁf? respect ively, determning a frequency of

po
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ofsykidfn, RE si gnal based on the fi rst and second

counts At | east one of the first and second counts Is

equal o2k i SRBIREICKatukd 02 6lak qBRRESE el evi %tcﬂé'ﬁgsésh the

met hod further conprises conparing the
seyeagh, counts to determne the frequency vari ation.
The met hod further

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

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

counts are approximately equal.
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conprises determning that the RF signal is tone radar
when the first and second counts are approxi mately.
equal . 6 [0027] In another feature, the nethod further
conprises sanpling the RF signals for a third
predeterm ned period that |Is subsequent to the second
predeterm ned period and increnenting a third count
when the sanples collected during the third
predeterm ned period reverse polarity. [0028] In
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the frequency variation. The net ho%ggarther conpri
dedreatet thiaf @ préddteriiiddRiresidlignal is chirp radar when

the frequency variation is linear. The nethod further
[0030] In another feature, the method further comprises determining
that the RF signal Is chirp radar when the third difference is less than a
predetermined threshold. The predetermined threshold is approximately zero.
[0031] in another feature, the method further comprises determining
that the RF signal is chirp radar when the third difference is approximately zero.
[0032] In another feature, the method further comprises determining
whether the RF signal is one o'f chirp radar and tone radar based on the
frequency variation. The method further comprises determining that the RF
signal is chirp radar when the freqhency variation is linear. The method further

comprises determining that the RF signal is tone radar when the frequency

variation is approximately zero.



conprises determning that the RF signal is tone radar
when the frequency variation is approximtely zero. 7
[0033] In another feature, the nethod further

conprises selecting a second channel having a

different frequency than the first channel when the RF
signal is one of chirp radar and tone radar. [0034] In
anot her feature, the nethod further conprises

di sregarding and excluding at |east one of the

sanpl es m the first and second co s when, an .
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t and second periods are adjacent. [0037] In
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[0037] In another feature, the first, second, and third periods are

adjacent.

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

least one of the first and secohd counts is equal to the frequency.



frequency variation of the RP signal based on the
first and second counts. At |east one of the first
and second counts is equal to the frequency. 8 .f |,
[0039] In another feature, the frequency
characteristic means conpares the first and second
counts to determ ne the frequency variation. The
frequency characteristic means determ nes that the RF
signal is tone radar when the first and second counts
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third difference is |less than predetermn

t hmestsabodetdrening 8 dmit AereiRE befe@RNRS frst Snd second ﬁ%unts and

approximately zero. [0043] In another feature, 't
f reespoong yiffefuba 0b@eeh theCssdBAMSnd B RbIHEEThé BaivalieEmBEns

signal is chirp radar when the third difference is
determines a third difference between the first and second differences. The
derivative means determines the first and second dh‘ferenceslwhen the first,
second, and third counts are greater than a predetermined threshold.

[0042] In another feature, the frequency characteristic means
determines that the RF signal is chirp radar when the third difference is less than
a predetermined threshold. The predetermined lthreshold is approximately zero.

[0043] In another feature, the frequency characteristic means
determines that the RF signal is chirp radar when the third_ difference is
approximately zero. |

[0044] In another feature, the system further comprises radar means

for determines whether the RF signal is one of chirp radar and tone radar based

on the frequency variation. ‘The radar means determines that the RF signal is
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approximately zero. [0044] In another feature, the
system further conprises radar neans for determ nes
whet her the RF signal is one of chirp radar and tone
radar based on the frequency variation. The radar _
~means determ nes that the RF signal is 9 chirp radar
when the frequency variation Is linear. The radar
nmeans determnes that the RF signal |Is tone radar
mhen t he frequency variation is approxi mately zero.

045] | f eat th temfurth _
Cofim el G e&req??rgé&%ﬂwn?al BGan e A MeAng starEines

C t he s and . selectin
se%g’ SRESTand! s ohd ade? §en ThE R or ity p8Rln ibprprimately
fi channel when the radar neans determ nes that
the " RF signal |Is one of chirp radar and tone radar.
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anot her feature second
argne fflizacent . [0050] In another feature, a wireless
net wor k devi ce conprises the system

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

and excluded from the first and second counts when an absolute value of the at
least one of the samples is less than a predetermined threshold.

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

0.1.

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

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

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

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

[0052] In still other features, a computer program executed by a
processor comprises sampling radio frequency (RF) signals on a first channel for

a first predetermined period and a second predetermined period that is
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[0051] In another feature, a radar detection device
conprises the system [0052] In still other features,
a conputer program executed by a processor conprises
sanpling radio frequency (RF) signals on a first
channel for a first. predeterm ned period and a
second predeterm ned period that is 10 subsequent to
the first predeterm ned period, increnenting first and
second counts when the sanples col l ected during the

first and sec redeternmn riods reverse _
E(;P‘ét?ﬁeﬁvem tBs'% cqr&v@re?eteﬂﬁ‘f‘%ﬁ?rﬁeﬁP‘i?m?’:f'ie@f H”Lﬂa{ﬁ"ﬁﬁ ’t('jﬁdt E?@"d
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t he RF, m\gqﬁal Pﬂased on th‘%y rst nd second counts.
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fre uenc 0053]. 1 n_anot her feature, the conmputer
pr eEn?t & %’Peﬁt[ riheclrst apdnths SAPOheoutS sqndaﬁefemnmg

e g A
Sy T SHErEEHbE e miabany
anot hef Jb%?t Ulre nétngr ﬁe%ﬂ%gt ffle thrﬁ@Jt? ?P%%%%Pﬁher comprises

conprl es sanp signa

%’3‘% i WF@?. og" d Bplso SHRRFMIY réhepty Fa T The
or Sg e pro M el SomBfites ety ‘E‘Qﬁ:{* 3‘5%%?““1‘  tore radar
t
comiciPhe TRREN Socohd Col RIB PRAUMRIBUAL 001 e he
first povdapecRngndimetfeatdloma afmnist prrgglfaco nlgr%? comprises

bet ween t he second and third counts.
preagpiing the RR&ignals for a third predetermined period that is subsequent to

the second predetermined period and Incrementing a third count when the
samples collected during the third predetermined period reverse polarity.

[0055] In another feature, the computer program further comprises
determining a first difference between the first and second counts and a éec_o.nd
‘difference between the second and third counts. The computer program further
comprises determining a third difference between the first and second
differences.

