A DEVI CE FOR PERFORM NG S| GNAL PROCESSI NG AND A SI GNAL PROCESSI NG METHOD
VWH CH APPLI ES TI ME EXPANSI ON TECHNI QUE [ 0001] The present application cl ai ns
the benefit of the Singapore patent application 201002196- (filed on 30
March 2010) the entlre contents of which are incorporated herei

reference 9P 281238k poses. Technical Field [OOOZ]Ende?ﬁ%ﬁ?%mW%?ate

generally to devices for performng signal processing and signal processing
nmet hods. By way of exanple, enbodinents relate to waveformrecovery of
ultra-w deband (UWB) radio frequency (RF) pul ses for high precision ranging

and posntlommmmmnmmmlmtvmﬁn@tﬁsmdmAsﬁmn of a nobile

devi ce by a base station, for exanple,
P_ROCESSING METHOD WHICH APPLIES TIME EXPANSION TECHNIQUE

~ [0001] The present application claxms the benefit of the Singapore patent apphcatlon
201002196-2 (filed on 30 March 2010), the entire contents of which are incorporated
herein by reference for all purposes.

Technical Field

[0002] Embodiments relate generally to devices for performing signal processing and
éignal processing methods. By way of example, embodiments relate to waveform
recovery of u_ltfa-widebahd (UWB) radio frequency (RF) pulses for high precision
ranging aﬁd positioning.

_ Background
[0003] " In the field of localization of a mobile device by a base station, for example,
the base station may be configured to determine the location of the mobile device based
on the received radio frequency (RF) signals, e.g. UWB signals, t.ransmitted from the
mobile device. In order to have a high timing resolution at the base station side, it may be
preferred that received radio frequency signals are sampled at high sampling rat.e. In this
context, the timing resolution may réfer to the minimum time duration between two
consecutive sampling points. However, the cost goes up expo_nentially,wiih higher
sampling rate device, and more importantly, the sampling rate fequired may be Way too

- fast and cannot be found in any existing commercial device.
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t he base station may be configured to determine the |ocation of the nobile
devi ce based on the received radio frequency (RF) signals, e.g. U\B
signals, transmtted fromthe nobile device. In order to have a high tim ng
resolution at the base station side, it nmay be preferred that received
“radi o frequ¥fef1dtyifal s are sanpl ed at hi gh sanpling r C&SRHIPMY cont ext ,
the timng resolution may refer to the mninmumtine duration between two
consecutive sanpling points. ‘However, the cost goes up exponentially wth
hi gher sanpling rate device; and nore inportantly, the sanpling rate

required may be way too fast qmq“ﬁﬁﬂapgmbﬁwﬁgygd in any existing conmerci al

device. 1 Summary of the Inveniron ar1t ous enbodi nents provide a

devi ce for |pjodfes SaRBusthibb@ientdplovllie 3 ANESToPprotE@Rd siBflstwial SX%VEJ"Q_ above
menti oned problens. [0005]1n one enbodi ment,” a device for performng signal

processi ng jéa3t pakAUy 8RR ApovEREendshtl poblERg. | Ncl ude a receiver configured to
receive a first periodic signal wiwth a first pulse repetition frequency

(PRF). The (6% cem&r}sﬁaihﬁat,wﬁ&%ﬁﬂtﬁﬁiﬁg si%ﬁgﬁr:b@ésﬁﬁg ﬁg&fvid@a{r ed to

generate a second periodic signal with a secon se repetition frequency

- being di ff efeQtvidd RAY ihdiiel rséivepwnﬁglréfgﬁséekgqtrﬁé&_gsr%&%@ﬁal Jighea figyi ce may

further include a second generator configure enerate a first del ayed

si gnal cor raspapdifd f%%&tﬁPﬁ?f@ﬂgdWJn‘%}ifﬁn}% &Fﬁheaﬁgﬁ%egsr\ﬁg?e_ may further

~include a multiplier. The multiplier may be configure uring a first

d i fddBo afy e - c si - ecBRHuRdi e u _th
pr edet er m nGgkigutdiRo &l selBil birildle ik &&Héé.&ﬁyuggﬁeﬁ#uﬂ{}ﬁpﬁ%&ﬁ e

second periodic signal to acquire an output sign i'er may be

further confingdffftnt fom HH-GuR: REGR1A FRLRHGE $RNIRRE nf &mhgleﬁl&lﬁaie amultiply
the first perrodic signal and the frrst del ayed perloélc signal to acquire

the out put sgiga Qénera[&@&ﬁigbféd Wé‘enﬁggQ%rﬁ%&%yed%igﬁglggﬂ'&pgﬂ&fg‘%ﬁ fleng method is

provi ded. The nethod may
second periodic signal. The device may further include a multiplier. The multiplier may
be conﬁgﬁred to, during a first predetermined time period, multiply the first periodic
signal an& the éecond periodic signal to acqﬁire an output signal. The multiplier may be
further configured to, during a second predetermined time period, multiply the first
periodic signal and the first delayed periodic signal to acquire the output signal.
[0006] In one embodiment, a signal processing method is provided. The method may
include receiving a first periodic signal with a first pulse repetition frequency (PRF). The
method may further include generating a second periodic signal with a second pulse
repetition frequency being different from the first pulse repetition frequency. ﬁe method
may further include generating a first delayed signal corresponding to the second periodic
signal. The method may further include, during a first predeterfnined time périod,_ _

multiplying the first periodic signal and the second periodic signal to acquire an output

signal. The method may further include, during é second predetermined time period,



include receiving a first periodic signal with a first pulse repetition
frequency (PRF). The nethod may further include generating a second
periodic signal with a second pul se repetition frequency being different
fromthe first pul se repetition frequency. The nmethod nmay further include
generating‘%O?Wngmﬁelayed si gnal corresponding to theP§¥@SHﬂ”ﬁQFﬂodic
signal. The nethod may further include, during a first predetermned tine
period, multiplying the first periodic signal and the second periodic
signal to acquire an output signal. The method nay further include, during

a second phRdiglghdhe 8t pdridBic BRNAIQAAd the kst HélDed pbtibdid nkl tb Séquit€fie0di € si gnal
and the first delayed periodic signal to acquire the output signal.

[0007] I't -sheghikidagl. not ed that the enbodi ments described in the dependent
claims of the independent device cldimare anal ogously valid for the

cor r espondijg@7j et RQgotd Bd AHt MR TeRRBbAIGRRS BescAbH 1Y ihe @eﬁéﬁ&eﬁ@?laiﬁ'fs oef.

Description of the Drawings [0008]In the drawi ngs, |i'ke reference

charact er s ygqpbeldedt deRE&aitnrd HRIEARE Vafd F tﬁe{%ﬁé&ﬂ@rﬂﬁﬁg hdifoddiififer ent

views. The draw ngs are not necessarily to scale, enphasis instead

general l'y hgbRQpRl-anedntPROvirtd ustrating the principles of the invention
In the foll ow ng description, various enbodi nents of the invention are

described with reference t %;igﬁ)gsak#&wo@%mawiﬂ%s , in which: FIG 1 shows
a comuni cation system which rncrudes a 11rst radio

[6008] In the drawings, like reference characters generally refer to the same parts

throughout the different views. The drawings are not necessarily to scale, emphasis

instead generally being placed upon illustrating the principles of the invention. In the

following description, various embodiments of the invention are described with reference

to the following drawings, in which:

FiG. 1 shows a communication system which includes a first radio
commuinication (ievice and a second radio communication device;

FIG. 2 (a) shows the waveforms of the recei\_fed radio frequency. (RF) sigﬁa]; the
local oscillator (LO) signal, the butput signal from the mixer sampler, and the time
expanded signal of the second radio communication device shown in FIG. 1, respectively;

FIG. 2 (b) shows the waveforms of the received RF signal, the local oscillator
signal, and the time expanded signal of the second radio communication device shown in
FIG. 1, respectively; |

_' FIG. 3 shows a device for signal processing in one embédiment;_

FIG. 4 illustrates a signal processing method in one embodiment;



communi cati on device and a second radi o communi cati on device; FIG 2
(a) shows the waveforns of the received radio frequency (RF) signal, the

Il ocal oscillator (LO signal, the output signal fromthe m xer sanpler, and
the tine e anded S|gnal of the second radi o communi cation device shown in
FIG 1, re§ggé? FIG 2 (b) shows the wavef SN ecei ved
RF signal, the Iocal oscillator signal, and the tinme expanded signal of the
second radi o communi cation device shown in FIG 1, respectively, FIG 3
shoms a device for signal processing in one enbodinent; FIG 4 illustrates

a signal processlcﬁgﬂmﬁmohdoamgma@dm%emichmcludesaﬁﬂ&no5 illustrates a
conmmuni cati on system whi ch i ncl udes first radio conmuni cation device and

a second -1 RinRufies¥H AbHal ind A seBNd &8iol cemgm&cﬁﬁmleémoﬁmgfpmﬁn FI G
6 illustrates the output signal fromthe RF block in the second radio

conununi cateBpdifemi ce shown in FIG 1 and FIG 5, the output signal from
the pul se generator 113 in the second radi o communicati on device shown in

FIG 1, the out pi¢ eSinGRabs B outhut SFhdl AOmfthé fzpmo;heté thdkeld¥@ ridig'® donai n the
second radi o communi cati on device shown in 1, the output signal 613

fromthe puybsgugiefhabake Adwn inFiENLaRAGENS ﬂi@&kﬁatﬁ Oh @RIy devi ce shown
in FIG 5, and the output signal fromthe filter 5 the second radio

communi cat Igeﬁerg@rvmm ﬁ@?é%hd i ngkgnméma{ueﬁe&ﬁée'smwm FI&G, e dulpht'st r ates a

delay line in one exenplary e

signal 215 from the filter 115 in the time domain the second radio communication devxce
shown in FIG. 1, the output signal 613 from the pulse generator 513 in the second radio
éommunication device shown in FIG. 5, and the output signal from the filter 515 the
second radio _(_:bmmunication device shown in FIG. 5, respectively;

FIG. 7 illustrates a delay line in one exemplary embodiment;

FiG. 8 (a) illustrates the waveform of the single local oscillator (LO) éignal for
the systems shown in FIG. 1 and FIG. 5;

FIG. 8 (b) illustrates the waveform of the single time expanded signal for the
systems shown in FIG. 1 and FIG. 5;

FIG. 9 (a) illustrates the LO signals for the system shown in FIG. 1;

FIG. 9 (b) illustrates the LO signals for the system shown in .FIGl. 5;

FIG. 10 (a) illustrates the time expanded signals for the system shown in FIG. 1;

FIG. 10 (b) illustrates the time expanded signals for the system shown in FIG. 5;

FIG. 11 (a) illustrates an enlaréed view of FIG. 10 (a); énd

FIG. 11 (b) illustrates an enlarged view of FIG. 10 (b).



FIG 8 (a) illustrates the waveformof the single local oscillator (LO
signal for the systens shown in FIG 1 and FIG 5; FIG 8 (b) _
illustrates the waveformof the single tine expanded signal for the systens
shown in FI 1 and FIG 5; FIG 9 (a) illustrates the LO signals for the
system shom‘;'?%oi2?1“/r3i?3 6 1; FIG 9 (b) illustrates the LO ﬁcaﬁiﬁgl/?%’}?ﬂt he
systemshown in FIG 5; FIG 10 (a) illustrates the tinme expanded signals
for the systemshown in FIG 1; FIG 10 (b) illustrates.the tine expanded
signals for the systemshowm 'in FIG 5; FIG 11(a) illustrates an enl arged
view of FIG 10 (a); and FIG 11( b)l)egd,-i@;,r ates an enlarged view of FIG 10
(b). Description 100091The follow ng detail ed description refers to the

acconpanyi nepos| aWThg follbWlg dsta, debi¥ipierefets t kﬂewsédhﬁ{aj;ﬁiég drewmgd hiec details
and enbodi ments in which the inventiron may be practiced. These enbodi nents

are descri Rgély, iy waybf flGitanbn, deicaicldetalls £ABIbEAIMBAS & WikéH hefvidliohhe art to
practice the invention. In this regard, directional term nology, such as

"top", "botg9mk pracide@NThese cliBdiments IrE€AIEAMd in subficint 8181 to efdbfo thbse Used Wi th
reference to the orientation of the Figure(s) being described. Because

conponent s Qe LXRRMATE Bladti AR iRGnRGS | ThiRORGarl HiRkcHUMAREmIRogd! dubrient
orientations, the directional term nology I's used for purpoSes of -

i |1 ustrat i oppangoton] MoRt®, "Hak"] il Graildlgh e, RiBROGHHRR G IRYnDE Ut i | zed
and structural, logical, and electrical changes may be made w t hout .

