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PROCESSI NG AND A SI GNAL PROCESSI NG METHOD FOR LOCALI ZA
DEVI CE [0001] The present application clainms the benefit of the Si ngapor

pat ent application 201002195-4 (filed on 30 March 2010), the entire
contents owontR3®mse i ncorporated herein by referencePCORGHII/00BOPOSES.

A DEVICE FOR PERFORMING SIGNAL PROCESSING AND A SIGNAL

PROCESSING METHOD FOR LOCALIZATION OF ANOTHER DEVICE

[0001] The present application claims the benefit of the Singapore patent application
201002195-4 (filed on 30 March 2010), the entire contents of which are incorporated
‘herein by reference for ali purposes.
[0002] Embodimeﬁts relate generally to devices for performing signal processing and
signal 'processiﬁg methods. By way of example, embodiments relate to devices and
methods for localization (i.e. positioning) using a single ultra wideband (UWB) base
' station.
Background
[0003] In the field of localization of a mobilé device, multiple base stations setup -
‘may be used to obtain the localization information of the mobile device. However,
several problems are encountered. That is, such system setup may involve placement of
base stations gnd routing bg:tween base stations which may be troublesome; cumbersome
and ﬁme-conéuming. Sophisticated synchronization among the base stations may be also
required. There is also a blocking or obstruction problem where a mobile device needs td
be visible by at least three base stations for single two-dimensional location reading. In
addition, more base.stations also mean more maintenance.
[0004] There thus appears to be a need to provide a mond-station or single base
station solution for the localizatién ofa mobile dévice. To be able to locate an object

using a single base station, finding angles of arrival utilizing sophisticated antenna arrays
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Technical Field [0002]Enbodinents relate generally to devices for
perform ng signal processing and signal processing nethods. By way of
exanpl e, enbodi nments relate to devices and nethods for |ocalization (i.e
positioning) using a single ultra wi deband (UWB) base station. Background
[ 0003] I'n t heobeehzboest | ocal i zati on of a nobil e devi ce, poalsiGzalsochase
stations setup may be used to obtain the localization information of the
nobi | e devi ce. However, several problens are encountered. That is, such
system setup may invol ve placenent of base stations and routing bet ween

base statiof troubl sone nsum ng.

Sophi sti cat e%né\{}lntg 1}1@2%3223[ ished v %wetvﬁf thﬂ)safg%ﬁ%f%ﬁl?ri’) reWﬁVs ﬁtém&}cgfgd required.
There is als h% pbstructlon probl em where a nobile device needs
to be visibl gcu atlo'é?“dl é‘g aﬁ‘e%’é base stations for single two-dimensional

| ocation reading. In addition, nhore ba}se tgtt | ons al so nmean nore
mai nt enance. | 0004] There thus %%%%—Meed to provide a
R T
finding angleas Jxalﬁ‘r t{‘e Q{)ove nlﬂgﬂnjo'nez prgblésoghl sticated antenna arrays
[0006] In one embodiment, a device for performing signal processing is prov1ded
The device may mclude a ﬁrst antenna which is configured to, during a first
predetermined time period, receive a first periodic signal with a first pulse repetition
frequenC).l. The device may further include a second antenna which is configured to,
during the first predetermined time period, receive the first periodic signal. The device
' méy further include a generator which is éonﬁgured to generate a second periodic signal
with a second pulse repetition frequency being different from the first pulse repetition
frequency. The device may further include a first multiplier which is configured to
multiply the ﬁ_rst periodic signal received by the first antenna and the second periodic
signal to acquire a first output signal. The device may further include a second multiplier
configured to multiply the‘ first periodic signal received by the second antenna and the
second periodic signal to acquire a second output signal. The device may further include
a determining circuit which is configured to determine the time difference between the
arrival time of the flfst periodic signal at the first antenna and the arrival time of the first
periodic signal at the second antenna based on the first output signal and the second
oﬁtput sjgn_al. The device may further include a third antenna which is configured to,

during a second predetermined time period, receive the first periodic signal. The device

may further include a fourth antenna which is configured to, during the second



I's one of the nost established way. However, this nmethod generally requires
conplicated cal cul ati on and hi gh cost antennas. Sunmary of the Invention

[ 0005] Vari ous enbodi nents provide a device for processing signal which
solves at least partially the above nentioned problens. [0006]In one

enbodi ment wWa:2devisee for perform ng signal processing iPCT{HGRW1ed30

predetermined time period, receivé fhe first periodic signal. The first 'multipl.ier may be
configured to multiply the first periodic signal received by the third antenna and the
second periodic signal to acquire a third output signal. The second multiplier may be
configured to multiply the first periodic signal received by the fourth antenna and the
second periodiq signal to acquire a fourth output'signal..The determining circuit may be
lco'nﬁgured to determine the time difference betwe_eh the arrival time of the first periodic
signal at the third antenna apd the arrival time of the first periodic signal at the foﬁnh
antenna based on the third output signal and the fourth dutput signal.

[0007] In one embodiment, a signal processing method is provided. The method may
include during a first predetennined time period, receiving a first periodic signal with a
first pulse repetition frequency using a first antenna. Thé method may further include
duringlthe first predetermined time period, receiviﬁg the first periodic signal usiﬁg a
second antenna. The @ethod may further include generating a second periodic signal with
a second pulse repetition frequency being different from the first pulse repetition
frequency. The méthod may .further include multiplying the first periodic signal received
by the first antenna and the second periodic signal to acquire a first output signal. The
method may further include multiplying the first periodic signal received by the second -
antenna and the second periodic signal to acquire a second output signal. The method
may further include determining the time difference between the arrival time of the first
periodic signal at the first antenna and the arrival time of the first periodic signal at the
second antennal based on the first output signal and the second output signal. The method
may further include during a second predetermined time period, receiving the first

periodic signal using a third antenna. The method may further include during the second



The device may include a first antenna which is configured to, during a
first predetermned tinme period, receive a first periodic signal with a
first pulse repetition frequency. The device may further include a second
antenna which is configured to, during the first predeterm ned tine period,
recei ve t hewoiegt2306y i odi ¢ signal. The device may furt lraT/SGacloca3E
generator which is configured to generate a second periodic signal wth a
second pul se repetition frequency being different fromthe first pul se
repetition frequency. The device may further include a first nultiplier

which is configured.to mul.tiply the first periodjc.signal received by the
first ant enWﬁdeg?\'ﬂmieﬂém?é’(‘fB?fid ?eﬁélyinggfe ‘rgipﬁ%&lc RS Vetull] 'g%%értl? fHema gyt put
signal. The_device may_further include second nultiplier configured to
nul tiply th@(’jq"f‘? ¢d ‘Bé’?/f“&g?rcm%l?‘@‘?ﬂ?mﬁé@é%Féﬁ“t??"‘ﬂn‘r‘g“% sravedtyditha and the
second peri %gi c signal .to acquire, a second output signal. The device may
further inciidantgnigapd fgseropdperiodic sigpalip peanirs & third spipgisigsal: The methed i ne t he
time differenc et.wee tf]e_ a.rrivatLI time of the first periodic signal at
the first ampehFacdpdudeanluplying the first periodic signal reqerved by theifthantenamal  at t he
second ant eglrg‘a based on ({ihe_ first qutput signal and the second out put

si gnal . The®ddbs seeondayriedic sianal tojasayisddourthy uinugsignd. ke aethed &9y fagthebnf i gur ed
to, during a second predetermned tine period, receive the first periodic
si gnal . Themﬁlé&? @éewyn& f tme fiffersape hebwesn the arrval tipe efithadisskresrdies confi gur ed
to, during the second predetermned tine period, receive the first :
periodi c si Y&l at thefhird ppteina gud the arvaltimegnf thedirst pamiedig signal atghefourth ply t he
first periodic s'hgng\l received by the third antenna and the second periodic
signal to a¥YfiP? Prhibe dhighpuppyt sigralapdthe foprth euiRub HEnaky| ti pl i er may be
configured to nmultjply the first periodic signal received by the fourth

ant enna and%P%# sclt hyldhemotsdithat te gmbedimentsdeserbed inthe dependsnikaipsef si gnal .
The determ'trﬁi }r;% circuit may be configured to determne the tinme difference
bet ween t heb&ierReaflent deyice sfaim es applpgqusly ¥plidSfgr e sorgrapnding methodichimd ant enna
and the arrival ti. of the first periodic signal at the fourth antenna
based on th‘@hetr?l?ﬂphg%éﬁ’ b‘tf{“%‘i‘@ﬁ’% and the fourth output signal. [0007]In one
enbodi ment, a signal processi ng nmet hod i s provi ded. The nmet hod may incl ude

during a first predetermn necerstRescsipionof the Drawings, 5 first periodic signal

with afirs | se repetition frequengy using a first antenna. The net hod
may furt her[top‘ﬁ‘il u Etﬁi"ﬁ‘@g% “Fﬁ’?’?;‘fe %?’é‘ﬂté’fség?ﬁ’ﬂb'det?’i thdbesaME BRftS  ecei vi ng

the first periadic, sigpal using.a second antenna. The method may further

i ncl ude gen‘g?oé{g?oﬁbﬂlﬁdggﬁe(?hﬂe‘ﬁ%?ﬁ}ﬁ&fwséﬁeﬂm Decessrdy fecaremplitse” repeti ti on

frequency heing different fromthe first pulse re ition frequency. The

net hod nay ‘Pﬁﬁ%ﬁg?er?lﬁ'cqeﬂ’&é’flﬁffﬁﬂo I Sﬁﬁmﬁﬂgpﬁﬂﬂg{es 8@#‘? GYruoR; b‘ﬂ%‘f recei ved

by the first,,antenna.and the second periodic sjgnal to acquire a first

out put si grflg‘l?W%gesmq}?deaﬁﬁv ‘?"ﬁ’l"?‘ﬂ@ ts Ph'g‘le HH@“‘WSI“F? dgpeyib ‘g'ttlh@?“fr?’}‘%t

periodic sitg aIfl ecei éed. b¥ .t he. F_econd antenna and the second periodic

signal to 4 (r&itﬁ? PWYnE REHE ’d’h?’ﬁ’ﬁ " signal. The nethod may further include
tine of the first

determning the_ti difference between.the arri.val
periodi ¢ si gnal Fgf’-rfﬁ’i%""??&%v <o JoR REFIPIng TP LR oS TI7E, 1 100¢ PRSP he 11 1 st
- periodic signal e..second antenna based an the first qutput signal and
t he second out plljfés%t G%‘gfl&m%ﬁécﬁ%?tﬁ{(;?% afclﬂrf”f‘h‘é'f"gli‘ fray ‘H%ongé‘?rg#@ a second
predeterm ned tine perio receiving the first. periodic signal using a
third ant erfRRY "FifS*REFIRB CWH?ef’ﬁP?%%Fm&ﬁlgleﬂ’%&H@% ng the second

redeterm ned ti 1.0 receiving, the first periodic signal using the
1I‘O ourth antenna. %ﬁgp @Lﬂlﬂ%ﬁ‘teﬁ’dﬂ} NN ?Eﬂg"rmf’ﬁ?ﬁpﬁ?fé‘mﬁifﬁ‘[”iqb? %dﬁ‘ﬁg’[rﬁ%’ef’fer sj?
Canal o 40AGT AUE B A HOBA G e el Ao SE DS RFCABE 1 nel ude
mul tiplying the first periodic signal received by the fourth antenna and
the second periodic signal to acquire a fourth output signal. The nethod
may further include determning the time difference between the arrival
time of the first periodic signal at the third antenna and the arrival tine
of the first periodic signal at the fourth antenna based on the third

out put signal and the fourth output signal . [0008JIt should be noted that
t he enbodi nents described in the dependent clains of



t he i ndependent ‘device claimare anal ogously valid for the corresponding
nmet hod cl ai m where applicable, and vice versa. Brief Description of the
Drawi ngs 100091In the drawings, |ike reference characters generally refer.
to the sane parts throughout the different views. The draw ngs are not
necessari | WAWILEHE enphasis i nstead general |y bei ngPEFEeHdIWBBA
illustrating the principles of the invention. In the follow ng description,
various enbodinents of the invention are described with reference to the
foll owi ng drawi ngs, in which: FIG | shows a device for performng

& Sor am of 4 ot AR RO PR el ol felnd cBR BB ° 51 PO

t echni que h&l’ %ﬂg §xenpl ary enbodi ment; FIG 2 (b) illustrates, in
terns of t ‘expansi on technique and with reference to FIG 2 (a) t he

vavef orms of t i SSRIWSHe fidnh PRELOG Sc Bl pnd GBS R 0] ©
gifrta pre P ERe:

signal, the out p Signa n xer e85{panded

signal, respect #I&e 4¥hows a signal processing method in one embodiment;

FIG. 5 _illustrates the mechanism of determining the time difference of arrival
(TDOA) in a direction X according to one exemplary embodiment;

FIG. 6 illustrates the_ switching circuitry of a device for performing signal.
processing according to one exemplary embodiment; |

FIG. 7 (a) illustrates the localization of a mobile device by a base station;

FIG. 7 (b) illustrates the Working mechanism to carry out two-way ranging in one |
exemﬁlary embodiment; |

- FIG. 8 illustrates a frame structure generated by a device for performing Signal

processing in one exemplary embodiment;

FIG. 9 illustrates the circuiF diagram of a mobile device in one exemplary
embodiment; |

FIG. 10 illustrates the circuit diagram of a.device for performing signal
processing in one exemplary embodiment;

FIG. 11 (a) illustrates the tested ranging error in a horizontal direction; and .

FIG. 11 (b) illustrates the tested ranging error in a vertical direction.

Description

[0010] The; following detailed description refers to the accompanying drawings that
show, b); way of illustration, specific details and embodiments in which the invention

may be practiced. These embodiments are described in sufficient detail to enable those



FIG 3 shows the antenna arrangenent according to one exenplary enbodi nent;

FIG 4 shows a signal processing nethod in one enbodi nent; FIG 5
illustrates the nechani smof determning the tine difference of arrival
(TDOA) in a direction X according to one exenpl ary enbodi nent; FIG 6
I 1l ustrateswoRe11g06chi ng circuitry of a device for perB@rsG22n/0801ghal
processi ng according to one exenplary enbodinment; FIG 7 (a) illustrates
the localization of a nobile device by a base station; FIG 7 (b)

illustrates the working nechanismto carry out two-way ranging in one
exenplary e

by a devic esm%a I"br@? 1ta’8 fHRTAgicE %S’g’legtbcinlo l(!%é‘téﬁrr%?i rq%f)‘{ﬂi(rgg %@%{5‘;’ |Cg§}’uslré Sinre;lreﬁ: ?d

ermbodi ment - 108" o gt sk, e’ B, 8 v AAFPTOO BBy, co T or

perform ng osriegt?ltall(l)n (E)fr tlcl)ec ﬁﬁﬂe@f’bgiﬁg egc?ibgc)l(. elgg?:lauaég %on?gg:l)%?tis (r)rfe erI]rEb;odiments can
be positioned in a number of different on'entgtions, the directional terminology is used for
purposes of illustration and is in no way limiting. Other embodiments may be utilized
arid structural, logical, and glectn'cal changes may be made without departing from the
scope of the invention. The various embodiments are not necessarily mutually exclusive,
as some embodiments can be combined with one or more other embodiments to form
new embodiments. The following detailed description therefore, is not to be taken in a
limiting sense, and the scope of the present invention is defined by the appended claims.
[0011] The word "exemplary" is used .herein to. mean "serving as an example,
instance, or illustration". Any embodiment or design described herein as "exemﬁlary" is
not necessarily to be construed as preferred or advantageous over other embodiments or
designs.
[0012] The device as described herein may include a memory which is for example
used in the proéessing carried out by the device. A memory used in the embodim:nts may
be a volatile memory, for example a DRAM (Dynamic 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,
e.g., a floating gate memory, a charge trapping memory, an MRAM (Magnetoresistive
Random Acces; Memory) or a PCRAM (Phase Change Random Access Memory).

[0013] In an embodiment, a "circuit" may be understood as any kind of a logic

implementing entity, which may be special purpose circuitry or a processor executing



FIG 11(a) illustrates the tested ranging error in a horizontal direction;

and FIG 11 (b) illustrates the tested ranging error in a verti cal
direction. Description [0010] The followi ng detail ed description refers to
t he acconpanyi ng draw ngs that show, by way of illustration, specific

detail s andvepdipdi3pents in which the invention nmay be RCAEG2¢880001These
enbodi ments are described in sufficient detail to enable those skilled in
the art to.practice the invention. In this regard, directional t er m nol ogy,
such as "top", "bottont, "front", "back", "leading", "trailing", etc, is

used W th rEEERENASIR G QF I6nl Ak oL dieE) GUIEE Shybsi o_descri bed.
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include a rH%ascnbgd ¥1¥h lhgrre] détail {)gow may a npo ge understood as a "circuit" in accordance with
an alternative embodiment.
[0014] FIG. 1 illustrates a device 100 for performing signal processing in one
emboﬂiment. The device 100 may be a radio comrhunication device, for example. The
device 100 may also be a base station which is able to determine the 2-dimensional or 3-
dimensional location of a mobile device, for example.
[0015] It is noted that when the device 100 as described is a base station which is
configured to find the location of another mobile device, the base station 100 itself may
also be mobile device, in which case the mobile base station 100 may be configured to
find the location of another mobile or stationary device relative to the current position of
the mobile base station 100. An example application in this scenario may involve putting
a mobile device on oﬁe vehicle A and a base station on another vehicle B, to track‘the
position of the former vehicle A with respect to the latter vehicle B.
[0016] The; device 100 may include a first antenna 101, a second antenna 102, a third

antenna 103, and a fourth antenna 104. The device 100 may further include a generator

