"» e3eKl UKi PPQBRART64UTUI QN 1 Met hod and apparatus for nodul ati ng UAB
signals Field of the invention The tion relates to nmethod and
apparatus for nodulating ultra w demmmﬂmnmm,mmmgnal s, for exanple in a
optical fibre or wireless UWB 5 communi ¢ghlan system Background of
Invention It is well known to transmt data in pulses including a w de
range of frequency conponents, known as UMWB pul ses. In such current

comuni cation systens 10 a plurality of ysers can share a signal channel
(e.g. a wreless channel or optical fibre). Conventionally, data is encoded
in the signals in one of four ways. Fig. 1 illustrates four of these

techni ques, all of which transmt bits as respective 15 pul ses. The pul ses
transmtted by a given =il in each of the
t echni ques each user t1<&mnsm : Th-eact—pertod—or TP, referred
to as the pulse repetition perlod A first known nodul ation techm que,

known as pul Bieldofihe invemtighul ati on 20 (PPM, is illustrated in Fig. 1 (a).
Wen a "1" is to be transmtted, the pulse 3 is located within a period of

d ti the b f th d 0"

transm tted The RePaE averaitry tefeies BoeBinc At BBpalalas for e ftingl vl on -
has fini Shedmeslb%neuw\vvsans'gnb@ '8P AGHPIAN 4iddiceniiRe [diewbpiss s ab! €
to resolve the tinme of ul se, ence referred to as the 2

"resol uti®Dn" commurdcation systemen as a = aTw, , where a is referred to as the
"relative factor".

Background of Invention

It is well known to transmit data in pulses including a wide range of frequency
components, known as UWB pulses. In such current communication systems

10 a plurality of users can share a signal channel (e.g. a wireless channel or
optical fibre).

Conventionally, data is encoded in the signals in one of four ways. Fig. 1
illustrates four of these techniques, all of which transmit bits as respective

15 pulses. The pulses transmitted by a given user have a pulse duration of Ty,
and in each of the techniques each user transmits one bit within each period
of Tp, referred to as the pulse repetition period.

A first known modulation technigue, known as pulse position modulation

20 (PPM), is illustrated in Fig. 1(a). When a "1" is to be transmitted, the pulse 3 is
located within a period of duration = at the beginning of the period Tp, and
when a "0" is to be transmitted the pulse 3 is transmitted only after the period
of duration = has finished. The duration 7 is the accuracy with which the
system is able to resolve the time of the pulse, and is hence referred to as the

25 "resolution”. It can be written as 7 = a7, , where « is referred to as the

"relative factor".
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+2 Arsecond known nodul ation techni que, known as "bi-phase" nodul ation, is
illustrated in Fig. 1 (b). In this technique, when a "1" is to be
transmtted, the pulse 3 is transmtted with a first polarity, and when a
"0" is to be transmtted the pulse 3 is transmtted with the opposite
polarity. 5 A third known nodul ati on techni que, known as pul se anplitude
nodul ation (PAM, is illustrated in Fig. 1 (c). In this technique, when a
"1" is to be transmtted, the pulse 3 isztransmitted with a high anplitude,
and when a "0" is to be transmtted the pulse 3 is transmtted with a | ow
anplitude. 10 A fourth known nodul ati on techni que, known as on-off keying
nodul ation, is illustrated in Fig. 1 (d). In this technique, when a "1" is

to be transnjtted. . the puls s transmtted at . he begi nninag.of the
period 1o, andenshkaswgingdhiiortiechRARE kol 3o bnge B8N, b1 o
during the pRisteted A Figd 1iBeinvtisRchhiduee whishse" a9 e bbitihshfted |thgl ts the
data transm ssion rate, even though the pulse width is very short. The data
t ransni ssi orPuisg @ intrapsmittas with adirst peladtyuasd swheneas0' is tapetteansmitied hundr ed