departing fotioihdda®s & #iifiredd) bhillg adsBiRA! BRRuse Thapontihis Sttt AR TR are not
necessarily nutually excl usive, as sone enbodi nents can be conbined with

one or nor go&tiéea iﬂmm&réﬂpﬁ&ﬁdﬁbﬁ@ﬁe%ﬂ@@féhﬂ%ﬁmlo@??sJs&:i foPW Ng
detail ed description therefore, is not to be taken in alimting sense, and

the scope Qhrrolid oPHlIBSANN AdAYEMldo Wy lishitiRf ONRAADOAGHRHBRARLzE 2Rl M5
10010]The wor d “exenplaryf is used herein to nmean "serving as an exanple,
structural, logical, and electrical changes may be made without departing from the scope
of the inyéntion. The various embod;ments are not necessarily mutually exclusive, as
some embodiments can be combined with one or more other embodiments to form new
embodiments. The following delailed description therefore, is not to be takenina
limiting sense, ahd the scope of the present inv;:ntion is defined by the appended claims.
[0010] The word "exemplary" is used herein to mean "serving as an example,
' instance, or illustration". Any embodiment or design described herein as "exemplary" is
not necessarily to be construed as preferred or advantageous over other embodiments or
designs.
[0011] . The device as described herein may include a memory whiéh is for exﬁmple
used in the processing carried out by the device. A memory uséd in the embodiments may
be a vo_lati.le melmory, for example a DRAM (ljynamic Random Access Memory) or a

non-volatile memory, for example a PROM (Programmable Read Only Memory), an

EPROM (Erasable PROM), EEPROM (Electrically Erasable PROM), or a flash memory,



instance, or illustration". Any enbodi ment or design described herein as
"exenplary" is not necessarily to be construed as preferred or advantageous
over other enbodi ments or designs. 100111The devi ce as descri bed herein may

i ncl ude a ich i's for exanple used in the processi carrjied out by
t he devicesﬁggﬁ%ﬂgg?iused in the enbodi mrents may be a 33ﬁg¥gWé%%ﬁﬂDry, for
exanpl e a DRAM (Dynam ¢ Random Access. Menory) or a non-volatile nmenory, for

exanpl e a PROM ( Progranmabl e Read Only Menory), an EPROM ( Erasabl e PROM,
EEPROM (El ectrically Erasable PROM, or a flash nenory, e.g., a floating

gate menor y,g.a flobidgdatetniagipy, AGhafBEPipping aierid\vh MgV eMag R for&istiveé Random
Access Menory) or a PCRAM (Phase Change Random Access Menory). [0012]1n an

ermbodi ment ,Raddoné AbdesH Mgmé“fz)’ortl@m (BHa8OChaAGe Ritotki Atdesd Methokpgi C
i npl enenting entity, which nay be special purpose circuitry or a processor

executi ng ge0par @ &i @iRdinieRt, 8 "CRURT May Bd UnB¥WSHEd asGhy RIAN of PI¥RIcNat i on
thereof. Thus, in an enbodinent, a "circuit” may be a hard-wred | ogic

circuit or j@pRmedingehRp| whidHdybeGhésdl birpsddelicdy ér JPrOQtBPTRBlRgPr OCESSOT
e.g. a nicrogrocesgor (e.q. a)g%nglexb%Rstruct?%nzggt Conputerg(CISC)

Processor Qbfiwark6eHed 8th haéd Wrinware, §8iny COMBiHitRN KRloBCIniSiRGRSSOr) . A
"circuit" may al so be a processor executing software, e.g. any kind of

conput er prea®bdiffentCa Gircidt" GHYDE L BRrdAVIRANGHR sl O @pru%&&.yﬁblemm ne code such
as e.g. Java. Any other kind of inplenentation of the respective functions

which wil | chenitlasicas A}R6LraimAB FrodtBicRie g. REliQUprBRYsoR (5P a %mgﬁger stood as a
"circuit" in accordance with an alternative enbodinent. [0013]In the field

of processimguéionSIECEMRRATTISCY plobdbr ot SRedused tfuctib Set E¥RBMS On sanpl i ng
techni que may be used at a recelver side when high timng resolution is

needed in SAMY) biodesBsty.i Q8ifu®i BRAS W Protsshf G Rink SRR, Sy kAT exanpl e,
in the application of |ocalization or positions, a higher sanpling
resol uti on offBynu@s Yrofgrah) e 8. {@PuRE FrofRnYsind @ @l n&hindBoRRiFds e g.
| Java. Any othef kind of implemexjtation_ of the respective functions which will be
described in. more detail below may also be understood as a "circuit" in accordance wifh
an alternative embodiment.
[0013] In the field of processing of radio communication signals, the time exi)ansion
sampling techniqﬁe may be used at a receiver side wilen high timing resolution is needed
in sampling periodic signals coming from a transmitter. For example, in the application
of localization or positions, a higher sampling resolution may result in a more accurate
location of an object.
- [0014] Briefly, ac_cordiﬁg to the time expansion technique, a received signal
con_sisting of or including repetitive waveforms may be expandéd in timé domain without
changing the overall shape of the waveforms before the received signal is szla.mpled by an
analogue-to-digital circuit (ADC) for further processing. For example, assuming a

received signal is expanded in the time domain by 10000 times at a receiver side before



[0014] Briefly, according to the tinme expansi on technique, a received signal
consi sting of or including repetitive waveforns nay be expanded in tine
domai n 'wi't hout changi ng the overall shape of the waveforns before the
received signal is sanpled by an anal ogue-to-digital circuit (ADC) for.
further pr o‘g‘éé%‘i”ﬁﬁ’.o“For exampl e, assum ng a received sifGREC2PY'WHanded in
the tinme donmain by 10000 tinmes at a receiver side before sanpling by the
ADC, the equivalent timng resolution would be about 10000 tinmes higher
conpared with the timng resol ution obtained when the signal is sanpled at
- the sane samylingBy iRADO ke duivaRA tinlihRsNRANMIuRbe abbut QAR ST ds, for
exanpl e, when an ADC sanpling rate of 50 MHz is used, if the timng

- resol uti OnhthEm%a&ﬁWﬁhqu%olhf?on?&taﬂ%fiWeﬁﬁel@gﬁ(?ssrajn dafthf® €xpansion

-of the received periodic signal, an equivalent timng resolution of 2 Ps

may be 0obt dhREGmphifs rafbufRRhdut Aht Hpasit 1rfcthdr Qofts] BALaRPle, S/ 8Xanpl e, the

i nprovenent in the timng resolution allows for a proportional inprovenent

by the 1 0calid alhpAte MY STMHAs LEII R bl R BR GRAG MR Spthaf @ ST gnal
froma transm tt&r or jn other wor s, it [Ffeads-to an equivalent inprovenent
in the rangj ; ' inRSSER08 o ecdi i (ol ihg at the
speed of |?8ﬁ§‘fﬁ§?9§§h§%§ce o#ﬁggg,%%gIk%?%é§h§g§%%g£3%E§¥§hifger ns. So
when the tig;m: i j f NS e r in

Fesol uti on st Ratn bEL By BER foFh SiBRich Suh PR BPABRS 0% 1t )

= 0. 0006 Meylo4d Syl AR IER A b owE Y3 Lo Ul S Wi dith s

general ly short in duration due to e very wde h. The pul se

~repetition i&ﬁ%@déﬁ@ th® [‘OC?HL% sgfigg,ht{) tdsQ0e {hE ﬂﬂ{ﬁﬁ&q}lavglj&ﬁ@ C?rs%lglr s to the

nunber of repetitive wavetorns ses wthin one seco ration-of the

si gnal . The; fp] fantARSOS ixﬁ}%e%r&@it@édh%?r%ﬂv@én%irﬁ oRRhff L HieSUCh. 25

| ocalization 1s due to the spacing or silent period between t epetitive

wavef orme nfoblign olsCnfhs nfl1fe SEhARIARLE AhARLIRRR AN rRYaLags al | ous for

reflections or nult signals to su efore the

next pul se 33§ bHMES p&secddnd HOES ¥§fer nsI 86 Fhél thOWRink RGofti | rom the
transmtter to be %if?e?entiat gr?10n1thé ref?%ctggléfb gﬁgggghﬁging of f
near by obj h Lt 1Ny j f |t n rangi ng or
posi ) oni ngt szt S8 Eetfh kb hek e dirh (RS Pl THULPBEE B3 o
shorter asogqgmfgﬁkb sincreased. Typical PRFs for localization applications
fo[ exanFIe ran eﬁﬁ? me;n 1gkk& %;Jloo Nggh S?hfoé ?xanplf, in thF cg;g of.
a typica )| e W e. du c s only 2%
100161W't h%ﬁlgt‘zexpa{lnlg{goﬁﬁls?aar?g?ll)ng )tﬁ‘ésct:%'?ii qe elsgfmqstaif g%’be(%@ Sg?('%glnsi on factor
(or '

N

duration due to the very wide bandwidth. The pulse repetition rate (PRR) or pulse
repetition freduency (PRF) refers to the _humber of repetitive waveforms or pulses within
one second duration of the signal. The main reason for using pulsed signals in
applications such as localization is due to the spacing or silent period between the
repetitive waveforms.in the signal. The silent period between the waveforms allows for
reflections or multipath signals to sufficiently setﬂe down before the next pulse arrives at
a receiver. This allows the direct signal from the transmitter to be differentiated from the
reflected signals bouncing off nearby objects, hence mitigating the ill-effects of multipath

on ranging or positioning accuracy. The silent period between the waveforms becomes



expansion ratio) and 20 MHz PRF, the nornal tine expanded waveform may give
only one tine expanded pul se per 500 us (50 ns-x10000). The period of 500 s
may be referred to as the tine expanded period in this context. This nmay
cause any update that requires the tinme expanded waveformto be limted to
2 kHz, nmean¥Rg"1888% updat es per second. As the pul se SHTFCIPMYIHG | A s
(with 1 ns UMB pulse) with the rest of the 490 is containing no useful
information, it is generally felt that time is wasted on usel ess signal.
[0017]FIG 1 illustrates a radio comunication system 100 which applies

time expanshéier kG PRAWSncréLQL B pibe PRYSOLIMCARioMBYplidatdld 46t eRahplt St radi o
-communi cati on device 101 and a second radi o communi cati on device 102. For

exanpl e, -t hgndivbRkeed PRITLAOTIARY Sfok SRnBRY intfe LA of BtYpibs zampﬁiﬂpebdevi ce.

For a concrete exanple, the first radi o conmunicati ofi device may be

configured ,@aY MaPALE iddh, HBu @D oMlybb, @ first pulse repetition frequency
(PRE), e.g. 20 . 100191The  second fadi o comruni cation device 102 may be

a base st atyj ( By aMal LS | 1Er, ; { . i
2 bace St 2ot ( PSuihehoki FOBR B dhbR RGelooLhEMMB SRR
for recei v'e%gangit;ﬁ rdd¥Pardl 28 Atz p@%e%%nﬁﬁ%nﬁ%@uédtmfohﬂﬁlaygﬂfe?,rlgyad' 0

frequency (RF) block 111, consisting typica of front-en ers for -
Cactin . g ; L i Ced si |
The BS 102 AagRe Sfhankelllee pd a6 BB sk Ribo) Phe AR LGS g Be T > < 0N

conf i gur ed L 8, AARGL Al G e ARRdNS S H0BIme T A8 EOSK B haNA RO 00 112 MRy
generate a perrodic signal™w a second pul'se’repetition treguency, e.g.
19. 998 MHz, I Ly . t ' -ud e gener at or
(i.e. sanp|ff‘{{‘g‘re?3t§f§§§g§’g"ﬁ8‘?;§$‘{§‘§ éoﬁé.b enfegfjot pu % l&@ g‘{#%%%@o@%tgsi pgegal sour ce
112 may be gonnegcted to the |npHt of..t elﬁwbse enerat or 3, 05Uch that the
pul se genersgcfog(ri' Sltge %uésﬁeoPé'ts "‘s"sgﬁl“% “s”tha{]nst e él}?g) Ya tge &e ({Jfl:bg 4f9§élauency of '
the input sj i_nt 16 Se . r : . For e | e, WM.t h,the input
cl ock signa gtggllngélgﬁ"%ef&c}t?rgﬂ%%hgﬁ lt%gge%%hmtjﬂﬂaﬁ{'gef%véasgeﬁ{(T’Eéls%ees?lse’ 5‘%’0r 113, a
pul sed sig it pul [ tition frequenc 9. 998 Mz is generated
‘fromthe pﬂﬁ@gwgeggéak@Psﬁfﬁs%ﬁ9&°€P&H§F“§ﬁ?§ﬂ¥lﬁéﬁﬁ¥¥ﬁgﬁﬁh‘%% gener at or

113 nmay be ' .0 as a local oscillator (LO signal in this context.
The BS 102‘%§%§ %ggﬁgﬁwinclude a mxer sanpler 114. The m xer sanpler 114

may be Com;hi)(?lﬁ£eglf_lthgf%§§eg o ir?‘ﬂl'{dtﬁiaﬁfrsit a%liji(%rr]rm?u[r)uer 1% i&?ﬁgﬁ%lte{}lﬁ gOut put

signal fro n e outp signa ul'se gener at or

113. The B%e%ogar co &n%qnl dggxlcc’ijﬂ@ At e%ﬁ,llé/ qheif %‘%ttrgmﬁ%%&%ﬁﬁrﬁgatigﬁ | tering and

anplifying t out put signa m xer ‘sdanp e output signa

- f the fift. ' - f th ived UVB
rom the I‘iﬁffi‘gé bo]:%aﬂ%% oh ﬁa&}(ﬁcreﬁdﬁ%gxg&neg? %Iamfﬁ’f}é‘é&'; %Es ag g the receive

si gnal but een “expande out put signal fromthe

filter 115 cmgglgatgoﬁgg%e%&ggﬁf;%?@ t krac%m Skl GRAL gl s context.