[0056] In another feature, the computer program further comprises
determining the first and second differences when the first, second, and third

counts are greater than a predetemmined threshold.
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conprises determning a third difference between the
first and second differences. [0056] In another
feature, the conputer program further conprises
deternmining the first and second differences when the
first, second, and third counts are greater than a
predeterm ned. threshold. 11 1 [0057] In another
feature, the conputer program further conprises
determning that the RF signal is chirp radar when the

i esndP ST Bkt S5drho % APuBHET @reaam further comprises
oA Bl w T ot iy g o 13 o L alePansSlags thar
h [Wof ' ' wh h Lrd diff
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Si gippdxithtely2bid? radar when the frequency variation is
l'inear. Thé conputer program further conprises

det er migys8p tRAhndther Ranks ofe! cdﬁ%*gngrg%ﬁa?ﬁ{fb%f&ﬁgﬁges

frequency variation |s approxi nat

andetéHiiningeRhethen thb e SHEP iétcﬁig dgﬁgﬁ%g@aﬁ% {385 fadar based on

conprises selecting a secon avin
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RF signal |Is one of chirp radar and tone radar.

| rthatrih IRF sigRalt 8 rdhirptra@arcwRBH MRS frdfuRBE VA4l 8 linear. The
conpri ses _

computer program further comprises determining that the RF signal is tone radar
when the frequency variation is approximately zero.

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

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

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

0.1.

[0063]  In another feature, the first and second periods are adjacent.
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di sregardi ng and excluding at |east one of the sanples
fromthe first and second. counts when an absolute
val ue of the at |east one of the sanples is |ess than
a predeterm ned threshold. [0062] In another feature,
the predeterm ned threshold is approximately 0. 1.
[0063] In another feature, the first and second
periods are adjacent. 12 [0064] in another feature,
the first, second, and third periods are. adjacent.

0065 till other (features, the systens and

Eret ho%jéb cr b EFOtNgh Jedungy dhe fisst er?@ﬁ‘%/@d and Hirdopgrindsr are

Egﬂﬁexecuted by one or nore processors. The
ﬁ% progran1can reS|de on a conputer readabl e

ﬁﬁ' voraiéi T et el -pehos e S T el et deccrbed
E
oo Baiey TR B et Rl Aoy B e more

noBEERbrsL THE oMU fbarf HRIEIAP R B pRiaiHet frdabie medium
dediph -8 %ugﬁ&% It@& 'td)?lg%gfdﬁgr?%%ﬂlg dggé%gg es%my):h Bl e suitable

i ndi cating enbo
diggrdioe ended for purposes of illustration
onl ‘j/é’an i ngttjlb{?'trs]tended tolimt the scope of the

1 S LT Y i
Unsiebmb ApPaehofem H@déiﬁfe@'d'ﬁ&ﬁqgf 8%@%& ggre%ﬁe; hl?should be

acconpanyi ng draw ngs, wherei
f umabiswoalthil 16 ldettilad deserpliornaMd Eﬁécﬁﬁse)@%Yéﬁ Whlle indicating

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

illustration only and are not Intended to limit the scope of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

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

present disclosure;
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operating in an infrastructure node according to the
prior art; [0069] Figure 2 Is a function bl ock diagram
of a wireless network operating in an ad-hoc node
according to the prior art; [0070] Figure 3 a
functional bl ock diagramof an exenplary systemfor
detecting radar and performng DFS in a wreless
network according to the present disclosure; 13
[0071] Figure 4 lists paranmeters of various exenplary
d to detect

R A R RN CERERL
o0 14 STBRTFE B M Bl GBS, 2, DL
Sep! oL SRTRBS, 3, g B B2t 38 o
0Bk e B GRS o ot i
Sl A e ) T
04l iSRRG o7 PURTBL B EL NG ) v

[ OQuf&hatldl GHH Sonfrofl@RICTiSoRN exenpl ary net hod for

measuring frequency ‘of a radar pulse; [0077] Figure 8

v 2,218, B, 00 40, S5 BAae) aphaationtc LA «
f Wigdtiop de RUAESHISHsARINEY By Awireless data packet;
[0075] Figure 6B depicts an exemplary decrease and increase in AGC
gmnlnrespohsetoaradarpube;
[0076] Figure 7 depicts an exemplary method for measuring frequency
of a radar pulse;
[0077]  Figure 8 is a graph depicting data samples of & baseband slgnal
versus time;
- [0078] Figure 9 is an exemplary functional block diagram of a
frequency module of the system depicted In Figure 3;
[0079] Figure 10 is an exemplary functional block diagram of a
frequency characteristic module of the frequency module of Figure 9;
[0080] Figure 11 is graph of number of zero-crossings in a bin as a

function of number of bins when chirp radar pulses are centered at a center

frequency of a frequency measuring device;
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frequency nodul e of the system depicted In Figure 3;
[0079] Figure 10 is an exenplary functional block

di agram of a frequency characteristic nmodule of the
frequency nodul e of Figure 9; [0080] Figure 11 is
graph of nunber of zero-crossings in a bin as a
function of nunber of bins when chirp radar pul ses are
centered at a center frequency of a frequency
measuri ng device; 14 [0081] Figure 12 is graph of

il St T T R

R "ghee ﬁ@feféréfﬁfge”ogﬁ?ﬁtat a center
' % requ

%@i@fgﬁg&%@fﬁ guugﬁ%;rﬁ%%g@% ag\lﬁ%bdrg 14ei s a ?I ovvc%art

op! O 08 KRR 1 BB Rl A nf P OHED Son py e

i Sfr@lkﬁ%bm@bfﬁ#@glg.di agram of a high definition

tel evisi'on; [0085] Figure 15B is a functional bl ock

di agr agogsh] a gl PRARRar deRORE] ex%h’%%rfg%ggt%%ag%the

functional bl ock diagramof a set top

Fi fesgjuendyadRatattefisfidhnednie BeFighle@ck di agram of a nedia
pl ayer[..' DETa'AI LEI‘?)l DESCLIE'%I PTI l?]\Ie[ 0088] The fol | owi ng

descri pigsan i Eigure! 8AY i HEURRRY biBck @hlfaf 8PS high i dbfinition
no way Intended to Iimt the disclosure, iIts

applelisiahj on, or uses. For purposes of «clarity, the -

sane reference nunbers will be used in the drawings to

i dent i [Qp85]  Figure 15B is a functional block diagram of a cellular phone; -
[0086] Figure 15C is a functional block diagram of a set top box: and