110, a first multiplier 111, a second multiplier 112, and a determining circuit 113. The



used in the processing carried out by the device. A nenory used in the
enbodi nrents may be a volatile nenory, for exanple a DRAM (Dynam ¢ Random
Access Menory) or a non-volatile nmenory, for exanple a PROM (Progranmabl e
Read Only Menory), an EPROM (Erasable PROM), EEPROM (Electrically Erasable
PROV), or awbhaesh2aenory, e.g., a floating gate nmenory,pcE/schengae1sa appi ng
menory, an MRAM ( Magnet oresi stive Random Access Menory) or a PCRAM ( Phase
Change Random Access Menory). [0013]1n an enbodinent, a "circuit" may be
understood as any kind of a logic inplenenting entity, which may be speci al

purpose cirgujtry or..a,.processor executi software stored in a nenory,
firmware, o rséa’fﬂ%‘ﬂ%h%li’ 7GR ?’ﬁeé’f"éé‘?z H‘fﬁ@g‘i aﬁ‘%ﬂ%ﬁ&eﬁﬁiﬁ ptennal Odei oyt
may be a hard-wired |logjc.cirguit programmhl e Logic circuif such as a
_progr ammabl B¢ E?’ﬁ@é@éé&%%ﬁ’é‘.m t‘RHeE?{)lpa’&f@?g%F‘“ @E&f.l_lé’ 280 51985 ™MIRIEE r uct i on
Set Conput ecri{&gict:hff%l proc ssorkggitgggg%uced Instruction Set Conputer (R SC)

processor). By Tay ReSPup Hieh E8s B AP lgiticy rergectisrdofire, e. g.
any kind of conputer program e.g. a conputer programusing a virtual

machi ne cod¥<l g‘fﬁ'é@@?@’.a?}’&\}’&er g&f‘?}?‘ SlaRaY oRenyitabie slephicalsonnestionie of t he
respective fu]?cti ons which will be described in nore detail below may also
be under st ovqhagge gleoteical gighals: i n accordance with an al ternative enbodi ment.
100141FIG "1 illustrates a_device 100 for perform ng signal processing in
one enbodi 87l THia ogegpbodiment thafrstaategna L inepyds Fﬁ“&”ég » GRriggA/dicste,  f or
exanpl e. Theéddevi ce 100 may al so be a base station which is able to

det er mi ne tMedetergingd Hap geriad, e a fstreredio pignal vh adir s Aulss repetitioni | e devi ce,

for exanple, 10015]1t is noted that when the device 100 as described is a
base st at i Ofﬁecw:ncg joge embodiment, the second antenna 102 may be configured to, during the

first predetermined time period, receive the first periodic signal. In one embodiment, the
generator 110 may be configured to generate a second periodié signal with a second pulse '
repetition frequency being different from the first pulse repetition frequency. In one
embodiment, the first multiplier 111 may be configured to multiply the first periodic
signal received by the first antenna 101 and the second periodic signal to acquire a first
output signal. In one embodiment, the second multiplier 112 may be configured to
multiply the first periodic signal received by the second antenna 102 and the second
periodic signal to acquire a second output signal. In one embodiment, the determining
circuit 113 may be configured to detenﬁine the time difference bgtween the arrival time -
of the ﬁrsf periodic signal at the first antenna 101 and the arrival time of the first periodic
signal at the second %mtenna 102 based on the first output signal and the second output
signal. In one embodiment, the third antenna 103 may be configured to, during a second
p-redetermined .time period, receive the first periodic signal. In one embodiment, the
fourth antenna 104 may be configured to, during the second predetermined time period,

receive the first periodic signal. In one embbdiment, the first multiplier 111 may be



configured to find the |ocation of another nobile device, the base station
100 itself may al so be nobil e device, in which case the nobil e base station
100 may be configured to find the |location of another nobile or stationary
device relative to the current position of the nobile base station 100. An
exanpl e apPlOXBEY2¥Sin this scenario may invol ve putti RgI/8GHHHI0E0devi ce on
one vehicle A and a base station on another vehicle B, to.track the
position of the former vehicle A with respect to the latter vehicle B.

[ 0016] The device 100 may include a first antenna 101, a second antenna 102,

a third anfcsmmem@mu gﬂ,&ﬁ%&ﬁm@@%ﬁﬂ%&%y thOfhird SMeef 199 Qnd@y further

i nclude a generator a first mul |p ler 1T1, a second multiplier 112,

and a deteg d ant enna
105, 2t he ¢ el %‘*‘1"2‘35 it Kipe bt o her L SHR b Ot e SEERTT 3005 e

I:: ﬁ& '[mllagrmrlwt‘g@ rmay]n% %gﬂ‘?ﬁﬁ% H’Hit%g&hé ﬁgshﬂe%gdlcglggal\}/‘{agvg(ﬁﬁe ec':"rlngal
connecti Onlfect “ééé&ﬁ?a 9 afid fhe s@ofiPRrBaLsi 199 Hi‘rﬂf@l{ﬁ \ﬂfut‘éléﬁalaﬂ%’oggt her

suitable e connection to exch ectr| 17] 1 n one

- enbodi ment g&ﬁmfeﬁtrtﬁé d&%ﬁ&ﬂﬂ%%ﬂcg&lm Pﬁe &BH %gtextxﬁne ﬁlPHn@g a first

predeternlne time peri erve a |rst r|o ic sig wth a first

pul se repefdif% %e%@e E%&&H%Cﬁ val pmgeﬁmsma)gé,{saﬁts}%ng%mﬁmqte tfdafz.ﬁd 102 may

be conflgure Irst predeterm time perio receive the

first peri EQ'a?mﬁdl &H@Lfthé HrsP %@?gﬂél%ﬁlé fouhﬂ%mlgrﬁﬂ%%%%d 3R Y be

configured to generate a se I odic slgna th a second pul se

repetitiong fromthe first pulse repetition
frequency. %ﬁ e enggglnent ftﬂcuEeg irst multiplier 111 may be configured to

mul tiply t %15}! Sty &%rekn%g{hﬁleﬁ't' Pler GERE) «?@'evR)é 160'a LPE B@Bvx@%btxﬁ I’J%%‘seml and

t he second perlodlc Si to’acquire a |rs outp

enbodi ment g%qumél stakiBh 'Tglédév]& 188 ¥na) e G ,qmo%ﬁe&rgw B! Y the

first perloalc si ghal receilved t he second anténna 1 ‘he second

per i odi o S 8 d:Sich ASGRAR BUARU p3bNRng 4 AARR ATBRAI TNt the

determning circuit e con |gure eter di fference

bet ween thﬁm%ﬁﬁe\ﬁg,p B A el chg GraBhR e,anpreh,%ah 3 antenna

101 and the arriv time of the first t he second ant enna

102 based gg il A 3 0 A1 hod 2 8550 en;aytlmaf hgnal . 1n one

enbodi nment the thir tenna 103 e conﬁlgure o, during a second

predeterm Ei%@%dt dp??t iDf Jspﬂrect'icﬁxcﬁid‘{ﬁe {hﬂﬁ’ a:&kﬂn%tlo &ld Rk 8&1}?&% 3k 104 RaPne

enbodi nment urth antenna 104 may be con I gure during the second

predeterm B@Q;a&éd”é‘ﬁar?ﬁ{ d sQE’ond rd?r@&i'o}{ efoxt é}‘é‘mf;!erfﬁe RGEL PIY fiayHeIBHigurddo ONE

enbodi nment , first multiplier
determine the difference between the amval time of the first periodic signal at the first

'—‘l

antenna 101 and at the second antenna 102 in the first direction, and the difference
between the arrival time of the first periodic signal at the third antenna 103 and at the
fourth antenna 104 1n the second direction, respectively. The difference of the arrival
time of the first periodic signal at two different antennas may be referred to as the time
difference of anivel (TDOA) in this context. The determined TDOA in the first direction
and the determined TDOA in the second direction may be used in the further

determination of the two or three dimensional location of the mobile device A.



configured to multiply the first periodic signal received by the third
antenna 103 and the second periodic signal to acquire a third out put
signal. In one enbodi nent, the second nultiplier 112 may be configured to
multiply the first periodic signal received by the fourth antenna 104 and
t he second WeRMAMA265si gnal to acquire a fourth out put HAGIEE2011/090018Ne '
enbodi ment, the determning circuit 104 may be configured to determ ne the
time difference between the arrival tinme of the first periodic signal at
the third antenna 103 and the arrival tinme of the first periodic signal at

R A T R A T R RE A
e D1 0V1 5B AL R L 2B, e O 190 ™
ot SRy ST B B o LR Y,

oD A sy 3BT S TS| RS AR S50 . e

fourth antepna 104 .may, be. spaced rt in a second djrection, for exanple.
The devi ce HE®IRRESERA losHliopal # Bblerase dhsAnH Rt P Ion &t eePEpuEleen ¢ he

arrival tinmg.qf the first periodj ignal at the firs ntepna 101 and at

t he second @H&b’ﬁ?ﬂi‘s tg5a srpall grrer ’F‘idltliqg Eﬂg?’ & ﬁ‘(ﬁ?,m&ﬁ’& ‘{#@ag‘?a’*gﬁ‘%nce bet ween

the arrival tinme of the first periodic signal at the third antenna 103 and
at the fourRfi"SMtenna 104 in the second direction, respectively. The

o 11 erence fhhe SoiNah TR, LIE LLISL RS SLC Shonel Al e
(700 1 R Cont X TS AL PER NS TOOR L0 A0F, Lt shdl celi on and the
et e o8l o P PRSNG| 223 00 oL, o0t Lo device
caloate |oGahl oyt SLLSE, LU, AL SRS L 8 SRES Va1 1 o dpar  sirce
oL o L) RS SR BB o g PR LT el Bl €, 0o
ERSCR A K A R S
cost huge ex{ngar(%)geci tr(]) 3tcr1]ne. l-{oiwré%r, thé, éo%y glo%é Epde glﬁeinhzillg'n\#ith higher sampling rate
devices, and more importantly, the sampling rate required may even be too fast and not
be achievable through commercially available devices .
[0021] - In one embodiment, a technique called time expansion technique may be
applied by the device 100. Briefly, according to the time expansion technique, a received
signal consisting of repetitive waveforms may be exi)anded in time domain without
changing the overall shape of the waveforms before the received signal is sampled by an
analogue-to-digital circuit (ADC) fbr furthér processing. For example, assuming a
received signal is expanded in the time domain by 10000 times at a receiver side before

sampling by the ADC, the equivalent timing resolution would be about 10000 times
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[ 0020] One way to reduce TDOA error is via increasing the sanpling rate at
the receiver side (e.g. the BS). Wth 1 GHz sanpling rate in a field
programuabl e gate array (FPGA), the timng resolutionis 1 ns, whichis
“equivalent to a 30 cmresolution for calculating the distance travel ed by
t he signal ¥QXMEHI2P®F t he | ocalization. In this context PCTAE2MIH0RY
"resolution may refer to the mninumtine between two consecutive sanpling
points. Wth a 10 GHz sanpling rate, the resolution in terns of

| ocal i zation can be inproved to 3 cm However, the cost goes up

exponent | ah‘nj ervgo ga.ljc].& ﬁrthém%lre%glu él‘lt(% rﬂfe\ﬁ'v& gthe%{kqgn?r e%?gﬁteant ly, the

sampling ra e requi red nay eve ast an |eva e through

commer ci al Laa,eas\s@gil.gﬁgia% PSP b 9%%&;1%1 bnoaﬁ%%g&dfo?%?t hechn' que cal | ed

tine expanS|on e nay e ap SvI°C & By,
anal ogue- t 0-di g ‘?"tﬂ} Fogp@}éﬁl "f"fb\fﬁfnsfogrOf}her’?ﬁ%IVF B?“é’ gssé%%%ga“ ‘I‘S('ﬂva%g‘grrpl e, y
Fecer 3e?“’rs“:‘3“ce‘”’ﬁ?‘8?8 L83 S‘%& B0F RE: e it O R B g
t
(-]

S C e
nplin
oo AR r?sglupﬁ%ﬁga%%%ﬂ B e foing
sanpl | ES"?%?%V”?M%E@%E&’ igich 95&“1? p ﬁe‘é’&g?me {ep e G Bere w“a‘v‘a‘?é‘we ot time
expansi on s 2 w th 0 n of the received

peri odi c s|hgnaIq'"’mSanirllltt%rqoﬂ|“\1/%1?2 é 'eﬁlds t? 88§ ‘ﬂm‘fa?e(?ﬁmm’o‘fmﬁg 183}?%‘@“}%'[ ai ned.
For an applesc()"lattI ss%l%l%‘tﬁ losf(l;%‘l:, %Ei eﬂn attﬁ)gslq:%(daorrﬁ)ﬁﬁtd% he I vement in

thetlmngreso ion rero t he

o O 5 ! zhefnz“'g#ego it Xﬁ%ﬁé@ﬁsﬁéni om

transmtter oOr |n% er vvor in the

ranging re on. Assu that t naI aveI| t he speed of
light inf OOJ 5 %@ggﬁr‘?‘fgb‘pg‘b’@pﬁﬁ%g?mz €550 F@O% vﬁrén t he
timng resol u _§(r§0¢ér£roves from 20 ns to 2 ps the rangl ng resol ut| on

i mproves f ( X 0.3 nins) 6mto(0 002 ns x 0.3 mns) = 0.0006 m

0022 In o] to ex and the ecelv nal e fi erlodlc

[SI gna} f“(taﬁi:] t|H’e° AEnaPAnd ‘ﬁ‘ﬁ’eaﬂ%e 6‘31 ?Té*fﬁfjlrstgeg%&wa[,éq ?thF’E si gnal

vvithasec user t|t|onfr encg aﬁlntgdlff rent fromthe first

o e eochies ﬁn?ff-ee&f"?@ﬁw%fls"m Fatrpdi Yignal iaéewgnyﬁemg}msg gonerated by
ude a plurality of

thFsggner ofet “1¥31°5‘g 8‘&‘@33[ Lt%%‘sgfe%ﬁ'gpoi%%% Y ¢ istRereficn pe sanpl ed
cort espond h gy ff?%e'n%afes?y et G0 oS e RO ORHE T 1 ot
Ml i pl i e PURTSIETPUSEORY PP ETEY 'e%ei%ﬁ&srﬂ?%?wm”s? Pecpruet Bpell: fon of the
the second per ?%5?#%98%3%1#‘%&%%“% Atip ste S pded e %raeéa%gﬁlﬁﬁ?# Jch a
ol o R o Ul T et S ird oSl pnat b2 edbhd Seiould' U98°
sxlgnal may be achieved by a multiplier which is configured to perform a multiplication
operation of the two input signals into the multiplier. Both the first periodic signal and the

second periodic signal may be input into the multiplier, and such a multiplier may be

configured to output an output signal which includes a plurality of pulses. The pulses
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output fromthe nultiplier may have an envel ope which has the shape of the
input first periodic signal but has been expanded in the tinme donmain. The
output of the nultiplier nay be connected to the input of a filter, e.g. an
active filter, which may be configured to output the envel ope of the input
si gnal intovobaifisbéser. The output signal fromthe fil tren/scagib@izoef er red
to as the tine expanded signal of the first periodic signal. The tine
expanded signal of the first periodic signal may then be sanpled, e.g. by a
ADC, for further processing. By sanpling the time expanded signal of the

first periodic, si | instead of sanplin he.first peripdic signal itself,
the ti lrc:‘l ng Q'ug’subﬁﬂ‘gir%@enm @1%8"’?'ﬁ%vreeaﬁgg‘ffﬁoggﬁ'&‘lcﬁgawag? ?116 ellﬁﬁ‘fﬁjﬁ reduced.
The waveforns af the firs eriodic signal, the second ri odi ¢ signal, the
output of tBefiFEr RS b Semdiesin BsdGdopHa” TR s s PhEisa: ad i b

FIG 2 (b) accordin 0 an. exenpl ary enbodi. t. [[0023]1n an illustration
exanpl e,( % Hgay tﬁomaegﬁé\tﬂ @%I"R“tn"gg ﬁﬁF%ﬁﬁrﬁ“tac?‘%gtﬂﬁ“f’r C?‘ﬁ‘éa}y ibsaPRguredAal with a
first pulse repetition f uenc RF), of f exanpl. e MHz,. and t he

vt ce” 100 TR B8 st g PEoRC el Bt Hibe FEBR Merat i PEAET i 1 oot on
using the first tennas 101 and the. second antenna 102 nd to determ ne

t he ‘gI]'DOA i r{n"tyﬁli r%gg g 23 fhe dpeie a"sdi sl‘ﬁj‘a]t‘?{gh‘_’tf?fftrpdn%‘ﬁ‘f %%T%mnd the fourth
por o c -1 GREMSHER of BEBSHRFp Sem apu i be PSR s ety APRAY of for
periodic si [ ' of for

xpansi on fHRHBPHEABEAERP LS e FHEFSIERY oL AHPERORER: | e
expansi on f ] JTSHy i me
expansi on and 20_MHz Al ampl i rate, the equivalent tining resolution of
the TDOA -béa%??égff%}%%%ﬁ@}@%@@a’sbsé}hW%reeeJP%gw dnqrepsed r angi ng
resolution of 1. for the djfference in the di.stance traversed by the

S gnal 11 orfi i TRAEA FastamAy e aecedt BT oo O o AR AEBASIS SERAaR® for 1 he TDOA
(horizontal or ,vert.ical To achieve the. s r angi resqlution of 1.5
6200 CEPIABE ST e HPE QAR B R BBt oh e FEat ved 1 ¢ st
periodic signal is t_time expanded: 100241] n. one enbodi nent, during the
first pr edég‘ésfr eﬁ@’o"[}gi ?‘r@’)ﬁ‘éﬁof%’gﬁmlﬁﬁé"%p azY ePdEREYy 101 and the second

ant enna 10§P®§ﬁ bqngﬁﬁf¥ uéfggﬁﬁgiﬁﬁ%%%ﬁ hgé%égé&b er | duﬁt;i Q@%' The
signal rec at YR n € GS'YPAEYS me domai n
using the first nultiplier 111 d the 0 eriodj i gnal, generated b

t he gener at’t? ﬂlg}lﬂ ‘,E{S‘&thg rreptggnoé‘gfgﬁﬂ}’?néy @&5 ng’r g’fﬂ&dj@@ﬁ%‘gm?c h Y
Fecei ved bytRe B et gemiteane Fhaa s st viskohs SoanE B0

recei ved by Y'Re"tiPEL"C ' Crte I’ -\ nd
antenna 102 nm expanded J n th i donmai n i he.second mul tiplier
112 and th£n§eé%2§1%5$ %SF%“é?ﬁ?%f“%e%@?%@%ﬁmu§¥$HQ98%H%?§E%?" 10 in grder
to acquire econd -qu t sign whi.ch corres the ti xpanded

S gnal of - cEPR Saps SRt EhE h ol e R R e PR PR 02, The
determ ning cir uihtl%%]ggx be canf i rgda{o.ﬁetgrqing the . TDOA of the
first peri o8 %na?gaf h%e ﬁ‘elc?nst_p. ARTEHFS YH1 2 S %Seé%ogdtrﬁodl-ant enna 102
(e.g. .the E%ﬁ%(éﬁﬂgﬁog %Eam%leﬁ&%d 191?1)2 Ecaé%r 1ng?yr,]at26ﬁ/(%l\cl-slb.98§_l§/lp_l—ft signal and

the second ©

10,000 times expansion factor may be achieved by the device 100. With this time
expansion and 20 MHz ADC sampling rate, the equivalent- timing resolution of the
TbOA becomés (1/20 MHz)/10,000 = 5 ps, which corresponds to a ranging resolution of
1.5 mm for the difference in the distance traversed by the signal from the mobile device

to each of the two antennas used for the TDOA (horizontal or vertical). To achieve the
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[ 0025] Anal ogously, in one enbodi nment, during the second predeterm ned tine
period, the third antenna 103 and the fourth antenna 104 may be confi gured
to receive the first periodic signal. The signal received at the third
antenna 103 nmay be expanded in the time domain using the first multiplier
111 and t hwosmtiansheperi odi ¢ si gnal generated by the geR€T/8GW11/@ABG0I n or der
to acquire a-third output signal which corresponds to the tinme expanded
signal of the first periodic signal received by the third antenna 101. The
signal received at the fourth antenna 104 may be expanded in the tine
domai n using the .second. nul.tiplier and.t he second i odi.c. si gnal
Goner at od BPe ABEIBRRISHORDF 15 200 G HC Setiniie Fe ol be BortEd pit i gnal
whi ch corresponds hgf t] expanded signal of the first periodic signal
recei ved bipersrsived first perigfic signal 19#ps tmexpagdade i ning circuit 113 may be

