RADAR DETECTION APPARATUS AND METHOD THEREOF
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application claims the benefit of U.S. Provisional Application No.
60/706388, filed on August 8, 2005. The disclosure of the above
application is incorporated herein by reference in its entirety. FIELD OF
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FIELD OF THE INVENTION
[0002] The present invention relates to radar systems, and more

particularly to radar detection algorithms.

BACKGROUND OF THE INVENTION

[0003] Radar is an acronym for Radio Detection and Ranging. The
term "radio” refers to 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 10° m/s and is the speed of light. The factor of two in the formula
accounts for the return trip.

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

the duration of the radar pulse. The rest time (RT) is the interval between pulses.



pulse repetition frequency (PRF) is the number of pulses transmitted per
second and is equal to the inverse of PRT. The radio frequency (RF) is
the frequency of the carrier wave that is being modulated to form the
pulse train. [0005] Military organizations use radar communication
systems Until recently, military radar communication systems enjoyed
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radar communications. Interference between publicly used wireless networks
and military radar systems is undesirable for security reasons.

[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 to
avoid interference with military radar. |EEE 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 DES. When the client stations detect radar on a channel, the client stations



channel for network communications that will not interfere with radar,
[0008] TPC reduces interference by limiting the transmit power of the
network devices to a minimum level that is necessary to reach a farthest
client station. Maximum power limits may be set within the AP and are
imposed on the client stations that associate with that AP. By limiting the
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selectively measures N time intervals between one of
Communication on that channel may be blocked for a subsequent period of time,

such as half-an-hour. Some network devices may falsely detect radar on a
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 falsé 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



adjacent and non-adjacent control signals, wherein N is an integer greater
than 1, and that selectively determines that the RF signal is a radar signal
when the N time intervals are substantially equal. [0011] In other features,
the BBP generates one of the control signals when the gain of the AGC

module transitions from a first magnitude to a second magnitude that is
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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.

[0012] In yet other features, the control module deterrhines 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 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
whereih 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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further comprises a medium access control (MAC) module wherein the
control module is selectively implemented by the MAC module. The
signal receiving module comprises one of a RF receiver and a RF
transceiver, and the signal processing module comprises a base band
processor. [0014] A computer program executed by a processor
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[0015] In another feature, the computer program further comprises
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 pulse width and a predetermined



5 pulse repetition frequency. The computer program further comprises

receiving the RF signal on a channel and generating a radar detection
signal when the radar signal is detected on the channel. The computer
program further comprises selectively transmitting the radar detection

signal to a network device when the radar signal is detected on the

8%?5%'7%%@T§'P%§%9§’%ﬁ§3f3§‘f 2 Btiohier ST PR SR receiving

es In one o

the rg{ﬁ;%égtg ||;§BTegrg% 13 %a%ddhoc D8 The rAAP Ht%g{%gmr%r%{\éi_rmﬁen the

€ computer prggram IN"an access pol
uter prog er_.comprises selectiv impl
ra @6m§9{] p?ogoﬁqr:(%#ﬂ gmedlré}r% agelaess %gntﬁQRAAgnlﬁ cfg'g eg_fggﬁrﬂ further
still. otherf es ms and metho r|b ve ar
Conﬁ%lls?ﬁen? tj)y Zycgranrbu er 'B g?grﬁaegx%cﬁj e y onszggrgﬁ\% § Tétwork device

h%ogweusm?ggs L leg%mﬁ] %ceﬁfamro n”{thﬁSﬁ',Qeloﬁ‘ﬁ% Jorsl dﬁﬁ %ar‘ggpé?n further

itedto memory, noh-vo

Corggg{lsoééﬁﬁwﬁgﬁﬁ%l%pre} tsﬁ%?l %t NS 598 ﬁg% AR a[%%ﬁ s{’éaﬁ’a%r n%aasp%tfates in
C

en 10 ecome apparen

OB AR B Gt B oL ercanl T ot iparam

N anda specitic examp wniie In |Cat|ng

R SRR e 'é'%vo i afe‘icope%?‘% R e B The

compt?te RI Pr-glgc?aNmo I%UW\ grD CO

m r%gs selectively implementing the computer
program in a medium access confrol (MAC) module.