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

DETAILED DESCRIPTION

[0088] The following description is merely exemplary in nature and is in
no way Intended to limit the disclosure, its application, or uses. For purposes of
clarity, the same reference numbers will be used in the drawings to identify
similar elements. As used hereln, the term module, circuit and/or device refers to
an Application Specific Integrated Circult (ASIC), an electronic circuit, a
processor (shared, dedicated, or group) and memory that execute one or more
software or firmware programs, a combinational log.ic circuit, and/or other
suitable components that provide the described functionality. As used herein, the

phrase at least one of A, B, and C should be construed to msan a logical (A or B
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simlar elements. As used herein, the term nodul e,
circuit and/or device refers to an Application
Specific Integrated Circuit (ASIC), an electronic
circuit, a processor (shared, dedicated, or group)
and nenory that execute one or nore software or
firmvare prograns, a conbinational logic circuit,
and/ or other suitable conponents that provide the
described functionality. As used herein, the phrase

rre o %2345 &élnai aﬁ%"(e’%“bsf"eéog"i% OF, R égémﬂgl gg ﬁléggrss%orog ?I'?at tsgzps within
ot EEod ek BB e S o e ersE PR o e

di ?ﬁsosur%%%b%ggfr bynga:nhi fp: Iegaleglcsssgr ef:?ieonpz glség)nt

s and P AP LT S ¥

e I et i e

Chopmetng Y RS b, AR ikl o5 WSE CRged S racer

fr 6e:I RGNl P %‘r%l s& %g%grk BShuA %%n&?_c@% tn?umpltgﬁeqjagédgﬁping

system 40 for etection a

UL G e, 25599@ arkdA3Hs FROUNE kg g%@)@%gm e

nodul e 44, a cl ear annel assessmnen

46, an mh Ogﬂbﬁﬂmﬁhévﬂo Pi@ﬁ‘l‘éeg tadystnt b For TR cfefe%ﬁon 8nd |

filter nodul e 50, a dynam c frequency se

( DBB} mayoidloiee 38 au&dh@éifb] gakheorfiei( 5); adié 49" avrha*a% dule

radi o signal strength i nd| cat or measur enent
t héet, racceser chimshl ess%smaaﬁempﬁno&iislm bH%nélégiﬂid:H@éi %ﬁvener

44 determnes if a radi o frequency ( RF) signal "is

st (A& enoduleass, aa filtee deddatenS0)@dd a dynamic frequency selection (DFS) -
module 52,

[0091] The AGC module 42 provides a radio signal strength indicator

(RSSI) measurement to the radar module 44. Based on RSS!, the radar module
44 determines if a radlo frequency (RF) signal is stronger than a predetermined
threshold DFSy, such as -64 dBm. The CCA module 46 distinguishes legitimate
wireless data packets from oﬂ'ner signals and activates the radar module 44 when
the RF signal is not a legitimate wireless data packet. The radar module 44
measures parameters of the RF signal such as pulse width, frequency, frequency
variation, etc. More specifically, the radar module 44 may include a frequency

module 53 that measures frequency and frequency variation of an RF signal.

The DFS module 52 may compare the parameters measured by the radar
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threshold DFSth such as -64 dBm The CCA nodul e 46

di stinguishes legitimate wreless data packets from
ot her signals and activates the radar nodul e 44 when
the RF signal is not a legitimate wireless data
packet. The radar nodul e 44 neasures paraneters of
the RF signal such as pul se wdth, frequency,
frequency wvariation, etc. Mirre specifically, the
radar nodul e 44 may include a frequency nodule 53

hat,, Lati
R QAR 23 Wik oo BRURN AL SRS s e Bhsl. Phe Ektem
. . ] 44 with
Dot SR SRR RERpPihck f SETE gita TaIEr inflor S4fgnm
sygpgm 40 may switch to a different channel if the RF
signal is a radar signal of a known type. [0092] kThe
t ' : t
dovi colSp L SYERRERE ThEY el rfbithb LS o iR ngppork
T | ' : aigal 1y 1 oel
R e 1 S, BE B oo BOM. BF 2 Mpht Bafih, - fd Qreltfghefione

Tosbyice S3typiang iR HREGARS B’%f’“%@g 58/ o bllebhnd B Sor

(or a co nmodul e) - 60. ranscel

SeBBPY & ' ium?;

dg(rmdezl zﬁd glsé Rguaguuﬁw ?ggl}‘ma{]%efgsie F?re@gwt eAgﬁn%cfué%gfr.a %netml
BBRodulej fi0oe 58 may include the AGC nodule 42, the ADC
nodul e 48, and the fitter nodule 50. The control

modul e[0803ayTheRF utdstdiersatacei@sRF Sighils. (1R B8P module
nodul e 46, and the DFS nodule 52. [0094] In sone

i rfifl demotuistés) nitgitizebeandefifers tRORF Sighdl. THe BEBANodME ¢k nay
46, and the DFS nodule 52 may be inplenented in the
BiReludedhé AGEBmodule 42, the ADC module 48, and the fitter module 50. The

control module 60 may include the radar module 44, the CCA module 48, and the
DFS module 52.

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

[0095]  Additionally, the system 40 may be Implerﬁented In any other
devices and/or systems that may be used to detect radar. Although the

disclosure explains how the system 40 may be used to detect chirp radar, a
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of the wireless network device 54. In still other

i npl enment ati ons, at |east one of the .nodules may be
i mpl enented by firmvare and/ or software. Although
shown separately for Illustrative purposes, at |east
one of the nodules shown in Figure 3 may be

i npl enented using a single nodule. [0095]
Additionally, the system 40 nay be Inplenmented I n any
ot her devices and/or systens that may be used to

¢ e PR gy B e bt AL TR aBh # FiRase Aeauency
Sk\ilériaﬁgnsfaiﬁtgi ﬁ%ﬁg;ﬁ%ﬁ%ﬁ? c{r']'e system 40 to detect and

measure fr ons in signals other than

A 1 R A —
o100 el PR LSS eI o S 24800 B foguepr
' . | . . I

| B SHRIETS B8 1P 1 SR g rr rour

t ; her, s Li Fel -
BB SR e 06 AL ST B, e or e
r adpder S . W i ]
a pule’sr eI r"g%g% ivtgiﬁég nwwtséé)d vagILHUF%Eﬂ )FQ]? g?ﬁ%r%&pg%b&g{%oédar
C higrial Mgl hivedd pRise BNtiEP ' f | 2
e P SRy Db & AERPUBRAALA PR
and 1921R8| &&S aPSirphoilth G5 20068 i Yo
signal s used ai n lrzE)\ct ual applicati éﬁ?'ﬁiresg?@&qﬁ%@?] radar
Resigrial inag havavs PW dfi1gs! £PRPEF a &g,ep f |
to di ffgr ent typesgof radarﬁ‘%ugn%rfo?ﬁlg ep%?g?éﬁa%ﬁer
Fivgluee obiddegigrelssusad iresdd@d appkthatidsmayda@inn to a chirp
radar pulse followed by a wrel ess data packet. Figure
5B depi068% edephgngwstarfiberes HA-68,Chirésponsislaf ABH $8in to
74 and a wirel ess data packet 72

different types of radar signals is depicted. Figure 5A depicts a response of AGC

gain to a chirp radar pulse followed by a wireless data packet. Figure 5B depicts
exemplary samples of a chirp radar pulse 74 and a wireless data packet 72
received by the ADC module 48 when the-AGC is off. Figure 5B also depicts a
variation 73 in the signal input to the ADC module 48, when the AGC is off,
corresponding to a varying frequency of chirp radar. Figure 6A depicts a
respbnse of AGC gain to a burst of three radar pulses followed by a wireless data
packet. Figure 6B depicts in detail a decrease 78 and an increase 80 in AGC
gain in response to a radar pulse.