The tinme expan her processed by an anal‘ogue-di git al

t 2 ling, d | at t ot
Do o by g Tttt Bk, LG RAD! 1O BNC BT S her pr ocessi ng.
The FPGA ' i . - , d f
e FottadE, o OREs Mg, RBHEG B0 B LGRS S L o

timng. For ex , evi ce ma ransm 20 MHz,

wher eas at . .on. , - [ | 18 fi S led b

the LO s grafeif fehadl Btivh e st P AR ob oAk P LT, oeny -

10000 ti i f j S | ( i evi 101 i

The ti n;”‘éo%nsgfbg%@;%ﬁ an itk § F6 oY ‘Fé_éel%g tid U%%I&Elhﬁxe@idﬁm@ev' ce In
.further include a radio frequency (RF) block 111, consisting typically of front-end filters

for rejecting unwanted signals and amplifiers for amplifying the wanted si gnal. The BS

102 may further include a clock signal sourée 112 which is configured to generate a



achieved. Wth this expansion of received signal in the time domain, the
sanpling resolution of about 10000 times hi gher may be achi eved. For
exanple, with this expansion and 20 MHz ADC sanpling rate, the equival ent
timng. resaql ution beconmes (1/20M /10,000 = 5 ps. That is, if the received
signal is JYR&WA20¢%e application of localization or pSSTSCEHAYIL he
correspondi ng ranging resolution in resolving the distance traversed by the
signal fromthe transmtter would be (0.005 ns x 0.3 mins) = 1.5 nm which
is equivalent to sanpling at a 200 GHz ADC sanpling rate if tine expansion
i's not car eshi®dignal GhOEIBcK digha¥rcs 1Mk EknerhRARA CRigral Wil a bdcbatSt r at es
the waveforns of the received RF signal 211, the LO signal 213 (e.g. the

out put  si-ghaise fep@ifioh HRquEEyS 8 c SRR MRS, férlexfinpls ATHE BSNG2 ki) BthEENEr at or )
113), the output signal 214 Fronythe'n!xer sanpl er 114, and the tine
~expanded siigihile aphRe f&refdtor (iRCsaipliRtbul sl gBRhtod) 1 PINThE Suthitlof 8 cibi®) -

_ respectively. The RF signal 211 consists of a series of repetitive

wavef or ms \Wohl) sgured | 2 HhayRIchRRcBEIMESAPRSE the biiRe LABSRE P13, Yn WY &EOr mB. The
| ength of the silent period depends on.the pulse duration (i1.e. pulse width

or wavef or %Qega,feiawa)ui'en@aaésﬁme%euwsmléteapﬁ.em ehé of BRGRpuIGYRA Or m 225 of
the time expanded signal 215 has the shape of each waveform 221 of the

" recei ved RE,si : i i i -The
e on PSR bl e R, GHORRIG AOL g IS R0 O

- frequenci eg9@bg M ih@ @RI piRE s BleratdrdMila pARED BB1 W §pBALpeifiBe exanpl e val ues
given herein are only for .illustration purpose. For exanple, the RF signal

211 may co "TEROYEF 10D98 MIES is BsheRitedHoRHROPEE gcRLthBEFI SQThJ@éHQFé{EAu?S . A
-waveform-in this context may refer to any repetitive portion of .the

received sifgidhe %&%geﬂ&a&)hﬁ 3Ry b Qdterdedilto hila BE4BRillator ILO OWMAl intif! G 2. WO
2011/ 123066PCT/ SG2011/ 000131 [3621]Gbnerally UWB refers to the use of a

suf fi ci ent loynBarriRve o2 pitly $asheintllddM Mbkef LRHHESTEY TRARRY Shdpfer i ¥pi cal |y of
at | east 500 MHz. The tinmé expansion technique is however not limted to

signal Wi t b3 cHffghiea W firfoRR A shEHiBaroh ogé}&tm@mgoatwt SRkt frdvi@RPand of
the el ectronmagneti c frequency spectrum The type of RF pulse, the bandw dth

and frequengyk Pld i Butsie d oii¥e REpARARRRABY1 BN EheSLT02hay ither €CNNI que
based on various conditions such as the regulatory requirenents, the

avai | abi | i tic1@fe ah BQAYBNEN 15 RS FHitbH anki AR ERHARMR oufRDdEdal GNfe miel ti path
- environnent, -etc. [0022] For the tine expansion technique used, the use of

20 MHz for shhigePiRh. e dulpBt JiSREHNR theHIGNAlS 1R e d%erAPR P WaQlfoliiorsanpl i ng

pul se frequency is only illustrative. The time expansion technique is

i ndependenty ke i@ URKE sighal bikhal %ﬁkﬁ@qdeﬁiiaaﬁk doffl. THe®ufplisighaitorh O the

sanpling signal may depend on the PRF of the received signal and the
desired tinR MEPAShA bl BELA to 25Dk ihRexFMA& dignhtia iidlRtxNehehife for the 20

MHz PRF, -in order to achieve a 10000 tinmes time expansion, a correspondi ng
19. 998 Mz eRBahd&fsighaPiilay R fultte pliotissédibylal Gnatdiuldighal dhef@t (ADC) (not-

shown) for sampling, and later sent to a field-programmable gate array (FPGA) (not

shown) for further processing. The FPGA may be equipped with the knowledge of the

time expanded waveform timing. For example, the mobile device 101 may.transmit PRF

at 20 MHz, whereas at the base station 102,.the received signal is first sambled by the LO

signal with a PRF of 19.998 MHz. Accordingly, a 20M/(20M-19.998M) = 10000 times

expansion of the received signal from the mobile device 101 in the time domain may be



10023JFIG 2 (b) illustrates the output signal 211 fromthe RF block 111,
t he output signal 213 fromthe pul se generator 113, and the out put signal
215 fromthe filter 115 in the tinme donmain, respectively. In this exanple,
it is assuned that the pulse width of the RF signal recejved is

can be seen" OB e nobile device 101-transnmits at a‘FFF%?“B@WEE
repetition frequency (PRF) of 20 MHz, whereas the received signal is’
sanpled by the LO signal with a second pul se repetition.frequency (PRF) of
19.998 MHz at the base station 102, the resulted ti-nme expanded wavef orm

i.e. the outieed SWOR®ls &bardsion offebéleerd slgBl, in tH3GIMedRMmaRN@e bdniPting X panded pul se
per 500 is (i.e. 50 ns x10000). Each tine expanded pul se occupies a time

span of - 10 resshition bubBEt 10§00RinSds heheiemayelaoklevel. FbP Oxdaspl &ith thi¢onsequence of.
ti me expanding the 49 ns of silent period between the pulses in the

original sicgpakion BROHRNIHRKDTGBLS; fhic e EquhaRdethRY FeERtiRYecifGONd can

provi de faster updates about the. target/nnblle device that is tracked by a

radar/ | ocal(i/z2ei/P0060yS5 SINThEME iMtRYredeell ighA S Red B tﬁé“ég)pméﬂpx%f of tine
expanded pul ses per second or the update rate is t ecrease the tinme

expansi on figGtifkion BUositibhifte, el dorrE SOMES; i SdsIMRh §HesdIifiE Y dIsBRQ! Ut i on

which in turn will affect the ranging resolution. [0025] Anot her

conventi onaiavérgédlwdhesﬁgntap&am@m&a%mﬁﬁ%e(66@1@%murﬁfiF By, ) €ad to two
probl ems. The firSt problemarises when the signal power is [inmited by the.

regul at or y h{]?&iuwa%ﬁt to rllix}tll g E sdo G ADEQ%H@“% %nEHQ e%&e\%?ﬁi 1%%} se may

have to be s in order t eep wwthint eve
Reduci ng tflﬁﬁéﬁ'@xht'bﬁafég@th@w&@m gSes would likely lead to a reduction_ in
t he maxi mum di stance possib etween the transmtter and receiver. The

ot her  pr obl i) ey et ARIeANR PR hha RSO, 1§ Lhat here

will be less tine st ghal' s bounci ng o ﬁear y objects to

settle down E&%We% *ﬁ?eo‘rﬁgzlui éx%& Rori 'ttﬁ'sbﬁié gt (%, La"i‘rﬂyhﬁ &19: F%@équent

pul ses arri ng at cau si-gnal dlstor ]JFIG 3

i | Tustrates; ;g %%%h{faﬁt st 719'oRRhE AT Qhpik 92 bndhOfSHE Ekﬂlgdédglg%e

215 (e.g..the output signal from the filter 115), respectively. The RF signal 211 consists
ofa ééries of repetitive waveforms with a silent period between each two consecutive
waveforms. The length 0f the silent period depends on the pulse duration (i.e. pulse width
or waveform duration) t1 aﬁd pulse to pulse period t2. Each waveform 225 of the time
expanded signal 215 has the shape of each waveform 221 of the receiQed RF signal 211,
but has been expanded in the time domain. The expansion factor may depend on the
values of the pulse repetition frequencies of the receivec_l RF signal and the LO signal.
The example values giv_cn herein are-only for illustration purpose. For example, the RF
signal 211 may corréspond to a series of sinusoidal pulses or ménocycles. A wﬁveform in
_this context may refer to any repetitive portion of the received signal such as the. portion

221 in signal 211 shown in FIG. 2.
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enbodi nent, and which may, when applying the tine expansion techni que,
increase the update rate wi thout sacrificing any other paraneters.

[0027] The device 300 may include a receiver 301 which is configured to
receive a f riodic signal with a first pul se repetjfi f uency.
The -devi ce ‘%gélrlr'g%’o#Gurt her include a first generator S%EE&ﬁ?@HO({Ogﬂ
configured to generate a second periodic signal wth a second pul se
repetition frequency being different fromthe first pulse repetition
frequency. The device 300 may further include a second generator 303 which
is configuneadif o GRRAIBIIEWB réfers s the abetf @ Guffitigndl naeow FISRGREWIRwid t he
second periodic signal. The device 300 may further include a multiplier

304. The mMgefichty Kahdwidths B)aldPoftd kbt 300 Pz Dhe bt dxPshsidn tdchShudls edet er ni ned
time period, nmultiply the first periodic signal and the second periodic

signal to aewélef fot fimitdioRithalSlitikal parfiBarBdhdviidthiofbccafying By p%éﬁlh&r t her
configured to, during a second predetermned time period, nultiply the
first peri ggidof#edMRiroRapetidReqhéncs ped@haYRE (R F REbEIsS @ahadi@hwacqui re the
output signal. The receiver 301, the first generator 302, the second

gener at or  3RBfredubRy Mpdcirim ub@ma3dd ch&¥n PEthe QuPbefle Wtkdluedsdashher, e.g. via
an electrical connection 310 such as e.g. a cable or a conputer bus or via

“any. ot her sitidud BbRitRheGich hSBé reEANBAGEL AR mERSs, CHAMBRiteoErdghimes! Signal s.
[0028] I n one enbodi ment, in other words, the device 300 may be configured

to receive gfddguh) théihaRe iRditons righth@pdrdnehii&it her process the first
periodic signal. The tinme expansion technique nay be applied by the device

300. That ijgn22f hereiaud Giie SPansitAMtedhBiqaORNEH I &6 of 2 K1k $r temansk e recei ved

first periodic signal in the tine domain and | ater use an

anal ogue- t Qecgived diglal £N900% MHZFARES sahplig@piieSrdghidic IsRIyaRARGRITR gnal in
order .to achieve a higher timng resolution. In order to obtain a tine
expanded skigi@kpantibetecl@iue & id@BeliRY: F BRPRELR (1R r&RRONERE h@Bk PRSI gnal , and
then sanple the first periodic signal by the second periodic signal. The
sanpl i ng Okisddli6r thd dafpliREdigriafingy Sdperiidn (RYPRINGS (RECENEIRRNAIQHE heSi gnal may be
achieved by a nultiplier which is configured to performa nultiplication
operation @sireBmé bxpahsiREabOdFér (B GBAIuAREIhBRinSRF M0 BT BiEk ¢, Si gnal . The
pul se repetition frequency of the second periodic signal may be different
fromthe példeiolaBingleiat ooy dih@EaR&YanSbn tahSrtdpbilingd®Brdogding, shpmal , e.g. the
pul se repetition frequency of the second periodic-signal nmay be | ower or
hi gher thaﬂﬁmh@wgwapomg@§mﬁmﬁ§@%ﬁpequency of the first periodic signal or
‘the pulse repetition frequency of the second periodic signal may be higher
than the pydeas) r eprs. ib)aNusirk@sHke BEiuQignhie 1 FomShe REBIOHI 1, b gipht.  AS
illustrated in FIG 2, when the tine expansion technique Is applied, there

coul d be asighig13 from tHeq¥uise derlefutdr@ 13, aR@ihte B6kputiignll 216 famefidiilidr M PmMati on in.
each time expanded period, e.g. 490 us out of 500 us in the tinme expanded

si gnal show tint dohf@in, RsfeblveBAI thid Sxanshl1s) 6 atkurhddftRdt FRpuRAwidtho@nser to nake
good use of the silent period between every two tine expanded waveformnms in

the tine erpans@dedzivedisalnsalifcahBe bddf ) Ris hel didbile BEVAEE 0 FhRmids At PMSt
enbodi ment, after a time expanded waveformresulted fromthe sanpling of.
the first pulserepetition frequency (PRF) of 20 MHz, whereas the received signal is sampled by

the LO signal with a second pulse repetition frequency (PRF) of 19.998 MHz at the base

station 102, the resulted time expanded waveform, i.e. the output signal of the filter 105,

includes one time expanded pulse per 500 ps (i.e. 50 ns x10000). Each time expanded

pulse occupies a time span of 10 ps followed by a silence period of 490 s as a’
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peri odic signal by the second periodic signal (e.g. a waveform 225 as shown
in FIG 2 (a)) has been recovered and before the start of the recovery of a
consecutive time expanded waveformresulted fromthe sanpling of the first-
peri odi c si he second periodic signal, the fir ,odi c signa

may be sanﬁ%@%h8€¥%&Helayed periodi ¢ signal correspond?&&ggkhﬁﬂ@ggecond
periodic signal such that at |east an additional tinme expanded wavefor m may
be recovered. For exanple, the device 300 may be configured to generate a
first del ayed. signal corresponding to the second periodic signal by the
second geneomkqien@®3 timPekpaRdingthe 49 a§ ofxilent geticy barweesl tHeipiResif tHeod, the first
periodi c signal may be sanpled by the second periodic signal such that at

| east one toripmaleigaainded waveformis recovered. Thereafter, during a second
pre-determned tinme period which is before the start 'of the recovery of - a

next time qwmpdeqkamgm‘o&nmim@mdb&ﬁnie@Eeasemdsafmbhwfaa&d}phatést periodic
signal by the second periodic signal, the first periodic signal nay be

sanpl ed by a8t iHeSdrg @Bl & devide @els thblRH bG @rddagRENGSich Qydidde CiRGRNG peri odic
signal so as to recover at |east one additional tinme expanded waveform