wourd be to THELERER R UbP M THARRE Sty “LUT 1 hi's voula deor ade

the capaBility of the transm ssion channel to support rmnulti-user
applications, Furthernore, a pul se generator with a fa tqqgul se repetition
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nmodul ation, ‘and Tn particul ar chni ques provi de a higher data
t ransm ssi ortraresnattedy thequutlses 3ds transmittednwith ia-higle ampitude, [andywhen 8 "Dhis
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A fourth known modulation technique, known as on-off keying modulation, is
ilustrated in Fig. 1(d). In this technique, when a "1" is to be transmitted, the
pulse 3 is transmitted at the beginning of the period Te, and when a "0" is to
be transmitted no pulse is transmitted during the period Tp.
15
The value of the pulse repetition rate limits the data transmission rate, even
though the pulse width is very short. The data transmission rate of current
single band UWB systems is up to a few hundred Mb/s, but it would be
desirable to increase this value. One possibility would be to increase the pulse
20 repetition rate, but this would degrade the capability of the transmission
channel to support multi-user applications. Furthermore, a pulse generator

with a fast pulse repetition rate (i.e. a low value of Tp) is expensive,

Summary of the Invention

25 The present invention aims to provide new and useful methods for UWB
modulation, and in particular techniques which provide a higher data
transmission rate, without sacrificing multi-user capability.



“period which is greater than two. A first way in which this may be achieved
is for nore than one of the four 5 known nodul ati on techni ques be used to
nodul ate the pul ses,. To our know edge it has never previously been

provi ded to conbi ne nore than one of these techniques. Preferably all four
of the known nodul ati on techniques are used to nodul ate the pul ses, but the
invention is not limted in this respect. 10 A second way of providing a
nunber of possible states in each pul se gepetition period which is greater
than two is for the data transm ssion to include pul se repetition periods
in which a plurality of basic pulses are transmtted (i.e. that nultiple
copies of pulse are transmtted at different respective tine positions

within a singl S pefit] er i e 0 i ding a
number of - patesRLe CBotSE e, MuEB ol afion BiondeS A g ey B B o

than two nayedhnigue skoylt eroedesedumbpabiipessiblelstatestineaphghisabépetiion

conbi ned. Brief Description of The Figures Preferred features of the

i nventi on wiPerof Whigh isggreaterstan tWer the sake of 20 illustration only, with
reference to the followng figures in which: Fig. 1, which is conposed of

Figs. 1 (a) in WHi at f : id G |
t echni ques; pleﬂlg'gs* V(éép %wcméﬁgﬁlgoﬁ%%s%gégﬁag%sl. 2( g@??"%%ﬂéﬁ F}Ebstf?lgt es
modul at i 6n iknownf madulatidodecriques benaisiedvtntmodulatendheyptilses,. f bo our

respectivel eneratijng 25 and decodij this npdy| ation; 4 Fi,g. 3, which
< bonposed KPWEGSE It 3fhs)net Riedptsh et pivitad e cembine margHan deor ¢ ne
first enmbodigigRsetedhifqudy’ PHefc?BblyCAMTHUrast the Kndvrk AUl A s B hivfiiesand
Fig. 4, which is conposed of Figs. 4(a) to 4(c), illustrates nodulation in
5 a second endodietete roodulate ithe epuises, bainthe yrientiont ix noédipeitad Vel this

generati ng a}ggpedc?codi ng this nodul ati on Detail ed Description of the
enbodi nent s '

10 A second way of providing a number of possible states in each pulse
repetition period which is greater than two is for the data transmission to
include pulse repetition periods in which a plurality of basic pulses are
transmitted (i.e. that multiple copies of pulse are transmitted at different
respective time positions within a single pulse repetition period).

15 These two ways of providing a number of possible states in each pulse
repetition period which is greater than two may in principle be used
separately, but more preferably are combined.