~configured to determine the T of the first periodic signal at the third
antenna 10802fld t FeoneSmbPEHmaRH aﬁfdﬂst@&dat.emm@r pscReriog) B econd

di rection) based on tgg third OUtﬁﬁt si_gnal ang the,fqﬁr h out put signal.
100261The awead 0l ans thaseoond antsnea, i may be copfieuted to regedy i fifsepariRdicl ocati on of
t he nmobil e device based on the determned T in the first%girection and
the TDOA i Figtakelhestenpdecsived phthofirst antrgpar| (mpay bs expandedyg fhe timedomaisi t - di agr am
of a circuit 200 which may be configured to apply the time expansion

techni que Psingife fiskaujiiphisn 16 apbide preprd peppdic sigpal generatedbyithegensfaton ¢l ock
signal source 242 which is configured to generate a periodic signal. The

cl ock si gnal0i8rret ko asquirepfirstputpat signal whighcqrisgpopdsioghetimegxpapdgd second pul se
repetition frequency, e,qg. 19.998 MHz, faor exanple, The circujit may further
i ncl ude a f}avaéef@eﬁ@raﬁr@gw(sr@ Teceiyso by the fint patennig d A b The sighal sepsivediate” out put
of the clock signal source 242 may be connected tqQ the input of the pul se
gener at or 9% §ecoad, afenng 1p2 Pﬁ%b"p‘?ﬂpé@egéﬁg‘? té‘f‘%ﬁ”?%%“ﬁ%‘@? spogrd Myl ot the
sane rate as the frequency, of the in@gh signal into the pul se generator
243. For ekbhnridhe sipand PERRAIS Tigat 8RPEER 0K fgeanesaton 110 1 prdefi ACIMrBR 19, 998 MHz
into the pul se generator 243, a pul sed signal w.th a pulse repetition
frequency condOuiysigny) which Gamesponda thertims ?"r’?@edpﬁﬂ'?le"fdg‘héﬁ“d{eﬂf"%?43. The
signal output fromthe pul se generator 243 nay be referred to as a | ocal
osci | | at or Sigpabjeceiy l&l‘hgﬂ’c?’fﬁ teB{’f’n’taO@X{'f.‘e defeEmiofng Sipyit Lléynaﬁv ther include a

m xer sanpl er. 244. The m xer_sanmpler 244 gy be configured tqo performa
mul ti pl i cafdnEResH i dHTBIRe He %P‘?%eé@eé&t gEoge i aaﬁ*a ﬂ?ﬁﬁé“%ﬁ‘?dﬂf?‘& gnal of
Lhe pul se JENGHAL Sherta 102 (e e TDOA n i hrsd difetaih) based on'the sdfodtpi V& 111 Ler

signal and the second output signal.

[0025] Analogously, in one embodiment, during the second predetermined tirhe
period, the third antenna 103 and the fourth antenna 104 may be configured to receive the
first periodic signal. The signal received at the third antenna 103 may be expanded in the

. time domain using the first multiplier 1 11 and the second periodic signal generated by the |
generator 110 in order to acquire a third output signal which corresponds to the time
expanded signél of the first periodic signal received by the third antenna 101. The signal
received at the fourth antenna 104 may be expanded in the time domain using the second

multiplier 112 and the second periodic signal generated by the generator 110 in order to
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filtering and anplifying the output signal of the m xer sanpler 244. The
out put signal fromthe filter 245 has the overall shape of waveforns of the
recei ved RF signal but has been expanded in tine domain. The output signal
fromthe filter 245 may be referred to as the tine expanded signal in this
cont ext. Thwaong12es6panded signal nmay be further procesBeUSGRP1E190130

anal ogue-di gital converter (ADC) 246 for sanpling, and |ater sent to a
field-programmabl e gate array (FPGA) (not shown) for further processing.
The FPGA may be equi pped with the know edge of the tinme expanded waveform

timng. [0028] Th r at pr. 243 . to th tor 110
o Tof eyt 2o & e R St e S Sk R ERI To t he

first ltiplier LII 1 | tipli 12 of device 100 in FIG 1.
Lo0se] MG | Beidie Semshi@oeitd by dne oy onas [, The detdimbing Fr i o and v t 1

"reference to FIG 2 (a), .a di m_whi ch illustrates the waveforns of the
received fi Fg?égﬂ}@ﬂit%g?té“%?edﬂ%fgégffﬁg.ﬁgﬁs.tp&“‘}dé’cségr\?]ead thepthied agpegpa W3 ch is
input into the mxer sanpler 244), the second periodic signal 213 which is
“out put of tﬁ%‘? Hla|f%5'@eﬁ@+aalt06;<e-&4 TR (@ iy ?ﬁ&?n‘ﬁ‘?‘ﬁﬁ%ﬂn) basad o g thine
mul tiplier 244, and the tjne expanded signal 215 (e.g. the output signal-

fromthe fi IoP@Ft%BI)%ngﬁ@s‘JB\é‘&‘?Wt?g“ ‘he RF signal 211 consists of a series
of repetitive veforns with a silent period between each two _consecutive

wavef or ms. f‘f{’é\g’fen gﬁg&lceﬂﬁ% may f’%ﬁ‘f‘hﬁéf’i‘féﬂ"ﬂéﬁéﬁwlwhﬁ leeatispo§edur at i on

(i.e. pulse width or waveformduratjon) t1 and pulse to pulse period t2.
Each wavef offbPodevise bpsed op thegdetermingd{EYO4 inythe firsp disectiar andiibe TRQAdn 8 each

wavef orm 221 of %_he.recei ved first periodic signal 211, but has been
expanded i ns¢9Rd dirseioonai n. The expansi on factor may depend on the val ues
of the frequencies of the received first periodic signal and the second
periodi ¢ si z‘?ﬂ%ﬁ] ( e FIf5- 2(2) shpynapijeuit-frgragof gsirenis, 200 ydhichgnayehs cpefisred are only
for illustrati o[}slguirygose. For exanple, the RF sjgnal 211 may correspond to

a series of '&R 7 _FCW%%e@F"qHBWﬁEF@@}“NW&%‘PWﬂhFﬁ"‘E‘H‘i@aycont ext nay
I‘Zgl;-e:‘ nt gi Szé}c{ugggtc }:Il!b%,/{gn ] %u%%e%% %Lie%?é?cogf?gcu?édvtggerﬁelra%en? }laeri%gi%rs]igrafasl. ’}'}Eae portion

clock signal source 242 may generate a periodic signal with a second pulse repefition

frequency, e.g. 19.998 MHz, for example. The circuit may further include a pulse
generator (i.e. sampling pulse generator) 243. The output of the clock signal source 242
may be connected to the input of the pulse generator 243, such that the pulse generator
243 generates pulses ét the same rate as the frequency of the input signal info the pulse
generator 24.3. For example, with the input clock signals at a frequency of 19.998 MHz
into the pulse generator 243, a pulsed signal with a pulse repetition frequency of 19.998
MHz is generated from the pulse generator 243. The signal output from the pulse
generator 243 may be referred to as a local oscillator (LO) signal in this context. The
circuit may fm:ther include a mixer sampler 244. The mixer sampler 244 may be
configured to perform a multiplication operation of a received RF signal and the output

signal of the pulse generator 243. The circuit may further include an active filter 245 for
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[ 0030] Turni ng back to the device 100 shown in FIG 1, in one enbodi nent,
the first periodic signal may include a pIuraIity of waveforns. Each
wavef orm may have a first pulse width (i.e. waveformduration), and there
may be a timng interval between any two consecutlve waveforns in the first
peri odi c sWPAN/12§6% exanpl e, the first periodic signaPCHE§G20BE00813) T1ATB
signal that includes a plurality of pulses. For another exanple, the first
periodi c signal may be the signal 211 as shown in FIG 2 (b), which

i ncludes a plurality of waveforns 221, each waveform 221 having a first

Dol e 0 By PSS et (G GRERK A RO TSRS,

signal may ﬁb&%aﬁ@ﬁer 348 l&l# tﬁéeivtg%}’lrg{l/apgﬁ'y\g;v%fo%s of tHE Rec iR @am njave a

second pul se 'w atimng Interva ween any two

consecut | e WAYSHALIR s hon SR St UEnaP BGATHL ARL HoCE gy@;rgfagwy i ncl ude

fex an
a plurality o % ses ano e second “peri1odic signal may

be th 1a I f

oul sos 2295 e S cFipnd %“#31'28' 15pes SRP LS R o e RetE LY 2 wi
t3, dth { t

wavet or e DOt shaRRRe gl %V%féi’ﬁ“%?”??‘?fn%%% i B IRRRE 8 o

si gnal may i,ncl ude ne enbodl t he second
oo ey e Rl %%WEFR?A’?@ G YRt S it T
|IIustrated | t he f|r h t | onger than the
second pul ey \E\f%q(uf'f’pte%w r‘F}Heé(HO‘ge Srha °Fl\§'%°e§ gawavetfomth i 1 st pul se wi dth,

i1 ust Llﬁ)&@l ¢ e‘l'ﬁle E.lllsce-l éer%er tct?rzj24|35nat3y}38rr%§ r*dt to : heatgreﬁg (%R %p elvf%ee 1&1 dth t3.

In a furth rhak 15e W be the
same as t he ﬁ&cppﬁ"e l1)'1'1174:e§%amplg ﬂ4tm ay correspond to the first multiplier 111 or the second '

multiplier 112 of device 100 in FIG. 1.

[0029] FIG. 2 (b) shows, in terms of the time eXpansion technique and with reference
to FIG. 2 (a), a diagram which illustrates the waveforms of the received first periodic
signal 211 (e.g. a received RF signal which is input into the mixer sampler 244), the
second periodic signal 213 which is output of the pulse generator 243, the output signal
214 from the multiplier 244, and the time expanded signal 215 (e.g. the output signal
from the filter 245), respectively. The RF signal 211 consists of a series of repetitive
waveforms with a silent period between each two consecutive waveforms. The length of-
the silent period depends on the pulse duration (i.e. pulse width or waveform duration) t1
and pulse to pulse period t2. Each waveform 225 of the time expanded signal 215 has the
shape of each waveform 221 of the received first periodic signal 211, but has been
expanded in th.e time domain. The expansion factor may depend on the values of the
frequencies of the received first periodic signal and the second periodic; signal (e.g. LO

signal). The example values given herein are only for illustration purpose. For example,
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[0033] I n one enbodi ment, the second pulse width t3, illustrated in FIG 2
(b) may be so long that the periodic waveforns 223 foll ow one after another
intime, with no tinme duration between the conpletion of one waveform and
the start of the next waveform effectively making signal 213 a continuous
but peri odiv0ganI6esni th no breaks between the wavef or rRET/SGRV3AYNF one
enbodi ment, the second pul se repetition frequency may be different fromthe
first pulse repetition frequency. For exanple, the second pul se repetition
frequency may be | ower or higher than the first pul se repetition frequency.
0035] I n on odi t. the first an t he secqnd ,antenna 102
Eare s]paced @ﬁgﬁlﬁnﬁ%?fﬂaﬁ?mﬁ’qn&i‘?i’?ﬁﬁles?rf“ﬁ's‘f’aﬁlf’ﬂé‘is OLFBBYHER the third
antenna 103 and the fourth antenna 104 are spaced art. in a second

di rection, ‘Fﬁ"@% A H C(gflﬁ%tg?qy({ﬁpb@iaﬂ}gregfthvggg{tloggfotg?gﬁqu%Sngal\,sgqsl{ $Bcal to

the first ect.io For l e, .t vice 100 may be configured to

det er ni ne t P‘Eﬁ' %égsﬁgﬁﬁgﬁm{”ﬂéngﬁlgzl@ 100 and the nobile device A The
ar r angenent 0 fo rth antennas y, enabl e the device 100 to
det er ni ne twg"i er‘fni‘l‘n% ‘icﬁi t? ﬂ‘@ pyices00 shovandp ¥ g& lafpre rabedimeptdheisect i on,

the second direction bein l allst substantially vertical to the first
di rection, %‘35‘8 c sigagl may dn “r‘?Fé@“&i ?lfs‘Y"é’ fms. Sachyaypfopp may Bavegifihte devi ce A

may be det e t he devjc e sed op the, distance between the
nobi | e deV| °N“gthg‘ Kaveder d?‘ﬁ e?H“‘t%é“‘F""ﬂ?Ft‘W’Pé‘&’tq”en and

the TDOA in the second directi on 0036] I n_one enbodi nent, the distance
bet ween t hé %f%ﬂvemgﬁm in e fisyigerodic sigmab Fer cxamplarhe Histrerigdigsigrad di st ance

bet ween the t tenna, 103 and the fourth antenna 104 is
fin tyof

signal that includes a plurali pulses. For another example, the first
pen'odic signal may be the signal 211 as shown in FIG. 2 (b), which includes a plurality
of waveforms 221, each waveform 221 having a first pulse width t1, and there is a timing
interval 230 between any two consecutivé waveforms 221.
[0031] In one embodiment, the second periodic signal may include a plurality of
waveforms. Each waveform may have a second pulse width, and there may be a timing
interval between any two consecutive waveforms. For example, the second periodic
signal may include a plurality of pulses. For another example, the second periodic signal
may be the signal 213 as shown in FIG. 2 (b) which includes a plurality of pulses 223,
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.
[0032] In one embodiment, the second pulse width is shorter than the first pulse
width. For exafnple, as illustrated in FIG. 2 (b), the first pulse width t1 is longer than the

second pulse width t3. In an alternative embodiment, the first pulse width, t1, illustrated
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inthe range of 1 cmto 3 m It is however noted that the di stance between
the first antenna 101 and the second antenna 102 and the di stance between
the third antenna 103 and the fourth antenna 104 is not limted thereto.
Smal | er or | arger distances between the antennas may be used dependi ng on
t he requi r SEIVB0GAppl i cati ons. 100371l n one enbodi neRETSERMIPMYIP0he first
predeterm ned tine period, the first I antenna 101 is configured to be
electrically connected to a first receiver chain included in the device
100, and the second antenna 102 is electrically connected to | a second

recei ver chajfs breﬁ)'iygr%ﬂghﬂa&th@sefé&w Be W8 1. T ArufdédRehaigbodi ment, during

_the second predetermned tinme period, the third antenna 103 is configured

to be el eolihhhb &gggggﬁlgegvigg. tf Py bl 12 Soch C5ho BLor iR witB. L e T ourth

antenna 104 1's conf trically connect e second

recei ver Chgysy3 'rl‘nS’ﬁJIe‘?x[boM‘@][]eﬂé thek&%n@@)(j&eﬁs&d&aqg’, iﬁ@s}’raﬂe&_‘ﬁl'ﬁ%%g%ag%gei vel

chai ns, an ea%h receil ver arn i s us two ant ennas. the first:

ant enna 1030 A gbihe bidtl LB MO RIS, el i, GRFRLURL Chain. and

t he second a nna ourth ant enna e second

recei ver cliglaflon &%eeﬁxgegsamgg% Iéf;c{n?)éva?%fiéﬁtfﬁxdqﬁélstﬂ?oﬁﬁee&fg\?mf&gat during

‘the first prgge errnin I'Tst antenna I's electrically

connected t f] hyer in rd . edet er m ned
e peri odnEiey e sRf s oAb o R vhdlfe SREEQRRARCCEL B
receiver CQ%LQV:pna;ogously, a second switch may be used such that during

the first preJ’f@Pﬁfned time period the second antenna 102 is electrically

connect od Gkl SEGRNhHEARERY B s80R Pup Akl hiBcld e R0l edot or m ned

time perio fourth antenna s e rica 0 the second

recei ver chaify, AGE 1%%%%&0 B ¥nc§r§éfj’orr%ga§]1fﬂgéé%e sgé%g'_algﬁlg fgﬁﬂfsﬁdeo' for

processi ng of receive 1 gnal’s nas nthis

giogtngf(f » UBRSEPYPhe BRA! & HighbAhs hOnRe filldeiHlclitidPheRlRFESSI NG @ T ecei ved
[0035] In one embodiment, the first antenna 101 and the second antenna 102 are
spaced apart in a first direction. In a further embodiment, the third antenna 103 and the
fourth antenna 104 are spaced apart in a second direéticlJn, the second direction being at
least substantially vertical to the first direction. For example, the device 100 may be
configured to determine the distance between the device 100 and the mobile device A.
The arrangement of the first to fourth antennas may enable the device 100 to determine
the TDOA in both the first direction and the second direction, the second direction being-
at least substantially vertical to the first direction, such that the three dimension_al location
of the mobile devicel A may _bé determined by the device 100 based on the distance
between the mobile device A and the device 100, the TDOA in the first direction, and the
TDOA in the sécond direction.