[0017] In still other features, the systems and methods described
above are implemented by a computer program executed by one or more
processors. The computer program can reside on a computer regdable 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

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

BRIEF DESCRIPTION OF THE DRAWINGS



[0019] The present invention will become more fully understood from the
detailed description and the accompanying drawings, wherein: (0020] FIG.
1 illustrates radar carrier modulation and radar parameters according to
the prior art; [0021] FIG. 2 illustrates different types of radar signals;
[0022] FIG. 3A is a functional block diagram on an exemplary radar
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[0023] FIG. 3B is a functional block diagram on an exemplary radar
detection system in a wireless access point according to the present invention;
[0024] FIG. 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;



[0030] FIG. 4D 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 random
noise signal; and [0031] FIG. 5 is a flowchart of an exemplary radar
detection method according to the present invention. [0032] FIG. 6A is a
functional block diagram of a hard disk drive; [0033] FIG. 6B is a
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[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

[00638] 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



memory that execute one or more software or firmware programs, a
combinational logic circuit, and/or other suitable components that provide
the described functionality. As used herein, the phrase at least one of A,
B, and C should be construed to mean a logical (A or B or C), using a
non-exclusive logical or. It should be understood that steps within a
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pulses with a PW of 2 ys and an RT of 3 ms. Regardiess of the type of radar
signal, the 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.



9 [0042] A control module 58 analyses interrupts received from the BBP
54 to determine whether the received signal is radar. The control module
58 may be integrated with and/or implemented by a media access control
(MAC) module. The control module 58 utilizes a pulse counter 60 that
counts interrupts and a time stamp register 62 that registers the time of
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packets of wireless network data, radar signals, and/or noise signals. When a
signal is received, the 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 returns 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

10



communications system (DCS) 67 such as the Internet, a wide area
network 10 (WAN), and/or a local area network (LAN). In FIG. 3E, the
client stations 64-1, 64-2, ..., and 64-X are configured in an ad hoc mode.
[0045] Referring now to FIG. 4A, the gain drops to zero and takes at least
200 /is to return to normal if the received signal is a wireless network data
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interrupt only If the AGC gain drops below a predetermined threshold X
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[0046] The gain, however, responds differently to noise signals than to
either wireless network data packet and/or a radar signal. For example, the gain
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 ys and less than 200 ys as shown
in FIG. 4D if the received signal is a random noise pulse.

[0047] Therefore, the BBP 54 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 ps»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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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 11 radar detections. Additionally, this technique
conserves resources such as processing power, memory, electrical
power, etc., in a wireless network device. [0048] When the control module
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concludes that the received signal is a radar signal.

[0049] Specifically, the control module 58 calculates the time difference
between a predetermined number of successive time stamps. For example, if
interrupt 1 is detected at time ty, interrupt 2 is detected at time 1o, interrupt 3 is
detected at time t3, etc., then the control module 58 calculates the time
differences (t, — t1), (tz — 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 module
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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pulse. The BBP 54 generates an interrupt for each pulse. The control
module 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 12 stamp for each interrupt. The control module 58
calculates the time difference between N successive time stamps and
generates (N-1) time difference values. The control module 58 concludes
stafRativlea@ekivegSigplal iSheraaaielgmadiiaed tnealtirategitrelions gfterence
substantially equal within a predetermined toIerance.%OO_Sl] For even
betimeasr Borvergssie Mot aHoRIEILERMTRIRRMLT e Jitssarialues.
signals, a further optimization may be utilized. When the control module
Thegeaitelises we iheeiirdienedfiicerPaRINROIIBRAbFs EHRISKLIgL T the
preceding that pulse, the control module 58 compares this time difference
(NlitHragrbleireafereriid siydistlymaupadbin g megtiersgnesriiarasce.
whether (t; - ti-1) and (t;_1 - t;_2) are within a predetermined tolerance of
eaclORBEL. If fraE AMBNLERHET FIINREISE e RIS AtAYIFRECGEERIAgtion of
If false, the control module 58 resets the pulse counter 60 and starts
falghedinglion oh. HomrievantiaethePaRdRAiPSigANstenbilgaiynalViiRn the
control module 58 does not wait to acquire N signals before determinin
copfal MOTLRVE FIIGHENTS Ho AMRIANERREGIIMaRBt AR FREUPBIeES and
occur at regular time intervals, whereas noise pulses generally occur =
2 piHERnNeesshReqiantyPiReintBifaRiRle THafk8eNntadaPBRgESWillise time
substantially equal, whereas the time difference between noise pulses will