Brief Description of The Figures

Preferred features of the invention will now be described, for the sake of
20 illustration only, with reference to the following figures in which:
Fig. 1, which is composed of Figs. 1(a) to 1(d), illustrates four known
UWB pulse modulation techniques;
Fig. 2, which is composed of Figs. 2(a) to 2(c), illustrates modulation in
a first embodiment of the invention, and systems for respectively generating
25 and decoding this modulation;



10 Referring firstly to Fig. 2, a nodul ati on system which is an enbodi nent
of the invention is shown. As in the known techni que, pul ses are
transmtted with a basic period of TP, which is the reciprocal of the pul se
repetition rate. However, in contrast to the known techni que, the pul se may
be transmtted with any of a greater nunber of possible pulse states. 15
Specifically, the pulse may be transmtted with: (i) any of b possible
anplitudes, (ii) either of 2 possible pojarities, (iii) at any of 2"
possi bl e positions within the period TP. The 2" positions are spaced apart
by time intervals z . Furthernore, as in the on-off keying technique, it is
possible for 20 no pulse at all to be transmtted during the TP peri od.

Thus, th | nunb f bl e pul ' 1 T h
number of 1 nf or mliBus Wiee S EPEwoRsf G ETas sfrAnd 3T ERSBaiesdne ey (b -
2"+ + 1) . 6Eﬁa%|t¥)%ftﬂé ﬁk%léﬁib%@lmént':cbfghe%@nt%' E6mPpBANBtotwd @S Posi ti on)

a nunber of the 25 possible states. The first 2" of these states are shown
as havi ng t HecAmigues.wad b and bei ng di spl aced from each other pairw se by

the period z . f SG t f

possi bl e anpl i tuggib ﬁ&ﬁgﬁhqg%ﬁ&?%ﬁﬁﬁ 0&%0 (%a@ ‘Rg 'Iﬁ#g?g&%m%dﬁ'wﬁgsm bl e
pul se st &t esa sédf@TcEeMo&rméﬂit&Ifmelhm@nﬂbﬂlmdl itegsafppesspettipelyari ty. Thus,
there are a total 5 pul se states. This is in
addition to Qfﬁ"@rﬁm?ﬁ? Iqu9dWSéP'3rf6°9\!||la§@” at all is transmitted during the
period TP . The systemfor nodulating the pulse is as showmn in Fig. 2(b). A
data stream 5 input fromthe left of Fig. 2(b), and passes to a

seri al -t o- paDetailet! Descviptioreof the ¢BBGIIMaHte SPC 11 is arranged to process
its input in blocks, so that it receives log2 (b . 2"+ + 1) bits
successively and uses themto sinultaneously output respective bits on | oge
(b ~ 2"#Hp + i 3n j ; t IogZ
(b 2ne 10, " [YOIeRT st FERE 2.3 WO iskien Fant RHicsR 1 SFOPAEJIRE. |

1) possible |pue|$tmrsltsaaiwrad><sandhegnownaeprnm'mé,i puisles blg tramsmttteairw)h Aappi ng

bet ween i nput strln i.bl.e states e elected state,
Che. mappi g G PeOR of de. BRERAS i TrcyBEaTBs PLlsrePetbat 181 nver si on
unit 15, a vabwabéleua&ématt@rthékn@wﬁ téchtgiidthe plidednay e trdfsmilteg system
further includes a pulse clock 21, which provides a timng signal to a 15
pul se gener avidh aowiof ajgreatﬁwwmqu possibiepyse Statgénerat or unit 17 is
transmt 5ed successively to the inversion unit 15, the variable attenuator
17 and the variable delay unit 19, to produce a pul se which has the pul se

state sel ectsge&&céllyetheamsegnawbe traP8mitees witht@)rrarﬁyoofﬂ@@eélblatl ng the
signal is shown in The received si %nal is input fromthe

left of Fig. arpp&t}]dep,s(gp ﬁﬁﬂ?r ¢f? Rossiblernaiaition; Bhatu?f‘X 0%% Pegsikiet er ni ne the

| k t n
cL oK. 1™ Dposis WinF IR ooy P Y8 hfiord brtlobhel ERR fifgO™S
pul se cl ock iBgrvalsta alﬁlsnhmemmfet as i thel csreoﬁdqegrn@tteohmquet it B5posdisleddr out put

of the pul se generati nit 35 stas dto a_first line 37 which
Io20 pulse at a?l to%e transmftted rlrrlwgrrhetli period. waus,t e total number o

possible pulse states is »-2"" +1. Thus, the number of information bits which

can be transmitted per pulse is log,(b-2"" +1).