{0036] In one embodiment, the distance between the first antenna 101 and the second

antenna 102, and the distance between the third antenna 103 and the fourth antenna 104 is
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WO 2011/ 123065PCT/ SG2011/ 000130 [0038] I n one enbodi nent, device 100 may
further include a fifth antenna 105 and a sixth antennall106. The fifth
antenna 105 nay be configured to, during a third predeterm ned tine period,
receive the first periodic signal. The sixth antenna 106 may be confi gured
to, during WeE2084128@$5Spr edet ermi ned tinme period, receivi RGI/BGW1INHPED
periodic signal. The first nmultiplier 111 may be configured to, nmultiply
the first periodic signal received by the fifth antenna,105 and the second
periodic signal to acquire a fifth output signal. The sécond mul tiplier 112

may be_conf i gHLedel B Mt PV INBuELd BhiePBh tﬁghigta%scg%gtgvggi@g%i§¥ed oY e
3

si xth ant enna e second periodic sigha si xt h out put
éieterm' e the tine

signal. The determ ni circuit 113 nmay .be.configured t
di 19 ference 88’{’9\‘;&1@ ?ﬂ%t%g??c?@ﬁ?n&e(“?ﬂgozoaf‘xfl}?zhs?‘inf%ffe%ﬁ%ep%becf AgRatdt the
fifth antenna, 105 and the arrival. tije of the first riodic signal at the
si xth ant enfid %’62"“5@%@“%11%{' W@Q?Imtﬁfff’t&ém&eb?ﬁf‘rg%{pﬁg“ ?'@F‘Wﬁt ut put -
signal. In one enbod'nena, th fiféh ant enna 105 and the sixth antenna 106
may be spac@BCHBAFEY }’ﬁ“‘?f frnepding P B fagiremsph b applicapons. ¢ Ei rd direction is at
| east subst Lally vertical to both the first diyection and_the second
di rection. ?ﬂéygnt&hﬂ?eﬁ?Piﬁﬁgh@HPgé de?%ﬁwFHn?%?geE%B$dﬂﬁ@ﬁi is further
illustrated in t di agram 300 in Fl 3. [.0039] can be seen jn FIG 3,
the 111 ot abEmtd 0L GreRRENATE bs U SIS OISt o U pbaR TSR 1 1 ho
first direction (x direction). The third antenna 103 and the fourth antenna
104 are s paéllfdigﬁ‘é%}(ﬂ)’ P tk"ﬁ%ec (?BF?B""’d{bfzé%‘EI?CS?fa@X/C%“F%@ttP 85eOndFES S N y
direction is, at.|east. substantially. vertical. to direction. The fifth
ant enna 105 Clé%mfﬁaedtslflﬁaﬁj%&‘ﬁ‘f Ld?nii‘ %’Eéheélc’é‘g%‘]ﬁ‘&ﬁ‘%‘{“é‘ﬂ&me $$59°¢ he third
direction (z direction), whereipn ¢z direction is at |east substantially
vertical t (()pf?gf‘ﬁml'ﬁeél tygecﬁepg‘gtﬂ?eéﬁ“‘iﬂﬁe"f‘ﬁ i&vs ﬁ‘i"’iﬁ&ﬁeé ibee TCtncal?y '

connected to the first receiver chain, and the fourth antenna 104 is configured to be |

electrically connected to the second receiver chain. In other words, the device 100 may

include two receiver chains, and each receiver chain is used by two antennas. That is, the

|
first antenna 101 and the third antenna 103 may use the first receiver chain, and the
|

second antenna 102 and the fourth antenna 104 may use~ the second recéiver chain. For
example, a ﬁrét switch may be used such that during the first predetermined time period
the first antenna 101 is electrically connected to the first receiver chain; and during the
second predetermined time period the third antenna 103 is electrically connected to the
first receiver chain. Analogously, a second switch may be used such that during_ the first
predetermined time ben’od the second antenna 102 is electrically conne’cted to the second
receiver chain, and during the second predetermined time period the fourth antenna 104 is
electrically coﬁnected to the second receiver chain. Accordingly, only tiwo receiver chains
are needed for processing of received signals of four antennas 101 to 1(!)4. In this context,
the receiver chain refers to a circuit for processing a received signal. ‘
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WO 2011/ 123065PCT/ SG2011/ 000130 [0040]Wth the first antenna 101, the
second antenna 102, the third antenna 103, and the fourth antenna 104
arranged co: planar to the x-y plane, the estimated | ocation of a nobile
device A can be either in the front half-space or rear half-space of the
x-y pl ane. W2014128f6%ever not be possible to differenti BEESGWYWERt he two
hal f - spaces. Normally this would not be an issue if the antennas of the
base stati.on, e.g. the device 100, are close to a wall or at the end of a
room . whi ch woul d aIIOM/oth one possi bl e solution for the position of the
nmobi | e devi n udes the
i Tth ant efashos s SRR, hokaA08 bl e hitfaq bl dfRELof 1085,

differenti atfﬁlan% V\éeﬁg i‘ll{'eﬁi{hra% %?agmg% xﬁaS'%re cpgﬁuﬁeﬁqgc&n% %8@ x-y plane. Wth

the additi On ennas ant en and the sixth

ant enna 106, Lhg, %}vmegﬁ%ng Qe RS BRI St 1R Sk SR e, TDOA of the

first per|8 IC S|gna enna e s Fenna 106 in
‘the third directio rne the. fir sec and
third dire ffo r% e?\éo &Y onﬁlr‘gf’reg temme tlfng pﬁev41(r:eecelxlnﬁéhestigset pﬁrﬁ%rr%l guousl y

det er m ned 'H} égs Vlug&wapf]ﬁlrr?agtbré%mﬁ %red hr & 1pq§HP%§|t89nac‘xldlcsPacle inall

di recti ons®\ rgrn e orlgl is the

o ant ann;%tc? yegpy t%ﬁﬁﬂ%&ﬂ%%lb e s%‘:“'dﬁ%m“fbﬁg R RN b cnna 102,
the pai ol Lhigd At Aoy R IR,
oS SR b ool e Ry R
APt Ag i Rl R IRRA SRR AR P MR a1

IectrlcaIF§ f|r r éCerver

between the arrival time of the first periodic signal at the fifth antenna 105 and the arrival |

time of the first periodic signal at the sixth antenna 106 based on the fifth output signal
and thé sixth output signal. In oﬂe embodiment, the fifth antenna 105 and the sixth
antenna 106 may be spaced apart in a third direction, wherein the third direction is at

least substantially vertical to both the first direction and the second direction. The antenna
arrangement according to this embodiment is further illustrated in the diagram 300 in FIG.
3.

[0039] - As can be seen in FIG. 3, the first antenna 101 and the second antenna 102 are
spaced apart in the first direction (x direction). The third antenna 103 and the fourth
antenna 104 are spac;ed apart in the second direction (y direction), wherein y direction is
at least substantially vertical to x direction. The fifth antenna 105 and the sixth antenna
106 are spaced apart in the third direction (z direction), wherein z direction is at least

substantially vertical to both the x direction and the y direction.
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sixth antenna 106 is configured to be electrically connected to the second
receiver chain. 1In this enbodinent, only two receiver chains nmay be used
for six antennas. The first antenna 101, the third antenna 103, and the
fifth antenna 105 may share the first receiver chain, and each of antennas
101, 103, amMd2me3230ey be el ectrically connected to the PHGISSRomm@ewasdver chain
at different time intervals by way of, for exanple, a first switch
Anal.ogously, the second antenna 102, the fourth antenna 104, and the sixth
antenna 106 nay share the second receiver chain, and each of antennas 102,

104, and 1 y e rlcaII nnected to t econd rec er , chain at
di fferent. Jﬁi %ltﬂh ?#Sta e é g elsgcon a t@%"&r@? sﬁtg’(f"ﬂam‘f"@ﬁig%llaﬂ one
enbodlnent se repetition Jeguenc and tgﬁosecon pul se

repetition 05“%?{86“35@* SErEl S PO Y Bt f“i‘&*ﬁ B3N 3 e ano
my be 20 R FRGEh EBIE T LB Efaa&ha Safﬁehs %e 3oy ool i 1
is however .n teg th?g th ran %r at > uen ween nd 100 Mz is
not |inited {(1)?1%? BT R E{B]f ‘I% preRy el{ ee? ﬁ@ Sﬂaé??gé ’FFE@ g@bend on the
Fochni que. OV ThE PP e Bgene v t@%%%?ﬂéﬂéé‘ Fhe °Ee8 § peFPsdbe. < gnal
T T A Bl i a‘mi@wwfy e i or S, °
A e e S ey 1 1
oy perticu ﬁ%&%&ﬁ%@wﬁ@i”‘*m AT e g
AR i e B ™
mul ti pat h E(‘Q tf:neo In tnge anténna 56:5' and the sixth antenna 106), the device 100 may be configured
to determine the TDOA of the first periodic signal at the fifth antenna 105 and the sixth
antenna 106 in the third direction. With the determined TDOA in the first, second, and
third direction, the position of th_e mobile device A may be unambiguously determined By
the device 100 in the full three dimensional space, in all directions centered around the
origin O of FIG. 3. The origin O is the point of intersection of the lines joining the phase
centers of the 3 pairs of antennas (e.g. the pair of ﬁrsf antenna 101 and the second
antenna 102, the pair of third antenna 103 and fourth antenna 104, and the pair of fifth
antenna 105 and the sixth anténna 106). ' |

[0041] In one en..lbodiment, the distance between the fifth antenna 105 and the sixth
antenna 106 is in a range of 1 cm to 3 m.

[0042] In (;ne embodiment, during the third predetermined time period, the fifth

antenna 105 is configured to be electrically connected to the first receiver chain, and the

sixth antenna 106 is configured to be electrically connected to the second receiver chain.
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WO 2011/ 123065PCT/ SG2011/ 000130 [0045] A person skilled in the art would
appreciate that for the tine expansion techni que used, the use of 20 MHz
for the pulse repetition frequency (PRF) and 19.998 Mz for the sanpling
PRF is only illustrative. The technique is independent of the PRF used in

t he si gnal MO?0H&12806pe- expanded, and the sanpling pul sePFEREIMYRBBOf r equency
is calculated fromthe PRF of the signal to be tine-expanded and the
desired tinme expansion factor. For the case illustrated herein, for the 20
MHz PRF, in order to achieve a 10000 tinmes time expansion, a correspondi ng
19. 998 Mz ' d:tiaon.fr ; e 46]1n one
embod mont 1 EReT bRl By BARRlciler Pl sRRAEREN R B the 60 1

predet erm n i j i i L odi.c .S d the
Cecond ant aeun b REh8 R84, 6h e o B ES 7 hEMORRLE IR, 0% e
period, recglyv frrst ri. adi,C _Si | . t her words,. i.n the-

enbodi nent (:}\‘1?9f11nér%1<-!-f|i %%{1 ﬁ%lnzeélgri@s glé) 1’2]8%’ a}nﬁé%%&b% ‘\:r/\l/%c(?'ﬂ)caaﬁ ] i q?iintf) él%fn%g (e.g. a
first pair_of. the fi antenna 101.and t second tenna 102, and a
second” pai FerbcRah of Flr Rl FRReA R0 9y b For SRERIG A SR 100 ""Fhe 11 r s
pai r of antennas and the second,balr -of,anten take turn 0 receive
Phe first popraae e betene EERR ARk e RES SRR, AR arketdiod 0y f o and
the TDOA in_the second direction may be determ aaln enpodi nent

wher oi -t nE2Y S B ST LB ARt B ol FLRAF 7 Hoa e 0ERETRE T 0L i
of the firgt antenna 101 and the second an a 102 .a second pair of the
Chi - ant efseRRUS Bis B o POt R SRFerhaP R R RRG e R BRI "ot che fiten
antenna 105 and the %jx antenna 106), the first pair, the second pair,

{.
and the thfyﬁqﬁﬁf?“% gﬁcghnas may take turns to receive the first periodic

si gnal suc at the T an the-first direction, the TDOA in the second
ol Pna i onc ool | il HBbuitaBye BE alel hte ek f@flench As FoRRohd
W2011/ 123065PCT/.SG2011/ 00Q1 0047Z1FI G 4 illustr S f di agram 400
for a si gnlé etg}cg(x)ll_ é‘rgcsl\éﬁn% arrenss%%co% fl}orr]n 3 %%quency Tange pethetd PRSP ald 105%2.'1{1

an exemplary embodiment, the first pulse. repetition frequency may be 20 MHz. The
second pulse repetition frequency may be 19.998 MHz. It is however noted that the range
of frequencies between 1 kHz and 100 MHz is not limited the;cto. In actual fact, the
frequency range may depend on the application and poses no direct limitation on the
proposed time expansion technique.

[0044] The first periodic signal and the sgcond periodic signal may each be a UWB
signal. In this context, a UWB signal may refers to a sufficiently narrow radio frequency
(RF) pulses with wide frequency bandwidths typically of at least 500 MHz. The
frequency range of the first periodic signal and the second signal technique is however
not limited to any particular bandwidth of spectrum of frequencies. The type 6f RF pulse,
the bandwidthvand frequency spectrum used may be chosen by the user of the technique
based on various conditions such as the regulatory requirements, the availability of

frequency spectrum, the channel conditions, and multipath environment, etc.
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enbodi nent. The nmethod shown in the flow di agram 400 may correspond to.the
devi ce 100 as described herein. 100481In 401, during a first predeterm ned
time period, a first periodic signal with a first pulse repetition
frequency may be received by a first antenna. In 402, during the first

pr edet er m g 201A30¢fer i od, the first periodic signal n@CTis€201010ed by a
second antenna. In 403, a second periodic signal with a second pul se
repetition frequency being different fromthe first pulse repetition
frequency may be generated. In 404, the first periodic signal received by

acaui ro o (0P ouf B RURERFEE e Fhul gba%%c?%g{ﬁ?&'foﬁ?fiéaf%rv“ag%l'aﬂ' | T ocei ved
atqui re o SEUBRC O ?Q%ioéﬁi}vﬁfffﬁrt obesfie ot blifro PR Jol O he
arrival 1l %H%Ifort eSsaHp G PR ol st Ratnedient e S stbesden cEWRR Ry Do
I 407, dur PR '%bf,sir%%teee“)q‘flh?#eﬁ??@pﬁ‘é‘é‘%&h&%@&? Rl ool o

or cdet or m rigir R goponT EHF S hesesa & teﬁﬁr?%a ed i Yo ie SgmmcBod by 1 he
it enna andeR. gkt e el B e SafrE k80 oRBre adios SHedl e a ¢ hira
ant Eﬂﬁas;ﬁE‘f?n'eﬁél'n%eegé%alob&?qo%'a%pﬁﬁdg&gi?ﬁ%»&@Sﬁ%pﬁm P PRI IS o

of the fir Erﬁﬁyp%'ﬁ?wﬁ. c signal al the Uhird antonna and (he arrival ©ime of

[0 AR S e o L G R S 00 o
2011/123065PCT/SGQO 1/00 004 %é@ one..enbo | me flrst eriodic
signal may ATREreTREe it B gf“’c?ft negPdig siepal R %5\?%‘108 ARtErRg il ﬂg‘sa first
vt or . POBBGIA Biek «a}%éh”rp%ﬁ*ft%ﬁﬁv AL B B TR RGHER may | ncl ude
a pluralit Ysi O];l In other words, in the embodiment wherein the device 100 includes two pairs of
antennas (e.g. a first pair of the first antenna 101 and the second antenna 102, and a
second pair of the third antenna 103 and the fourth antenna 104), the first pair of antennas -
and the second pair of antennas may take turns to receive the first periodic signal so that
both the TDOA in the ﬁrst direction and the TDOA in the second direction may be
determined. In the embodiment wherein the device 100 includes three pairs of antennas -
(e.g. a first pair of the first antenna 101 and the second antenna 102, a second pair of the
third antenna 103 and the fourth antenna 104, and a third pair of the fifth antenna 105 and
the sixth antenna 106), the first pair, the sécond pair, and the third pair of antennas may

take turns to receive the first periodic signal such that the TDOA in the first direction, the

TDOA in the second direcﬁon, and the TDOA in the third direction may be determined.
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wavef ornms, each waveform having a second pulse width, and there is a timng
I nterval between any two consecutive waveforns. In a further enbodi nent,
each waveform of the second periodic signal may be or nmay include a pul se.

[ 0051] I n one enbodi ment, the second pulse width is shorter than the first
pul se wi dt WORPHIARO t er nati ve enbodi nent, the second FAHTEES2H140H3an be

| onger than the first pulse width. In a further alternative enbodi nent, the
first pulse wdth can be the sanme as the second pul se width. [0052]1n one
enbodi ment, the second pul se repetition frequency is |ower than the first

pul se repet jphyAn f151%‘21H%ﬂﬁ?f%tﬁs'e{hq?ﬂtggér%rﬁgﬂf‘lﬂrX‘é‘igﬁ&l’%‘f’o‘ikﬁﬁxgg?elﬂioﬁ% §xfeC°”d pul se

repetition frequency is ITst “pufFse re t1on Trequency.

0053] | | fir.
Spacet apar duoR i 198 el S et SR A AP RERRAR 10k RORE, T

ant enna and, {.he foug&ﬂw%ptenna are spaced apart in a second direction, the

second direE ﬁ%ﬂaﬁglng aPLIeast substantially vertical to the first
direction BBAA4) ) 0 SRPO BB lhcerk iR i baSe RRL HERMcHiSalisy 2t enna

first pulse repetition frequency may be received by a first antenna. In 402, during the first |

predetermined time period, the first periodic signal may be received by a second éntenna. :

In 403, a second perio(ﬁc signal with a second pulse repetition frequency being different

from t}_le first pulsé repetition frequency may be geﬁerated. In 404, the first periodic

signal received by the first an’_tenng and the second periodic signal may be multiplied to

acquire a first output signal. In 405, the first periodic signal received by the second

antenna and the second periodic signal méy be muitiplied to acquire a second output

signal-. In 406, the time difference between the arrival time of the first periodic signal at

the first antenna and the arrival time of the first periodic signal at the second antenna may

be determined based on the first output signal and the second output signal. In 407,

during a second predetermined time period, the first periodic signal may be received by a

third antenna. In 408, during the second prédetermined time period, the first periodic

signal ﬁay be received by the fourth antenna. In 409, the first periodic signal received by .

the third antenna and the second periodic signal may be multiplied to acquire a third-

output signal. In 410, the first periodic signal feceived by the fourth antenna and tﬁe

second periodic signal may be muitiplied to acquire a fourth output signal. In 411, the

time differencé befween the arrival time of the first periodic signal at the third antenna

and the arrival time of the first periodic signal at the fourth antenna may be determined

based on the third output signal and the fourth output signal.
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antenna, and the distance between the third antenna and the fourth antenna
isinarange of 1 cmto 3 m [0055]1n one enbodinent, during the first
predetermned tine period, the first antenna is electrically connected to a
first receiver chain, and the second antenna is electrically connected to
- a second regebmenz3odsai n. In a further enbodi nent, duri rrgTiseeoisemasd
predeterm ned tine period, the third antenna is electrically connected to
the first receiver chain, and the fourth antenna is electrically connected
to the second receiver chain. [0056]In one enbodi nent, the nethod as
illustrated in the diagram 400 further includes during a third
predet er ni N@84%]i nelnpae prbpdimeng dha firpigperipdic fignal may meludeis plusgligifl using a
fifth antenna. In one enbodi nent, the method as illustrated in the diagram
400 f urt herwavgtanuseachdvavieterm hinang hiispupse svidth.candthereds @ lime ingesvalod, recei vi ng
the first periodic signal using a sixth antenna. In one enbodinent, the
met hod as itetwesnagy evd dopseciyve siavgfermah 400 further includes multiplying the
first periodic signal received by the fifth antenna and the second periodic
signal to a86%0ire laoh¢ émbpdimenp ke sséagd atriodiogsigmbmanicddevepluralitylo€ met hod as
illustrated in the diragram 400 further includes multiplying the first
peri odi ¢ siwavaformscaihweayefoym hindngsd setdnd pnisewiith, anditheleds swuivgdhtgeali odi ¢
signal to acquire a sixth output signal. In one enbodi nent, the nethod as
i |1 ustr at ecbetween lany thoxgnseentive Ovafafprseln ajfurther erelgodita¢ng readnivavgforef theme -
di fference between the arrival time of the first periodic signal at the
fifth ant ersseondmperiedicesignal myabe arinmy imfude hgulé.r st peri odic signal at the
si xth antenna based .on the fifth output signal and the sixth output signal.
[ 0057] | n orl@0&drbodiwpnembadineent, ithiet sacond pelsmwidtriel shomer hanthh fimhpwdsena are spaced
apart in

P width. In an alternative embodiment, the second pulse width can be longer than the first

pulse width. In a further alternative embodiment, the first pulse width can be the same as
the second pulse width.

[0052] In one embodiment, the second pulse repetition frequency is lower than the
first pulse repetition frequency. In an alternative embodiment, the second pulse repetition
frequency is higher than the first pulse repetition frequency. -

[0053] In one embodiment, the first antenna and the second antenna are spaced apart
in a first dirécfion. In a further embodiment, the third antenna and the fourth antenna are
spaced apart in a second direction, the second direction being at least substantially
vertical to the first direction.

[0054] In one embodiment, the distance between the first antenna and the second
;n_tenna, and the distance between the third antenna and the fourth antenna is in a range
ofl_cm to3 m

[0055] In one embodﬁnent, during the first predetermined time period, the first

antenna is electrically connected to a first receiver chain, and the second antenna is
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athird direction, the third direction being at |east substantially
vertical to both the first direction and the second direction. 100581l n one
enbodi nent, the distance between the fifth antenna and sixth antenna is in

arange of 1 cmto 3 m WD 2011/123065PCT/ SG2011/ 000130
ermbodi nent \WREHIAF%She third predeternmined tine period,P4

0059] I n one
2051400H3G Nt enna

Is electrically connected to the first receiver chain, and the second
antenna is electrically connected to the second receiver chain. [0060]!In
one enbodi nent, the first pulse repetition frequency and the second pul se

electrically connected to a second receiver chain. In a further embodiment, during the

second predetermined time period, the third antenna is electrically connected to the first

receiver chain, and the fourth antenna is electrically connected to the second receiver

chain.

[0056] In one embodiment, the method as illustrated in the diagram 400 further

includes during a third predetermined time period, receiving the first periodic signal

using a fifth antenna. In one embodiment, the method as illustrated in the diagram 400

further includes during the third predetermined time period, receiving the first periodic

signal using a sixth antenna. In one embodiment, the method as illustrated in the diagram

400 further includes multiplying the first periodic signal received by the fifth antenna and

the second periodic signal to acquire a fifth output signal. In one embodiment, the method

as illustrated in the diagram 400 further includes multiplying the first periodic signal

received by the sixth antenna and the second periodic signal to acquire a sixth output

signal. In one embodiment, the method as illustrated in the diagram 400 further includes

determining the time difference between the arrival time of the first periodic signal at the

fifth antenna and the arrival time of the first periodic signal at the sixth antenna based on

the fifth output signal and the sixth output signal.

[0057]  Inone embodiment, the fifth antenna and the sixth antenna are spaced apart in

a third direction, the third direction being at least substantially vertical to both the first

direction and the second direction.

[0058] In one embodiment, the distance between the fifth antenna and sixth antenna

is in arange of 1 cm to 3 m.
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repetition frequency are selected froma frequency range between |1cHz and
100 MHz. In an exenplary enbodi nent, the first pulse repetition frequency
is 20 MHz. The second pul se repetition frequency is 19.998 MHz. [0061]In
one enbodi nment, the nethod as illustrated in the diagram 400 furt her

i ncl udes dumMORg1IA2306%irt h predeterm ned tinme period, recBCVSGRY1dgeL3i rst
periodic signal using the first antenna. In one enbodi nent, the nethod as
illustrated in the diagram 400 further includes during the fourth
predetermned tine period, receiving the first periodic signal using the
second antenpa,. [ 0062] F S illustrates a radi o ¢onmmunicati gn system 550
whi ch i ncl ué®9, bgb‘gJe§f"§P‘il‘6‘ﬁnt5@B’“§HH %‘Idrﬂﬁ‘hteémﬂ‘é‘if‘@épgl@’ ';‘E%ghdi ng to one
exenpl ary enbodi nent.  As can be seen, a base _station (BS) 500 may be
configured fyemaisalearially pranecieddp ths firgrecsivarnbpineanddhe seeond anfenngnyl t he BS 500
"may use two antennas 501 and 502 which are spaced apart in the X direction
to det er ni nélegtHeallyicapnegfed fodheireendieseivgeihatthe tine that the signal
transmtted fromthe nobile device 510 arrives at the antenna 501 (i.e. Ti)
and the ti m006Pat Inenesmypdiment, the §rvt pylesderctiion frequeneyiand be geopndlS10 arri ves
at the antenna 502 (i.e. T2). The TDOA in the X direction determ ned nmay be
used by t herBgitpgdrepyeneyare sdeciqdrframe frequeedy rangs bpiyeen 1dlr a5 10 Hzpli | e

devi ce 510. [0063i FI G 6 shows di agram 600 which i|lustrates the detailed
ant enna ar r AhGEMBREY ebodpeent,thefirstpiise Frnetitipp freqyaney is 20 dHe- The eserd 102, t he

third antenna 103, and the fourth :
pulse repetition frequency is 19.998 MHz.

[0061] | In one embodiment, the method as illl.lstratec.i in the diagram 400 further
includes during a fourth predetermined time period, receiving the first periodic signal
using tﬁe first antenna. In one embodiment, the method as illustrated in the diagram 400
further includes during the fourth predetefmined time period, receiving the first pén'odic
signal. using the second antenna.

[0062] = FIG. S illustrates a radio communication system 550 which includes a base
station 500 and a mobile device 510 according to one exemplary embodiment. As can be
seen, a base station (BS) 500 may be configured to determine the location of a mobile
devic¢ 510, and the BS 500 may use two antennas 501 and 502 which are spaced apart in
the X direction to determine the time difference between the time that the signal
transmitted from the mobile device 510 arrives at the antenna 501 (i.e. T1) and the time
that the signal transmitted from the mobile device 510 arrives at the antenna 502 (i.e. T2).
The TDOA in the X direction determined may be used by the BS 500 in the
detemlination bf the location of the mobile device 510.

[0063] FIG._ 6 shows diagram 600 which illustrates the detailed antenna arrangement

of the first antenna 101, the second antenna 102, the third antenna 103, and the fourth
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antenna 104 of device 100 according to one exenplary enbodi nent. As
explained with reference to FIG 5, TDOA for a single direction (e.qg.
horizontal /vertical direction) nay be obtained by placing tmo ant ennas
(antennas 501 and 502 in FIG 5) sone distance apart (e.g.

hori zont al MYV RR6S di rection). To obtain TDOA for botRC é?FEB%WHP and
vertical directions, four antennas 101 to 104 may be used by the device
100. That .i's, the first antenna 101 and the second antenna 102 may be
arranged in the hori zontal (x) direction, and the thlrd antenna 103 and the

fourth antenna . b rra in the vert|c di rectian. Normally
each ant enr‘?ﬁtem?i]%g g@%&?B@ﬁc&f’ﬁg‘ﬂ% § FEPPla £ gif“rerg ﬁée’é%%e& ‘Yf@‘nt t he
devi ce 100 inhcl ude 60 suc t hat only
two recei v& erGI’ﬁflt?IEI"légoTﬁégg% SI"&? ‘?F?é“‘?“o(gtge}%iz ?'I? “f’?f“’if Y As
illustrateqd ipn F antenna 101 of h y4o) |rec ion and antenna
104 of verg’FSQtf’mf‘% g?“r‘%&:‘t"’%‘ﬁ‘eﬁ%@ BeEne b e din P 5? Fe sw tch 602
(controlled devi ce t routes the a he de i ce 100.
Sinmlarly, ﬁne@eéowg Vﬁ‘?}F A disertiap) ’?&ybtewffbgﬁ W?}h orznel#d 103 of

verti cal (y) dII’eCtIOI’I may. be conne dto a r gnmabl 601 '
(control | ede‘B‘ﬁ qugqtions: fyppntennas | ldﬁﬁé f‘Wée ‘?F‘Sﬁ%&‘ g‘c')"“tel‘nlggdﬁ\?f'é 4900. The
first ante 101 and %ﬂﬁ second ante 02 may glrg hode T |nfornat| on-
for  hor i zoMFypatgRadOf prstibe saRpndaepip | (Liipay pe ATERERSH T tho fourth
antenna 104, may prgw de. TDOA i nfor Hg_tel on for vertical di rectl on. During a

first predéf‘%“r“ﬁi‘r?é‘ thejthigd @éﬁnf"bbo“t“ JoprihanisangsiPf may begmanesdin e cont r ol | ed

such that si ecei v, fi rs antenna 101 and t e second antenna
102 are reé’%‘%ﬁ%@a{{%c‘f%rﬁ F"G é%‘?@’& BV?‘I’F&SHTB EECYIHY © %dnaﬁ"rl ng a

second predet er.m ne tine the sw tches 0 WI t ched
such that Iné?éi &Q?deﬁywﬁﬁ&“tvmprwwaé’ éei%gﬂﬁf‘ qz%' ‘th ant enna

104 are recel ved and further pro t he eV| 00, The rogram‘rabl e
~ switches 66HYARRrEHYer S‘}%aéeﬂ‘%ﬂ‘f‘f'gfﬁ‘ég"“’é?}e’t“ﬁ% Yeoi @"e]”‘f(b‘b‘sg%f&‘h“that t he

signals re r..of the first tenna 101 and the second

db t
ant enna 10%?85:/?3*‘@? aIPg {gé?gi%? g’l‘)biffe"t“r?@ a%‘e%‘f’i‘ﬂa b‘gﬂn‘ffvﬁ?‘c‘tl g)dt“ﬁ? 4% ant enna
103 and the fourth antenna 104 rnat el .y over tine such
that " bot h PSSR FRRSEFIEN QORI PG B B ROSIeS BeR 1OPa apdseca
C ogr b S8Rk 6 Fe et [ ot %%?%&Ia&t&é”@@%&%?@g "t
bt c 0 the d
%Sgﬂgwge m ni } WO recel ver c ains are required fo(ra fg\tjlrce
el !

ECenn s affetbindof SEyeleaP) indolign RS ‘*f@aﬂe&ge 43 1 roBrrah s 1oy be

i ded t at T 00 b
Cont | gur eatep=abagy e {Buta 87 Ger B dfs BB B Sabui ca 100
Tobi Lo aovrdiihSSe et “eyb%feﬁgdhﬁt)%én ?e%‘?%ﬁeé%ﬁa G5 n e devi o

bile d a ! "Yobile d
Ay be O Mudttt%%gm%t@e“faawnﬁt .
100 may be % ansm tted
f th b I bot h t al t th
vert] car aRpaETed V%g%%n’*ag%é Aot rEslE i ﬁ%‘eepaesg IIéees?ru'f%E e, 06 and
th bile d det d T bot rt I d
hO(I?I ggn!t aFmt?? !%gfqt% e S“feg’atceféé% Q?WEP% ntgg ead‘é?lée S:‘ﬁ(’:(’r%‘g ?Re | ocati on
of the nobil & deé# (ﬁ%éil teIrte féjrer# 0 ‘¥\/nere| nct e device
100 may i neMERE 197 FELRERR BI?8S H‘te W88 P &E&IVer chai ns
d.if th bl d I

the éiqﬁthﬁedtmq%ts&be"r&mﬁ eflie“a“ééfr@ re% g‘”tee TR Sger o o
OB e 15, TSNS o R (P S o

processed by the device 100. The programmable switches 601 and 602 may be controlled
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station, e.g. the device 100 as described herein, requires both two-way
ranging and TDOA (in at |east both a horizontal direction and verti cal
direction). In this context, tw-way ranging generally refers to the
estimati on of the distance between the base station and nobile device from
the travel WOARI16230¢ radi o signal froma transmtter orPGIIE&G20Ja9€013% ation to
a receiver in the nobile device and then froma transmtter in the nobile
device, back to a receiver in the base station. 100661FIG 7 (a)
illustrates, as an exanple, one possible nethod of how the |ocation of a

nmobi | e device, 711, be det erm ned by base_statiqgn 710 based on the

t wo- way ranby %ﬁ%ﬁ%w&mﬁm&%ﬁw&%mﬁ‘&y ¢ firsipan of thdiept epfganatl AL nobi | e
device 711's a tenn% 723 and the base station 710's antennas, 721 and 722,
are both inar&dﬁge second zpteppa 107 and signalsaseghysd By the secprd paisef thethigh@dennpat t he
base station 710 has a first_antenna 721 and a second antenna 722 being
spaced apar 103 and thedoyrth-anteanag} G4 pregessedh altarpately: even Hme sesh thit Beth TBO et ween
the first antenna 721 and the second antenna 722 is d. It is further
assumed t hat® theorizeptaldirggiiop pnd HaOA in the verficad disectipp may he detamined apd ane i s
(0,0), the location of the second antenna 722 in the x-z plane is (d,0),
and the | ocidpisthovr timgeByiing the pragipppable syitdsné012nd 60% theardwaye which is to
be determ ned by the base station 710. Assuming the ranges, rl and r2,

bet ween t hecommdity phthe BevicgrO@ A% §e minimizediasaply thiadeceiver ¢hains prs refmirede’ s
antenna 723 are known through two-way ranging. And al so assuming that the
ti me- di f f er @REUT yrtepnps. {nne srample; the device KA as illusiged indldemaedbe7117s ant enna,
723, to the base station 710's antennas 721 and 722 is known precisely

t hr ough t hePreYifigs 8 2 hassstation erapayiegbasessiationFhe device) 10Qmay be eanfigygred e ti ne of
arrival of signal at the first antenna 721 and t2 is the tinme of arrival of
si gnal at tdéeraine disdoctionefiremabdle deviepsd dThs devierel 0ty e configheegd the det er ni ned
that: 2dand z - / t 7c -N2 where c is the velocity of propagation of the

el ect r omagnistsrging ithgfhtance betyegn thgdevigenl 0G=nd the ebils devies E&heélfSta@EﬂJati ons, it

will be noticed that by using only two antennas in the
between the devicé 100 and the mobile device A may be determined based through two-

way ranging, for example. The device 100 may be further configured to determine the
TDOA of signals transmitted from the mobile device A both in the horizontal direction (x)
and the vertical direction (y). Based on the distance between the device 100 and the
mobile device and the determined TDQA in both the.vertical and horizontal directions,

the device 100 may be able to determine the Jocation of the mobile device.

' [0064] - In the further embodiment wherein the device 100 may include six antennas, °
in one embodiment, only two receiver chains are required if the programmable switches
are used in a similar manner as the switches described with reference to FIG. 6.

(0065] In order to determine the three dimensional position of a mobile device, a base
station, e.g. th;: device 100 as de.s.cn'bed herein, requires both ﬁNo-way ranging and
TDOA (in at least Both a ﬁorizontal direction and vertical direction). In this context, two-

way ranging generally refers to the estimation of the distance between the base station
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‘base-station 710, it may not be possible to resolve whether the
z-coordinate (zl)of the nobile device 711's antenna 723's position is
positive or negative. A person skilled in the art woul d understand that by
using a simlar nethod but with an additional antenna on the base-station
710, whi chWQ2HYEB#F apart from antennas 721 and 722, iR¢TAGAMAE$%bN ot her
than the x-axis, for exanple |ocated at position (d, d), the sign of the
z-coordi nate of the nobile device's antenna position can be resolved to be
positive or negative. Simlarly, a person skilled in the art would al so

under st and &B%obﬁ%i&de%ghme} fihe gPd‘Q f(g %HLI fmn P@Qﬂs%eﬁ r{%g%s% antenna on

t he base-station ocate position suc is not
co- pl anar w t.her. hre A8 Sh kL9 nt.gnna it. does not
lie on the é 6tllontto arecexYer 11 ﬁl 11e e]wcf dﬁ Ehgré grlo a{nsrm f:rl l§- ng et, he

position of _th v ce 711'5 antenna 723 (and consequently t he
nobi | e deV|bcagk§)1 mcsewﬁ(r)g”q%% -Stagjon any point in the full three dinensional

commun; eat i ﬁ&éyst‘é‘?h 77%85'%5?%% e %%3673%50“1"?'2*%@*%‘1?%8@%% Bofoi 1 e
devt o8 708 F5eRETL k190G, SERFHIRALy BO0RHTN S FASE SLALLANLOO Ty be
exanp! 6. THERHLRA TR I8 Hicramile, ! BaFea tHERE s@?i?ev%vwaﬂ“e% WM%. EEF ror
e e
of recer vi naamvﬁéf‘ésgf ase?t"é?‘ﬁ%hﬁﬁ‘hegb*lsﬁ%tatPé‘fYﬁhXi‘sﬁ sl T2 o 9?<ﬂe i gnal

t o- and- from s te%hnl may rangi ng as

e T ange Moty @%e}?éapw%?ﬁam S Tt &nd S%ng%@'g%cs Andofro

28&\1\??2352315%15 %E;agtgﬁ% 1 db fhe secor%/ an?ee a 722Vi\gjd. It is further assumed that

the location of the first antenna 721 in thé X-Z plané is (0,0), the location of the second

antenna 722 in the x-z plane is (d,0), and the location of the mobile device’s antenna 723
is (x1,21), which is to be determined by the base station 710. Assuming the ranges, r; and
r», between the base station antennas 721 and 722 and the mobile device’s antenna 723
are known through two-way ranging. And also assuming that the time-dﬁference-of-
arrival of signals from the mobile device 711’s antenna, 723, to the base station 710’s
antennas 721 and 722 is known precisely through the time expansion technique as (Ar=t;-
6L) \;vhere t; is the time of arrival of signal at the first antenna 721 and #, is the time of
arrival of signal at tne second antenna 722. Based on the above, it may be determined

that:

2 .
JCl___cAt(cAt+2r2)+d and 7, = 4 ;—rlz_xf

2d

where c is the velocity of propagation of the electromagnetic signals in the medium.

From the above set of equations, it will be noticed that by using only two antennas in the
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[ 0069] The device 100 as described herein may be configured to carry out
two-way ranging in a simlar manner. In this enbodi nent, the pul se
repetition frequency that the device 100 uses to carry out two-way rangi ng
may be different fromthe first periodic signal received fromthe nobile
devi ce i n owoep1itigsoset er m ne TDOA. [0070] I n one enbodi neGTSG20hwodadi ce 100
(e.g. as a base station) may be configured to initiate comunication with
t he nobile devices in order to determ ne the |ocation of the nobile

devi ces. Each nobile device may have a unique identification nunber (1D)

and is called hy.t device 100 in, a round yobin fashion. Upan confirnmation
of 1D, eachbaﬁ‘iif}%‘/tfoé‘hﬁg’v‘f ey ?ﬂﬁe P%*BH%!F tp EPS@H%WB%&Y@@%@@IH%@ e 100, upon
recei ving the _{?epl.g %rom each rgpbi | e. device, may cal cul ate the | ocation of
each mobi | eMERIGIEEC], 1L 'S 30Eenp3 143G PestioB ATRESIUEH OIS EIE L A BESqobiei ; G 8
illustrates_ the frarre structure 800 received % t he device 100 for three
mobi | e devi®hedt ppul Héd@@#ﬁ“aéplyu%?%ﬂ?‘%ﬁ?@h"é byity#n addiiond] aptgnnatonyct ur e

800, the device 100 nm e able to determne the three dinensional position

be. [
of each of BhBasEHipEen ?llt%?b}’“h‘éh Henced partEopanisaniteidd andi22giy e diRsstiodont ai n

information of a first npbile device, each segnent | D2 802 may contain -

i nf or mat i orPthar then Sheckanis. fRsisrameplelioratedat pasitionddd), thegiganf the BROGEBatkRy cont ai n
information of a third nobile device. For exanple, each segnent |D2 802 may
contai n t hePfahedpePiledgieams angenma pRsition cebbprgiolved LPegrositikeorEsaYE: nobi | e

devi ce, a sub-segnment 822 which contains information that nmay be used to
carry out t3BHleRY 2 pesen vkiled dt the ath world alse yndegstand thag businge simidasmethedbi | e
device, and a sub-segnent 823 which contains information which nmay be used
to deternm i3t Pxinegy fauph auenng 9p thedpsersatign 71 G avhichyis Iogatedt 2 pesiiiint s for a
sane nobil e device may be determ ned over different tines. WO

2011/ 123065beirthaitbis N9t q9nignaywith the other three base-station antennas, meaning, it does

not lie on the same x-z plane, it would be possible to find precisely the position of the -
mobile device 711°s antenna 723 (and coﬁséquently the mobile device 711°s position) at
any point in the full three dimensional space surrounding the base-station.

[0067] FIG. 7 (b) shows a radio communication system 750 which includes a base
station 700 and a mobile device 701 according to one embodiment.

[0068] The base station 700 may be configured to determine the position of a mobile
device 701. The base station 700 may be configured to transmit UWB signals with a 1
MHz PRF, for example. The mobile device 701 may serve as an active reflector which
receives and re-transmits after a pre-determined délay, the UWB signals transmitted from
the base station 700 upon successful recepﬁon. With this, the base station 700 is able to
k_n_ow exactly the time of sending and time of receiving, thereby determining the round-
trip travel time of the signal to-and-from the mobile device. This technique is called two-
way ranging as the range fs determined from the signal traveling two-way (to-and-fro

between the base-station and mobile device).
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[0072]FIG 9 illustrates the circuit of a nobile device 900 in one

exenpl ary enbodi nent. The device 100 as descri bed herein may be configured
to determine the |ocation of the nobile device 900, for exanple. The device
100 may be a base station and is referred to as BS 100 in this exenplary
enbodi nent WY W3PS shown in FIG 9, the nobile devi cBCHOG2HHIYOINc| ude an
antenna 901 for receiving or transmtting signals. The nobile device 900
may further include a switch 902, e.g. a single-pole double throw (SPDT)
switch connected to the antenna 901. The nobile device 900 may further

i ncl ud I | . 90 . Q.. whi i

ncl v 2 BB, 9ERk 09 B8y R S B b ey

f I t th f Th bi |

5 B RSB,
dt |, 932 ted to th t } 903.

second, o1 B0l e SROBST iy B BSuRLR BlERSRLES bR, “Sine

R errgwe%fﬁg%n%%@g@%@s%as‘i‘phz B 2 1o
LU S d'egrz SRR SRR,
PUTSES Tore it 5 BuLes CoPelL L, Loy SRR b o 312
L e LR b G ",
o e Pul s fenpL AL 905 1 catnest ot L a0k s SOl a1, enna
e e bmkap&émmw GBIy B sl ALy o0
may be 1 ur EREHSRAT Ve Ty AR JPEal ¢i5e B Aot T e SOBTE 100741 he
mobi | e devhlgn%qgng%aayrther |nclude a receiver chain which includes a

[0071] FIG. 8 illustrates the .frame structure 800 received by the devic_e 100 for three

mobile devices in one exemplary embodiment. Based on the frame structure 800, the

device 100 may be able to determine the three dimensional position of each of the three

mobile devices. Each segment ID1 801 may contain information of a first mobile device,

each segment ID2 802 may contain information of a second mobile device, and each

segment ID3 803 may contain information of a third mobile device. For example, each

seément ID2 802 may contain the a sub-segment 821 which contains ID of the sepond

mobile device, a sub-segmenf 822 which céntains information that may be used to carry

qut two-way ranging between thé device 100 and the second mobile device, and a sub-

segment 823 thch contains information which may be used to determine TDOA for the

second mobile device. Different segments for a same mobile device may be determined

over different times.
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| ow- noi se anplifier (LNA) 921, a band pass filter (BPF) 922, a radio
frequency (RF) anplifier 923, a diode detector 924, a |lowpass filter (LPF)
925, an internedi ate frequency (IF) anplifier 926, and a conparator 927
bei ng connected in series. The BS 100 may be configured to transmt a UWB
signal in ovdenaBOGarry out two-way rangi ng. Such UWB PETEGA01148030F or
exanpl e have a pul se repetition frequency of 1 MHz. The nobile device 900
may receive the UAB signal with pul se repetition frequency of 1 MHz using
the antenna 901. The switch 902 is controlled by the FPGA 928 through the
swi tch cont Si I 4. \Wen.the switch 902's pole is connected to a
first term [E}Q#] 91%}8t %aﬁllstéaéeéit@e‘i‘rcﬁlﬁﬁfarfn%qﬂetdﬁ‘@cer%i"i‘ QEFXEMPAYI00 may be
configured t roce he receiyed. signal with pulse repetition
frequency 6P8TQKW??§$ﬁé“ﬁﬁﬂ§§fs Cngﬁﬁﬁﬂﬁgﬁyg?Spﬁ§?7gﬁﬁymﬁémﬁgﬁnected to a
fiel d-progranmabl ate array (FPGA) 928, The FPGA 928 nmmy be .configured to
control thdo&HiPy EﬁhgﬁlﬁPllet‘{?V’Gﬁa » Epr g5amnls, The Arvics|10Q mgn B¢ 2 brsg stagaand ¢ he pol e
of the switch 904 is . ected to the first termnal 931 and the switch 902
i's connectéﬂ“@ﬁ“ﬁﬁ%a Qﬂﬂnpﬂ§ﬂ¢ﬁﬁk”§T?9mFﬁ@-UMB signal with pul se
repetition frequency of 1 Mdz, received through the receiver chain, is now
re-transni tP&Blor AtcthpyeinFiGed tharpehiledeviee 200 mayiincludg ey prtenma 9P fah ant enna
901. Upon the reception of the UMB sjgnal of 1 MHz transnitted by the

mobi | e deviEEIGRECT Hapsittine sigpalsdhe &e?*ger%me%%@a»%m@% igBdGaENI%he devi ce
100 and the_nobil e devi ce 900 which may be further used in the localization
of the devi®V& THE singlgmolssipybls sheyg 6O Sepeduceperstsd sothe ewensp 215 The o
illustrates the circuit di agram of a device 1000 according to one exenplary
enbodi ment .MeBig defecs 08 %(fe‘%wwcwée HFlack sl soHres 9P €8 SUHE VBN WUy be a
base station.. .The devigce 1000 may be referred to as BS 1000 in this

exenpl ary WS rEigUreq fReegergte periofisignal. dbe elpsisigpalaoniss 03y fefve t he
circuit diagraqlas BS 1000 in one exenpl ary enbodi ment. For illustration
pur pose, i tS*FEPISEERGRAE SRt WAVRRWVIES? Temyencrey 20 Mo hks ehildetier Wt er mi ne t he

| ocation of tHﬁnnDbi e device,%go. [ 0076] BS 1000 may have a transm ssion

bl ock 1010.Map{Rrther fcuids angthisr KGR Ee1 6P Ay WHRD Wbk fegrnddeming! P32ansmit a UVB
signal for the determ nati ﬁ o{ range between the BS 1000 and the nobile
devi ce 900.COFHE E 1o %Wﬁgng eB°Hﬁﬂgfg¥§“ﬁ§9lﬂﬁeP@B@f@°€Vﬂ@ﬁm§P§MQF sour ce,
e.g. a sinusoidal wave source 70 which is configured to geperate

si nusoi dal W&@dwatw?ﬁ gﬁ’éﬂ“g%rg:o prhersin ﬁpf'lﬁ%%ﬁﬂ‘érﬁﬁ?gbl%sfmﬁy q\?l-qg’?gﬁ%?d exanpl e.
The out put of the waye, source, 1070 be .conpected tg the input of a pul se
~ generator f%ﬂ‘.emﬁar?ep%ﬁﬂ §'§nﬁ§vﬁtélae§?‘8‘?fr’q TIPSHESP BraveRsH £f 6 eyt sc‘%i’ag'ﬂf"put a

| sed si | wth the |l se repetitio equency .as .the i t signal
P et he. ol 3 TR B, RS e b e S ST BREIergS e B r t oy ©
i ncl ud i t 072. W th j f itch 1072 | ] ted to it
1T st er sl % G oSt ERetatir o0 Ens Ryt SO & PRSP ect 1 ol | y

STk ot T R LR T
det o 1ot e B 5 AT DS Bk S O80 0 Bl 5 vt 900 4
e U B BB Rk B GRS B

that the output of the pulse generator 905 is connected the antenna 901, and the antenna '

901 js accordir;gly configured to transmit a UWB signal with pulse repetition frequency

of 20 MHz. This transmitted UWB signal with pulse repetition frequency of 20 MHz may

be received by the device e.g. BS 100 and further processed by the BS 100 for the
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WO 20111123065PCT/ SG2011/ 000130 [0077] BS 1000 may further include two range
estimation bl ocks 1006 and 1007 which are configured to determ ne the range
bet ween the BS 1000 and the nobil e device 900. [0078] BS 1000 may include a
first antenna 1001 and a second antenna 1002 which are spaced apart in a
first diredY®eHI1BAE a third antenna 1003 and a fourt h P&ASEANA09W4 whi ch
are spaced apart in a second direction, wherein the second direction is at

| east substantially vertical to the first direction. [0079] The BS 1000 rmay
include a first receiver chain which includes a | ownoise anplifier (LNA

1021, a ban ss..fil BPF) 1022 nd a radi,o f.reque anplifier
1023 bei ng SesrRat oA Phich by 88 Sl b3y e S BERE P o o
receiver chain | ch includes a | ownoise anplifier (LNA) 1031, a band pass

filter (BPFV632 and a radio frequency (RF) anplifier 1033 being
ted t | . .The .fi t I Vi hai n . b onf i dto
o ocess si a7 lsopi el mey it PRI e thatt whck bk St nna
1004. Th d ' ' b ' d tq.. ' |
' Tocel ved by THEVEEBEN VAN 1 o8 ree SRUCPR TR A ol FRRmBn e Bs 1000
. may furt heranllplill?ller%g,_as X\xno ecﬁ?e%to%gg'& a?or\]xgpa]ég Ei%er\?ﬁklg)@2g:a a% irlljtgnnediate

ffequency (IF) afnpliﬁer 926, and a comparator 927-being connected in series. The BS
100 may be configured to transmit a UWB signal in order to carry out two-way ranging.
Such UWB signal may for example have a pulse repetition frequency of 1 MHz. The
mobile device 900 may receive the UWB signal with pulse repetition frequency of 1
MHZz using the antenna 901. The switch 902 is controlled by the FPGA 928 through the
switqh control signal 934. When the switch 902’s pole is connected to a first terminal
911, the receiver chain of the mobile device 900 may be configured to process the
received UWB signal with pulse repetition frequency of 1 MHz. The output of the
comparator 927 may be connected to a field-programmable gate array (FPGA) 928. The
FPGA 928 may be configured to control the switch 904, through a switch control signal
933. When the pole of the switch 904 is connected to the first terminal 931 and the
switch 902 is connected to its second terminal 912, the UWB signal.with pulse repetition
frequency of 1 MH;, received through the receiver chain, is now re-transmitted or
actively reflected by the mobile device throﬁgh antenna 901. Upon the reception of the
UWB signal of 1 MHz transmitted by the mobile device 900, the BS 100 may determine )
the range betwéen the device 100 and the mobile device 900 which may be further used

in the localization of the device 900.
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SPDT switches. Wien the switch 1011 is connected to its first term nal

1091, the signal received by the first antenna 1001 may be processed by the
first receiver chain, and when the switch 1011 is connected to its second
term nal 1092, the signal received by the fourth antenna 1004 may be
processed byotée1ismesst recei ver chain. Wien the sw tch pt@kg2013/0mnect ed to
its first termnal 1093, the signal received by the second antenna 1002 may
be processed by the second receiver chain, and when the switch 1012 is
connected to its second term nal 1094, the signal received by the third
antenna 1003 may be processed by the second receiver chain. [0081] The

out put of. t[ﬂ@ﬁkF it 16 illaytratey the cirenjt disgram piraedevisel 10Q) acpasdipg ig@eest | mat i on

bl ock 1006 for the determ nation of range between the BS 1000 and the

nmobi | e deviesemplgy. enmphdimentngle deyice A8A0 ragy bsipsrvided Gosbasastationer g baa di ode
detector 1024, a lowpass filter (LPF) 1025, an internedi ate frequency (IF)
anplifier tessstation dThe deonpI08 may be Gferred ¢0 w@&:lﬂﬁ)ﬁ@tmxﬁmplwrl es. The out put
of the comparator 1027 nay be connected to a FPGA (not shown). The output -
of the RF ambodifricar ThOBZicrd (0 tralesawiherblisrain may havieghercanagibdiegrammaBBSon bl ock
1007 for the determ nation of range between the device 1000 and the nobile
devi ce 900.1000 & qngexgenmay embadiment.Jop dlstia®ion pyrpgsei inislassdmed thdt thelBSdet ect or
1034, a lowpass filter (LPF) 1035, an internediate frequency (IF)
anplifier 108@manhecanfiganptordeteoning 0@ Tochednry theonebdle dexdee W0ser i es. The out put
of the conparator 1037 may be connected to a FPGA (not shown). [0082] The BS
1000 rmay f UPQ7er iBR 1098 enagy haTe@Arapghissiert blagk 19]1@ dhe r@@8iission block $0i0sed f or t he
determnation of TDOA in the first direction and the second direction. The
TDOA est i nandyde cohfigiked 0 G&smitya TWBIsigel far the determinatipn efiranigd betwekn thh | s
configured to performa nultiplication operation of its two input signals
and an act iB&100D landthe ohite devicn §0Q dibe etsmabsion bloek 1 @9 mayheclwlgtaplack of t he
active filter 1042 may be connected to an anal ogueto-digital converter
(ADC) 1044 simel sourcere.g o siguspidalwivasourehi®if Which is dcohbewiest teigeierait i on of TDOA.
Simlarly the TDOA estimation bl ock 1008 may i ncl ude anot her m xer sanpler
1051 whi ch sinusaidal vapesrvath atrwlsp espeiatiom frequanky oipl Mt fonexampler Blid antpudéf i t s t wo

i nput signals and an active filter 1052 being connected in series. The

out put of tthewakstspwee Fq7Dmay be connected to the input of a pulse generator 1071. The pulse

generator 1071 may be configured to output a pulsed signal with the same pulse
repetition frequency as the input signal into the pulse generator 1071. The transmission
block 1010 may further include a switch 1072. When the polse of switch 1072 is
connectéd to it.s first terminal 1081, the output of the pulse generator 1071 is electrically
connected to an antenna 1005, such that the BS 1000 is configured to transmit a UWB
signal with pulse repetition frequency of 1 MHz for the determination of the range
between the BS 1000 and the mobile device 900. A second terminal 1082 of the switch

. 1072 may be connected to ground such that when the switch 1072 is connected to its

second terminal 1082, the transmission block 1010 does not transmit any signal.
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1052 may be connected to an anal ogue-to-digital converter (ADC) 1054 and
later to a FPGA (not shown) for the determ nation of TDOA. [0083] The TDOA
estimation block 1008 may further include a clock signal source generator
1060 which is configured to generate periodic signals with a pul se

repetiti onWoroguesoy ( PRF) being different fromthe reBEI/HSEW1HRPI30
transmtted by the nobile device 900 for the determ nation of TDOA. In this
~exanpl e, the nobile device 900 nay transnmt a UWB signal of a first pulse
repetition frequency such as 20 MHz for the determ nation of TDOA at the BS
1000 side, and the clock sjgpal source 1060 may b onfigured to generate
wave si gnal@7y t nB§ 19@%6‘%*“%8?‘5}%‘3‘?"36@? faf‘g?)?f“f“f‘éﬂﬂg?%lw 0d 108 anpl e 19. 998
MHz. The output of the clock signal source 1060 may be connected to the

i nput of aYBishae qgahigired tgdeteryyne thmagebatween thy B 1000384 the srobilpderices
configured to output pulsed signals with a sane pul se repetition frequency
as the i np8®-signal into the pul se generator 1061. In this exanple, when
"the clock signal source 1060 i s configured to generate wave signals of a
second pul §978lepeBSt1Pohmey agudaijrsiamtenn YO and g secondeantrnna 0 avhishat or 1061
is configured to output pulsed signals with the second pul se repetition:
frequency &F sparedamrtpp firstdigecton, pid 2 Gird apfenng | PQanda fayrth astennp P4 ay  be
connected to both an input of the m xer sanplers 1041 and 1051 in the TDOA
est i mat i onwhichare sparge apartgn 8 decpnddippstion ghergigyhe sgeqndalirestion i mdeaghni t ches 1013
and 1014. Wen the switch 1013 is connected to its first termnal 1095, the
first recefubstentigiyivertical tohp fiet it t he range estimation bl ock 1006 for

t he determ nation of range. \Wen the switch 1013 is connected to its second
term nal 18889 t h&he BP $000maaydnshude adfiratirereiver datariduehdacludss piev-Toe esti mati on
bl ock 1008 wherei n the output of the RF anplifier 1023 is connected to an

i nput of t AEPiHfex G NALYBL ybandpaps ﬁWéﬁPE)H@gz\RP@Efﬁdﬂﬁﬂu?@y@@ﬂnect ed to its
first termnal_ 1097, the second receiver chain is connected to the range
est i mat i onaBPlfiek 19350 ring spneried todn e5riss ke B 069 mayinglude yyrspnd mesivehi t ch 1014
is connected. to its second term nal_ 1098, the second receiver chain is
connect ed £19in Waichrmeindeslpvrapise Amplifise (LNAIS3 iwschand pest filier BPRHUO3Df the RF
anplifier 1033 is connected to_an input of the m xer sanpler 1051.

100851For #gsptia freqyeneyndiF pplifier { B beigigcempeqiod o ipagrienelbe SR ECEe to its

first
chain may be configured to process signals received by the first antenna 1001 or the

fourth antenna 1004. The second recéiver chain may be configured to process signals
received by the second antenna 1002 or the third 1003.

[0080] The BS 1000 may further include switches 1011 and .1012 which may be
SPDT switches. When the switch 1011 is connected to its first terminal 1091, the signal -
received by the first antenna 1001 may be processed by the first receiver chain, and when
the switch 1011 is connected to its second terminal 1092, the signal received by the
fourth antenna 1004 may be processed by the first receiver chain. When the switch 1012
is co_nnected- tol its first terminal 1093, the signal received by the second antenna 1002

may be processed by the second receiver chain, and when the switch 1012 is connected to
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termnal 1081 such that a UAB signal of 1 MHz is transmtted by the antenna
1005. The transmtted UMB signal of 1 MHz will be received by the nobile
device 900 and will then be transmtted or refl ected back by the nobile
device 900. After the transm ssion of the UMB signal of 1 Miz at the BS
1000 si de, wheoismesbesh 1072 may be switched to its secordriseronnai30l082. | n
the neantinme or at | east around the sane tine, the swtch 1011 may be
connected to its first termnal 1091, the switch 1013 nmay be connected to
its first termnal 1095, the switch 1012 may be connected to its first
term nal 1093, and the switch 1014 may be connected to it first term nal
1097. Wt h isfeeond gamingl 1096, thesignahscasd by dley thigd anteaa i 0B maydepmsesstgnal of 1
Mz transmtted fromthe nobile device 900, and the BS 1000 may use its
first receibydhe sshendieceygecasr with the range estimation bl ock 1006, and/ or
the second receiver chain together with the range estimation block 1007, to
det er ni ne 8881 angkhelsutpwias the Rearmgifie0 033 ardl be hennagses! toghetangeestim@don For -
exanple, the BS nmay be configured to determne the time Tx on its internal
cl ock or caderkdPOtor thigidetarmihation)pBrangaresivecn theBIYO iard the aabild devisd from t he
BS 1000. The nobile device 900 may receive the UMB signal of 1 MHz and then
ref | ect / r e-200ahherrhngelgstinkation blotk\E0§ impy dnclugle a iodpidetecTord 04, pdgw-passmay not be a
delay in the nobile device 900 side for processing the received UAB signal
of 1 MHz. |flter e 1025, ap idisimagdiary frequensty (&) daplafier T926nangd dyomparetan 1627 t he BS
1000. The BS 1000 -may be further configured to determne the tinme Tz at

whi ch t he heing coingptad inserids. Thézoutmuapfthe campdrafar dA3 1 hay heolonestedéva ce 900 i s
recei ved by the BS 1000. Accordingly, the BS 1000 may calculate the tine

t aken for diP§ifa(not showny Abeputpus ofithd RF mmpheni@Ehmanke d@enet®@d o thaanghe nobi | e
device 900 to be (Tz-Tx-Ty). Based on the round-trip time, the distance

bet ween t hees@8atiod dipck he0% thethadéeimenatien plorenggdetwearythh devaescl0p@ aml the est | mat ed
easily through [(Tz-Tx-Ty)/2] multiplied by the speed-of-light in the

medi um  Themehsld devise H0nBherrange pstimasion blogle E00F may dusiidd aldwdedéteatorrh®3d,um such as
wat er or sone other dielectric depending on the application.

[ 0086] Ther edpwvenss fillae(LPED 1038, ahdvievesddoOraqusncy (IHhamplifienlQ3¢\@dsi gnal of 20
MHz for the determ nation of TDOA by the BS 1000. In the BS 1000, the

swit ch 101%omngraiorlQ3dhrise camneeted intsgriescbhsobtruioftharempa@ne 1033 meaytbse swit ch
1014 may be connected to its second termnal 1098. In the neantine, during
a first pregancsediorelPGA Mot gwivinbd, the switch 1011 nmay be connected to its
first termnal 1091 and the switch 1012 may be connected to its first

termi nal 1098824 uc Hhe Batl 0phmay faphey igtiede agiD QA estppatiprobleck /088 mhichfie ant ennas
1001 and 1002 are processed b¥ the first receiver chain and the second -
recei ver chagdifor the deserinagign of TPQA dp the firyt directippardsheigomdidietiopelhsi ne t he
TDOA in the first direction. During a second predetermned tine period, the
swit ch 101F0RY estigptipmbloek 108 sk insiide @ mixer pampleyd @hhwhichis gppfigureddos, and t he
switch 1014 nmay remain to be connected to its second termnal 1098. During
t he second PsHeEea mplvplication enertige pf isdtwo inpyt sgfjels@nd amactiveiler JB4Zhsigect ed t o
its second termnal 1092 and the switch 1012 may be connected to its second
term nal 1@9anesigd it sergst Therutnyief e atine filigr 1947 mayberconescipd ¢p #anglegueant ennas
1003 and 1004 are processed by the first receiver chain and the second
recei ver cﬁ%l’idﬁ}talrcé%‘ﬁééft(%))}f)x‘} #nddaterde a FREALRRS sipam) ey therdstegpingion ne t he
TDOA in the second direction. WD 2011/123065PCT/ SG2011/ 000130

[ 0087] Ther ®ATPOA. Simdariyghe HBOApsymationblock LB8hmay igludeanstheyi@iXsF ni nat i on t he

range
g sampler 1051 which is configured to perform a multiplication operation of its two input

signals and an active filter 1052 being connected in series. The output of the active filter
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and TDOA by starting to transmt the 1 M&z UAB signal using the

transm ssion bl ock 1010 again. In this way, the BS 1000 nay be able to
determ ne the |atest |ocation of the nobile device 900. [0088]1n the
exanpl e given above, the tine expansion technique is applied by t he

gener at i on Y9 2¢1&23p48l sed signal of the second pul se ref&ISR2HVUHEuency of
19.998 MHz, the use of the m xer sanplers 1041 and 1051. Each output from
the active filters 1042 and 1052 is a tinme expanded waveformw th 2 kHz

.pul se repetition frequency. Such tine expanded waveform nmay then be sent to

A 1 S od AU WA AR B D RS T e b
L, SO ! S Bt bR HBARIEH A0S uaveT o o Out Pt T rom Che

deser bed GG PR AU BRI o BB N Btk b7 1 O
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herein may IBg 1. ?I?ﬁ']gsl g',%ﬁ%', vEl%n %tc?JCWSﬂggaltsgt?rce 1060 is configured to generate wave

signals of a second pulse repetition frequency of 19.998 MHz, the pulse generator 1061 is
configured to output pulsed signals with the second pulse repetition frequency of 19.998
MHz. The output of the pulse generator 1061 may be connected to both an input of the
mixer samplers 1041 and 1051 in the TDOA estimation block 1008.

[0084] The BS 1000 may further include switches 1013 and 1014. When the switch
1013 is connected to its first terminal 1095, the first receiver chain'is connected to tfxe
range estimation block 1_006 for the determination of range. When the switch 1013 is
comected to it‘s second terminal 1096, the first receiver chain is connected to the TDOA
estimation block 1008 whérein the output of the RF amplifier 1023 is connected to an

input of the mixer sampler 1041. When the switch 1014 is connected to its first terminal
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di stance of a nobile device which is |located within a distance where it is
able to receive the relevant signals transmtted from device 100 and the
device 100 is able to receive the relevant signals fromthat particul ar
nobi | e device. [0091] The performance of the device 100 as described herein
s tested. »wocwrwryoesor | ocation error) may be consi der pdi/sGobroosaspot ent i al
bi as, or systematic effect/offset of a positioning system Usually, nean

di stance error is adopted as the performance netric, which is the average
Eucl i dean di stance between the estinmated |ocation and the true location. In
the test, 3 paraneters, i.e. TDOA of vertical and horizontal direction and
range, are é&ﬂ, tesecand peeives chain isiforngrtedifodhs wpge cumaionbiagk JP&hienthehas been
carried out to check the accuracy of the device 100 as described herein.
Wth fixed Yetenminasian ef ogy: When the gwvitthel Odthiscapnested todisese¢omd tarminabEi98, wi t h
varying X (e.g. horizontal direction) and Z (e.g. vertical direction) was
col | ect ed athy sewonp saceigertchain ffeconrected dathe TPQAtimatipmblack 1808 Wheeein then. The-
results show the errors of the TDOA in horizontal direction are between
-1.5 cmto outp® of thediF amplifionl (A is connecwd tqnn inpnt g5he mixer papypderdPSkhe TDOA i n
vertical direction are between -2.23 cmto 1.37 cmor equivalent to -74 ps
to 45 ps. FIM885111( Hyr exhwpls, ivliopeyatiom thd ©4itoht] 872inpy beponnesreditnigs st or  in t he
hori zontal direction, -which is between -1.5 cmto 1.5 cm F G 11(b) shows
t he di agr antetm®2l 108 seshthat h&TWB sigihah gf EMtiaris fransmitied b thejagtahnadiopd dhe on, whi ch
Is between -1.5 cmto 1.5 cm [0093]Using the TDOA and ranging errors, the
maxi mum pos ireispnttedfYB siemgl dfé MHz will be received by the mobile device 900 and will

then be transmitted or reflected back by the mobile device 900. After the transmission of
the UWB signalvof 1 MHz at the BS 1000 side, the switch 1072 may be switched to its
second tenninal 1082. In the meantime or at least around the same time, the switch 1011
may be connected to its first terminal 109-1, the switch 1013 may be connected to its first
terminal 1095, the switch 1012 may be connected to its first terminal 1093, and the
switch 1014 may be connected to it first terminal 1097. With this configuration, the BS
1000 may receive the UWB signal of 1 MHz transmitted from the mobile device 900, and
the BS 1000 may use its first receiver chain together with the range estimation block
1006, and/or the second receiver chain together with the range estimation block 1007, to
determine the range between the BS 1000 and the mobile device 900. For example, the -
BS may be confi gurgd to determine the time Tx on its internal clock or counter at which
the UWB signal of 1 MHz is transmitted from the BS 1000. The mobile device 900 may
rgceive the UWB signal of 1 MHz and then reflect/re-transmit back the UWB signal of 1
MHz. There may or may not be a delay in the mobile device 900 side for processing the
received UWB signal of 1 MHz. If there is a delay Ty, such a delay Ty may be known to

the BS 1000. The BS 1000 may be further configured to determine the time Tz at which
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sinmulated to be within 30 cm By assuming the error to be Gaussi an
distributed, the position error is calculated to be smaller than 10 cmin
95% of the time. [0094] Standard deviation in the location error is another
paranmeter to test the performance of the device 100 which reflects how
consi st ent WP 2058128068t em wor ks. For raw rangi ng data coPCHEGWdI/0WIBe st andard
deviation is nmeasured to be around 2.5 cm whereas for data after process,
the standard deviation is smaller than 1 cm [0095] The device 100 as
described herein may be applicable to precise positioning of asset or
preci sion asset |ocation such as in robot navigation-and control, and
tracki ng othediWBeignd o Mids wansaitigd Spmdhomplilerdsvies Irisiereivastydbe BS precise
positioning is also useful in gam ng and medical applications. [0096]In
vari ous enmbf$ feqordingly thy %$11Wé%ﬁY§?]G#a‘leé'€°eﬂmeztakqndﬁf signals dssiravebierand- i n t wo-
di mensi onal and/or three dinensional space using a single base station is

provi ded. frobereemthe B5i100%and trroneilededce ¥oitmbe Hrge-BridBasedpetheof arri val

may be used to
round-trip time, the distance between the BS 1000 and the mobile device 900 may be

accurately estu_nated easily through [(Tz-Tx-Ty)/2] multiplied by the speed-of-light in the
medium. The medium is normally ﬁee-space but could be other medimﬁ such as water or
some other dielectric depending on the apblication.
[0086] Thereafter, the mobile device 900 may transrhit a UWB signal of 20 MHz for
the determination of TDOA by the BS 1000. In the BS 1000, the switch 1013 may be
connected to its second terminal 1096, and the switch 1014 may be connected to its
second terminal 1098. In the meantime, dﬁring a ﬁfst predetermined time period, the
switch 1011 may be connected to its first terminal 1091 and the switch 1012 may be
connected to its first terminal 1093 such that the UWB signal of 20 MHz received by the |
antennas 1001 and 1002 are processed by the first receiver chain and the second receiver
chain, respectively, in order for the BS 1000 to determhle the TDOA in the first direction.
During a second predetermined time period, the switch 1013 may remain to be connected
. to its second terminal 1096, and the switch 1014 may remain to be connecteci to its
secohd terminal 1098. During the second predetermined time period, the switch 1011
may be connected to its second terminal 1092 and the switch 1012 may be connected to
its second terminal 1094 such that the UWB signal of 20 MHz received by the antennas
1003 and 1004 are processed by the first receiver chain and the second receiver chain,

respectively, in order for the BS 1000 to determine the TDOA in the second direction.
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| ocat e objects. For exanple, the single base station nay determ ne the

| ocati on of a nobile device by using programmable swtches, two-way ranging
via active reflector technique, tine-difference-of-arrival (TDOA) conbi ned
with tinme expansion technique so as to provide accurate, fast, and

wi de- cover ag@ 2011r12¥64i nensi onal positioning usi ng si ngl RCTHRO1190¢18¢ on. WO
2011/ 123065PCT/ SG2011/ 000130 [0098] I n vari ous enbodi nents, a nethod and
system of |ocalization using a singlle UMB base-station is provided where
both range and angles of arrival are used to |locate objects. In an

enbodi nent, the net hod includes using pro ramn'b?g%)jswi tches, conputing

range, conpl¥0$fg t Theeafes theBS1080 wey gart eT ¢YF etggmipabiep theirange
ti me- expansi on _techni ques to provide accurate, fast, and w de-coverage
t hr ee- di men¥iddR{PA by stprting i tragsis thed MHAYWS pignabusingthe rnsmjssionblovki | e t he
i nvention has been particularly shown and described with reference to
speci fi ¢ enfdfiepamtls this ways the B Sdl 08@ may beabls te datemying the dntestlp¢dtiondf the t he art
that various changes in formand detail may be nmade therein w thout
departing fmebiletdseicak:it and scope of the invention as defined by the
appended claims. The scope of the invention is thus indicated by the :
appended cl@0$8 anla thy ¢xamplg giyen above.dhe trohexponsioniterhniqee iwepplied gy thed r ange of
equi val ency of the clains are therefore intended to be enbraced.

generation of the pulsed signal of the second pulse repetition frequency of 19.998 MHz,

the use of the mixer sainpléx_’s 1041 and 1051. Each output from the active filters 1042

and 1052 is a time expanded waveform with 2 kHz pulse repetition frequency. Such time

expanded waveform may then be sent to ADC with, e.g. 25 MHz sampling rate, and the

digitized waveforrn may then be sent into FPGA for TDOA extraction. The TDOA

information may be obtained via correlating the two time expanded received waveforms

output from the active filters 1042 and 1052, respectively.

[0089] The device 100 as described herein may function as a base station and may be

able to provide very high update rates of the location of a mobile device. The actual

update rate would depend on the number of ranging and TDOA results that are averaged

to get a single hpdate of the mobile device’s location. The fastest update rate would be

when every set of ranging and TDOA (horizontal and vertical) results are used to

calculate the position of the mobile device without further avaraging. In the example

where the BS 100 is conﬁguréd to determine the location of a single mobile device 900,

and the BS 100 uses the UWB signal with 1 MHz to determine range, and applies time

expansion technique to expand the received UWB signal of 20 MHz to determine TDOA,

the the BS 100 may achieve an update rate of the mobile device’s location of up to

around 1 kHz. In particular, for the determination of range, the BS 100 may need about 1
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Claims 'Wat is claimed is: 1.A device for perform ng signal processing,

conpri si ng: a first antenna configured to, during a first
predeterm ned tine period, receive a first periodic signal with a first
pul se repetition frequency; a second antenna configured to, during

the first MEWeYBBWPIned tine period, receive the first PEESGYIIR0080gnal ;

a generator configured to generate a second periodic signal with a second
-pul se repetition frequency being different fromthe first pulse repetition
frequency; a first multiplier configured to multiply the first

IR S, RN ORI R IV R AT
TR T PRGSO G LN RS

| TDOA in a first direction (e.g. al horizontal direction) and another 500 us to recover a
time expanded waveform in order to determine the TDOA in a second direction (e.g. a
vertical directi_oﬁ). Thus, totally, to update the location of the mobile device 900, the BS
| 100 may take ardund 1001 ps which corresponds to an update rate of 1 kHz. -
[0090] The device 100 as described herein may be configured to determine the
distance Qf a mobile device which is located within-a diétmce where it is able to receive
the relevant signals transmitted from device 100 and the device 100 is able to receive the
relefiant signais from that particular mobile device.
[0091] The performance of the device 100 as déscribed herein is tested. Accuracy (or
location error) may be considered to be a potential bias, or systematic effect/offset of a
positioning system. Usually, mean distance error is adopted as the performance metric,
which is the average Euclidean distance between the estimated location and the true
location. In the test, 3 parameters, i.e. TDOA of vertical and horizontal direction and
range, are collected for location calculation.
[0092] - Measurement has been carried out to check the accuracy of the device 100 as-
described herein. With fixed Y-distance 300 cm from the antennas, experimental data .
with varying X (e.g. horizontal direction) and Z (e.g. vertical direction) was collected and
corhpared to the data calculated from actual location. The results show the errors of the
TDQA in horiéontal direction are between <1.5 cm to 1.05 cm or equivalent to -50 ps to
35ps, errors of the TDOA .in vertical direction are between -2.23 cm to 1.37 cm or

equivalent to -74 ps to 45 ps. FIG. 11 (a) shows diagram 1101 wherein the ranging error
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a determning circuit configured to determne the tine difference between
the arrival tine of the first periodic signal at the first antenna and the
arrival tinme of the first periodic signal at the second antenna based on

the first output signal and the second output signal; a third antenna
confi gured WO201di2306fg a second predeterm ned tine peri RET/SGeRI0083¢ he fir st
periodi c signal; a fourth antenna configured to, during the second

predetermned tine period, receive the first periodic signal;
wherein the first multiplier is configured to multiply the first periodic
signal received by the third antenna and the secondggeriodic signal to
acqui re a thithehoszgenialdiregtignayhich is betwesgd s smrfo l Becms EKrid (ushewptheer i s
configured to nultighé the first periodic signal received by the fourth
ant enna anddiggiem 4 d&ovikpreie thie sanging sirghialthe vertigelglitestiongwhiclyistbetwsen guft  si gnal ;
wherein the determining circuit is configured to determne the tinme
di f f erence dvetoeemt he arrival time of the first periodic signal at the
third antenna and the arrival tinme of the first periodic signal at the
fourth ant elfB]basesngthe TROA duid rahgivgtepons, the gazimuamysitipeerfayuaythe out put
signal. 2. The device as clained in claim1, wherein the first periodic
si gnal conpyimhyleted o el withipt 3Q gm.d¥y assepafigthergrrorda bhGovsiarf distribitedsitheg a fi r st
pul se width, and wherein there is a timng interval between any two
consecut i vepogitier fmeriscalculated to be smaller than 10 cm in 95% of the time.