WD2011/ 123GkedA6eTo HoainbbrQI ¢iind bxpa@etiYukbeper kéchd fahd Wdhe ra3d @igl nay include

a plurality of waveforns. Each waveform may have a first pulse wdth (or

wavef or m dugegtds@ihk tim@Repanbien RcIBRBubRisdvill rdluBOhé Bfudfalea! tiddak YB80GNY  t wo
consecutive waveforns in the first periodic signal. For exanple, the first

peri odi c sivgmlinm@ppaf@ctwgﬁaﬁéiggg}@gomtm_t ‘includes a plurality of pul ses.
For another exanple, the first periodic signal may be the signal 211 as

shown in Fli6h252 ( @nothedtosi¥entisial MEBSd R tdinbiedeitie/PRI MORYGAOPIBMAZ1, each
wavef orm 221 having a first pulse width tl, and there is a timng interval

230 bet weeNead iy two BRobeHsS ERd fiksMRoBAGY B R WherdBd siglP Ptk kNindiRa vgRfeodi ment,  t he
second periodic signal may include a plurality of waveforns. Each waveform

may have a rgfGeig a@hdriis. With Kigher PRIF, R dnip]iR@E) oPéacR pllkdihilthavBiodeval bet ween
any two consecutive waveforns. For exanple, the second periodic signal may

include a Rindfedhid drier@d kdey e th&Mlowdd AR NeveX Atdab@ng thb emplie@yut ter | odi ¢
signal may be the signal 213 as shown in FIG 2 (a), which includes a .

plurality oliselc@slidBIeadade fedueitafiPhe el dikthie pb@ibRl bededn RVI NY a
second pulse width t3, and there is a timng interval 231 between any two

consecut i VeraaMedrahdFecdvod: THeldtHPSroBIBRGKE: BRIM arise 3hbn e PRF yis@f the second
periodic signal may be or may include a pul se. '
' higher is that there will be less time for the multipath signals bouncing off nearby objects
to settle down and so the multipath signals may overlap on the subsequent pulses arriving
at the receiver, causing signal distortion.
[0026] FIG.3 iliustrates a device 300 for berfbrming signal processing in one
embodiment, and which may, when applying the time expansion technique, increase the
update rate without sacrificing any other parameters.
[0027] The device 300 may include a receiver 301 Which ié configured to receive a
first periodic signal with a first pulse repetition frequency. The device 300 ﬁlay further

include a first generator 302 which is configured to generate a second periodic signal

with a second pulse repetition frequency being different from the first pulse repetition

12



[0031] I n one enbodi nent, the second pulse width is shorter than the first
pul se width. For exanple, as illustrated in FIG 2 (a), the first pulse
width ti is |longer than the second pulse width t3. In an alternative

enbodi nment , |rst pulse width, ti, as illustrated inp. Fig. a), my be
shorter thé%bpﬁ%ﬁgﬂﬁ%nd pul se wdth t3. In a further aﬁ?@@ﬁ%pﬁééﬂh

enbodi ment, the first pulse width tl nay be the same as the second pul se
width t3. [0032]In one enbodi nent, the second pulse width t3, illustrated
in Fig. 2(a) may be so long that the periodic wavefornms 223 foll ow one

af ter anot Hegudnby. ThéBevidti30O AP filrthBEinclEd xkionn gBREMRS03 WARh &ONPI etion of one
waveform and the start of the next waveform effectively nmaking signal 213

a conti NUOsndtedRSEdneic fbtIBRYedWidnhl d3ftedpbRiStoHIRL MEAD pbitic@naf Or Ns.
[ 0033] I n one enbodi nent, the second pul se repetition frequency is |ower

than the fitheUeidd 396 nfa§BiiHe! inQl0dd 4 BAUFINE Yo4. The alnmﬁiiér@bmaia' ye embodi nent,
the second pul se repetition frequency is higher than the Tirst pul se

repetition bARAHARE YuriddPRH JriieRBRinI AL HRAL multifg tfel firstpefdicN gl ST gnal may
correspond to the second : -

and the second periodic signal to acquire an output signal. The multiplier 304 may be

| further configured to, during a second predetenniried time period, multiply the first
periodic signal and the first delayed periodic signal to acqﬁire the output signal. The
.receiver 301, the first generator 302, the second genérator 303, the multiplier 304 may be
lcou'pled with each other, e.g. via an electrical connection 310 such as eg.a cabie ora
computer bus or via any other suitable e]e_cln'cai cbnnection to exchange electrical
signais. | |
[0028] In one embodiment, in other words, the device 300 may be configured to
receive the first periodic signal and to further process the first periodic signal. The t_ime
expansion technique may be applied by the device 300. That is, the device 300 may be
conﬁguréd to first expand the received first periodic signal in thé time domain and later
use an anaiogue-to-digital_ convertér (APC) to sample the time expanded signal in order
to achievé a higher timing resolution. In order to obtain a time ef(panded signal, the
device 300 may generate a second periodic signal, and then sample the first periodic
signal by the second periodic signal. The sampling of the first periodic signal by the
second pgriodic signal may be achieved by a multiplier which i.s configured to perform a
multiplication operation of the first periodic signal and th¢ second periodic signal. The
pulse répetition frequency of tﬁe second periodip Signal may be different from the pulse

repetition frequency of the first periodic signal, e.g. the pulse repetition frequency of the
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periodic signal delayed by a predetermined delay. In a further enbodinent,

t he predeterm ned delay nay be selected froma plurality of selectable

del ays. The predeterm ned delay may be set in such a way that, at |east one
additional tinme expanded waveformresulted fromthe sanpling of the first
periodi c si¥YR&NBPhe first del ayed signal may be recB¢ESEPIHEOWHen t he
recovery of two consecutive tine expanded waveforns resulted fromthe
sanpling of the first periodic signal by the second periodic signal.

[ 0035] I n one enbodi nent, the nultiplier 304 may be configured to, during a

~third pr Ed%c‘%ﬁmé?ﬁglcﬁfgﬁél%y bAWwek B Mgt fhah lﬂé%{llspﬁf)étﬁgh GrelefBAdf@nd the

second periodic S|gna to-acquire the output signal. In othér words, after
at | east -ongy 4R e JIRY Rhedh R wna 6t the QB SARbialGape t e Tirst
periodi c S|gngl \ e flrst ﬁ{payed s?gn (IS reco@%?ed bg t?ﬁ% expanded

wavef orm r _thtﬁzﬁx tfmé ¢ égk%ng&ﬂﬁ’éqh%é 1(11& stogér% fcs&ﬁ!xl' Rgﬂlﬁstgi'tegqﬁl _by the

second peri odl ¢ Sl gna e recov one enb

devi ce 300 g3y, (G| AElimk DTS Porh it & g@f&ghﬁ&%ﬁ@ﬁ ﬂnkﬁerfb‘&nf' gured to

generate a secod aye Sl gha res to the se ond peri odi c

si gnal.. Th%'{eﬁ‘%{‘&gr with Qb usdil D‘?nt%hﬁa%n gRAS &hOLx tp§9d%d 8&%% ég%ﬁg s ggner at or

303, the tipli 304 and the third generator 3 oupled with
each ot her, 86d % { b o Qhﬁ qdi ment, the
mul tiplier 58‘31‘9“%}35" élh%%ﬁﬁngur%%ﬁﬁého @ﬂﬁqg}g gﬁfc%g}?st Lg?ﬁle rlsrﬁ‘{ﬁnp)ned tinme

period, mmulg bﬁalerymmﬁ e fdoliSle d1%hd A Ge @Leeﬁ@%{}% ?ﬁc&l}%ﬁ‘é’&' ayed periodic

signal to acquifre the output signal. r exanple e recovery of at

| east one fv&a’J& )F;f'i‘tﬁﬁ%ﬂ* V@gﬁﬁgf%%ﬁ%ﬁltéﬁ@e{is‘é%@tﬁ:?ﬁeﬁaﬂdn@g of the first

periodi c S|gna sl-gha east ‘one tine expanded

wavet or m r gl ifdhd Jfﬁmu ngeggéﬁﬂ&h'ﬂge %mtetl\g g'fr%ﬁltthé)s%rn'pﬁlggb&éﬁé by the

second del ayed signa recovere In one"e t he second

predeterm g@ﬁ%%e%apﬁ}f &QQc@ﬂehédléﬁngﬁg etné;‘?a Jabétﬁ%n ﬁsea‘i%o%{ﬂxm th}E peri od.

For exanpl rst predeterm ne period nmay be preset such a

~way that t ii';gs ch\reged%d Bé}greftﬁer o? ergg'v %f QE@LecQé{vet d&gﬁﬂ@&’ peri odic

si gnal may enabl e the recovery o east ne tinme expanded waveform and

after the fitsbmpladeh %@hﬁ@aém&,hﬁ% f rggyfmaﬁ@mgrm bi@e bdd6n 995&9

predeterm ned tine perio ne” sa rst’ periodi c signal by the

first del aypdoshonal pdmic 0o Thal 88 séntb@edrb%%awd fioc bighdiher time expanded

wavef or m

correspondmg to the s,econd. periodic signal such that at least an additional time expanded
waveform may be recovered. For example, the device 300 may be configured to generate
a first de'la)'led siénal corresponding to the second periodic signal by the second generator
303. During a first pre-determined time period, the first periodic signal may be sampled
by the second periodic signal such that at least one time expanded waveform is
recovered. Thereafter, during a second pre-determined time period which is before the
stan of the recovery of a next time expanded waveform resulted from the-sampling of
first periodic signal by the second peﬁodic signal, the first périodic signal may be
sampled by a first deiayed signal that corresponds to the second periodic signal so as to

recover at least one additional time expanded waveform.
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1003811 n one enbodi ment, the first pulse repetition frequency and the
second pul se repetition frequency are selected froma frequency range
between 1 kHz and 100 MHz. In one exenplary enbodinent, the first pul se
repetition is 20 MHz. In one exenplary enbodi econd
pul se repeﬁ%é?@%ﬁgﬁéquency is 19.998 MHz. It is hbmeve#Qﬁgkg%b@ﬁéﬁ t he
range of frequencies between 1 kHz and 100 MHz is not linited.thereto. In
actual fact, the frequency range may depend on the application and poses no
di rect Ilnltatlon on the proposed tinme expansion technique. WO
2011/ 1230646029 SGI8d firsOfkpiddid siphd) 3faY inelude e prirdhiods iventforhidiBachut put  si gna
includes a first output waveformduring the first predeterm ned tine
period. |-n vavéfumi ey haeh gkt pEed widther Wiveform duiafior), and \iekomhay by | ncl ude a
pul se. During the first predetermned tine period, the first periodic
signal is siafif g@naybddien sRCRRERREItDE WaveFbrgRal the Bti€ PeraikRlgnfIgFdray - be
realized by the multiplier 304 which is configured to performa
mul ti pli catekamiplqEerfstiperodd signaBméby besd UWB sigadi tatSholitids a plaglityg pslegond
periodic signal. The output of the nultiplier 304 may include a plurality
of wavef or Fer driok@r éaRpR| B6 Bist Pehddis Bighd) mial} bE tHesigal(22) addho®h id FIGL pde a
plurality of pulses. This plurality of waveforns may be further filtered
such that ga)f whith m¥Raeadeuriay 6f vadveTol&Z2 1] &eh WaveFbret 101 Zdangh Givbpilse FI G 2
(a) may be obtained as an output waveform 100401l n one enbodlnent t he
out put  si gradthitNehd s isth tHEEH MErell D P BetwEM ahVIWE cdhdebilBe WAt f&aR QN d
pr edet er m ned tinme period. In a further-enbodi nent, the second out put
wavef or m nggo3onc| Gleneambudiment, %l kel Peridis Sighd thap Rl ephirdlgfoft i me peri od,
the first periodic signal is sanpled by the first delayed signal which
cor r espondsvavefoiniCE &8 GRREfoRemh PRlive a SécgR@pulstaliaeshdiverempy ®aekRing ned del ay.
Such sanpling may be realized by the nultiplier 304 which is configured to
perform a hatbivilpeiwead Aryitwe peisedutitwakforiie Fbi &xainpRethe &dbsd ferigmal and t he
first delayed signal. The output of the nultiplier 304 may i nclude a
plurality @fgnMangfiRuhi alpiusaity bpuitd Fad andthér exRaMB, thelseEdrd pedodiadignahi Ch
include a plurality of pulses. This plurality of waveforns may be further
filtered suglybeRlsighalt2l s S¥RARIEG. 1oy ofiacHintludes a bhialit@yhuRedn2225 shown in
FIG 2 (a) nay be obtained as an out put waveform

each waveform 223 of the signal 213 having a second pulse width t3, and there is a

timing interval 231 between any two consecutive waveforms 223. In one embodiment, .
each waveform of the second periodic signal may be or may include a pulse.