This is illustrated in Fig. 2(a) which shows (in superposition) a number of the

25 possible states. The first 2" of these states are shown as having the amplitude
b and being displaced from each other pairwise by the period 7. There are
indeed 2" of these states for each of the b possible amplitude values.

Furthermore, for each of these b-2" possible pulse states, there is another

pulse state having opposite polarity. Thus, there are a total of 5-2"" possible



" does not introduce a delay to it, and to each of 2n-1 delay units 39, which
respectively produce regularly spaced respective delays fromz up to T (2"
-1) .The outputs fromthe line 37 and delay units 39 are transmtted to 2"
respective correlation units 41, which nmeasure their correlation with the

6 received signal. The outputs of the correlation units 41 are transmtted
to 2" polarity detection units 42 which neasure whether the correlation is
positive or negative. The correlation isgthen transmtted to 2" respective
anpl i tude nmeasurenent units 43 which neasure the anplitude of the
correlation, and 5 classify it into one of the b + 1 possible values (i.e.
O or 1tob). The results obtained by the polarity detection units 41 and

anpl i tude r t j S I LI | ng. unit 45,
ahrch i's abPaReiaes: 1B 5T SgafoR b 1S REBURAE, bt BoptieRL AR Y | 12,
types has beenshiited dedng énslpetiodM-decodes this result into the
correspondi ng one of the b ~ 2"+ + 1 strings by the 10 inverse of the
mappi ng performed by the mapping unit 13. The result is transmtted to a
parallel to rd i I verd er 0 Y/ i £0 rt i result
into b 2" +'ﬁ]% éf% k)elrﬁ f@Q‘?’g&Q@%Q t{]?grlljggr}’ﬁ '%s?%t%c?\g@ @h:n'gr gebjalpigésl%ssaf:e%@gsi vely
towar ds §he inpgtitonothd-left ofKig) 2(blSarkd pass¥sap d seraldoqzraliel conoérteéme

nor nal i sed nel. ¢ city of the first enbodi ment of the invention for
b=1 and oveﬁggﬁ)i J&@%%‘?’mﬁﬁ%ﬁrraag% 3 Praaess g inutdn bipcksyae thatdbcity of

Cor apona T TUGEI Gt S Qe ARl ol .
Note that ¢ Ru s ReE bt R 5005 o2 arRfl (aiedarEeRsss 1 e
Fepoti t1on Sl o tiece ILERFO™S NS arfluddsthiffto'cl dtiq & P P3P
embod negt OPEitber; o DI BERE aRRRReolMG R bibrefit i Shoifd)
val ue of a -mamngaamééryirﬁfut§ﬁm@§r§rioc>§@ésitls?§méte§l. Dep&RHiag omfel ation are

shown by the lines with corresponding |1abels, and the channel capacity of
the first erselantetatate themaapping sndds semisgaraspondingseatrol signatietd ames 6

capaci ty < INFRh 1o R YR bR Ak 7 A v By Wk 4T TR 01 "t e
i nvention wisykteneWrterdhcigdes apudd dlock el @Ak providlekidtimthg signalitosa
enbodi ment the waveformtransmtted in each time period TP 1s nore conpl ex:

a "m xedSpulPsdse gepgrateriunity] 5 dhe pgput eidhedtulamaereratairunivl 7 ishe pul ses
transmtted | [ : ' t: ; | o0 here
a5 "basi o plibsifed bfi&eSIRRANIITR vdRERAEHs theRerBBR, Ao RIdSH f

t ransl at i onsandrtheivaeiabkendelay anif1@; taprotusec pyplee avhitly hasdhepplsetsiate. As 10
di scussed bel Bq\/gv a(“q gf t hese basjc pulses are formed fromthe sane

gener at ed pPCECICIAY e MARARAURLdi fied, and in this sense the basic pul ses
are all "copies" of the generated pul se. Thus, the information which is
encoded in the mxed pulse is determned by: 15 (1 ) the nunber of basic
pul ses @0 whihehsystemfox demodubadingdhe sigmaé ispehgiwn inf-ig( 2{c)t hke petaived y of
each of the basic

signal, wRi%LSl36|sr'iput from the left of Fig. 2(c), is input to a synchronisation unit
31, to determine the clock timing. This is input to a pulse clock 33 which
thereby becomes synchronised with the timing of the received signal. The
output of the pulse clock 33 is transmitted to a pulse generation unit 35. The
25 output of the pulse generation unit 35 is transmitted to a first line 37 which
does not introduce a delay to it, and to each of 2"-1 delay units 39, which

respectively produce regularly spaced respective delays from z up to
7-(2" -1) .The outputs from the line 37 and delay units 39 are transmitted to