[0094] Standard deviation in the location error is another parameter to test the

performance of the device 100 which reflects how consistently the system works. For raw

ranging data collected, the standard deviation is measured to be around 2.5 cm; whereas

for data after process, the standard deviation is smaller than 1 cm.

[0095] The device 100 as described herein may be applicable to precise positioning

of asset or precision asset location such as in robot navigation and control, and tracking

of airborne objects, seaborne objects or ground objects. Precise positioning is also useful

in gaming and medical applications.

[0096] In various embodiments, a high precision localization or positioning in two-

dimensional and/or three dimensional space using a single base station is provided.

[0097] In various embodiments, both range and angles of arrival may be used to

locate objects. For example, the single base station may determine the location of a

mobile device by using progrémmable switches, two-way ranging via active reflector

technique, time-difference-of-arrival (TDOA) combined with time expansion technique

so as to provide accurate, fast, and wide-coverage three-dimensional positioning using

single base station.
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3. The device as clained in claim2, wherein the second periodic signal
conmprises a plurality of waveforns, each waveform having a second pul se

wi dth, and wherein there is a timng interval between any two consecutive
waveforms. 4. The device as clained in claim3, wherein each waveform of
t he secondweeaoiwBesssi gnal conprises a pulse. WO PCT/SG2011/000130

2011/ 123065PCT/ SG2011/ 000130 5. The device as clained in any of clains 1
to 4, wherein the first antenna and the second antenna are spaced apart in
a first direction. 6. The device as clained in claim5, wherein the third
antenna and the fourth antenna are spaced apart in _a second direction, the
second di r 4998bn EﬂemguwmméawSsmgkﬁ%%qdaﬁwtsm gElosalizatjonusing g singler st

di rection..
UWRB base-station is provided where both range and angles of arrival are used to locate

objects. In an embodiment, the method includes using programming switches, computing
range, computing time-difference-of-arrival (TDOA) by combining time-expansion
techniques to provide accurate, fast, and wide-coverage three-dimensional positioning
-uSing single ba.sc. station.

[0099] While the in.vention has been pérticularly shown and described with reference
to speciﬁ.c embodiments, it should be understood by thdse skilled in the art that various
changes in form and detail may be made therein without departing from the spirit and
scope of the invention as defined by the appended claims. The scope of the invention is
thus indicated 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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7. The device as clainmed in claimany of clains 1 to 6, wherein the

di stance between the first antenna and the second antenna, and the distance
between the third antenna and the fourth antenna is in a range of 1 cmto 3
m 8. The device as clainmed in any of clains 1 to 7, wherein during the
first predeweraoivigsbesi me period, the first antenna i s chCf/$GuorIemoBe be
electrically connected to a first receiver chain conprised in the device,
and the second antenna is electrically connected to a second receiver chain
conprised in the device. 9. The device as clained in claim8, wherein
during the second predeternmined time period, the third antenna is
configured to be electrically connec So the first receiver chain, and
the fourth antenna is configured to be electrically connected to the second
recei ver Cch@matistQinidags:devi ce as clainmed in any of clainms 1 to 9, further
conpri si ng: _

1. A device for performing signal précessing, comprising:

a first antenna configured tb, during a ﬁrs_t predetermined time period, receive a
first periodic .s.ignal with a first pulse repetition frequency; |

a second antenna configured to, during the first predetermined time period,
receive the first periodic sighal;

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

a first multiplier configured to multiply the first periodic signal received by the
first antenna and the second periodic signal to acquire a first output signal;

a second multiplier conﬁgur_ed to multiply the first péﬁédic signal received by the
second antenna and the second periodic signal to acquire a second output signal;

a determining circuit configured to determine the time difference between the
arrival time of the first periodic signal at the first antenna and the arrival time of the first
periodic signal at the second antenna based on the first output signal and the second
output signal;

a third antenna configured to, during a second predetermined time pen'dd, receive
the first periodic signal,

| a fourth antenna configured to, during the second predetermined time period,

receive the first periodic signal;
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a fifth antenna configured to, during a third predeterm ned tinme period,

receive the first periodic signal; a sixth antenna configured to,
during the third predetermned time period, receiving the first periodic

si gnal ; wherein the first multiplier is configured to, multiply the
first peri WP201428681 received by the fifth antenna anBCTR@203EWBRA peri odic
signal to acquire a fifth output signal; wherein the second

multiplier is configured to nultiply the first periodic si gnal received by
the sixth antenna and the second periodic signal to acquire a sixth output

si gnal ; wherein the determining.circuit is . confi.gured to determ ne
Che i e i ff or SHTER AT MEL PFAEL, 3 PhgEuE o iy 0% R S5 sam Ll gnal
at the fifth anfenna and the arriyval ti of,. the first periqdic signal at
The oixt h PR <SS aneRmeR the reeop] s el toutrau ISP put
-signal. 11. The device as claimed in claim10, wherein the fifth antenna
and the siXPhant enna are spaced apart ‘in a third direction, the third
direction being at |east s%Psta tially _vertical IE@QOth the first direction
Yp

and the second HR§T&R thepgpeondpultiplier igyeqnfigured to mp e ifigst pRgodig sighali ng 10

and 11, wherein . th i stance bethen the fifth a tenna,anq si.xth antenna is
inar angeretﬁflvid l&)fﬁ?np ousth antenna and the second periodic signal to acquire a fourth output

signal;

wherein the déltermining circuit is configured to determine the time difference
between the arrival time of the first periodic signal at.the third antenna and the arrival
time of the first periodic signal at the fourth antenna based on the third output signal and

the fourth 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.
3. The device as claimed in claim 2, 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.

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

signal comprises a pulse.
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WO 2011/ 123065PCT/ SG2011/ 000130 13. The device as clained in any of clains
10 to 12, wherein during the third predetermned tine period, the fifth
antenna is configured to be electrically connected to the first receiver
chain, and the sixth antenna is configured to be electrically connected to
t he second WeguilABpeschai n. 14. The device as cl ai ned RCTEGR013000d30ai ns 1 toO
13, wherein the first pulse repetition frequency and the second pul se
repetition frequency are selected froma frequency range between 1 kHz and
100 MHz. 15. The deV|ce as clalned in claiml14, wherein the first pulse
repetition frequency ? ~ 16. The device as clained in clain114'or
15, wherei m't he Té‘éé‘EMEF?? uladmed ey of clgimss | oot atbhespin te figt gugngagd they 7 The
device as clained in any of clains.1 to 16, further conprising:

wher ei n thegeﬁ‘qnf’s"f“e%!?ﬁaé‘fﬁi’échép%ﬂfalf{jﬁ}ldéﬁcut"ﬂ during a fourth predeternined
time period, receive the first periodic signal; wherein the second
antenna is configured to, during the fourth predeternined time period,

receive the first periodic signa
6. The device as claimed in clalm 5, wherein the third antenna and the fourth

antenna are spaced apart in a second direction, the second direction being at least

substantially vertical to the first direction.

7. The device as claimed in claim any of claims 1 to 6, wherein the distance between
the first antenna and the second antenna, and the distance between the third antenna and

the fourth antenna is in a range of 1 cm to 3 m.

8. The device as claimed in any of claims 1 to 7, wherein during the first
predetermined time period, the first antenna is configured to be electrically connected toa
first receiver chain comprised in the device, and the second antenna is electrically

connected to a second receiver chain comprised in the device.

9. The device as claimed in claim 8, wherein during the second predetermined time
period, the third antenna is configured to be electrically connected to the first receiver
chain, and the fourth antenna is configured to be electrically connected to the second

receiver chain.

10.  The device as claimed in any of claims 1 to 9, further comprising:

46



18. A signal processing nethod, conprising: during a first
predeterm ned time period, receiving a first periodic signal with a first
pul se repetition frequency using a first antenna, during the first
predeterm ned tine period, receiving the first periodic signal using a
second ant ¥hR11/123065 generating a second periodic si §aEPGHIOBOsecond
pul se repetition frequency being different fromthe first pulse repetition

frequency; multiplying the first periodic signal received by the
first antenna and the second periodic signal to acquire a first output
si gnal ; mul tiplying the first periodic signal received by the second

antenna and t hea §éBontsnprerongaired &, drene 3 Surdgyedetcaniged img pgriedstresgivesi gnal ;
determining the tine difference between the arrival time of the first
peri odi c sithgfipt pgriodigqgighalr st antenna and the arrival tinme of the first

periodic signal at the second antenna based on the first output signal and
t he second out patsixh gignna configured to, during the third predetermined time period,

receiving the first periodic signal;

wherein the first multiplier is configured to, multiply the first periodic signal
received by the.ﬁfth antenna and the second periodic signal to acquire a fifth output
signal;

wherein the second multiplier is configured to -mu'ltiply the first periodic signal
receive_d by the sixth antenna and the second peribdic signal to acquire a sixth output
signal;

wherein the determining circuit is configured to determine the time difference
between the arrival time of the first periodic signal at the fifth antenna and the arrival
time of the first periodic signal at the sixth antenna based on the fifth output signal and

the sixth output signal.
11.  The device as claimed in claim 10, wherein the fifth antenna and the sixth antenna
are spaced apart in a third direction, the third direction being at least substantially vertical

to both the first direction and the second direction.

12. The device as claimed in any of claims 10 and 11, wherein the distance between

the fifth antenna and sixth antenna is in a range of 1 cm to 3 m.
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during a second predetermned tine period, receiving the first periodic
signal using a third antenna; during the second predeterm ned tine
period, receiving the first periodic signal using the fourth antenna,
multiplying the first periodic signal received by the third antenna and the
second per iWdRW1/413p¢al to acquire a third output signalPCT/SG2011/000439 ti pl yi ng
the first periodic signal received by the fourth antenna and the second
periodic signal to acquire a fourth output signal; "~ determ ning the
time difference between the arrival time of the first periodic signal at
the third antenna and the arrival time of the first periodic signal at the
fourth ant ddna B &8viem at KBimedj indanyuefpelpimsi Hhig 1Anwher¢ie dugpg tthe Sundput
signal. 19. The nmethod as claimed in claim18, wherein the first periodic
si gnal conpredstegmigegilime aeriody the fifthayienngrisreonfiguret tanks/adéctnionllheanineggedatof i r st

pul se-w dth, and wherein there is a timng interval between any two
consecut i vdheviereenives chaip@nd thi eixtheanteonh iasordlguredtalbs electricallyrcdectedter ei n t he
second periodic signal conprises a plurality of waveforns, each waveform
havi ng a sdboiseondutssvenghdinh, and wherein there is a timing interval between
any two consecutive waveforns. '

14.  The device as claimed in any of claims 1 to 13, wherein the first pulse repetition
frequency and the second pulse repetition frequency are selected from a frequency range

between 1 kHz and 100 MHz.

15.  The device as claimed in claim 14, wherein the first pulse repetition frequency is

20 MHz.

16.  The device as claimed in claim 14 or 15, wherein the second pulse repetition

frequency is 19.998 MHz.

17. The device as claimed in any of cléims 1 to 16, further comprising:
| wherein the first antenna is configured to, during a fourth predetermined time
period, receive the ﬂrst periodib signal;
wherein the second antenna is configured to, during the féurth predetermined time

period, receive the first periodic signal.

18. A signal processing method, comprising:
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21. The nmethod as clainmed in claim20, wherein each waveform of the second
periodic signal conprises a pulse. 22. The nethod as clained in any of
clains 18 to 21, wherein the first antenna and the second antenna are
spaced apart in a first direction. 23. The nethod as clained in claim?22,
wherei n t hwaivad3mht enna and the fourth antenna are speT/&86204pen0130i n a
second direction, the second direction being at |east substantially
vertical to the first direction. WD 2011/123065PCT/ S&G011/000130 24. The
method as claimed in claimany of clainms 18 to 23, wherein the distance
between the first antenna and the second antenna, and the distance between
the third ant endwaingddirstisedetsapingd Hme dgred ireceiving e frsirpsiodie sgnalnyithaz m 25,
The nethod as clainmed in any of clains 18 to 24, wherein during the first
predet er ni fiestipulsererqyisien GeRuendyaismg pdirst grendna is el ectrical ly connected to a
first receiver chain, and the second antenna is electrically connected to a
second recei verdugingthe firstpgdetpmeinedetinruperiad, redevingethe first reriadiasizaal usingr ei n-
during the second predetermned tine period, the third antenna is
electrlcalhym@mhm@%mad to the first receiver chain, and the fourth antenna

is electrically connected to the second receiver chaln
generating a second periodic signal with a second pulse repetition frequency

béing different from the first pulse repetition frequency; |

multiplying the first periodic signél received by the first antenna and the second
periodic signal to acquire a first output signal;

multiplying the first periodic signal received by the second antenna and the
second periodic signal to acquire a second output signal;

_ determining the time difference -between the amrival time of the first periodic
signal at the first antenna and the arrival time of the first periodic signal at the second
antenna based on the first output signal and the second output signal;

during a.second predetermined time period, receiving the first periodic signal
using a third antenna;

during .the second predetermined time period, receiving the first periodic signal.
using the fourth antenna;

multiplying the first periodic signal received by the third antenna and the second
periodic signal to acquire a tlﬁrd output signal;

multiplying the first periodic signal received by the fourth antenna and the second

periodic signal to acquire a fourth output signal;
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27. The nmethod as clainmed in any of clainms 18 to 26, further conprising:
during a third predeterm ned tinme period, receiving the first periodic
signal using a fifth antenna; during the third predetermned tine
period, receiving the first periodic signal using a sixth antenna;

mul ti pl yi ngwolhe1ifizsss peri odi ¢ signal received by the fepétdcontmona and t he

second periodic signal to acquire a fifth output signal; mul tipl yi ng
the first periodic signal received by the sixth antenna and the second
periodic signal to acquire a sixth output signal; * . determning the

time difference between the arrival tinme of the first periodic signal at
the fifth ant enndetezbhiighthe aintd Vifferehidembetwéent the afrivalb timp &fithel ifiest pegotnd at t he
si xth antenna based on the fifth output signal and the sixth output signal.
28. The met kigghl as thelthird@flennt afid themmaval tiivd @F eenfirbthyribdit ignalrt grRfound t he
si xth antenna are spaced apart in a third direction, the third direction

bei ng at | eagénns bl o thedhitdyouyRt §ibmadhndtthe Paholthe sigh4dlst direction and the
second direction. 29. The nethod as clained in any of clainms 27 and 28,

wherein the distance between the fifth antenna and sixth antenna is in a
range of 1 cmto 3 m- _ - :
19.  The method as claimed in claim 18, wherein the first periodic signal comprises a
piurality of waveforms, each waveform having a first pulse width, and wherein there is a

timing interval between any two consecutive waveforms.

20.  The method as claimed in claim 19, 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.

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

periodic signal comprises a pulse.

.22, The method as claimed in any of claims 18 to 21, wherein the first antenna and

the second antenna are spaced apart in a first direction.

23. The method as claimed in claim 22, wherein the third antenna and the fourth
antenna are spaced apart in a second direction, the second direction being at least

substantially vertical to the first direction.
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30. The nethod as clained in any of clains 27 to 29, wherein during the
third predetermned tine period, the fifth antenna is electrically
connected to the first receiver chain, and the sixth antenna is
electrically connected to the second receiver chain. 31. The nethod as
cl ai med i nWE112306F ai ns 18 to 30, wherein the first pBFECIEWEPIN| on
frequency and the second pul se repetition frequency are selected froma
frequency .range between 1 kHz and 100 MHz. 32. The nethod as clained in
claim 31, wherein the first pulse repetition frequency is 20 MHz. 33. The
met hod as clainmed in claim31 or 32, wherein the second pul se repetition
frequency P4 19Thpomethed as coimsdpmelaimyppy sfipkaims B for23; ayhereygpthe distance
2011/ 123065PCT/ SG2011/ 000130

between the first antenna and the second antenna, and the distance between the third

antenna and the fourth antenna is in a range of 1 cm to 3 m.

25. The method as claimed in any of claims 18 to 24, wherein during the first-
predetermined time period, the first antenna is electrically connected to a first receiver

chain, and the second antenna is electrically connected to a second receiver chain.

26. The method as claimed in claim 25, wherein during the second predetermined
time period, the third antenna is electrically connected to the first receiver chain, and the

fourth antenna is electrically connected to the second receiver chain.

27.  The method as claimed in any of claims 18 to 26, further comprising:

during a third predetermined time period, receiving the first periodic signal using.
a fifth antenna;

during the third predetermined time period, receiving the first periodic signal -
using a sixth antenna;

multiplying the first periodic signal received by the fifth antenna and the second
periodic signal to acquire a ﬁfth output signal;

multiplying the first periodic signal received by the sixth antenna and the second

periodic signal to acquire a sixth output signal;
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34. The method as clainmed in any of clains 18 to 33, further conprising:

during a fourth predeterm ned tine period,
during the fourth predeterm ned tine

signal using the first antenna;
period, receiving the first perlodlc signal using the second antenna.
PACE | S BLAMNS2011/123065 : : PCT/SG2011/000130

determining the time difference between the arrival time of the first periodic
signal at the fifth antenna and the arrival time of the first periodic signal at the sixth

antenna based on the fifth output signal and the sixth output signal.

28. The method as claimed in claim 27, wherein the fifth antenna and the sixth
antenna are spaced apart in a third directioxi, the third direction being at least substantially

vertical to both the first direction and the second direction.

20. The method as claimed in any of claims 27 and 28, wherein the distance between
the fifth antenna and sixth antenna is in a range of 1 cm to 3 m.

30. The method as claimed -in any of claims 27 to 29, wherein during the third
predetermined time period, the fifth antenna is electrically connected to the first receiver

chain, and the sixth antenna is electrically connected to the second receiver chain.

31.  The method as claimed in any of claims 18 to 30, wherein the first pulse repetition
frequency and the second pulse repetition frequency are selected from a frequency range

between 1 kHz and 100 MHz.

32.  The method as claimed in claim 31, wherein the first pulse repetition frequency is

20 MHz.

33.  The method as claimed in claim 31 or 32, wherein the second pulse repetition

frequency is 19.998 MHz.
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34.- The method as claimed in any of claims 18 to 33, further comprising:
~ during a fourth predetermined time period, receiving the first periodic signél using
the first antenna;
during the fourth predetermined time period, receiving the first periodic signal

using the second antenna.
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