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

the AGC module 42 typically decreases to a value that is less than a normal
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received by the ADC nodul e 48 when the AGC is off.
Figure 5B al so depicts a variation 73 in the signal
input to the ADC nodul e 48, when the AGC is off,
corresponding to a varying frequency of chirp radar.
Fi gure 6A depicts a response of AGC gain to a burst
of three radar pulses followed by a wireless data
packet. Figure 6B depicts in detail a decrease 78 and
an increase 80 in AGO gain in response to a radar

r 2o i B AGE Moué FRR ki T yreme Lo aner a
VarRea R oo Bl e Rt g R A el o e e
by el AN DenRE of Bl BieResind B ol B At sk e sional
o1 enepati Ty BRBE RpERy By A REGEEIH 3¢ fises 8%adl sonai

f I QELSAS YndiGkdr (REEH

strength indicator (é%ﬁ%@%%#%ﬁ@ofﬂ% @Ffsléaﬁflfp the

of ridae mi3GLBIAANH RS bRBodd AEAHBRIMLE ¥, | c&%%sibf ABm, the

exceeds a threshold va such as -

ra r gflar detection. [0099]
Thgﬁéégﬁdnglgﬁﬁgﬂamgﬁﬁ%%ene whet her the RF signal

s a lloog)i mhe 0K Rlods Mahdy BaGKRRe wRGREPRIIRE faids -

legitimate wreless data packet Includes a sta

s elpgtintate wiitlessifata pREk: e A4ReRRBIE  FToqRinkAb mjggéﬁéé Bt Hoket

the sequence in the preanble to determ ne

RFinsludesak stahdard Sgjueh@Rt The BOACMBESe A8t SBriBAHK Etcorry%gon on
CCA nodul e 46 uses a CCA signal to activate the radar

nothelsequehcelirethetprearfble 36 gataimihe whsthePthleqBt Ligh&ti€a legitimate
W rel ess data packet.
wireless data packet. The CCA module 46 uses a CCA signal to activate the
radar module 44 when the RF signal is not a legitimate wireless data packet.
Thus, the CCA module 46 may prevent false triggering of the radar module 44.
More specifically, the CCA module 46 may prevent the radar module 44 from
per'forming' radar detection and DFS when the RF signal is a legitimate wireless
data packet. In addition, the CCA module 46 may prevent the radar module 44
from belng falsely triggeréd by Bluetooth jammers.
[00100] The ADC module 48 converts the RF signal from an analog to a
digital format. When the RF signal is no longer being received, the output of the
ADC decreases to a low value. The radar module 44 monitors the output of the

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

predetermined threshold and remains below the predetermined threshold for a
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Thus, the CCA nodul e 46 may prevent false triggering

of the radar nodule 44. More specifically, the CCA

nodul e 46 may prevent the radar nodul e 44 from

perform ng radar detection and DFS when the RF signa

Is alegitimte wreless data packet. In addition,

t he CCA nodul e 48 may prevent the radar nodule 44

frombeing falsely triggered by Bl uetooth jamrers.

[ 00100] - The ADC nodul e 48 converts the RF signal from
the RF signal Is

no PRI 8P flg PeAuhBbt 3 Blesis Buns: cadwrmgRmditon. The
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(PW, Tfrequency, frequency va
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50 typically Tncludes a I ow ert

t h@odulé PsE. Ohidrd esp@%cé@%%@fﬁufexaﬁ nqc?aggﬁr es%?gﬁ%%pigxggrthe

det erm nes whet her the F signal 1°s 'sin

o0 6 B0 Mo & ReEarien o SR P SarBL TR e Rl modue 53

dedetemminesschdiacteristies o ey R bald o
the RF signal. gl'he frequency%n%gﬁﬁﬁgﬁ thé%:fﬂggﬁn%r%gs&%at'on‘

c hEtreacttacadtevtsticss ofothe tRFe sifial ShayNsd ub&ﬁﬁ;ddé%éhﬁlﬁtfwh ther be RF
0 tﬁe R

frequency variation.. The characteristics
si gghal ispinglelone sasidr bochirptradan ne whet her the RF  si gnal
is single tone radar or chirp radar.

0102] The radar module 44 determines parameters of the RF ‘signal
such as pulse width, frequency, frequency characteristics (e.g., chirp frequency,
single tone frequency, etc.), and pulse repetition interval (PRI!). The DFS module
52 compares the parameters determined by the radar module 44 to the
exemplary parameters shown in the table in Figure 4 to determine whether the
RF signal is a radar signal of a known type.

[00103] When the signal strength of the RF signal exceeds DFSy, and
when the CCA module 46 Indicates that the RF signal is not a legitimate wireless
data packet, the radar modute 4—4 measures pulse width of every pulse of the RF.

More specifically, the radar module 44 determines a beginning of a pulse based

on the RSSI signal generated by the AGC module 42. The RSS! signal indicates
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[00102] The radar nodul e 44 determ nes paraneters of
the RF signal such as pulse wdth, frequency,
frequency characteristics (e.g., chirp frequency,
single tone frequency, etc.), and pul se repetition
interval (PRI). The DFS nodule 52 conpares the
paraneters determ ned by the radar nodule 44 to the
exenpl ary paraneters shown in the table In Figure 4 to
determ ne whether the RF signal is a radar signal of

= St Al ORES UL aL K bIE
| nehCarteesuéd@tindidfed by Hi HRRS uh&erﬂﬁrﬁo ﬂdét@ﬂhj&ie@%ﬁ%y Jhe radar

wirel ess data packet’, the radar neasu
puhseulgisata tief erRVETeveR HuRe. Ofhd RfalhoduldRl ﬁglc%lates the pulse

specifically, the radar nodule 44 determ ne

begitimnofrthe plise bp ¢beRing Asder 7 | inni
gener at ed gy thg AGC ﬁodul eeg% B%ggagggltﬁi?gﬁg? beginning of
| rtbé palseand & tindsfthéend e ted p@s@ul se when the AGC gain
crosses the -64 dBmthreshold. An end of a pulse is

i ndi cafoadobly AbdiioNaly, wReecsiviRg SADE

t he radar ];/mdul e 44 at the en% ofﬂgegﬁgeﬂﬁ{f@ﬁg’%@%em
r afitre posty the rédaranbduld 44 generites BHigHAl to\Wesdt theQair 6f8he pcc
pul se by counting a difference between the tine of the
betgduis AZ tothe hdrmal palles eUnNSs bt thewamf of tthe ASTnBEule 42
the pul se. [00104] Additionally, after receiving the
AD@Y Al fongemto sétgmetb that ndninel veahek, and incbing Wasedurng ehat time
radar nodul e 44 generates a signal to reset the gain
ofPerpmAgLe legbdul e 42 to the nornmal val ue. Unless
reset, the gain of the AGC nodule 42 may take | onger
to reti@Ph03]o Refering nawito Figupe 7, thedréquencyi modulka5a measures
dﬁ{e‘&? that tinme period may be |ost. [00105] .