diffesenecedifh. FhePefreliacHififigNSsd corqsdlirRfly. the control module 58

compares whether ( — t.1) and (.1 — ti.2) are within a predetermined tolerance of
each other. If true, the control module 58 continues with further checking. If
false, the control module 58 resets 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 fime 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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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 13 the RT
between the radar pulses may not always be constant. Moreover, the

theRRPHRIQRESS HeLHIma-PYSl) 4 %;%&“REP%W&%O& PR ENUNE, Eler, the

creates an aggregate tim requires nsideration when

sigt?ix%rl’e‘&é‘%l{%%e%ﬂﬁgt%e d'f&%ke8Eﬁﬁt%%?rég%ge?a%ﬁ?ﬁﬂgg@ﬁmj} e creates

s is added to eac erence.

an%@%’éﬁ% (i Sk -t ?é?&uig%%y o &BQYaﬁ? %%ﬁ‘”é!o@%@%@%@e time

Ive percent of a perio a ragar signal. For examp

diff‘leﬁe_fﬁ%gé’f) éﬁé‘fje%r ’H%¥a‘PFko5%fl%v9Qr‘i'cf r+‘é§pm§r£g§% iﬁ}ﬁ@éﬁ’? 20 added

nce a client station detects radar, orms other
TN TSLEioro Mo Rel R e G hCAcork ionfl s ™2
e S0 2 onL Lt ot L e o o g racer
S e e h e T et A <A Yo 0 For ype 3

ra&uaqtaél%ég?l%@@gﬁo for detecting radar rgcognizes that detecting a
radar signal'is sufficient because a channel is unusable once radar of any

type f§ifctebirargicna Al MeiyReRIRda" JGrelREe B SYSIRBHRR other
client stations (in ad-hoc mode) or the associated AP (in infrastructure mode). In
infrastructure mode, the AP broadcasts beacons to inform the stations to use a
different radar-free channel instead of the current channel. Some regulations
require that the fotal 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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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. 14 [0056] Radar
may also be effectively detected by measuring the time differences

o R R ?2%%5”5’%%9’;% R LN e i a4 sy e dihg the time
f{) ramme enerate_an | terru tforci?z control module 58 OM afteggJ s an
ero

PRESE 08 8 ?VBeWowQH Beié SRS R Aok
AR, e T e
geﬁﬁ@zfec%atﬁ:@‘ﬁ e e A v

R %?%ﬁ%‘aa&gb{w DB

pegp%]etn:f IEd lﬁ/ shown005 éﬁﬁ{%ﬁé}%&% \get;Fl r?eprqﬁt?i %OﬂS and

be%’[ tﬁt%lse coumgrg 0Js reset Ié gessﬁtep c1)04 a UBI'IJI:’)‘IS 4let {nménetf is not
ﬁetH ra S|geha(ﬁ receiv y 87 RPiandCEveY \3/5 has ca se again o
B AGC Ieggfg rop below a predetermined threshold X. The

? Hgl is rg Hored a3 ndise in step 106 if the gain has not dropped below

the t%%%]ﬂld X‘Fﬁe pm r%%ttpr%%rl 88 %er'% "Te t?mtée%t%\%p register 62 are shown
separately for illustrative purposes and may be implemented in the control
module 58. Moreover, all or part of the system 50 for detecting 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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[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 Ps in step 108. If the gain returned to normal in more than 4 As, 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

e e o s SR e
o B e RSBl B Sl R e
I TR RO 8 S eHEIRES T OB S W, A control
T A G e B U PR R TR
T e
R A, R SR S L o o
L T N N g L
o R SRR 0 sop 104 e pulse count s
e e A R S TWrences
(i — tg) and (t.1 — ti2) are equal within a predetermined tolerance in step 119. If
false, the control module 58 determines that the signal is not radar in step 125,
and the method 100 returns to step 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 infeger 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 — 1), (tz = t2), ... ,(In — In-1) €fc. 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 (13 — tp) approximately equals (f; — 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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[0062] The control module 58 compares the time difference between
successive time stamps in step 124, For example, the control module 58
compares whether (t3 - t2) approximately equals (t2 - ti) 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

e A AP s R o&“%e%%@gt“f Rt 288 4 S et
thod 100 103. F I FIG, 2
S OE%V%& 45395% 533% BBy 3R St TS Wypazgar Sionals
3:2 . If the detected S|gnal is confirmed to be a radar signal,
an?h r EH&Q'R@ the radar transmits the information over

ranR e VAR LR NPTF i He B rarls e ot
StaEr L HF RN N2 OBl ot End KT o BLAterE ey (et
defisird ﬁ#ﬁéﬁﬁéﬁ%@*ﬁsﬁi 15 SO AR StoI T St 1381 Taighation to an
=<SAb eg”ﬁ?f AP e apbro P e Bty Chets aitions
in ﬂien@a RHRTE, ﬁ%ﬁdﬁi (RELroc51 s P I End HE PR ndi 4P (n

0|s ignals fo ce sful ra? ter |n tIO?a,uolth diffe

N T B0 hat TS Tadir Slicgrent Stalons MR8 network e

information about a new channel that may be used for communication in step
128. The method 100 ends in step 130.

[0064] The present invention is highly scalable as opposed to
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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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 17 invention may be implemented in

ieitkation oty sigried pevoentingimeitherconboth ciigoib pwidehsirg and/or control

gensialy dapned n G SAR! A42aISg™ s IMAEMAARABSAIE 1n some

Signal processing and/or control circuit and/or other circuits (not

solemeint dtie HDEh40signay processitatangarfoeantodiatjcaidAit2 and/or other
rypti rm calgulations, / r ti :

R e R BB Hhe iy andor

@00 yntiodep arfmwecslppiatians, aantieayfocorindateataatits OHEutt to andfor
'%%\QRI% &n%aé‘:glvt;gg @%ﬁ&ggﬁﬁ%@%wg%g computing devices such

as personal sistants, cellular phones, media or MP3 players and
the like, and/or other devices via one or more wired or wireless

commuynication links_408. @ HOD 400 may be connected to memQry

409 suwbgéhrandomT eg ﬁe@ﬁy'fﬁw ,Sloﬁv %?%ecry ﬁ%%(&rl]agl@r and may
coamelyicteh aitHlashhosimdsyideathonlghmampry OB and/omptlier, mobile
suitable electronic datg storage. LOO(??(].R fFrring now to FI?. 6B, the .
B?Q%%%ﬁ?&/gﬁﬁkﬁf?ﬁa%uﬁ as personal digital assistants, cellular phones, media
or MP3 players and the like, and/or other devices via one or more wired or
wireless communication links 408. The HDD 400 may be connected to memory
409 such as random access memory (RAM), 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 410 can also perform other functions such as encoding and/or
decoding and/or any other signal processing functions associated with a DVD

drive.
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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 [iggeEY data thaidsooad drve and/aiclatesvitenvisr auepljcal 3 and may
storage medium 416. In some impleerpent tions, the si

. . I "
eI S R e
§ﬁg}ﬁl§|0dwiiﬁfmi9tbﬁélf@ﬂm@®svﬂw@b as wheisgamiamidatioditigks 417. The
and/or any other signal processing functi iat ith a,DYD drive. .
B e T SOV A0 M TS oA Gl a1 e Blges data in a
GOAVDIItileatA iR AT Ot Pt skedatn (steirabew) S uchyain e wdenpiard disk drive

levisi or r device via one or.more,wired or wirel
e SRR B R Sh8it S8 A e, HOD may
data storagd BDStHt sicetedatmén ar nuoreolpliiteramasinghe diassettdhat is

storage 418 may includ harg,disk dri ( .. The HDD may, have the
ST e GBI HRRY G THO RO Thiy e EB St 6 Hemory
ndusieshome RAMo RQilAtiers kdenty andiamletiiethstrisognsaitdr dsaftash memory
approximately 1.8". The DVD.410 may be connected to memory 419 such
35%% %@%ﬁ‘,'fgg\?ﬁa genég&oﬁé%\g%@tﬁeorrnagr%bry such as flash memory

and/or other suitable electronic data storage. [0069] Referring now to FIG.

6C, theé)resent invention can be , _
[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 process data, perform coding and/or
encryption, perform calculations, format data and/or perform any other type of

HDTV processing that may be required.

[0070] The HDTV 420 includes a power supply 423 and may
communicate with mass data storage 427 that stores data in a nonvolatile
manner such as optical and/or magnetic storage devices. At least one HDD
may have the configuration shown in FIG. 9A and/or at least one DVD may
have the configuration shown in FIG. 6B. 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

19



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

SUTRHBIANLA¥t A ARH Gt 4t ame©HIN TR AT uisd iabghayppbef dddnections

HDTV 420 may process data, perform coding and/or encryption, perform
itk @A tharaal N P e bRRSR FSther type of HDTV

processing that may be required. [0070] The HDTV 420 includes a power
supply 423 and may communicate with mass data storage 427 that stores
data in[@@¥Hvolatile Refairig saew 4o dpiealfihdibe npagserit stspagen may be

gﬁ%i)\%ﬁ?erﬁébeﬁta%r@wlc@%%dﬂ%l e AUIALIRNRD SRR ifﬂ}&l%%g'% power

nd/or at least one DVD may have the configuration shown in FIG. 6B.
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connected to'memory 428 such as RAM, ROM, low latency nonvolatile
frmonesocMasashspisnicly sHenorDIREEREIEABRN BRI BFFS T4 SeNsors,

%T_éﬂgﬁawgn%&g,\/aﬁg\ﬁl% MRBYsSHRRAH SANRRCHPaitaiR 3ANEAN ¥ifor that
WLAN network interface 429. [0071] Referring now to FIG. 6D, the

prRASIAtSAVERETH DO UlRpierraiielsianAle ERUBHIE) dafet el as engine
YBRICIEA3BaHRARS lups SRS ShBRlr B Aathr RS HralBsKRI%ontrol

446. In some implementations, the present
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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invention may implement a powertrain control system 432 that receives
inputs from one or more sensors 436 such as temperature sensors,
pressure sensors, rotational sensors, airflow sensors and/or any other
suitable sensors and/or that generates one or more output control signals
or output(s) 438 such as engine operating parameters transmission

erating parameters, and/oy other contral sr 0072 Thep
conttol SyattRi g i7e NN Psa/ﬂsgt s%@t ée&mésompact

=
|nven on may aYso eimp ementedn er C

vehr 43 Th n ol system Irkewrse receive signals from
oS PR S 5 BALIEF EORDY SN oo B RS B e oip

devr 11 nrﬁome |mRIemen ations, t eco g stem 440 ma
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part S RPN G st ePanAﬁ A havigdhay %%?Q‘,H”ga}(e with mass

eIe atrcs e vehicle tel atrcss stem lane departu system
TR Osgontrof%sy%term 2 T O i Bfecs data
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Storaar T AR e e T Fr R Kos el Shvrsojuiaeole

(<4328 SOTUIERe Wi s a sipage 446 hat s §29 e the

nonvo at|I nner. The mass data storage a% may |nc

d/or netic storag R%—l for amL har dISkd HDD
con @/r% % tNI a'srt D may ?(avecpt e confrguratro have the

B R B
orbﬁ‘v egp?agt'gr@?{[g a ' rs ”t%rrrt a1 & maﬁllrere'ra tﬁa/nla%prggﬁmately 1.8". The
powertrain control system 432 may be connected to memory 447 such as RAM,
ROM, low latency nonvolatiie memory such as flash memory and/or other
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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powertrain control system 432 may be connected to memory 447 such as

RAM, ROM, low latency nonvolatile memory such as flash memory

and/or other 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

ioeil| atepitmne A0 tighatayrovsadioa eclilitr antdrolachBuitsTHe preserier other
invention may imple imple in el og.hath, Si :
O e T e e AR S R e ety bl goaing
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%%Jﬁ%mﬁﬂ?j?ﬁgé%ﬁgnmar phone 450 includes a microphone 456, an

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 21 input device. The signal processing and/or
control®féaks 452 aeﬁ?ﬁo?‘?HHEr BhQIEs %%@t g?%\?\ﬁ%%natﬁeo%‘%[u%fp&%r@ 3 and
ARl e Piasiessedaieh pesty atading agedi@dethery ptimespdatarm a nonvolatile
calculations, format data an /orrq;ierfor other cellular ne functions,
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D725 RSP ORE AU LS PO RIS S DL At Sy hard sk
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A hoe T e R S RO o
6BnfihedtiDDsiayrbe a mini HDD that includes one or more platters having a
diameter that is smaller than approximately 1.8". The cellular phone 450 may be
connected to memory 466 such as RAM, ROM, low latency nonvolatile memory
such as flash memory and/or other 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. 6F 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 and/or encryption, perform calculations, format data and/or perform any

other set top box function.
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in FIG. 6A and/or at least one DVD may have the configuration shown in

FIG. 6B. The HDD may be a mini HDD that includes one or more platters
having a diameter that is smaller than approximately 1.8". The cellular

phone 450 may be connected to memory 466 such as RAM, ROM, low

latency nonvolatile memory such as flash memory and/or other suitable
electronic data storage. The cellular phone 450 also may support
conneggorgwith a WhaNeatiacp Wb:AlBevul cntefavect 83000 7433 and may

Referring now tq FIG. 6F, the present invention can be implemented in a :
OB Holt e AR O AL e ) ok HpRHBRR h DR olatle
hethingignaherosessing stad&1o cagdrod @ircoits Vititindareogéinatadipd/or magnetic
identified in FIG. 6F at 484, and mass data stor, 490 of t to X
S0 A ota B S L SR S T, ARl IS R8st one
Hadbayd hseertkeand digpratatasidanthand FdGhig defiditorat least one DVD

audiq/video, signals.suitable for a displ 88su leyision _a .
FAOALH B LB UL & R Bl B AV T g & e HOD
raicéssindemnd/oe controboircpitdtdt hading ethdiaoetdts ttraft shovmalsfr than

e 51 (08 Box 480 MaY, PLaFSes dato. PO, coUTG BCLRLPRSTYRGNY 404

b
%%Wg AR ions, format data and/or pe any  other set top
fucttias. RAIDRDThelseat tajehox 480\nGitidesEponesswbpgs483sdmenemory

S TR B B RS S 3880 o ma
smoporncagnetitiostenaside al&\VicAb! fonex e reertivaikkioibréacE @85.
and/or DVDs. At least one

[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
shown) of the media player 500 may process data, perform coding and/or
encryption, perform calculations, format data and/or perform any other media

player function.

[0079] The media player 500 includes a power supply 513 and
may communicate with mass data storage 510 that stores data such as
compressed audio and/or video content in a nonvolatile manner. In some

implementations, the compressed audio files include files that are compliant
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HDD may have the configuration shown in FIG. 6A and/or at least one
DVD may have the configuration shown in FIG. 6B. The HOD may be a
mini HDD that includes one or more platters having a diameter that is
smaller than approximately 1.8". The set top box 480 may be connected
to memory 494 such as RAM, ROM, low latency nonvolatile memory such
as flash memory and/or other suitable electronic data storage. The set

{PDor488 /s BraytHRUPRAthBRNBEEITas sEithau M- ANdvEr aiddoAdrmats. The
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media player 500 includes a power supply 513 and may communicate
with mass data storage 510 that stores data such as

[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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compressed audio and/or video content in a nonvolatile manner. In some
implementations, the compressed audio files include files that are
compliant 23 with MP3 format or other suitable compressed audio and/or
video formats. The mass data storage may include optical and/or
magnetic storage devices for example hard disk drives HDD and/or
DVDs. At |least one HDD may have the configuration shown in FIG. 6A

skilgd/daetiienesnbRAPD ANV i & SHRIIPGRN BforRSHIGIgs and the
The HDD may be a mini HDD that includes one or more platters having a

follqwinetelaifat 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 24
skilled practitioner upon a study of the drawings, the specification and the
following claims.
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25 MCSLLP Claims What is claimed is: 1. A wireless network device,
comprising: 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
said AGC module changes based@tirsaid RF signal; and a control
module that selectively measures N time intervals between one of
adjddeat ardamedd§acent 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, wherein said
signal processing module generates one of said control signals when said
gaift.of sail wicsmotatwarkksivions ¢ampasing magnitude to a second
magnitude that is less than a predetermined value and said first
magnitud® &ighrbrresaidisecomiraghiaideeesitanagniftie dreauaneardRF)
said predetermined value within a predetermined period. 2. The wireless
signadtwork device of claim 1, wherein said signal processing module
selectively generates one of said control signals when said gain of said .
AGC modaleSiesiitioies &b e beogttin dlalirrriigepradbtariamaiic gain

period, wherein M is an integer greater than 1. _ _
control (AGC) module, and that generates control signals when a gain of said

MCSLLP

AGC moduie changes based on said RF signal; and

a control module that selectively measures N time intervals 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, 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.