[0031]) In one embodiment, the secqnd pulse width is shorter than the first pulse
width. PN‘or example, as illustrated in FIG. 2 (a), the first pulse width t1 is longer than the
second pulse width t3. In an alternative émbodiment, the first pulse width, t1, as
illustrated in Fig. 2(a), may be shorter than the second pulse width t3. In a further
alternative embodiment, the first pulse width t1 may be the samf: as the second pulse
width t3. |

[0032] In one embodiment, the second pulse width t3, illustrated in Fig. 2(a) may be

so long that the periodic waveforms 223 follow one after another in time, with no time
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W2011/ 123066PCT/ SG2011/ 000131 [0041]FIG 4 shows flow di agram 400
illustrating a signal processing nethod according to one enbodi nent. The
signal processing nmethod as descri bed herein nay correspond to the device

300 as des%?%gllgp&ve [0042] In 401, a first periodic g'rge&lnléﬂom a first

pul se repetition Trequency is received. In 402, a second pefriodic signal
with a second pul se repetition frequency being different fromthe first

pul se repetition frequency is generated. In 403, a first del ayed signal
correspondi ng. to the second periodic signal is generated. In 404, during a
first preddtretiom beecteh iheroppleiiachf ohdr@avefarmtang eheisaetiof the ingniatavefn,t he second
periodic signal are nmultiplied to acquire an output signal. In 405, during
a second - peffebively makiagl sighali21 Pedontitious et periddid sighal witlthiChredkg betve@nd the fir st
del ayed periodic signal are multiplied to acquire the output signal.
[0043] I n ofer vewbloghseNnt , the first periodic signal may include a plurality
of waveforns, each waveformhaving a first pulse wwdth, and there is a
timng inteossy beioweembadivedtye SOORult repetitiaVviRl@moPis 1w 4bh ke one

enbodi ment, the second periodic signal nmay include a plurality of

wavef or s, figdpllsevapesition Mtduanty | ad aR@fAivel efabdduBenti thl Rcondpdist Rpétions a tim ng

i nterval - between any two consecutive waveforns. In a further enbodi nent,
each wavef meqneaéy it highaeanit fsrpukdipestiogtabudiey be or may include a pul se.
[0034] " Inone embodiment, the ﬁrst delayed signal may correspond to the second
periodic signal delayed by a predetermined delay. In a further embodiment, the
i)redetennined delay may be selected from a plurality of selectable delays. The
pr-edeterminecli 'delay may be set in such a way that, at least one additional time expanded
waveform resulted from the sampling of the first periodic signal by the first delayed
signal may be recoyered between the recovery of two consecutive time expanded
waveforms resulted from the sampling of the first periodic signal by the second periodic .
signal.
[0035] | In one embodiment, the multiplier 304 may be configured to, during a third
precietermined period, multiply the first periodic signal and the second peﬁodid signal to
acquire the output signal. | In other words, after at least one time exp_al;dcd waveform
resulted from the sampling of the first periodic signal by the first delayed signal is
recovered , a time expanded waveform resulted fr(_)m the sampling of the first periodic -
signal by the second periodic signal may be recove_red.
[0036] In one embodiment, thé device 300 may.funher include a third generator 305
which is configured to generate a second delayed signal corresponding to the second

peﬁodic signal. The receiver 301,. the first generator 302, the second generator 303, the
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[0045]In one enbodi nent, the second pulse width is shorter than or | onger
than or the sane as the first pulse width. [0046] I n one enbodi nent, the
.second pul se repetition frequency is |ower or higher than the first pul se

repetition WD 2011/ 123066PCT/ S&2011/ 000131 e
enbodinent‘xégayﬁgﬁéﬁ del ayed signal corresponds to thgk?@@%h ﬁgﬁ odi c

signal del ayed by a pre-determned delay. In a further embodi ment, the
pre-deternmined delay is selected froma plurality of selectable delays
[0048] I n one -enbodi ment, the nmethod may include during a third
pr edet er m medtiplier 304 and the thl_rd generator 305 may be coupled with each other, e.g. via the
electrical connecti.on 310. In this einbodiment, the multiplier 304 may be cénﬁgured to,
-dun'ng a fourth predetermined time périod, multiply the first periodic signal and the
second delayed periodic signal to acquife the output signal. For example, after the
recovery of at least one time expanded waveférm resulted from the sampling of the ﬁrsf
periodic signal by the first delayed signal, at least one time expanded waveform resulted
from the sampling of the first periodic signal by the second delayed signal m;ay be
recovered.
[0037] In one embodiment, the second predetermined time period stané after the first
predetermine_d- time period. For example, the first predetermined time period may be
preset in such a way that the sampling of the first periodic signal by the second periodic
signal m;y enable the recovery of at least one time expanded waveform, and after the
.ﬁrst predetennined time period, and during the second predetermined time period, the
~ sampling of the first'periodic signal by the first délayed signal may begin for the recovery
of a further timé expanded waveform.
'['0038] In one embodiment, the ﬁrst.pulse repetition frequen_cy and the second pulse
repetition frequency are selected from a frequency range between 1 kHz and 100 MHz. In
.one exemplary embodiment, the first pulse repetition frequency is 20 MHz. In one
‘exemplary embodiment, the second pulse repetition frequency is 19.998 MHz. It is
however noted that the -rangé of frequencies between 1 kHz and 100 MHz is not limited

thereto. In actual fact, the frequency range may depend on the application and poses no

direct limitation on the proposed time expansion technique.
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time period, nmultiplying the first periodic signal and the second periodic
signal to acquire the output signal. [0049]In one enbodi ment, the nethod
may include generating a second del ayed signal corresponding to the second
periodic signal, and during a fourth predeterm ned tinme period, multiplying
the first pePPYIEY gnal and the second del ayed period?%“@?@ﬁ@?"ﬂo acquire
- the output signal. [0050]In one enbodi nent, the second predeterm ned tine
period starts after the first predetermned tinme period. [0051]In one
enbodi ment, the first pulse repetition frequency and the second pul se

repetition [§g39pUenEoeRiBodifleRChe duthliQEha ifdRRSNGY ol SaveIsiVRRiAg L kHz and
100 MHz. In one exenpl ary :enbodi nent, the first pul se repetition frequency

is 20 MHz. gld¥irftpredetiiiédinte RD@dh FlHher dibRIBREQ M fiddt beBut veBlokh i ON
frequency is 19.998 MHz. [0052] 1 n one enbodi nent, the output signal may

i nclude a frh$hcfdh Pise. PRYRE Bk Frd Pfehagnﬁrn:@ titdepefiod? ﬂf_é%%t PEABdRESenhf e peri od.
In a further enbodi nent, the first output waveformincludes a pul-se.
~ is sampled by the se.cond periodic signal. Such sampling may be realized by the
multiplier 304 which is configured to perforﬁ a multiplication operation of the first
periodic signal and the second periodic signal. The output of the multiplier 304 may
include a plurality of waveforms like the signal 214 shown in FIG. 2 (a) which include a
plurality of pulses. This plurality of waveforms may be further filtered such that a time
| éxpanded waveform like the waveform 225 shown in FIG. 2 (a) rﬂay be obtained as an
output wavefpfm.
[0040] " Inone embodiment, the output signal includes a second output waveform
during thé second bredetermir_led time period. In a further embodiment, the second output
waveform may include épulse. During the second predetermined time period, the first
periodic signal is sampled by the first delayed signal which corresponds to the second
periodic signal delayed by a predetermined delay. Such sampling may be realized by the
multiplier 304 which .is configured to berform a multiplication operationof the first
periodic signal and the first delayed signal. The output of the multiplier 304 may includ.e
a plurality of waveforms like the signal 214 shown in FIG. 2 (a) which include a plurality
of pulses. This plurality of wavefonns may be further filtered such that a time expanded
wavc_:form like the waveform 225 shown in FIG. 2 (a) may be dbtained as an output

waveform.
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[ 0053] I n one enbodi nent, the output signal includes a second output
waveform during the second predetermned tinme period. In a further

enbodi nent, the second out put waveform may i nclude a pulse. WO

2011/ 123066PCT/ SG2011/ 000131 [0054]FIG 5 illustrates a radi o conmuni cation
syst em 500 WRAREW1238¢9 udes a first communi cation devi ce PSOBCAHYYWIZecond
communi cati on device 502 according to one exenpl ary enbodi nent. For
exanple, the first comrunication device 501 may be a nobile devi ce and the
second conmuni cation device 502 may be a base station (BS). The BS 502 may

be confi guraﬁufo meﬂsﬁ@wm&welagrmqusnﬁytraihgaéigﬁalfpmgasﬁl el | € device
501, for exanple. 100551For exanple, the nmobile device 501 may be

confi gured aE&)r&lﬁ%atQ%m: EmBodiie. Shg &@hmy&&sa%mefh%a aPtlsSbed BRER nld gon frequency
(PRF), for exanple . The BS e configured to recéive the UMB

si gnal trarg:gl?} P&ﬁﬂoﬁ%d@%@eiﬂé%h@sc%\é'aﬁ&/e501 The BS 502 may include an
antenna 510 fof recelving the UAMB signal. The BS 502 may further .include a

dio f b t filt
For rej cot oz, drolyh BEbpdivdic sHRAEI4 M0 kBLaBh Ry b P RreERle i ca
signal . The,B® §Q&owen%aaeggﬁm vanﬂcalsb&ﬁd pulgé lggéang Ekﬁllen %@{ngalfé}&tm' ch is
configured to generate a periodic signa source 512 may

generate SGHAlfie VAR e @h{?&mqqalcy ferBied. m&&p&m&g&gg}g@ signal with a

second pul se repet| requency, exanp The BS 502

ey fur t hefeollighgle t@ﬂféé{% o b SRR ABLBOFUESublIE: AU PUL ol gnal from

the cl ock sign source text, the e generally

f t foti Th
del ay | ﬁe%éﬂ%%@%é%ﬁéﬁgﬁ ﬁ%@eﬁwﬁéy%?‘ﬁ* PR EesE A RO Tt e
circuit (I Qultq?@lﬁh fhe aﬁ%{dg ﬁhpz&ﬂssd E% ecBHc?%ﬂe éﬁ% 8%& 4hg e& n be

tapped out wth vari exanpl e suc st 511002

xtornal suis *J°*‘&ﬁ‘ﬁse‘5'¥ag aceﬂ“ﬁk&ﬁ%@‘{“gk PR AR i i xam! ¢

of a progrqﬂﬂﬁpégmpelay I|ne I C that may be used is D81123L from MAXIM The
del ay

[0043] Inone embodxment, the first periodic signal may include a plurality of
wavéforms, each waveform having a first pulse width, and there is a timing interval |
between any two consecutive waveforms.
[0044] In one er_nbodifnent, the second periodic signal may include a plurality of
waveforms, each waveform having a sego_nd pulse width, and there is a timing interval

. between any two consecutive waveform.s. In a further embodiment, each waveform of the
second periodic signal may be or may include a pulse.
[0045] In one embodiment, the second pulse width is shorter than or longer than or
the same as the first pulse width.
[0046] | In one embodiment, the second pulse repetition frequency is IOV;ICI' or higher

than the first pulse repetition frequency.
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| ine 520 may be configured to delay the output signal of the clock signal
source 512 by a predeterm ned delay, e.g. 20 ns. The BS 502 may further
include a switch 521 and a pul se generator 513. The switch 521 may be a
si ngl e-pol e doubl e-throw (SPDT) switch, for exanple. The single pole of the
switch 521 WaylIkd2B¥nnected to the input of the pul se FERSEAYPOOLII A
first termnal (or throw) 531 of the switch 521 may be electrically
connected to an output 541 of the delay Iine 520 which is configured to
output a first delayed signal of the input signal into.the delay |ine 520,

wherei n t hegolyhyr St pAile Q¥ SOhiREANRL HRPYeIAHRA SERPERMsSdd! B%hd B peiigiRal i nto

the delay I'ine 520 del ayed by a first "predetermned delay. A second

term nal (Qfnd Dol p333rlcudrified Wit PRENIUNLDAREANAEHLSHdRingn OUt UL 542

of the delay line 5 Ich 1s contigured to output a Secon yed si gnal

cor respondigggy {Sgelwﬁ wgbl}l%ﬁﬁ@qlgel&gbgﬁ (%Plg%del ay line 520 del ayed by a

second predeterm ne econ eterm ned del ay nay be different

TS P S Bt AL,

correspond'to Irst a predeterm ned del ay.

it torm maPoss bURpEYIh B ifol sbIFf athd lomblpbde SERTEEIS our oo

512 is inpﬂ&cﬁ@%ﬂﬁ%ﬁ? pul se generator 513. \Wen the single pole of the
switch 521 °1's connected to the second terminal 532, the second del ayed _
signal corr ndi i I .S] 512 del ayed
by 2 seconi oot iihe il BF Bk A8 RafL kgt PRBIRMLEE 21 57 @
As . N | . g T C Codi

oo "% bR SBAT pSQUEER LA i SOl BERRERL 2 DT L0 °

signal at a“seco e repetitio guency e pul se

requoncy o peoybRl ey Ak RHbEL kgAY, E. Bho REFANSBNL SEI R, 1 O
predeterni?&ﬂggﬁkqﬁ?gﬁﬂggpfng on the connection of the.switch 521. The

control o e SW 1 may be via a field-progranmable gate array

(FPGA) (”0100%510"‘“ onERfbSdifh !thQEUc?ﬁ(SréJefé%%xF&}irﬁé‘kﬁ}%dQé‘aH?{f?eE fle k3 By be

referred to as a local oscillator si gn S cont ext. e BS 502

may furthe5nhgg gt%wgké&f sanpl er 514. The m xer sanpler 514 may be
confirgured'to performa nultiplication operation of the .output signal from

502 mmy T RE i BT oo e A Bhab O RG RERFLEM i, TE P

t he out put rejr)gtgtfbﬁgf{?gﬁq[n }hgre leé:?{dl f?ogrﬂghgfuer?c%}\g{?gﬁgtwgéﬁ p%ﬁzt %‘g%@kﬂf{ g the

filter 515 e overa pe’ o orns o receli ved UVB

- signal but ;pag BERR e?ﬁb%é‘iﬂ{iﬁ{?tﬂe'héét_ ﬁlgéxie{i@itigﬁ’ggdau@ncg@?o %Fﬁ{?onéi gnal fromthe

filter 515 nay be referred to a ne e nded signal -in this context.

The tine e i . - al ogue-di gital
conver tor - EAE b TRVseRiha s kuih gRAgHs WoRMAC ODC
fi el d-progygagpbl %&ékﬁb@&i&@%f &{::E ts r%&1 n&&?&ﬁgdg'a@ﬂst o%[cg& Wity be

equi pped with the know edge o e ti expand waveformtimng and thus

per f or m thaueanhd Bt BlacldifinSdith€ Perf lin alEAHROLNKIAIN Gy, SRRt | expanded

waveformis recelved£or recoveregeat the output of the filter 515, the FPGA

may toggle“%agb§$%mu&§ggg@e521. The LO signal output fromthe pul se
generator 513 may be then del ayed by, for exanple, 20 ns or 40 ns, causing

the LO sighgsg to Ie¥BodReSthOb Sl de€s sdebhd A uly Sanpl er 514.
[ 0057] As dg@crll beg?(;vl\}r?teﬁ1 ‘r)e%gr’enceur?"gsglﬁ% 5, t{fe ﬂg s?’élna Yom t he pul se
generator Jld Ry ehhih &k Bt b iR Q@% MoINy ' ce period
at the output endﬁ3§ﬂ?ﬁ§%ﬁ§§é§ﬂg§ﬁg&§?1%14 n§§ ea§&?ﬁgg§g%F%b%ﬁg

enbodi nment ggﬁﬂpﬁg Yic1de 4 LO signal may be controlled via sw-tching the
del ay of tﬁg cloc %%%néﬁlggﬁice_512.,The usage of the delay line 520 and
the switch 521 does not involve high frequency RF conponents, thus the
circuitry is sinple and cheap. WD 2011/ 123066PCT/ S&R011/000131
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[0058]In a further enbodi nent, the switch 521 nmay not be linmted to a SPDT
swtch, and may be a single-pole nulti-throw swtch, for exanple. The pole
‘may be switched to be connected with nore than two outputs of the delay
line 520 in_the device 502. In an exenplary enbodi ment, during a first

pr edet er mi neQ 2B eri od, the output 541 of the deIayPFFﬁgﬂgggmﬁﬁy be
connected to the input of the pul se generator 513; during a second
predeterm ned tine period, the output 542 of the delay line 520 may be
connected to the input of the pul se generator 513; during a third

pr edet er m neuk4} i MPIG.Sill@ratel NRdRWoRuNRADNRTstérh SOChial intiud 2@ My be
connected to the input of the pul se generator 513; and during a fourth

pr edet er m REfmhiERiRAEViIQB01 bhi®a QéItomathhicontdGicdlsda¥cdriiigRa@ My be
connected to the input of the pul se generator 513, and so on. [0059]1In a

further eniedhiRYembddifen Mok SXhmpel 1 ekt E&BmEREAYn bV 502 hayBYa DE repl aced

by a programmabl &€ delay |ine. The progranmabl e del ay |ine may be configured

to delay thebat 8Gkesh@ihdkecBid @nirhFRaR&T dedfde 50BMhay Be LA floh¢Hs)PYhd he FPGA.
[0060]FIG 6 illustrates the output signal 211 fromthe RF block 111 in the

devi ce 102 ghspdindybe Ebrifigurkd td REciRUbRY FreledEAigrdik3rold @b RS Sogener at or
113 in the device 102 shown in FIG 1, the output signal 215 fromthe

filter 115 gnxbhgleti me domain in the device 102 shown in FIG 1, the output
signal 613 fromthe pul se generator 513 in the device 502 shown in FIG 5,

and the outgyss) Si qre@éxaﬁlf,@,mhé 18bild deliR s kRayl B2 chi¥puriMb Genshita BWAWN in FI G
5, respectively. [0061]1n this exanple, the pulse wdth of the RF signal

recei ved i i@kt Quilrehetition ifuchdy WEEAbt SAmPIPBARE,. TREBSSAIP! i ng of
the RF signal 211 by the LO signal 213 nay |lead to the recovery of tine

expanded WaySHRLHHigarE 1o Betbve thl OWH oA anSHRRALIBR mobliD&evilR!saY. 186 the LO
signal in the device 502 may be switched to avoid the time when no RF -

BS 502 may include an antenna 510 for receiving the UWB signal. The BS 502 may , '
further ipclude a radio frequency (RF) blqu 511, consisting typically of front-end filters
for rejecting unwanted signals and amplifiers for amplifying the wanted signal. The BS
502 may further include a clock si.gnal source 512 which is configured to generate a
periodic signal. The clock signal source 512 may generate square wave or sinusoidal
wave or any othér periodic signal with a second pulse repétition frequency, for éxampie,
at 19.998 MHz. The BS 502 may furthe_r include a delay line 520 which receives the
output signal from the clock signal source 512. In this context, the delay line generally
refers to a component that delays a signal by a cert.ain amount of time. The dela'); line 520
may for exémple be a typical ‘tapped delay line integrated circuit (IC)’ which has various
outputs where the input signal can be tapped out with various delays.'An example of such
an IC is the DS1100Z series of delay lines frém MAXIM. Alternately the tz;ppe'd delay
line and external switch may be replaced by a programmable delay line IC. An example

of a pfogrammable delay line IC that may be used is DS1123L from MAXIM. The delay
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pul se is present at the output of the m xer sanpler 514, thereby Taising
the efficiency. That is, for exanple, the pulses of the LO signal 613
during time period Ta in the LO signal 613 nmay be identical with those in

the LO si gr\géz‘fji}/’?r;go%he sanpling of the RF signal 211 b)O‘,Ftrgggdl_lﬁg&ignal 213

or 613 durin eriod Ta may lead to the recovery Xpanded
wavef orm 250 in signal 215 or a time expanded waveform 650 in.signal 615,
wherein the waveforns 250 and 650 are identical. After tine period Ta, the
LO signal 613 may be del ayed by a predeterm ned delay as shown in the

circl ed ponine 620 Hi60be configesue délhythe bitputtsigha ofithe Rlodlsiftal pauk@&S 12 By pr esent  at
the output of the m xer sanpler 514 may be skipped. After the LO signal 613

i s del ayed prddbermnsasinlciapg:. £ 20 hé) ¥h&BS S0DMay fu2thdr ikdudechawited sp1ead bpuisé gnal 613
during time period Tb may lead to the recovery of another tinme expanded

wavef or m 6ginerfbrisaB. THeRRitdHEI] Gkhy B a sinple-pdR| daisiel theé SFPBwhdh3foray be
restored in order to recover a next tinme expanded signal 652 which

cor r espondsxdmplé. Tae binge p&l¥ PARESrichisgNatay BEEonn&tedad the hpub6RRe pldee ti me
expanded waveform i.e. the signal 615, which may be realized with tine

del ay cont rgeheratbr 5136 GhsO@kmifial QorahrotP53 ISTTRNY swiltgh 5110A8) beMectAllly@s i1 ustrated
in FIG 5, has double waveforminformation in conparison to the tine

expanded Way@ettedio an.oftput 93¢ oSihg Bethy Bik>20 Whidhsonfifired @@Lgut £MsE rol . 1n one
enbodi nent, the amount of waveform may be increased nmultiple tines

dependi Ny @BlaydaRiARIBS e iffut Ll B6) Ay daRdinewhd, GiiRfein thOBRRIAN@Ligm can be
seen, by making good use of the 490 is of the tinme expanded signal in the

time expandes csirgpaid td iz infuhQgraPRe) the d6ddyRindBY0 Baycd 6y @EKEd Wi t hout )
sacrificing any other paraneters. [0063]FIG 7 illustrates a delay |ine 700

whi ch nmay Beedus@dnddUeladhea SREANGMERINBH TR} sRbraR\EWaEL $03nseWn in FIG 5 -
according to one exenplary enbodi nent. -W2011/123066PCT/ SG2011/ 000131

[0064] A si goectadid ARBuipBiBaL of Ge HASY lintiH2d whith idéontifi@edBlodipul 4 $2€0nd00. For
exanple, the - = ' _ _

delayed signal corresponding to the input signal into the delay line 520 delayed by a
-second p'.redetermined delay. The second predetermined delay may be different from the
first predetennined delay, such that the second delayed signal may correspond to the ﬁr;t

" delayed signal delayed by a predetermined delay. Accordingly, when the single pole of
the switch 521 is connected to the first terminal 531, the first delayed signal from the
clock signal source 512 is input into the_ pulse generator 513. When the single pole of the -
switch 521 is connected to the second terminal 532, the second delayed signal
cor;respondi'ng to the signal from the clock signal sQufce 512 delayed by a second
predetermined delay is input into the pulse generator 513. Assuming the clock signal
source 512 is cénﬁgured to generate a periodic signal at a secohd pulse repetition
freQuency of 19.998 MHz, the pulse generator 513 is configured tc.).outl.)ut éulses ata

second pulse repetition frequency of 19.998 MHz with a first predetermined delay or a

second predetermined delay depending on the connection of the switch 521. The control
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delay line 700 may have several- outputs each outputting a del ayed si gnal
correspondi ng the input signal by a predeterm ned del ay. For exanple, there
may be a first output 702, a second output 703, a third output 704, a
fourth output 705, and a fifth output 706. For a concrete exanple, signal
out put from QAU output 702 may be a del ayed signgFT@SWngﬂﬁﬁding to

t he i nput signal delayed by 20 ns. Signal output fromthe second output 703
may be a del ayed signal corresponding to the input signal delayed by 40 ns.
Signal output fromthe third output 704 nay be a del ayed signal . '

cor r espondipfe EWitdn¥21 nfap Yt viala $RRALproi@hmMesle Bite ArdyUERERY (ndGhHwn). B 'so. on.
100651A person skilled in-the art would appreciate that the predeterm ned

del ay gi veRigalQ¥Bur ffonPihk YulbOfenkrato S13' A4y i BHENB 38 RRA obSNAG O M t ed
t hereto. Depending on the specific application requirenent, any suitable

predeterm @%ﬁal%ﬁ%oﬂ@)&. ! Eﬁﬁi(ﬁ%a@%nl{epfﬁﬁl@hé@‘ﬁ&& Qﬁlpf&?BWThé H]ﬁ(ey 00 is used

in the second conmuni cation devicé 502, for exanple, the input 701 of the

‘delay line \ - : sour ce
512 e SRl R o QRREEEE feffoin EmaldpRlioboctoley GF AE AubllA 0011 C

first ter mgRal mORE bRE § 1%ind MeloGibublghal SEL fulle SRERHS 1 9UHRYS 5693297 the
delay line 700 may be connected to the second termnal 532 of thé switch
521. For a AR E=Tpra) : i 12 may be
connect ed ?lg{ hg%?ﬂﬁt he }eﬁfo{ﬁ p?b@%&%ﬂ?’é‘iﬁ?ﬁ%%éogh%@?hael%? P{eg{tﬁ*%er mnal .
531 of thes%lér%h&%lou@%i%@ﬁn{rﬁ &th%léglg?ﬁagi%tﬂé oJegﬂ sga%le ¥ l'ine 700 may

be connected to the second termna he swtch 521. A skilled person

woul d - appr GiébehsloR e récBifeF ONHEG kdaPBut A ﬁegx?c)&ahﬂﬁ{f ﬂgmkp R4lh e the del ay

line, and the swtch as described herewth I's on or | trative purpose

and there r kall g . onnecti ons,
THhu ?gnE‘lltlfH}?ﬁ @_U i1 5 Faly 8P Referted td mh@ﬁd&%ﬁ‘%ﬁg Elgxrl]atl tﬂﬁgﬁs Deci fic

and the type of delay I1nes and 5w tches used

requi 1 emeNluo by 1 dRRkLAAL Aibal hAOR AR g@ﬁ%ﬁ@&ﬁﬁﬂ@%gﬁ@%ﬁet he swi tch

and the delay line-as 1llustrated’in not affect wavef or m of

the LO pul $6q8HERMDC) (oMHELRE) B e RS BlePlenPtbhe ﬁe@c@ﬁr%kr;gﬁl%'lﬁble e single LO

pul se is the sane for both devices 102 and 502 (wth or out” switching).

As a Tesul Ly BPGR) R bfoctsHE 1B RPBAGH Wl dGiphed VillGhSiidR1dagé ofifil h devi ces
102 and 502. _

time 'expanded waveform timing and thus perform the control of the switch 521.

[0056] When a complete time_ expanded waveform is received or recovered at the
output of the filter 515, the FPGA may toggle the SFDT switch 521. The LO signal
output from the pulse generator 513 may be then delayed by, for example, 20 ns or 40 ns,
causing the LO signals to arrive 20 ns or 30 ns earlier in the mixer sampler 514.

[0057] As des'cn'bed.with reference to FIG. 5, the LO signal &om the pulse generator
5i3 may.be C(’)ntrolled so that time containing the silence period at the output end of the
mixer sampler 514 m'ayl be skipped. In one embddiment, the deiéy of the LO signal may-
be controlled via switching the delay of the clock signal source 512. The usage of the
-delay line 520 and the switch 521 does not involve high frequency RF components, thus

the circuitry is simple and cheap.
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[0069]FIG 8 (a) illustrates single LO pulse for both devices 102 and 502.
FIG 8 (b) illustrates the single tinme expanded pul se for devices 102 and
502. [0070]FIG 9 (a) shows the LO signal in device 102 without sw tching.
The LO signal has constant -50 ns in between the pul ses (because of the

19. 998MHz pHP3UINER i tion rate); whereas as shown in $Gg011890131ay ey

t hough the LO signal in device 502 with switching has also 19.998 MHz pul se
repetition rate, the tine between each pulse is occasionally 20 ns or 30 ns
when the switch is toggled. 100711FIG 10 (a) shows the tinme expanded

- signal for (gg] ce 1dPRirtbtADedineHd the Bl ik 528$na hBEE BHied tESPIPF mtcht | mzo

expanded waveform gi ve only one {i me- expanded pul se per 500us (i .

pul ses.in 104 i) be z{ QRA2béik ﬁultnlﬂro@os)wn%i? %x&ﬂﬂetTﬁoﬁ%%gsgg?eg B@puf or

device 502 wth delay control he time expanded Sign | ses in

10 ns, equwe&ﬁ@&e&wlﬂdﬁau}eltﬁmtta@oajftaésftﬁ@a&ay1nQ@Z@i s,c?ilevfl:l' §2195 a close-up
VIeM/Of FIG 10. FIG 11(a) il rates a dgraphi cal devi-ce 102

del ay cont o6 TR pRRdmGl Surhde SRl oSl 84 oy 9%%‘%85‘#23.%2“ 20 ns

del d f
del ay agoodagnap find 20! 18 ‘d%rﬂm‘é&t@d Bftnd {Bfut Qlfz‘lh@;;ulké B5eradPs1320 i NG RMh SE 1S

predetemnned time period, the output 542 of the delay line 520 may be connected to the
input of the pulse generator 513; during a third predetermmed time penod the output 543
of the delay line 520 may be connected to the input of the pulse generator 513; and
during a fourthbredefermined time period, the output 541 of the delay line 526 may be
connected to _the_: input of the pulse generator 513, and so on. .