REFCETFRURCOh Sl e REi anak tor deferaing rahgasterigtiosof ithe sigdal. As

measur e's . -
previously mention, the characteristics may be used to determine whether the RF

signal is a single tone radar signal or a chirp radar signal. The frequency module
53 divides a baseband signal into bins of equal periods. The period of each bin
is proportional to the resolution of the frequency measurement. In some
implementations, the frequency module 53 may determine the frequency of the
RF signal when the gain of the AGC module 42 decreases below a
predetermined threshold DFSy, (typically -64 dBm).

[00106] The frequency module 63 determines the frequency of the RF
signal for each bin. More specifically, the frequency module 53 counts zero-

crossings for each bin to determine the frequency. By counting the number of
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the 'frequency of the RF signal to determne
characteristics of the signal. As previously nention,
the characteristics my be used to determ ne whet her
the RF signal is a single tone radar signal or a
chirp radar signal. The frequency nodule 53 divides a
baseband signal into bins of equal periods. The period
of each bin is proportional to the resolution of the
frequency neasurenent. In sone inplenentations, the
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the sanpled data may have nultiple ‘zero-cross

| i 2ero-theSIAgUS RN A1 PaE AR absﬁﬁtﬁ%es(ﬁssﬁ'g}‘@a‘{eerﬁhan a

t he baseband signal may have only two true zZe

CrpresetagsnaiSABS GwesHol. FBgbentig dEREERANELhat BSve an absolute
frequency nodule 53 only counts zero-crossings o'}

dataduesgreptee thahithé ABSVIBre3RolapHe! fhigBend! HEdId\BS)
than a predeterm ned ABS threshol d.@By count'ingggtg{ng{wo

s epi-erossihgst raltey thamnten arl-¢rbssingsatbot e BaBabaHd LA shbfn in
ABS threshold, the frequency nodul e 53 may count two

z &Tigre Bos b sayse impléreentetians, trenABBIthreshels mhaydbe f0of, ditheugh
baseband si gnal shown In
other thresholdgs may be used.

[00108] Referring now to Figure 9, an exemplary implementation of the -
frequency module 53 is depicted. The frequency module 53 may include a
sampling module 100, an ABS module 102, a polarity comparator 104, a counter
106, a timer 108, a clock 110, memory 112, and a frequency characteristic
module 114, |

[00109] | The sampling module 100 may communicats with the ADC
module 48, the ABS module 102, and the timer 108. The polarity comparator
104 may communicate with the ABS module 102, the counter 106, and memory

112, The counter 106 may communicate with the timer 108 and memory 112.

The clock 110 may communicate with the timer 108.
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Figure B. In some inplenentations, the ABS threshold
may be 0.1, although other thresholds nay be used.
[00108] Referring now to Figure 9, an exenplary

i npl enentation of the frequency nodule 53 is

depi cted. The frequency nodul e 53 may include a
sanpl i ng nodul e 100, an ABS nodul e 102, a polarity
conmparator 104, a counter 106, a tinmer 108, a clock
110, nenory 112, and a frequency characteristic
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and stores the
when the timer 108 expires. The count total sampled during the predetermined
time generally corresponds to the frequéncy of the RF signal for each bin.
[00111] The frequency characteristic module 114 may communicate
with memory 112 and determine frequency characteristics of the count totals (or
frequencies) stored in memory 112. More specifically, the frequency
characteristic module 114 compares the frequencies of each bin and determines
whether the frequencies vary according t0 a predetermined pattern. For
example, if the frequencies vary according to a linear pattemn, the RF signal may
be chirp radar. If the frequencies are substantially the same from bin to bin, the
RF signal may be tone radar.

[00112] Refering now to Figure 10, an exemplary implementation of the

frequency characteristic module 114 is depicted. The frequency characteristic
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sanple in nenory 112. The counter 106 stores the count
total in nmenory 112 when the tiner 108 expires. The
count - total sanpled during the predetermned tine
generally corresponds to the frequency of the RF
signal for each bin. [00111] The frequency
characteristic nodule 114 may communicate wth nenory
112 and determ ne frequency characteristics of the
count totals (or frequencies) stored in nmenory 112.

P e B o B pod SRS SRR o
SRTRLTE? Lo e 8 it
MRl So R U AR HE: AT oA AR AR
A o 55N i T
T TR AR SR Pl SRR e

c n?pteristic 23 nodule 114 may include a tone
no e 150 and a chirp nodul e 152. The tone nodule

L R T b
R ot it {9 a0 Bmedih K ehdled ot GEATH o pemory
gyl gf tHBeqUeRcis %!ré‘-gﬁ’&tén%aﬂﬁﬁugr%’gfée, Stll?% ﬁe. %{)@l.géf ?g?ymay

vari ation characteristics of “t

Thigtdname tABWRH Sgrdd?% BB YorleN Cfd/&tefind WhStHeP Yf‘%aﬁ@&déﬁcies are
154. The tone conparator 154 nmy compare the

f saestamRie theodfanfa @ik Bhe cohSar8®r 154 ARWRIS6 cokipare iHe Vahstion
frequencies are substantially the sane, the tone
nofledch i artwyie threshold.
[00114] The chirp module 152 detehnines whether the frequency of the
RF signal varies linearly, in which case the RF signal may be chirp radar. Figure
11 depicts evenly distributed zero-crossings where pulses of chirp radar are
centered at a center frequency of a DFS-enabled device receiving the chirp radar
signal. Chirp radar may include a down-chirp as generally depicted at 180 and
an up-chirp as generally depicted at 182. Since the down-chirp and up-chirp are
linear in nature, the chirp module 152 méy determine that the RF signal is chirp
radar when the pattem Is linéar.
[00115] Figure 12 depicts unevenly distributed zero crossings where

pulses of chirp radar are not centered at the center frequency of the DFS-

enabled device receiving the radar signal. As with Figure 11, chirp radar that is
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determine the RF signal to be tone. To determ ne

whet her the frequencies are substantially the sane,
the tone conparator 154 may al so conpare the variation
of each bin to a tone threshold. [00114] The chirp
nodul e 152 determ nes whet her the frequency of the RF
signal varies linearly, in which case the RF signa

may be chirp radar. Figure 11 depicts evenly

di stri buted zero-crossings where pul ses of chirp radar
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e WS e INGBLED IS ALY R St o
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glown-chirp and up-chirp are linear in nature, the
chirp nodul e 152 may determ ne that the RF signal is

chirp [(f(ﬁqa]’ p)’-“@%ﬂ-ingrb%c?ﬁ @lﬁg{és‘{oﬁll ehﬁggkzogp%q(%%gb@/l iﬁagde a

Fi gure 12 depicts Uneve
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center frequency (0] ena evice rec