2. The wireless network device of claim 1, wherein said signal
processing module selectively generates one of said control signals when said
gain of said AGC module transitons M number of times within said

predetermined period, wherein M is an integer greater than 1.
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26 MCSLLP 3. The wireless network device of claim 1, wherein said

control module determines that said RF signal is not a radar signal when

Nth time interval is not substantially equal to (N+1)th time interval. 4. The MCSLLP
wireless network device of claim 1, wherein said N time intervals differ by

a predetermigedvingiggiuaetatis Rasdbasfliapercenteherdperiogief ontrol
radar signal. 5. The wireless network device of claim 1, wherein said radar

mogigealehasninpre teiesnin aFns lpeanislvaad adziesigiesminesh iNilstme interval

repetition frequency. 6. The wireless network device of claim 1, wherein
is nstisLUBEtsigRalis(eeeite d\Nan i dhrasneleand wherein said control module
generates a radar detection signal when said radar signal is detected on
said channel. 7. The wireless network device of claim 6, wherein said
control module selectively transmits said radar detection signal to other
network déheesvindiesssaidtvaoikr signiakisafeteleied dn seiectianaald8NA time
client station comprising said wireless network device of claim 1, wherein
intesaadschigife statien opdettrmin ehenaigant ideaktaidtitessdherafideaperdent of a
hoc mode. 27 MCSLLP 9. An access point comprising said wireless
perietwbekradeiceighalaim 1 10. A method of detecting radar, comprising:

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

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

6. 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.

7. The wireless network device of claim 6, wherein said control
module selectively transmits said radar detection signal to other network devices

when said radar signal is detected on said channel.
8. A client station comprising said wireless network device of claim 1,

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

hoc mode.
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receiving a radio frequency (RF) signal; generating control signals when a

gain of an automatic gain control (AGC) module changes based on said

RF signal; selectively measuring N time intervals between one of adjacent MCSLLP
and non-adjacent control signals, wherein N is an integer greater than 1,

andy selechiyehasierpumnadha aith RBigidnlIisa rRAUAE BN WEISR claim 1.

said N time intervals are substantially equal; and generating 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

andygaid firshiaaahituggctastifrgimgaid seeprdimagnitude to a magnitude
greater than said predetermined value within a predetermined period. 11.

The methad @ficiagma Hadivtherncenyy kRK) sijaeatively generating one of
said control signals when said gain of said AGC module transitions M

number ofdisnesatiiihissatic psegeirrwined perkad ovharaitdhistengategentrol
greater than 1. 28 MCSLLP 12. The method of claim 10 further
(AGOMPuding datergesibgdbdicashRFRSigight;not a radar signal when Nth
time interval is not substantially equal to (N+1 )t" time interval. 13. The
method of siédatitOlyirerasusag W ttmee imttenalts bftfiee by ane of adjacent and
predetermined magnitude that is less than five percent of a period of a
norradig@cent control signals, wherein N is an integer greater than 1, and
selectively determining that said RF signal is a radar signal when said N time
intervals are substantially equal; and
generating 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.

11.  The method of claim 10 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.
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signal. 14. The method of claim 10 wherein said radar signal has a
predetermined pulse width and a predetermined pulse repetition
frequency. 15. The method of claim 10 further comprising: receiving said MCSLLP
RF signal on a channel; and generating a radar detection signal when said

radamrsignatie seipcedrasadichanardr tenidisingdeahmmethat said RF

further comprising selectively transmitting said radar detection signal to

sigetnas newarksdevicagrnahevhsaidvadansign@lris| deteesed ghssaigially equal to
channel. 29

(N+1)" time interval.

13.  The method of claim 10 wherein said N time intervals differ by a
predetermined magnitude that is less than five percent of a period of a radar

signal.

14. The method of claim 10 wherein said radar signal has a

predetermined pulse width and a predetermined pulse repetition frequency.

15. The method of claim 10 further comprising:
receiving said RF signal on a channel; and

generating a radar detection signal when said radar signal is

detected on said channel.

16.  The method of claim 15 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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