2" respective correlation units 41, which measure their correlation with the



(3) the position (in tinme) of each of the basic pulses; and (4) the

anplitude of each of the basic pulses. 20 Fig. 4(a) illustrates the m xed
pul se nodul ati on. The state shown as "state 1" is a superposition of two
basic pulses, as is the state shown as "state i". Conparing Fig. 4(a) with

Fig. 2(a) it is clear that there are many nore possible states in the
second enbodi nent, which neans that we can nodul ate nmuch nore information
into each pulse repetition period. 25 Fig. 4(b) is a block diagramof a
nodul at or which is capable of generating these pulses. As in Fig. 2(b), the
systemreceives an input signal as a bitstreamfromthe left of the figure,
and a serial-to-parallel converter 51 converts it to a parallel signal. The

I'lel si | .1 . t [ it 53  whi 30 .det er.m
Dakre o seRERYGRAGRAIThS oeBRER) N A3kt 57 8 IR A 0
the pol aritigslaffy détectiss LRitdUD ficibasife ARBLHErYRE cYaklftionGé pbiliydasi ¢
pul ses. The systemincludes a pulse clock 61, which provides a timng

signal to a ©F pegalivegéhercarelation is them transmistadoiot2"oespaetiveuamplitydaer at or

2 del ay of 2espug B R obhBepdusiBsetlinds SLobarsEil A be. anc
their posgticlassifylinmto@ppidtahesii1 passibRORIUED(ie RsMTlicE). aMesreslita set of

switches 52, to thereby select these pulses for survival into the final
m xed si gnal obtainerhay Kia pelagtysietesionsupitcht and 2mpliude measuremant anits

5 hnd o swi e AR tled s delBdBd WRE 35 Wnkfis 2B tofliae el ' ¢ " he ©
figure) eithgstethmeowhititofahe fém_@"ﬂf 23 PRk tyﬁeis?lﬁ%;‘s BBEA redeifbd LAR RHlgput of

the inverter 54. The switch 56 is 15 contiolled by the mapping unit 53,

whi ch t her ebglecaridsr thissreshlttifterthé lterrespondingonklhuf thevu. i’ 56 dtangdby shenal

i nput fromthe correggondi ng swtch 52, or an inverted version of it, i.e.
the mapplthg (MPESes theARRIE] PeFopped byithe snanmiag wadils. Jhedesulb e The

out puts of t 1 t j i ; L f A its
57 Pubt o anbfTHERS s Bareflttol Rt S ol Rricf wAR 47, WhicRomer i |

the mappi ng oné resudt infdhe - 285Ul it \ailved Aedtransiits eisosyybidappvdlueat i on unit
58, to generate a 25 nodul ati on output. There are many ways in which the
mappi ng uni t SuEressiyely towasds tha dghtief Fi@tENi ne the rel ati onship between
sets of bits input to it and corresponding m xed signals generated. 30 9
Suppose for exanple, that the systemis |imted to generating m xed pul ses

15  Fig. 3(a) is a comparison of the normalised channel capacity of the first
embodiment of the invention for b=1 and over an ideal channel, against the
value of a . The capacity of conventional PPM and bi-phase modulation are
shown by the lines with corresponding labels, and the channel capacity of the
first embodiment in the two cases n=2 and n=4 is shown as the lines 2 and 4

20 respectively. Note that the larger the value of n, the longer the time duration of
the pulse modulation, so if n becomes large for a given value of « the pulse

repetition rate may be reduced, and the channel capacity falls.