[0059] ‘Ina funher.embodiment, the switch 521 and the delay line 520 may be
replaced i)y a programmable delay line. The programmable delay line may be configured
to d_elay the clock signal by a time period that is controlled by the FPGA.

[0060] FIG. 6 illustrates the output signal 211 from the RF block 111 in the device
102 shown in FIG. 1, the output signal 213 from the bulse generator 113 in the device
102 shown in FIG. 1, the output signal 215 from the ﬁlter 115 in the time domain in the
device 102 éhown in FIG. 1, the output signal 613 from the pulse generator 513 in the
device 502 shown in FIG. 5, and the output signal from the filter 515 in the device 502
shown in FIG. §, respectively.

|00.61] In this example, the pulse width of the RF signal received is assumed to be 1
ns for illustration purpose. The sampling of the RF signal 211 by the LO signal 213 may
lead to the recovery of time expanded waveforms 250, 252, etc. In one embodime_nt', the

delay of the LO signal in the device 502 may be switched to avoid the time when no RF
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m nus 200 !'is) away fromthe next pulse. As can be seen in FIG 11 (a), a
ti me expanded waveform 1101 is recovered every 500p. As can ‘be seen in FIG
11 (b), each recovered tinme expanded waveform 1102 may correspond to a
waveform 1101 in FIG 11 (a). Additional time expanded waveforns 1103 may
be recover 40312 H0¥sylt of the delay of the LO signal PC@SG20¢8%13Y 0074] 1 n
various enbodi nents, a nethod of waveformrecovery of repetitive signals is
provi ded. More particularly, according to various enbodi nment, for the
recovery of UB pul ses at a receiver side (e.g. at a BS), the quiet or

silent peripadsis@rsédst Mbbput ohie Mittek bRl @514, MerdBy¥AEing dBRIRIchcyOUL PUt s no
‘useful signal, may be shortened or even conpletely skipped by del aying the

sanmpl i ng -i NyhEE Geex@hplt, i fulles bR O sighllict N daths HHleFBRGVE i tREX@V tS nore
waveforms or pulses to be recovered in a given tine fromequivalent tine

sanpl i ng. Aiga¥%sl & MaPhe MEMRAIALIMN thee QY BE Y0ATMA B Nthels@mMfglo? R FaTDOdI nent s of
the invention is also provided. [0075]1n various enbodi ments, the nethod of

control | 'ed sgahiay1 8§ e 2ONinA0 1Bk & Bdurig LilE pbedddStadhiay leddSo e QoG4 oithi Ch
includes delaying sanpling pulse after ‘a full recovery of one tinme expanded

wavef or m syGine igdndad whvedeh 280 irAGiEal 3181y b LiFe epaRAAARH L0RY 65 P MgHRY be
recovered. In this aspect, by renoving the delay, the original tine

expanded Wey &fHeREPRE whidilimS s PRAFZ0 BR ARt BMeP BmE PERYCe LBY control Iing
the delay of the sanpling pulse, at |east tw ce the nunber of recovered

time expandgg. vy eho boBeldRY b8 pRIGEHARE b PN BbhA i LRy RRAdkeENt S, a

sinmple digital delay circuit, such as a tapped delay line IC may be used
to achi eve dfigqr@Ay, (R hRAwHS] RRF R if SredeARl MeDuiplortld hixb eyl the

wavef orm sanpl ing techni que where nore waveforns may be recovered conpared

to 514 may be skipped. After the LO signal 613 is delayed, the sampling of the RF signal
211 by the de_léyed LO signal 613 during time period Tb may lead to the recovery of
another time expanded waveform 65i. After time period Tb, the delayed LO signal 613
may be réstored in order to recover a next time expanded signal 652 which corresponds
to the time e);panded signal 252 As can be seen, the time expanded waveform, i.e. the
signal 615, which may be realized with time delay control of the clock signal (or
sampling signal or LO) as illustrated .in.FIG. 5, has double waveform information in
comparison to the time expanded waveform, i.e. the signa1'215, without time delay |
control. In one embodiment, the amount of waveform may be increased mﬁltiple times
depending onthe amount of the delay and switches. | |
[0062] As also can be seén, by making good use of thé 490 ps of the time expanded
signal in the time expanded signal 215, the update rate may be increased without
'sacriﬁcing any other parameters. |

[0063] FIG. 7 illustrates a delay line 700 which may be used in the second

communication device 502 shown in FIG. 5 according to one exemplary embodiment.
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conventional time expansion receiver systens such as that illustrated in
FIG 1. WD 2011/123066PCT/ SG2011/000131 [0077] By working on the | ow
frequency signals fromthe clock signal source, for exanple at 19.998 Mz,
i nst ead of r | ved RF signal typically occupying 1 GHz,
the sinple gﬁ%vﬁgﬁgiuit can be of low cost and cdnpleS%ﬁ8§n€€@¥§fln
various enbodi ments, the device for perform ng signal processing and signal
processi ng net hod as descri bed herein nay be inplenented in a simlar
fashion by delaying the first periodic signal (e.g. received RF signal):
That is, irse6@phd ofsigrh@apbd inputdo tieimpyerdi S the dtlay linie 786 OFvd exe@npld) tHehe second
periodic signal, a delayed signal correspodning to the first periodic
si gnal (e. glelay lige TR0 thdydiasd Jevéralbulpts@ashesugiutiihg a bRyddrsighhlddabspohdisd | S
general ly from higher frequency bands, w |l need hi-gh frequency
conponent s/theibp@ sighal B¢ b pedéttignifdd deiagFor exd®ipld] SeMhdybetalTRst 6Lipakrog] gnal
source for the second periodic signal which is generally of |ower frequency
spectrum  Gslopd b@pat708QUBRTHLLSRO TR B Estlrh/oRPui B55dnd aTERagut T080FRLI N vari ous
enbodi ment.s, a progranmable delay circuit is provided to achieve.

concrete example, signal output from the first output 702 may be a delayed signal

corresponding to the input signal delayed by 20 ns. Signal output from the second output
703 may be a delayed signal corresponding to the input sighal delayed by 40 ns. Signal’
output from the thi;d output 704 may be a delayed signal corresponding to the input
signal delayed by a further 20 ns, and so on.

[0065] A.person skilled in the art would appreciate that the predetermined delay
given abo've. is only for illustration purpose and is not limited thereto. Depending on the
specific epplication requirement, any suitable predetermined delay may be selected.
[0066] ' Wilen the delay line 700 is used in the second communication device 502, for
example, the input 701 of the delay line 700 may Be connected to the output of the clock
signal source 512, the first output 702 of the delay line 700 may be connected to the first
terminal 531 of the switch 521, and the second output 703 of the delay line 700 ma)l"be
connected to the second terminal 532 of the switch 521. For another example, the output
of the clock signal source 512 may be connected to both the input 701 of the delay line
and the first terminal 531 of the switch 521, and the first output 702 of the delay line 700
may be connected te the second terminal 532 of the switch 521.. A skilled person would
appreciate that the connection of the clock signal source, the delay line, and the switch as

described herewith is only for illustrative purpose and there may be numerous variations
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the controlled delay, and to inprove the efficiency of the waveform
sanpl i ng techni que where nore waveforns may be recovered conpared to
conventional time expansion receiver systens such as that illustrated in
FIG 1. By working on the | ow frequency signals fromthe clock signal
sour ce, foﬁ”%%%ﬁ%%@%at 19. 998 MHz, instead of the recé#&@ﬁGﬁﬁugpﬁﬁal
typically occupyi ng bands above | GHz, the programmabl e delay circuit can
be of |ow cost and conplexity. The controlled del ay nmay. be i npl enent ed
using a programmabl e I C instead of the switch and tapped delay line IC

conbi nat i Ofo the @@&RigEhént MBd dontketienEpaditREghsof doRS Bhks andBwikth¥aMef or s per
second are recovered through the proposed nethod, less tinme would be taken

to averagegq dig%ﬂ)ﬁ’t-!ksﬁéafﬁcrr&fi‘a%&léuﬁftﬂ@h lightégn number of recovered pul ses.
WO 2011/ 123066PCT/ SG2011/ 000131 [ 0081] Vari ous enbodi nents of the invention

is applicaly@7f 0 & lar@addntlfkthts! thBwitRARA iheaelagpﬁémidsea@ AWEH. As ranging,
positioning and radar applications that is capable of taking advantage of

the great enygyinBl M ARCHERNIMAIE (e LORRMR oulpBORA Ae PEESQReratok 512d i n the art
woul d appreciate that although device for signal processing and the signal

processi HQR&GU%WOd TaSs, dﬁ&%iell@pdik%ﬁsﬁﬁlasmoh%ﬂﬂdévlcwﬁiﬂaﬂ& 66b (Withlor r €Spect to

peri odic signal s or signals, the application of the technique is not

limted t hehfb swkBMind SNd £&sIOThe Sin@IB BhneRYRAERITURE iARsaiGorHoi@l  processi ng
met hod may be used for waveformrecovery of other type of repetitive

signal s sughyias 10Phidcsb. si gnal s and acoustic signals as well.

[0069] FIG. 8 (a) illustrates single LO pulse for both devices 102 and 502. FIG. 8 (b)
illustrates the single time expanded pulse for devices 102 and 502. |
[0070] FIG. 9 (a) showﬁ the LO signal in device 102 without switching. The LO
signal has constant ~50 ns in between the pulses (because of the 19.998MHz pulse
repetitipr; rate); whereas as shown in FIG. 9 (b), even though the LO signal in device 502
with switching has also 19.998 MHz pulse repetition rate, the time bet’wéen each pulse is
occasionally 20 ns or 30 ns when the switch is toggled.

[0071]  FIG. 10 (a) shows the time expanded signal for device 102 without switching.
As expected, the normal time expanded _waveform give only one time-expanded ;)ulse per
500us (i.e. 20 pulses in 10 ms). |

[0072] FIG. 10 (b) shows the time expanded signal for device 502 with delay control.
The time expanded signal gives 40 pulses in 10 ms, equivalent fo double the pulse rate.
[00731 FIG. 11 shows a close-up view of FIG. 10. FIG. 11 (a) illustrates a graphical
plot for device 102 without switching, and FIG. 11 (b) shows the result for aevice 502
with deléy control. In this example, the delay line 520 is set to provide 20 ns delay and 40

ns at two outputs of the delay line 520, and the pulse is either 200 ps or 300 us (500 us
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[ 0083] Wil e the invention has been particularly shown and described with
reference to specific enbodi nents, it should be understood by those skilled
in the art that various changes in formand detail nmay be made therein

wi t hout departing fromthe spirit and scope of the invention as defined by
t he appende¥Oetdi#R% The scope of the invention is thudCri§PUEPWPHy t he
appended cl ains and all changes which come within-the neaning and range of
equi val ency of 'the clains are therefore intended to be enbraced. - d ains
What is clained is: 1. A device for perform ng signal processing, ‘

conpri si Ng:minus 200 ps)Awa§ EEMYRY nekOtide JAN & bt Gech GFRIGY 81 @), altinitexpiiabPdi ¢ si gnal
with a first pul se repetition frequency; a first generator

conf i gur ed Qe R0 EI0A iErebveres BTy BRY ﬂs@ﬂ& Gande 9843 lin M. 11 fb) SREPREVRIIS €
repetition frequency being different fromthe first pul'se repetition

frequency; (ime expand@ WALRRA 196184 REspoRIol 0 ERmh Q1618RRIRUE (&, T 1 7 st del ayed

signal corresponding to the second periodic signal;
Additional time expanded waveforms 1103 may be recovered as a result of the delay of

. the LO signal, e.g. 613.
[0074] In various embodiments, a method of waveform recovery of repetitive signals-
is provided. More particularly, according to various embodiment, for the recdvery of
UWRB pulses at a rqceiver side (e.g. at a BS), the quiet or silent periods during which the
fnultiplier (or mixer sampler) outputs no useful signal, may be shortened or even
completely sl;ipped by delaying the sampling instances of the LO signals, which
advantagéously permits more waveforms or pulses.to be recovered in a given time from
equivaleﬁt time sampling. A system of waveform recovery according to various
embddimenté of the invention is also provided.
{0075] In various embodiments, the methoci of controlled delay of sampling pulses in
the LO signal is provided. which includes delaying sampling pulse after a full recovery of
one time expanded waveform such that at least an addition time expanded waveform may
be recovered. In tixis aspect, by reméving the delay, the oﬁginal time expanded waveform
per tixﬁe expanded period may be recovered. By controlling the delay of the sampling
pulse, at leagt twice the number of recovered time expanded waveforms may be obtained.
i0076] In various elﬁbodiments, a simple digital d.elay circﬁit, such as a tapped delay
line IC, may be used to achieve the controlled delay, and to improve the efﬁciency of the
_.waveform sampling technique where more waveforms may be recovered compared to

conventional time expansion receiver systems such as that illustrated in FIG. 1.
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a multiplier; wherein the multiplier is configured to, during a first
predeterm ned tine period, multiply the first periodic signal and the '
second periodic signal to acquire an output signal; and wherein the
-multiplier is configured to, during a second predeterm ned tinme period,
nultiply1%%@??%%%m%eriodic signal and the first del ay@8THERNYMOBIsignal to
acquire the output signal. 2. The device as clainmed in claim11, wherein
the first periodic signal conprises a plurality of waveforns, each waveform
having a first pulse width, and wherein there is a.- timng interval between
any two congirgpt i Bs WiRsS S BB low MGuaR} LibdASRGR B tlosloddd cARQIRE 3. The
device as clained in claim 2, wherein tﬁe second periodic -signal conprises

a plurality, of 1336568 MBiz, HAEMA FAEGLRIVEY RRRM tHhidRE 00dp il Sfaqwv dth, and
va ny

wherein there’is atimng inter et ween Wwo tonsecuti ve wavef orns.

4. The devi68,e35G, @He_@ﬁ@alé dbidy Rt Gin b%ﬁﬁ@icgst%ﬁ@&r}ggéﬁgtppr m of the second

periodic signal conprises a pulse. 5. The device ainmed in any of

ol ai e 1 Quchg) Y Sk dfholinicit, SEbaNEToYcHRAinE SLLFARARGS, 18 he second

periodi ¢ signal del aye ermn

signal processing method as described herein may be implemented in a similar fashion by

deléying the first periodic signal (e.g. received RF s.ignal). That is, instead of generating a
delayed signal corresonding to the second periodic signal, é dela);ed signal correspodning
to the first periodic signal (e.g. the RF signal) may be generatéd. The RF signal which is
geﬁerally from higher frequency bands, will need high frequency components/parts to
délay_the RF _signal. By deléying the clock signal source for the second perio.dic signal
which is generally of lower frequency spectrum, only low frequency components/parts
are needed.

[0079] " Invarious embodiments, a programmable delay circuit is provided to achieve
‘'the controlled delay, and to improve the efficiency of the waveform sampling technique
where more waveforms may be recovered compared to conventional time expansion
receiver systems_such as that illustrated in FIG. 1. By working on the low frequency
signals from the clock signal source, fér example at 19.998 MH?, instead of the received
RF signal typically occupying bands above 1 GHz, the programmable_deléy circuit can be
of low cost and complexity. The controlled delay may be implemented using a
programmable IC instead of the switch and tapped delay line IC combination.

10080] In various embodiments, because more waveforms per second are recovered
through the proposed method, less time would be taken to average and output the results

from a given number of recovered pulses.
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6. The device as clainmed in any of claimb5, wherein the pre-deternmn ned
delay is selected froma plurality of selectable delays. 7. The device as
claimed in any of clains 1 to 6, wherein the multiplier is configured
to, during a third predeterm ned period, nultiply the first £eriodic si gnal
and the seé%ﬂ&mﬁ@F?%dic signal to acquire the output siFGAZC2IVEEhe device

as clainmed in any of clains 1 to 7, further conprising: athird
generator configured to generate a second del ayed signal corresponding to
t he second periodic signal;- - wherein the multiplier is configured to,

during a fqeosip pnvefeisemBbdifent be HOEiOR is applidablBky/all dy@ivhlestsimeper i odic
signal and the second del ayed periodic signal to acquire the output signal.

9. The deyisgfgpﬁg AppRdaliBiEd shidh 3 Mhgl, FokioMhg dnd18daB appORioRE MatlibEapaieond
predeterm ned tine period starts after the first predeterm ned tinme period.

10. The devf aRingadvahidgdBTthd dlesddtYinfilg bdhdyhchiedaBled, Wherein the first pul se
repetition frequency and the seconf pul se repetition frequency are sel ected

froma freqymfy A teen et HEE the hrtkddhl PpPrediAR tMERithough device for signal

processing and the signal processing method as described herein has been illustrated wit-h
respect to periodic RF signals or UWB signals, the application of the technique is not
limited thereto. The device for signal processing and the sig11al processing method may

be used for waveform recovery of other type of repetitive signals such as optical sighals
énd acoustic signals as well.

[0083] While the invention has been particularly shown and described with reference
to speciﬁé embodiments, it should be understood by those skilled in the art that vaﬁous
changes i'.n>forrn and detail may be made therein without departing from the spirit and
scopé of the invention aé defined by the appended claims. The scope of the invention is
thus indicéted by the appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced.
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11. The device as clained in any of claim 10, wherein the first pulse
repetition frequency is 20 MHz. 12. The device as clained in any of clains
10 to 11, wherein the second pul se repetition frequency is 19.998 MHz. 13.

The device as clainmed in any of clains 1 to 12, wherein the output
signal conpY? Y4155 r st out put waveform during the fi PSE/SERUYEY i ned
time period. 14. The device as clainmed in claim 13, wherein the first

-out put waveform conprises a pulse. WD 2011/ 123066PCT/ S&011/000131 15. The
device as clainmed in any of clains 1- to 14, wher ei n. t he out put signal
.conprises a second out put maveforn1dgahmg the second predeterm ned tine
peri od. :

What is claimed is:

1. A device for performing signal processing, comprising:

a receiver conﬁgured to receive a first periodic signal with a first pulse repetition
frequency;

a first generator configured to generate a second. periodic signal with a second
pulse repetition frequency being different from the first pulse repetition frequency;

a second génerator configured to generate a first delayed signal corresponding to
the second periodic signal;

a multiplier;

wherein the multii)lier is configured to, during a first predetermined time period,
multiply the first periodic signal and the second periodic signal to acquire an output
signal; and

wherein the multiplier is configured .to, during a second predetérmined time
period, multiply the first periodic signal and the first delayed periodic signal to acquire

the output signal.
2. The device as claimed in claim 1, wherein the first periodic signal comprises a

plurality of waveforms, each waveform having a first pulse width, and wherein there is a

timing interval between any two consecutive waveforms.
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16. The device as clainmed in claim15, wherein the second out put wavef or m

~conprises a pulse. ‘17. A signal processing nethod, conprising: receiving a -

‘first periodic signal with a first pulse repetition frequency;
generating a second periodic signal with a second pul se repetition
frequency B@?ﬁﬂlﬁ?*?%rent fromthe first pul se repetit?gﬁ’ Fgﬂﬁgﬁgy;
generating a first del ayed signal corresponding to the second periodic
signal; during a first predetermned tine period, multiplying the first
periodic signal and the second periodic signal to acquire .an output -signal;
during a secondTs ®RIRE a¢ chined id dI4TR ) Sherehh, théBecbridPelibdigsipht® crhprisbs Her i odi ¢
signal and the first del ayed periodic signal to acquire the output signal.

18. The netphe4litpsf wdvefolBs edch waketbii HakingWeédnd BulkdWwidtH, hiid wiRedin @€ieGs Si gnal
conprises a plurality of waveforns, each waveform having a first pul se

wi dth, and swighEinRraliPeech anPiwol dBhdRButive Wavdteimsbet ween any two consecutive
wavef orms. = WO 2011/ 123066PCT/ SG2011/ 000131 -

4, The device as claimed in claim 3, wherein each waveform of the second periodic

signal comprises a pulse.

5. The device as claimed in any of claims 1 to 4, wherein the first delayed signal

corresponds to the second periodic signal delayed by a pre-determined delay.

6. The device as claimed in any of claim 5, wherein the pre-determined delay is

selected from a plurality of selectable delays.

7. The device as claimed in any of claims 1 to 6,
wherein the multiplier is configured to, during a third predetermined period,

multiply the first periodic signal and the second periodic signal to acquire the output

signal.

8. The device as claimed in any of claims 1 to 7, further comprising:
a third generator configured to generate a second delayed signal corresponding to

‘the second periodic signal;
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'19. The netheod as clained in claim 18, wherein the second periodic signal
conprises a plurality of waveforns, each waveform having a second pul se

wi dth, ‘and wherein there is a timng interval between any two consecutive
wavefornms. 20. The method as clainmed in claim19, wherein each waveform of

t he second PRPVYIFSsi gnal conprises a pulse. 21. The PRESHIUVAYIH| ained in

any of clains 17 to 20, wherein the first del ayed signal corresponds to the .
second periodic signal delayed by a pre-determ ned delay. 22. The nethod
as clainmed in any of claim21, wherein the pre-determ ned delay is selected

froma pluralityhgéin S8 eadmlee i ebdigtred 23, ddlig MTEIA0pREtGInRicaBsnd N any of
claims 17 to 22, further conprising: during a third predetermned tine

period, nulpthidd, MuRglylthefirki fefibdip SiEhd dhCths sQR deRiyel fhidic SigRA1 % Rﬁﬁi!ré)m c
signal to acquire the output signal. 24. The nethod as clainmed in any of
clainms 17 tQ cdgut dighal.her conprising: generating a second del ayed signal
correspondi ng to the second periodic signal; during a fourth ,
predeterm ned tine period, nultiplying the first periodic signal and the
second del ayed periodic signal to acquire the output signal.

9. The device as claimed in any of claims 1 to 8, wherein the second predetermined

time period starts after the first predetermined time period.

10.  The device as claimed in any of claims 1 to 9, wherein the first pulse repetition
frequency and the second pulse repetition frequency are selected from a frequency range

between 1 kHz and 100 MHz.

11.  The device as claimed in any of claim 10, wherein the first pulse repetition

frequency is 20 MHz.

12.  The device as claimed in any of claims 10 to 11, wherein the second pulse

repetition frequency is 19.998 MHz.
13. The device as claimed in any of claims 1 to 12,
wherein the output signal comprises a first output waveform during the first

predetermined time period.

14.  The device as claimed in claim 13, wherein the first output waveform comprises

a pulse.
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WO 2011/ 123066PCT/ SG2011/ 000131 25. The nethod as clained in any of clains
217 to 24, wherein the second predetermned tinme period starts after the
first predetermned tinme period. 26. The nmethod as clained in any of
claims 17 to 25, wherein the first pulse repetition frequency and the
second pul S¥OPUYEBP%| on frequency are selected froma ?E@Gﬁgﬁyywignge
between 1 kHz and 100 MHz. 27. The nethod as clained in any of claim 26,
wherein the first pulse repetition frequency is 20 MHz. 28. The nethod as
claimed in any of clains 26-to 27, wherein the second pul se repetition
frequency i's 19.998 Miz. 29. The nethod as clained in any of clains 17 to
28, wherein the output signal conprises a first output waveform

during thelgjrsihgmﬁg@gﬁﬂghgfgah}gpﬂgﬁgqq¢M3 30. The nethod as clained in
claim?29, wherein the first output waveform conprises a pulse. 31. The

method as cl ai Ngflerkif 1RVhtRE sigdaPldiBoribds 4 Rcctd-output waveform during the second

predetermined time period.

16.  The device as claimed in claim 15, _

~ wherein the second output waveform comprises a pulse.

17. A signal processing method, comprising:

recei\{ihg a first periodic signal with a first pulse repetition frequency;

génerating a second periodic signal with a second pulse repetition frequency
being different from the first pulse repetition frequency;

| "generating a first delayed signal corresponding \to the second periodic signal;

during a first predetermined time period, multiplying the first periodic signal and
the second periodic signal to acquire an output signal;

during a sécond predetermined time period, multiplying the first periodic signal

and the first delayed periodic signal to acquire the output signal.
18.  The method as claimed in claim 17, wherein the first periodic signal cdmprises a

plurality of waveforms, each waveform having a first pulse width, and wherein there is a

timing interval between any two consecutive waveforms.
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wherein the output signal conprises a second output waveformduring the
second predetermned tine period. W?2011/123066PCT/ SG2011/000131 32. The
met hod as claimed in claim 31, wherein the second out put waveform conpri ses

a pul se. :
WO 2011/123066 , _ PCT/SG2011/000131

19.  The method as claimed in claim 18, wherein the second periodic signal comprises
a plurality of waveforms, each waveform having a second pulse width, and wherein there

is a timing interval between any two consecutive waveforms.

20. The method as claimed in claim 19, wherein each waveform of the second

periodic signal comprises a pulse.

21. . The method as claimed in any of claims 17 to 20, wherein the first delayed signal

corresponds to the second periodic signal delayed by a pre-determined delay.

22.  The method as claimed in any of claim 21, wherein the pre-determined delay is

selected from a plurality _of selectable delays.

23.  The method as claimed in any of claims 17 to 22, further comprising;
during a third predeterinined time period, multiplying the first periodic signal and

the second periodic signal to acquire the output signal.

24.  The method as claimed in any of claims 17 to 23, further comprising:
generating a second delayed signal corresponding to the second periodic signal;
during a fourth predetermined time period, multiplying the first periodic signal

and the second delayed periodic signal to acquire the output signal.
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25. The method as claimed in any of claims 17 to 24, wherein the second

predetermined time period starts after the first predetermined time period.

26.  The method as claimed in any of claims 17 to 25, wherein the first pulse repetition
frequency and the second pulse repetition frequency are selected from a frequency range

between 1 kHz and 100 MHz.

27.  The method as c]ajfned in any of claim 26, wherein the first pulse repetition

frequency is 20 MHz.

'28.  The method as claimed in any of claims 26 to 27, wherein the second pulse

repetitioh frequency is 19.998 MHz.

29. The method as claimed in any of claims 17 to 28,
wherein the output signal comprises a first output waveform during the first

predetermined time period.

30.  The method as claimed in claim 29, wherein the first output waveform comprises
a puls_e.
31.  The method as claimed in any of claims 17 to 30,

wherein the output signal comprises a second output waveform during the second

predetermined time period.
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- 32, The method as claimed in claim 31,

wherein the second output waveform comprises a pulse.

37