t h8ing Rt hake0Rabw fRJuMNdmE] BY §erﬁtive°-tgi faRdJrﬁdr‘?d;?e; %ﬁé are

is 24 not centered at the tenter trequency Is

| i gxGRbed Wh%ﬁtd&émin%mbcﬂduﬁgcftzhérgﬁeﬁﬁgéi g'ﬂé}ef%eQe high
general ly depicted at 184 and.” up-chirps are genetally
depiss tresbiu®d 156 $by B0ddPlo REh&VS biRg WIRCK freQudrl

the chirp nodul ey152 may i ncl ude 'a hi _g% pggsdcggéﬁﬁ é@n @
13fequenayhithisitsdPRér L 86nsldeBatior dutiend eterRining® (R It duency
160. Bins that have a | ow frequency nmay be sensitive

t ovarigtivtbom noi se and are excl uded when determ ning the.
frequency characteristics. Therefore, the high pass

nmodul e[08%567Inebhederivatve module oy endyiapprokinidie @ firstemdaRednd
! %?eﬁvaftir\lg rl)f atlhe frequencies of each bin stored in memory 112. The second
derivative may be used to determine whether the frequency variation is linear.
More specifically, if the second derivative is approximately zero, the frequency
variation is linear. If the frequency variation is linear, the chip module 152 may
determine that the RF signal is chirp radar due to the linear characteristics of

chirp radar.
[00118] To determine the first and second derivatives of the frequencies,

the derivative module 160 may use difference equations. The first derivative may

be determined with the following equation:

d1=|zi —ZH-]'
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frequency threshold from considerati on when

determ ning the frequency variation. [00117] The
derivative nodule 160 nmay approximate a first and
second derivative of the frequencies of each bin
stored in nenory 112. The second derivative may. be
used to determ ne whether the frequency variation is
linear. More specifically, If the second derivative
is approximately zero, the frequency variation Is

e o S ERARRE 64 ) o O i e
chi T ERSn N BSORh" TR0 SARRAE el Sdnhost ui e
derfolaihy 6qualibn;t he frequencies, the derivative nodul e
160 may use difference equations. The first derivative
T 25 where di 18 tRe Tkt gert vative, 2 is
Fr QU 85 TP o468 i, o 4 Biec Uit b esamncy in a
SRR, 28 e e 2t P00y W e e e
0er L08R e SRR 14 B B i e sons
ahere i e Rhaki26R, ol SRR 415 Rt pppari 158
Aoyl B8ty b A0 BB e e P ot
chishigntly harestBeltkhnt Bérb. | 3 the second derivative is less than the chirp
threshold, then the second derivative is approximately zero. If the second
derivative is approximately zero, the chirp module 150 may determine RF signal
to be chirp radar.

-[00120] Referring now to Figure 13, exemplary steps taken by the
frequency module 53 to determine the frequency of the RF signal are generally
depicted at 200. The process starts in step 202 when the RF transceiver 56
receives the RF signal. In step 203, the clock 110 sets the timer 108 to
countdown from a predetermined time. In step 204, the counter 106 is initialized
to zero. The sampling module 100 collects data samples from the ADC module
48 in step 2086.

[00121] In step 208, the ABS module 102 determines an absolute value

of the samples. The ABS module 102 dstermines whether the absolute value of

the sample Is greater than the ABS threshold in step 210. If the absolute value of
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slightly greater than zero. If the second derivative
is less than the. chirp threshold, then the second
derivative is approximtely zero. If the second
derivative is approximately zero, the chirp nodul e 150
may determ ne RF signal to be chirp radar. [00120]
Referring now to Figure 13, exenplary steps taken by
the frequency nodule 53 to determ ne the frequency of
the RF signal are generally depicted at 200. The

Fe i Samprls Ghestly hEF A7 el e bbb orpgrator 104
o terifed bBEnaOR o’y M Haber Bufiarid i Sea 2T o e
fr Sleri (A2 e he T elsonedy 15 B B oo it g 214.
o Tt SRz B ind Wdichol o 85 HelSieR, iercbe i ie nes
Ae ST o ThHSI® nah dSolRiTE VBT IR fofiden 106 has
26 ichenermedo8s Stordd'iff %eiﬁor% Efi‘élnt eé’%\?ﬁ%ﬁé%ﬁ%{ggs ehdin step

pol arity conpar at or rm

- | it i 212.
PO Wt AT i AR 8

count erod{B] i MK ABBLfodule fiEdtdithnes thit 15 SPsARE vailid'§ the
eteh ﬁe ?I mer vi

frequency nodul e 53 determ nes er t

hasamgis i kisttredtér thaR the ABS tAR8hdIdH SXPiH S,EmetAlB% }ﬁghl:ﬂﬁ 102

- that the counter 106 has Increnented to |Is store

mediscardsl he sampie irstéebl 822 Mhd hequRheF RvauIR MAdetdmiteS vhether
220. If the tinmer 108 has not expirted, the process

r ethertinier 108 B4exphed in $189228] If tHe thit? 10BRa8BxbHe8, the Jalue that
determ nes that the absol ute val ue of the
the counter 106 has incremented {o is stored in memory 112 in step 218 and the
pracess ends in step 220. If the timer 108 has not expired, the process retumns to
step 206.

[00123] If the polarity comparator 104 determines that the polarity of the
sample has not transitioned in step 212, the frequency module 53 determines
whether the timer 108 has explred in step 216. If the timer 108 has expired, the
value that the counter 106 has incremented to is stored in memory 112 in step
218 and the process ends in step 220. If the timer 108 has not expired, the
process retums to step 206.

[001 24} Referring now to Figure 14, exemplary steps taken by the

frequency characteristic module 114 to determine whether the frequencies stored

In memory vary according to a particular pattern are generally depicted at 250.
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sanple |Is not greater than the ABS threshold in step
210, the ABS nodul e 102 discards the sanple in step
222. The frequency nodul e 53 determ nes whether the
timer 108 has expired in step 216. If the tinmer 108
has expired, the value that the counter 106 has
increnmented to is stored in nmenory 112 in step 218 and
the process ends in step 220. If the timer 108 has
not expired, the process returns to step 206. [00123]
I f. the polarity conparator 104 determ nes that the '
pol &% iPFes? qegéts 18 5P 298 as Im §tept 28 he i fepguencyncharagteristic
212, th Lre uency nodul e 53 determ nes whether the
tiW@P“'igé Fﬁfgsi %‘f%@"%%at%frzmenewwﬂ% i sten 2540 &he tone
has expi.re hat the counter 106 has

Pt

the wvalu ) ¢
in %@%35‘% geteamiogs, wag FRIMSNOjes e sustanfially the same
If the tiner 108 has

noforh 3 R R B, Seeetiedhy Bhné e comeriatyr 459, cqroeprasine
t PRl o bR Zo7 o 2 FER G e e tovSisbr R rom
acnenaty IMfhe AERURIES FamBrCletbln e sFEpi B Fpme, the tone
| ehe s Ein e g REF S0 RIS od 280 g he
;gﬁ%sﬁlgﬁd; QSR of a bin fromnenory 122. In step

e tone conparator 154 determni nes whether the

frequ (I?/[)brbh 95] af iﬂ}e_sﬂdn? ltcgl%%iﬁ{olr % 5k P AlTES él{ag ?nrglt%grﬂ:e%&es are

bi n. e specifica e tone conpar

CQEp 8l i r i i a
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e dETHRES el A Relichey b BreBfof vRhos Blichy bfeddfs n
sistgpal60.s If thee frequbmiy ii$) nbt greatdrBhandnd equency threshold, the

frequency characteristic module 114 determines whether there are more bins in
memory 112 in step 262. If there are more bins in memory 112, the frequency
module 114. reads the frequency of the next bin stared in memory 112 in step
253.

[00126] If the frequency comparator 156 determines that the frequency
is greater than the frequency threshold, the derivative module 160 determines
the first derivative in step 264 and the second derivative in step 266. In step 268,
the chirp comparator 158 determines whether the second derivative is less than
the chirp threshold. if the second derivative is less than the chirp threshold, the

chirp module 152 determines that the RF signal is chirp radar in step 270 and the
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process ends in step 258. [00125] If the tone:
conparator 154 determ nes that the frequencies are

not substantially the sanme frombin to bin in step

254, the frequency conparator 156 determ nes whet her
the frequency is greater than a frequency threshold in
step 260. If the frequency is not greater than the
frequency threshold, the frequency characteristic
nodul e 114 determ nes whether there are nore. bins in
menory 112 in step 262. If there are nore bins in
mepioFgss1arms inhaten 2E{udhthy sesoud iderivetive iseaatsless éhan the chirp
frequency of the next bin stored in nmenory 112 in step
25tpreshoid) e proqese Reds ipstppaddSy conpar at or 156

determ nes that the frequenc 'S greater than the
frequed®@1%7hr Bsfesing Aave WerFigurepy e15fothi. e vadeus exemplary
determines the first derivative in step 264 and the

s el&ftﬂ‘?d“ &IB3topsof the systest dhareaehiowny Rafergnepew to Figure hiA,ghe
rat or 158 determnm nes whether the second
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rada step 270 an rocess_ends in
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OUt put [gg128R! Phe HDTV 420 may communicate with mass data storage 427
that stores data in a nonvolatile mannef in devices such as optical and/or
magnetic storage devices. The devices may include, for example, hard disk
drives HDD and/or DVDs. The HDD may be a mini HDD that includes one or
more 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.
[00129] Referring now to Figure 15B, the system 40 can be

implemented in signal processing and/or control circuits 452 of a cellular phone

450 that may include a cellular antenna 451. In some Implementations, the
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for a display 426. In some inplenentations, signa
processing circuit and/or control circuit 422 and/or
other circuits (not shown) of the HDTV 420 may
process data, perform coding and/or encryption,
performcal cul ations, format data and/or perform any
ot her type of HDTV processing that may be required.
[00128] The HDTV 420 may communicate with mass data
storage 427 that stores data in a nonvol atile manner
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antenna 451. I n sone enent ati
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. 458 such as a speaker and/or audi o out pu Jac

di apdi/ay maghbtiRNrage aBvibd UThdl BMIER MSZ Inshial, f/og?éxgvP%le hard

keypad, pointing device, voice actuation and

| npisk delessi BD ahBRr DVCBN athe MO0 955/ ia 3 199D ?@?tlﬁéﬂldeﬁ one
circuits 452 and/or other circuits (not sho

cebt mbrer plitters)RaviiDa BRYNEIARASS sﬁﬁﬁﬂéif thaﬂ-?éﬁ;%)ﬁﬁnﬁ@w 1¢. The

and/ or encryption, performcalculations, format data

aneglivlar phorfeossn mah be coehdéatedito MR 4aﬂlﬁtch%SRAM, ROM, low
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 natwork interface 468.

[00131] Referring now to Figure 15C, the system 40 can be
implemented in signal processing and/or control clréuits 484 of a set top box 480.
The set top box 480 receives signals from a source such as a broadband source
and outputs standard and/or high definition 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

cirouits (not shown) of the set top box 480 may process data, petrform coding
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[00130] The cellul ar phone 450 nmay communi cate with
mass data storage 464 that. stores data in a
nonvol ati |l e manner in devices such as optical and/or
magneti ¢ storage devices. The devices may include, for
exanpl e, hard disk drives HDD and/or DVDs. The HDD
may be a mni HDD that includes one or nore platters
having a diameter that is smaller than approxi nately
1 8". The cellular phone 450 may be connected to

| ow | atency nonvol atile

466 uch
AR SRBRILE heriaum CHEHBIOpS AN et HEy s oEm ey other set

ctronic data storage. The cellul ar phone 450 al so
§> E 8% onnections with a WAN via a WAN
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set top box 0 may comuni cate nass
4903t %x%@@ra%%rﬂ Suppbirt SorHaRH WG

dat ardgtorage 490 %;ay p'pB e?u e &*sﬁ?@l% and/ oéaﬁgm IC
stimedare 48vi ces such as hard di sk drives HDD and/or
DVDs. The HDD may be a mni HDD that includes one or

mor e pjogy3dr Referring now to Figure 15D, the system 40 can be

implemented in signal processing and/or control circuits 504 of a media player
500. In some implementations, the media player 500 includes a display 507
andlor a user input 508 such as a keypad, touchpad and the like. In some
implementations, the media player 500 may employ a graphical user interface
(GUI) that typically employs menus, drop down menus, Icons and/or a point-and-
click interface via the display 507 and/or user input 508. The media player 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 cading and/or
encryption, perform calculations, format data and/or perform any other media

player function.
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having a dianmeter that is smaller than approxi mately
1.8". The set top box'480 namy be connected to nenory
494 such as RAM ROM |ow | atency nonvol atile nenory
such as flash nmenory and/or other suitable electronic
data storage. The set top box 480 al so nmay support
connections with a WLAN via a WLAN network Interface
496. [00133] Referring nowto Figure 15D, the system
40 can be inplenmented in signal processing and/or
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contenf in a nonvolatile manner
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files that are conpliant w ormat or

S Wildoainb @ sGEPERt ohheclions With @ WMNQHa !'WERN fn@fvfﬂ?i thterfd@ 516,
mass data storage may | nclude optical and/or
Still other implementations in addition to those described above are
contemplated.

[00135] Those skilled in the art can now appreciate from the foregoing
description that the broad teachings of the disclosure can be implemented ina
variety of forms. Therefore, while this disclosure includes .particular examples,
the true scope of the disclosure should not be so limited since other modifications

will become apparent to the skilled practitioner upon a study of the drawings, the

specification and the following claims.
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magneti c storage devices such as hard disk drives HDD
and/ or DVDs. The HDD nay be a mini HDD that includes
one or nore platters having a diameter that is
smal l er than approximately 1.80. The nedia pl ayer 500
may be connected to nenory 514 such as RAM ROM | ow
| atency nonvol atile nmenory such as flash nenory

and/ or other suitable electronic data storage. The
medi a pl ayer 500 al so @&MSupport connections with a
\ALAP@%L\PC%E V\%ﬁl\] network interface 516. Still other

i np RCEHATHE in addition to those described above
are contenplated. [00135] Those skilled in the art
can now appreciate fromthe foregoing description

t hat. t heAkysa coapelinggs of the disclosure can be
inplemented in a variety of fornms. Therefore, while

this di seiaHunemolEle W Sarfibd fagid | u&%?mb)e&gna}stdaea ﬁrét channel
no

true scope of the disclosure shou be so limte

for%iﬂiﬁ%réﬂe{é%ﬁin@@?érfdd%tl laQB&nd YrddbteREHEFe BRI N Wubldduddi o said first
skill'ed practitioner upon a study of the draw ngs, the

pred@&@lifddGRiib@n and the follow ng clainms. 32 CLAIMS
What is clainmed is: 1. A system conprising: a

sanp! 1 ng, dpptel Rodl1ethaP RN RA Ry %e{c??&%ﬁ%ééﬁ@said samples

signals on a first anne or a ermne

Ml P m. ned. iod that. i .
colBEEA B S5O SRAELBLMSABEE 8 g et
ter dule that ir first d d t .
when a0 Sy SEe eSS <t R rerte FREpoufaa KF signal
bas&?cgérg%g%{/(gﬁ:& (s?%g] ggs?(ajn said ?e(cjzgn t%\ég{ssagd B’l%lt ggtéér}fﬁes frequency variation

of said RF signal based on said first and second counts.

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

to said frequency.

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

said first and second counts to determine said frequency variation.

4. The system of claim 3 wherein said frequency characteristic module determines

that said RF signal is tone radar when said first and second counts are approximately equal.
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a frequency characteristic nodule that determ nes a
frequency of said RF signal based on at |east one of
said first and said second counts and that determ nes
frequency variation of said RF signal based on said
first and second counts. 2. The systemof claim1l
wherein at | east one of said first and second counts
is equal _to said frequency. 3. The system of claim!l
wher®ei n sedysteeqbielaioy | whareinctait sampling modulk eangespaideRF signals for
said first and second counts to determne said
a third predateymined pertdddhat islsubJaneerst s sadrsasbnd pradaterinddeesodiand wherein
said frequency characteristic nodule determ nes that
sagldotnt®Fmedge &dcrdnsentsorthird aciat whise said sintblés doflécta@idhiring said third
second counts are approximately equal. 33 5. The
predesimaimedpeddditentrie pdigitgi N sai d sanpl i ng nodul e sanpl es
" said RF signals for a third predeterm ned period that
i s subsequent to said second predetermn ned period and
wherein said counter nodule increments a third count

whems. sai Ghé yspinesf dam LRirder Mﬁn@ﬁg%@!eﬁviﬂ% Fzg)dule that determines a
predeterm ned period reverse polarity. 6. The system

fir@fdi @draddanberviceh 5418 first 2P Shd \Shuts 364 b adohy 8i gﬂ%ﬂ% ﬁcﬁvQ%{ said second

determines a first difference between sai

and 8gRANEumouUNt s and a second difference between said
second and third counts. 7. The systemof claim®6
wherein said derivative nodule determnes a third
di fference between said first and second differences.

8. ;hes f 6, wher ei sai.d der,ivative.
e LB S o ARRE IhOR Fahed Blle R At Bines ahird
third counts are greater

ik aond,
e%@c gg’tbv(rgeedsfaatl e %neaseccfnﬁlragg?%?ccf 9. The system of
cI a| m 7 wherein said frequency characteristic nodul e
det er m nes

8. The system of claim 6 wherein said derivative module determines said first and
second differences when said first, second, and third counts are greater than a predetermined

threshold.
9. The system of claim 7 wherein said frequency characteristic module determines
that said RF signal is chirp radar when said third difference is less than a predetermined

threshold.

10.  The system of claim 9 wherein said predetermined threshold is approximately

Z€ro.
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that said RF signal is chirp radar when said third
difference is less than a predeterm ned threshold.
10. The system of claim9 wherein said predeterm ned
threshold is approximately zero. 34 11. The system of
claim7 wherein said frequency characteristic nodul e
determnes that said RF signal is chirp radar when
saiq third difference is _approxi mtely zero. 12. The )
systiém ofthe sxtsm of ¢lgim hhersinsaid; fxqanency cheraeferisiis auadale determines
t hat, _determ nes whether said RF signal is one of

thatispid RE; signgl 1schip rasiae whendseid third diffesence is approxingaiels egro.
variation. 13. The system of claim 12 wherein said
radar nodul e determnes that said RF signal is chirp
radar when said frequency variation is linear. 14. The
systldm ofThe bystem afxlatel Rirtherssmmprisiag arradap choldele that determines whether
determ nes that said RF signal is tone radar when

saiddi Tulsigad tpLoma ©f chigr raddriand tdns radap based ombadl freqeenoy varation.
The system of claim 12 further conprising a dynamc
frequency selection (DFS) nodule that communi cates
with said radar nodul e and that selects a second
chanhel Whysys@nbof cfhimf1Qretitheih kA€ HRIBENM odl18 BeteMifkesithdt $hid RF signal
channel when said radar nodul e determ nes that said RF

is cHirgriadar wihen €€ fredueably VAiakigslarindnd tone radar. 16. The
systemof claim1l wherein at | east one of said sanples
is disregarded and excluded fromsaid first and
second counts when an absol ute val ue of said at |east

one1pf Sﬁéjsgséﬁar@'lc%ni-l@ WiRRSn H?@%dé‘r. rﬂsﬁg@gﬁ&miﬂ&%m sajd RF signal

threshold. 35 17. The system of aim ereln sa

is tBAEABLSVHER R HALERY Ohsthtlon 1 ORI RIS, O- 1.

15.  The system of claim 12 further comprising a dynamic frequency selection (DFS)
module that communicates with said radar module and that selects a second channel having a
different frequency than said first channel when said radar module determines that said RF signal

is one of chirp radar and tone radar.
16. The system of claim 1 wherein at least one of said samples is disregarded and

excluded from said first and second counts when an absolute value of said at least one of said

samples is less than a predetermined threshold.
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..18. The systemof claim1l wherein said first and
second periods are adjacent. 19. The systemof claim5
wherein said first, second, and third periods are

adj acent. 20. A wireless network device conprising
the systemof claim1l. 21. A radar detection device
conprising the systemof claiml. 36

17. The system of claim 16 wherein said predetermined threshold is approximately

0.1.

18. The system of claim 1 wherein said first and second periods are adjacent.
19.  The system of claim 5 wherein said first, second? and third periods are adjacent.
20. A wireless network device comprising the system of claim 1.

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