Fig. 3(b) is a comparison of the normalised channel capacity of the first

25 embodiment of the invention for n=4 and over an ideal channel, against the
value of « . The capacity of conventional PPM and bi-phase modulation are
shown by the lines with corresponding labels, and the channel capacity of the
first embodiment in the two cases b=2 and b=4 is shown as the lines 6 and 8
respectively.



“including only up to two basic pul ses. Suppose also that there are two
possi bl e anplitude | evels for each basic pulse, a~ and a2. In this case,
there are 25 possible m xed pul ses (states), as shown in Table 1. 5 Table
1: mxed pul se states and exanpl e mappi ng St atesPul se copies (yes: 1;

no: 0) Pul se pol aritiesPul se anplitudes (a~:1;az:2)Exanpl e mappi ng

(nodul ation) Pul se 1Pul se 2Pul se 1Pul se 2Pul se 1Pul se
2000****0000101*+*10001201* +*20010301* - *40011401*-*20100510+*1*0101610+*2*0
110710-*1*0111810-*2*B911++11B1011++12B1111++21B1211++22g1311+- 1110001411 +-
1210011511+-2110101611+-2210111711-+1111001811-+1211011911-+2111102011-+221
1112111--11B2211--12B2311--21B2411--22~B *: not avail able The left colum

| abel s th 5.t at t I to 24 d.th t six.1 I
oo car o enRAS LR BB B, Al o St cBBE S At e
third col umpaowRBERAiGYesYy i ndicate, by a 0 or a 1, whether the

correspondi ng state includes a correspondi ng one of the two basic pul ses.
The fourth and fifth colums indicate the respective polarities of the two

ool £t des. & ST srpBpdiniert o Rk, bR wLh oWk bisfu e FerbRAREEL o
neani ngl gss Apskilbithis eynfadiment the wawdfori trdnemittéd aheaeh tier parfod Ngisbasi ¢

pul ses is transmtted, it is meaningless to talk about the polarities or
anpl i t udes GROTEHGERPIBY) & eBjxedpulsry’, W 1§ & SHRAMROSHIOD 98 ongMIrenele &f thehe

| ( i . z : \ i 53
bet ween 1 hetg Sraarismigu SRR NISE BriFRRBhes, TABse Btrbulp BRARd M he
seri al -t o- pécae bel"basio\peides’. All have the semefondEmentat skapd, ldrringe st at es,

e, Lo Bt U SR R G i RS a0 © e

10  discussed below all of these basic pulses are formed from the same

generated pulse, which is then modified, and in this sense the basic pulses
are all “copies” of the generated pulse.

Thus, the information which is encoded in the mixed pulse is determined by:
15 (1) the number of basic pulses of which the mixed pulse is a superposition;

(2) the polarity of each of the basic pulses;

(3) the position (in time) of each of the basic pulses; and

(4) the amplitude of each of the basic pulses.

20 Fig. 4(a) illustrates the mixed pulse modulation. The state shown as “state 1"
is a superposition of two basic pulses, as is the state shown as “state i".
Comparing Fig. 4(a) with Fig. 2(a) it is clear that there are many more
possible states in the second embodiment, which means that we can
modulate much more information into each pulse repetition period.

25
Fig. 4(b) is a block diagram of a modulator which is capable of generating
these pulses. As in Fig. 2(b), the system receives an input signal as a bit-
stream from the left of the figure, and a serial-to-parallel converter 51 converts
it to a parallel signal. The parallel signal is input to a mapping unit 53, which

30 determines how many basic pulses should be generated, the positions of the



states with bit patterns is determ ned by the mapping unit 53, but is
conpletely arbitrary. As shown in Table 1, the mapping unit may not
associate sone states with any bit patterns, and these states are shown by
the synbol "o0". This neans that, irrespective of what bit patterns are

i nput the mapping 15 unit 53, these states wll never be generated. This
reduces the efficiency of the unit, but as shown in Table 1 the m xed
signal is still capable of generating digferent states for each respective
different sets of 4 input bits. Thus, a single m xed pulse carries 4 bits
during one pul se-repetition period. 20 By contrast, if the systemis a
"single pulse" systemwhich is only allowed to generate at nost one basic

pul se (i.e. