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THE USE OF PSEUDO-RANDOM FREQUENCY SEQUENCE TO REDUCE
PICO- NET INTERFERENCE IN A MULTI-BAND UWB NETWORK 5 The
present invention relates to multi-band communication systems. More
particularly, the present invention relates to a system and method for
reducing pico-net interference in a multi-band Ultra Wide Band network.

Mot! %%Q?’ RANPRVERBER Hihted iU NERf Q REDUCE PICO-
pseudo-randd ARG GBAER SRt E Y HidRAND AMBiIMe 8RR in a

multi-band UWB network. 10 Ultra-wideband ( UWB) systems, utilize impulse
or shock-excited, transmitter techniques in which an ultra-short duration

pulse thatds hRIERIIRARRT PEASCABNHR I6-Farl® L SARRRRERBASS R EMERLIOR ore

is directly applied to an output means which then sends its characteristic

IpRIERFRERABS RN INIEHiRRS AhattVB dSspAERe UMEMERTSITRS t@RBIHPIDEEhet

radio. Further, since the excitation pulse is not modulated UWB systems are
alserferenesl ihSazavdtcbane ruaehnoidg B\ to@mmunisatiantisyiidyshe present
operate across a wide range of spectrum relative to the center frequency
whiehtisrustlatity cifievesd b arasamittiat poldesiueficheet dhneetitnragyiegligo-net
10-1000 picoseconds. Center frequencies range between 50MHz and

10 Herenged radiadéicPare k) BoteiMeVkng an ultra-wide bandwidth of 100+% of

the center frequency (ty@ica@y measured in GHz), is often made so

I
sufficienth SMISRRRAE i YYVEInSY S st U HREotMBH 8 \IE e B rfoG T edu LRI Mitter
h ful i f hem. A f g U impl [
ST e AR S e merenaln
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SHERRR RHLTRBH I RIS ENCEoF A8 IR AR ERHILRRINIRYYES VA RHSuIse
25 power and higher reliability for a given power level. Such benefits are
typigal Yt 0%Ih& the excitation pulse is not modulated UWB systems are also termed
zero-carrier technology. UWB communication systems operate across a wide range of
spectrum relative to the center frequency which is usually achieved by transmitting pulses
of short duration, typically 10-1000 picoseconds. Center frequencies range between
50MHz and 10GHz. The radiated energy, occupying an ultra-wide bandwidth of 100+% of
the center frequency (typically measured in GHz), is often made so sufficiently small that it
can co-exist with other devices without causing harmful interference to them.
Advantages of current UWB implementations include low-cost, low-power, and
resilience to multi-path interference. UWB resistance to the multi-path effect derives from
the fact that impulse radio signals are divided in time rather than in frequency and time-

related effects, such as multi-path interference can be separated, resulting in lower average

power and higher reliability for a given power level. Such benefits are typically true of the
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1 current relatively low data-rate applications where the transmitted short
pulses are sufficiently separated in time. With the adoption by the FCC of the
3.1-10.6 GHz band for UWB communication, researchers and practitioners
have begun to study UWB for high data-rate (>100Mb/s) 5 wireless personal
area network (WPAN) applications and in-building applications. Market

fGHEEEAStEP LYK 40V o ekt ARRIIFBHRNSf NGB RS SEPay/BIERTS SHOA f@ses are

yeé}és fime. Most 0(1;I the, UWB-related prior art implementations and research
réb O St t'&rﬂ@?ed to low data rate applications. Such low-data rate

e ol RSB IR0 B e P RN S B i aon,

the pulse amplitu n er-pu Istance can 10 be made to

PR MRANE W DI RHABRE D FAGHLREAVYE Ra) e BCRINGRGE 13 MR BB Ab/s)

such as multi-path interference. New applications, such as multi-media video

NGRS BB PRV SRS SR RV IGL)- S BcERh SYREEML 61 R&diens. Market

500Mb/s. Conventional techniques for such system require high pulse
répetiiney atesistefduaingith enidistandeveBiaest syseasdive feulsesrstinig. will
make the UWB system prone to multi-path 15 interference. UWB systems

also nedtbsd dfeHew\sidstdfatae prare ao coriepetatatiefisvaith Eieercm@pavs baredoeen
systems. The prior art technique of using equalizers to mitigate multi-path
intEIriae e dom cliasals aneliadons. tiethWw sigidate OEREIPEo et ERbyraeroned
for UWB systems is_a multi-band modulation scheme where the total

WP s EPREIOT RNt AriemHle ISR AMPHIHI8 AR UMY RHiside e

f e e Y R

i%%F?err%ﬂgeesﬂa{%%[ﬁtpif?a?ﬁqﬁ{&?e?eﬂ%hq\rl'(aw applications, such as multi-media video
distribution networks, require a high-data rate system, e.g. 100Mbs to 500Mb/s.
Conventional techniques for such system require high pulse repetition rates, reducing the
distance between successive pulses. This will make the UWB system prone to multi-path
interference. UWB systems also need to be low cost if they are to compete well with other
narrow band systems. The prior art technique of using equalizers to mitigate multi-path
interference increases the cost of the UWB system.

One proposed approach for UWB systems is a multi-band modulation scheme
where the total frequency band is divided into multiple bands. A corresponding impulse is
then transmitted in each band. Since UWB is currently being considered for use in a
WPAN environment, a straightforward multi-band approach results in interference from
one pico-net to another.

Thus, there is a need for an approach to UWB communications systems that

avoids multiple pico-net interference.
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Thus, there is a need for an approach to UWB communications systems that
avoids multiple pico-net interference. 2 The system and method of the
present invention provides a UWB communications system that uses a
pseudo-random frequency sequence to reduce pico-net interference in a
multi-band UWB network from onefico-net to another. Impulses are

transmittB8 iV HSENEBM DeH0ENeE iRhPIRERThdYREHaMIIRIPYIdEYefiad VB
(collisionﬁ(‘between neighboring netwqrks is very small. FIG. la illustrates a

WiPEIBE BRI RGOS A e Ao AR HECHAEY AN AR S 7

PSRLIPERLAAECRANS o, RIE IR s aeS Aucloss eer.
established and controlle Yy a control point In wnich communication

STRTRIS ANPGRS AT vau e camrek RANLAS We'brb Ay BPoverlap

peer-to-peer basis. FIG. 2a is a simplified block diagram illustrating the

afedlitsisy et -HABhRimMeRROR séajigRalllustrating an exemplary

transmitter portion, whereto embodiments of the present invention are to be
applied FRG 12biikistraiss plifiedtdiigskndiagranofllustyBtingnifeiaitekide ctteons ahat
UWB 15 communication stations, illustrating an exemplary receiver portion,
wiosTeio eatd byl prarits pedrtbenpresEationgention are to be applied; and FIG. 3
illustrates multi-band pseudo-random frequency sequence UWB modulation
accordififfxolihBlpyeaientiniieies RetwateeraRliRhag anssedipidied By wagnamol point
example and not limitation, specific details 20 are set forth such as the

oM MR COMAHIIGRHEN Ffatigns SeMBKRiSRiE A ougn e GpakPLFOINt as well as on a

peer-to-peer basis.

FIG. 2a is a simplified block diagram illustrating the architecture of a UWB
communication station, illustrating an exemplary transmitter portion, whereto
embodiments of the present invention are to be applied,

FIG. 2b is a simplified block diagram illustrating the architecture of a UWB
communication stations, illustrating an exemplary receiver portion, whereto embodiments
of the present invention are to be applied; and

FIG. 3 illustrates multi-band pseudo-random frequency sequence UWB modulation
according to the present invention.

In the following description, by way of example and not limitation, specific details
are set forth such as the particular architecture, interfaces, techniques, etc., in order to
provide a thorough understanding of the present invention. However, it will be apparent to
one of ordinary skill in the art that the present invention may be practiced in other
embodiments that depart from these specific details.

In order to communicate, UWB systems employ pulse trains as opposed to single

pulses. A train (or sequence) of pulses is output for each bit of information and the pulse
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provide a thorough understanding of the present invention. However, it will be
apparent to one of ordinary skill in the art that the present invention may be
practiced in other embodiments that depart from these specific details. In
order to communicate, UWB systems employ pulse trains as opposed to
single 25 pulses. A train (or sequer%:g of pulses is output for each bit of

iﬁf%‘ﬂnﬁti@??%ﬂat%esﬁu?ﬁ%t 4 tkAMBs eI Y %MF&W@ystBWF%aPPSMO”
communicate data, Pulse position modulation is suitable changes the
O S Ao 4, e e oD BB TP B G . puise
backward or. not.at all.,Other modulation.schemes.involve, digital phase .
R he Bh it A LA SRR ST O HRLS BRARE: nvaive

”&‘?gﬁ?afi@%eo%ﬁﬁl&*i@ﬂﬂme\ﬁﬁﬁﬂrﬁ%gﬂﬂ@d?igiéaﬂr%ﬁﬂitléh%e%ﬂﬂ%%%%d with

keying (BPSK) a phase modulated waveform having two changes of phase

iftf&@é‘ﬂfﬁi@ﬁ'h‘éé'@@ﬁhﬁﬁé’s FEPHRSRIMg MGIAIAR. Dty praRakiAm: Né@'ﬁih% (BPSK) a
Quadrature Phase Shift Keying ( QPSK), there are four changes of phase
Witigde eanluRipesentfoun havary hitscbbstpiaotiptsseftegévelye ot ingithepresent
bandwidth. Other modulation techniques include Orthogonal Frequency 10
Divisignalguiiiplekintp (O&DM) Vet Quzdtteéitter @ wasepSitull d<ayouiu (2@BRK R AMer: are
By way of illustration and not limitation, FIG. la illustrates a representative
wRklecRapgasyefknhkrerabiemisndiaRsrreNbifbe prease iifhveinta. aiftisoshigctively
applied. As shown in FIG. la, communication units 100 communicate on a

peutotngds Baatwisly tRBEGAAHHAESS fefawinyes Heludp rikegpas! frequency
N e TR e s R on e
ML R e e N S
wireless network whereto embodiments of the present invention are to be applied. As
shown in FIG. 1la, communication units 100 communicate on a peer-to-peer basis only
through wireless links 110. FIG. 1b illustrates a representative network whereto
embodiments of the present invention are also to be applied. As shown in FIG. 1b,
communication units 100 communicate not only on a peer-to-peer basis through wireless
links 110 but through wireless links 120 to/from a control point 130 that originally
established the pico-net. A key principle of the present invention is to provide a
mechanism whereby both types of UWB pico-nets of communication units 100 minimally
interfere with one another when they are in proximity to one another.
FIGs. 2a-b provide an exemplary transmitter and receiver architecture, each
employing an antenna. The antenna is included by way of illustration only and not in any
limiting sense. Signals may be sent and received by any means, such as, via cable or an

integrated circuit that can function as an antenna. The architectures of FIGs. 2a-b are

included to aid in discussing and describing the present invention.
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established the pico-net. A key principle of the present invention is to provide
a mechanism whereby both types of UWB pico-nets of communication units
100 minimally 20 interfere with one another when they are in proximity to
one another. FIGs. 2a-b provide an exemplary transmitter and receiver
architecture, each employing an antenna. The antenna is included by way of

illustratiBR SFRGaREhotin By HAING's sHIY S6IBn&dsthadf bElSentdng wireless
FarGHB AN MO e WPV BRIk Ao Boarey S HER e e
S e RN L PO

O INGHAME NARACAL BKendHREdR: RNIHUAE B BRNHRICTASIRSNRIRIRIG, 2a,

(235) with a transmitter architecture as illustrated in the block diagram of FIG.

2acyMalRie-aoMARImeyin Rl dbanirreeii nue NiiRiFRFS 10, heraapiies 28, a uwB
shown in FIG. 2a, 5 a communication unit may include an interface 200, a

buwifelegsl Garsmicdiu280r 220nadUdVB4dyirelgas wrRRWILES0230, meanireberand a
240, a data memory 250, an antenna 260 and a pseudorandom noise source
27euddrendontrodies 20 we2@dts The enrtinglddr 24 Inflerentatibe esignaf isartfeegmation
buffer 210, and then, based on sub-band channel conditions, determines

tisianahipslitha o ehier PAlsenhdtrnabiensd @ selehapibybanagl ccanditianss dagrmines

determined 10 modulations to the modulator 220. The exemplary s{%/stem of

FitSe2ATO b eRtipier R BUOES e plhist FSteReEoipIdatEgmined
R TR P SR A R S D rsmon
I e SR AERl Wl i
Referring now to the receiver subsystem (295) of FIG. 2b, a wireless
communication unit 100 of the UWB network of FIGs. 1a-b may include a receiver
subsystem (295) with a receiver architecture as illustrated in the block diagram of FIG. 2b,
whereto embodiments of the present invention are to be applied. As shown in FIG. 2b, a
communication unit may include an interface 200, a buffer 210, a demodulator 280, a
UWB wireless receiver 290, a controller 240, a data memory 250, an antenna 260 and a
pseudorandom noise source 270. The antenna 260 is coupled to a UWB wireless receiver
290 for receiving a propagated impulse radio signal. The controller 240 detects the receipt
of a transmitted signal by the receiver 290, and then, based on sub-band channel
conditions, determines time, amplitude and phase modulations that were employed and
indicates the determined modulations to the demodulator 280. The exemplary system of
FIG. 2b is for description purposes.
Although the description may refer to terms commonly used in describe particular

transceiver systems, the description and concepts equally apply to other processing
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15 whereto embodiments of the present invention are to be applied. As
shown in FIG. 2b, a communication unit may include an interface 200, a
buffer 210, a demodulator 280, a UWB wireless receiver 290, a controller
240, a data memory 250, an antenna 260 and a pseudorandom noise source
270. The antenna 260 is coupled to a UWB wireless receiver 290 for

rEEAMSg B BRSBTS eiBc kil SH AU dARA2ND Bdtkess e
o ber PR B e BRe R ANLE i SRl BRGE eauency

modulations that were loved and indicates the determined mogdulation
S S R B R LB R o

PHEPRSESs HEAAHERHREG S CHRTBMIaY H&Eeéé&&ﬁf%ﬁﬂmgaﬂwmeﬁhencies,

describe particular 25 transceiver systems, the description and concepts

ephl alk RPPHdRIOIRAN B PSRRI e uENSBEREIAGHAHRB SYS TTHe RAYARSS.
architectures dissimilar to that shown in FIGs. 2a-b. Assume that the UWB

channeFisr divdapekjrtoidrbaing g whersisathebiplaldeesioenef hamd is dvidédn the
into these N bands. In a preferred embodiment, a corresponding impulse of
tiseqtreniceisttelsas drasaniiteed iny eem etsvodkusingeafpstudb-fandowtiszqeghdering
of frequencies, 5 i.e., using a pseudo-random number sequence to select the
oPERYRTY eMtRENIFARDY. UsHI0chaiplé, filthdrisarsurasdhaisihe detxiseuTa overlap is

denoted as fl, f2, 3 f4 , then the sequence of pulses transmitted by one
nbTSRC Lahnbe png30gad fRAmARNEY: né\’@ﬁ%ﬁr@ﬁﬁn%BFRb@QH'm fFeFsPverlap

ing £3, 12, 4, It. Thi that t i lan is limited to only.
TSR ey gD LT TPl SR getionl

U B B TSR oo e BN o
anghidignticak iR QMCinterference in all bands is a possibility. Such interference results in
reduced capacity of the overall network.

In a preferred embodiment, data is conveyed by modulating each pulse. Pulse
position, binary phase shift keying (BPSK), quadrature phase shift keying (QPSK),
Orthogonal Frequency Division Multiplexing (OFDM), and quadrature amplitude
modulation (QAM) are among the various modulation techniques possible.

In a preferred embodiment, the order of the transmitted frequencies is known by the
receiver in advance. The sequence is determined by the UWB communication unit 100
that establishes the pico-net and is communicated to each UWB communication unit 100
that joins the pico-net. It really does not matter if there is a control point, just that there is a
means for each communication unit 100 to know the sequence and how to synchronize.
The receiver then has knowledge of the expected frequency at a particular time. At any

given moment, the receiver demodulates the signal that was sent through the known sub-

band and ignores the other bands.
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another. As a result, interference in all bands is a possibility. Such
interference results in reduced capacity of the overall network. In a preferred
embodiment, data is conveyed by modulating each pulse. Pulse 15 position,
binary phase shift keying (BPSK), quadrature phase shift keying (QPSK),

Orthogonal Frequency Division Multiplexing (OFDM%, and quadrature
amplituféS nidHusHEEs KIR/HUATRS AR e Sl RIdReReTt SERsaonpidifRulse

A U SR R

UUE GO IicRton H“itilqcr’]eéo)i\hr"%‘éieﬁ%%ﬁﬁsﬁ‘]e? thbirﬁéc%gst 2N 8Bm sequence
communlca?e 0 eac gUW% cor'nmunlga ion nﬁ \_l|\.l8 ar& Jomsatﬁe plco-n%L{.

RN ARG ARG ADREEISE SAN Al At st LNk thce iﬁt)ade'f@ﬁﬁf?@ the

for each communication unit 100 to know the sequence and how to

SydeiRrRMg ®f it RIKRs QMR réRRRthaRiRaMREge of the expected frequency at
a particular time. At any given moment, the receiver demodulates the signal

that wagisestdinfegiotire ikrranSdividds thaadhansognenesdevetheridamdsame
6 FIG. 3 illustrates UWB pulses where the order of the center frequency of
tHequeisey sdlefBef Rpeatacighbsrbimnttaeork lusbsralviffiedeintsqoe pedod$ for
frequencies to reduce maximum collision among pico-nets. A neighboring
netlio Hdgepeataessiseran dsnt sekitieeagh I0na rtmakihe iBUkSt islenedidptes to

any other@%ico-net's sequence, to determine the 5 sequencing of its pulses

VSR YRs At I MENEhARIBORSREMh i BIE SRSUATRISAES! co Ui idelah el hiio300ns
o0 hime T NAAED TR SO SEHRHE 10 AU By son
ORRSREUING CABMCRREMENGRId MRS e finaguiated to
The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The provided embodiments are by way of
example only, and are not provided in any limiting sense. The scope of the invention is
indicated by the appended claims rather than by the foregoing description and all
modifications coming within the meaning and range of equivalency of the claims are

therefore intended to be included therein.
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convey data. However, the 80ns period is just an example and could just as
well be 300ns 10 or 20ns. Further, with other modulation schemes, e.g.,
Orthogonal Frequency Division Multiplexing (OFDM), FIG. 3 would likely be
different. The invention may be embodied in other specific forms without
departing from the spirit or essential characteristics thereof. The provided
enBbiments are by way of example only, and are not provided in any
limiting sense. The scope of the invention is 15 indicated by the appended
claims rhther thaappgrttes foregoindt-bestviprhon dabdral i UkdE) floations @diering
V\g?tg{aﬁh&) 1ing and range of equivalency of the claims are therefore
intended to be inCluded therein. 7 Claims: 1. An apparatus for a multi-band
ultra-wideband. (UWB) communication system, comprising: a transmitter
subsyst%H?r&sc% st ¥§e(£)C8rB%rﬁW6qrer configured to divide a UWB channel
into a pseudo-random sequence of N sub-bands, (b) a modulator configured
to provide a séFIRE Afamesiiged Fuidwse addVViB chafesl drtneopseapAdmRIdRM
to transmit eagfypepebrtRdHEAdS said sequence through one of said
sequence of N sub-bands, and 10 a receiver subsystem comprising (d) a

receiver configiyredipy rﬁ?&ﬂ%%r}‘ﬂg}_ﬁﬂr%gsig%%%i[{)é‘%?&ﬂﬂ&%@e‘@f?r‘r&l&lﬁ@@d}hses, and

sub-bands (e) & control1 er confl to'combine into a sequence o

modulated pulses . . . N
(c) a transmitter configured to transmit each modulated pulse in said

sequence through one of said sequence of N sub-bands, and
a receiver subsystem comprising-

(d) a receiver configured to receive UWB signals transmitted through said N

sub-bands

(e) a controller configured to combine into a sequence of modulated pulses
the signals received according to the pseudo-random sequence of said N

sub-bands, and

(f) a demodulator configured to demodulate the sequence of modulated

pulses, and

wherein said controller uses the transmitter to communicate the pseudo-random
sequence of frequencies to a receiver subsystem such that at any given time the
signal is known by the receiver subsystem to be sent through a known sub-band of
said N sub-bands.

2. The apparatus of claim 1, wherein:

said transmitter (c) further comprises means for sending selected from the group
consisting of an antenna, a cable, and an integrated circuit (IC) functioning as an antenna;

and
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the signals received according to the pseudo-random sequence of said N 15
sub-bands, and (f) a demodulator configured to demodulate the sequence of
modulated pulses, and wherein said controller uses the transmitter to
communicate the pseudo-random sequence of frequencies to a receiver
subsystem such that at any given time the 20 signal is known by the receiver

subsystef f8CRVEdAL tHITHEIFPIRIRSHMEANS 85 FREY hialfgted YR Hipgroup
The apparatus of claim 1, wherejn: said transmitter (c) further comprises
R ARG O et B 10 BT L RILA ) SR An & tenne.
cable, and an integrated circuit (IC) functioning as an antenna; 25 and 8 said

receiver (d) fufiieaSRAMRK R SITRANS IRIGRGRMRSHSRISFBHi S AMNHIL SRYRed to

consisting of an antenna, a cable, and an integrated circuit (IC) functioning as

afb aNtAEMAa3 cAdheparRpaLRIYS MoalakToh ENEIRIA oM MedHiaidtR ek s R Nse

configured to (b. 1) modulate each pulse using a modulation technique from
tivesitionih cansstase sbifp kéyéndH(BPSKip ubinatyepihaseshififkednmn@OESREK),
quadrature phase shift keying (QPSK), Orthogonal Frequency Division
Murttpoxiald-(IFEIRY) Davisi quitdittiniesi sgr{PD&6, anddukstienre@mmitude The
apparatus of claim 1, wherein: the controller (a) is further configured to 10
(@99ysgenl @Mlequency sequence over a predetermined time period, and

4. The apparatus of claim 1, wherein:
the controller (a) is further configured to -
(a.1) repeat the frequency sequence over a predetermined time period, and

(a.2) for each frequency of the sequence, divide the predetermined time

period into at least one sub-period; and
the modulator (b) is further configured to -

(b.1) modulate each pulse within the at least one sub-period to convey data.
5. The apparatus of claim 4, wherein:
the modulator (b) is further configured to -

(b.2) modulate each pulse using a modulation technique from the group
consisting of pulse position, binary phase shift keying (BPSK), quadrature
phase shift keying (QPSK), Orthogonal Frequency Division Multiplexing

(OFDM), and quadrature amplitude modulation (QAM).
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(a.2) for each frequency of the sequence, divide the predetermined time
period into at least one sub-period; and the modulator (b) is further
configured to (b.1) modulate each pulse within the at least one sub-period to
convey data. 15 5. The apparatus of claim 4, wherein: the modulator (b) is
further configured to (b.2) modulate each pulse usin?%; a modulation

technigfie front RERGASIES BbHaIStAG BRI RsRierieiRaY (HnaBerionife
keyi PSK), drature ph hift keying (QPSK), Orth I -
SRRy B R EATRTAGT S0 POIBwHPe Sk AN thgerod s
modulati r&j(/%%%& The apparatus of claim 4, wherein said

ime

th o i
pree-ggrt'grmlne period is selected from the group consisting of 20ns,

80ns, 300ns and said at least one sub-period is the period divided by N. 5 7.
The apparatus of claim 1, wherein at any given time, the receiver subsystem
is configured to demodulate the transmitted pulse using the communicated
pseudo-random sequence of frequencies, the pulse known to be sent through
the known subbeaRBeGteafd NeENbLbDaReSineat BREE Gipprakimecitss ieRakven,
wherein the receiver subsystem is an originator of 10 another pico-net and is
CHRTYRIRSHISE AVHIH B K RN RAtH AR AN 8RBT e Rl Sp Al KIN e FOSUBYY SRR by
using a different pseudo-random sequence of frequencies. 9. The apparatus
oSSR 4" AR PLESUEEEb R g e iy known

péﬁg_—ga%t d%r}%a{% ‘&?QJ@H&%&’SFO avoid overlap with the pico-net of the transmitter

8. The apparatus of claim 1, wherein the receiver subsystem is an originator of
another pico-net and is configured to avoid overlap with the pico-net of the transmitter

subsystem by using a different pseudo-random sequence of frequencies.

0. The apparatus of claim 1, wherein the receiver subsystem is an originator of
another pico-net and is configured to avoid overlap with the pico-net of the transmitter

subsystem by using a different pseudo-random sequence of frequencies.

10. A method for communicating data using ultra-wideband techniques, said

method comprising:
@) providing a transmitter subsystem configured to perform the steps of-

(a.1) dividing a UWB channel into a pseudo-random sequence of N sub-

bands,
(a.2) modulating a signal as a sequence of pulses, and

(a.3) transmitting each modulated pulse in said sequence through one of said

10
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subsystem by using a different pseudo-random sequence of frequencies. 15
10. A method for communicating data using ultra-wideband techniques, said
method comprising: (a) providing a transmitter subsystem configured to
perform the steps of- (a. 1) dividing a UWB channel into a pseudo-random
sequence of N sub- bands, 20 (a.2) modulating a signal as a sequence of
pulses, EABEESYtPhAAAME 82€h modulated pulse in said sequence
through one of said 10 sequence of N sub-bands; and (b) providing a

OWB STl e EEA (e o N Lo Ran b amafe b ™

received N sub-bands according to the pseudo-random 5 sequence, and

(b.3) demodulgging dbehsegie s OiRM¢Baptisemitoaih@igosakine dud-sars,
bands. 11. The method of claim 11, wherein the transmitter subsystem is
further configured to perform the steps of: 10 (a.4) repeating the frequency
sequence ovefPZhreeetaitgimedesriep &l ivt-handy aseasding trehe BpruUASTaRdOM
sequence, dividing the predetermined time period into at least one
sub-period; a4 ating step (a.2) further comprises the step of
(a.2.1) modulating each pulse within the sub-period to convey data.

(b.3) demodulating the series of UWB pulses from the combined N sub-

bands.

11.  The method of claim 11, wherein the transmitter subsystem is further

configured to perform the steps of:
(a.4) repeating the frequency sequence over a predetermined time period,;

(a.5) for each frequency of the sequence, dividing the predetermined time period

into at least one sub-period; and
the modulating step (a.2) further comprises the step of
(a.2.1) modulating each pulse within the sub-period to convey data.

12.  The method of claim 12, wherein the step (a.2) of modulating further
comprises the step of (a.2.2) selecting a modulation technique from the group consisting of
pulse position, binary phase shift keying (BPSK), quadrature phase shift keying (QPSK),
Orthogonal Frequency Division Multiplexing (OFDM), and quadrature amplitude

modulation (QAM).

13.  The method of claim 12, wherein said pre-determined time period is

11



15 12. The method of claim 12, wherein the step (a.2) of modulating further
comprises the step of (a.2.2) selecting a modulation technique from the group
consisting of pulse position, binary phase shift keying (BPSK), quadrature
phase shift keying (QPSK), Orthogonal Frequency Division Multiplexing
(OFDM), and quadrature amplitude modulation (QAM). 20 13. The method of
chalRe19D MARAbeiBr Wi PreisHBe S0 BiinRe RORD 8N said didfastencrrykngréod is
of 20ns, 80ns, 300ns and said at least one sub-period is the

group consisti
p@ﬁ(é)arb%ig'é(@%%q\é.l\ﬂ. The method of claim 11, further comprising the step
of (a.6) communicating the pseudo-random sequence of frequencies to a

receiver SUDSYSE MBI ONALiAT DY GINENHME B SN %) QUMY -ESing

receiver subsystem to be sent through a known sub-band. 15. The method of
claéPstad dLHItRINT HRHSHGF they séaniftic) RESDY GiNRPstbif sudHaRAPLAAYIBB/en

by the receiver subsystem the transmitted pulse using the communicated
rainckothe siggakis caobinegthencte s cthwmipyisarkndwrda theosghtitkmnowgubdand.
known sub-band. 12

15.  The method of claim 15, further comprising the step of (c) at any given
time, demodulating by the receiver subsystem the transmitted pulse using the
communicated random sequence of frequencies, the pulse known to be sent through the

known sub-band.
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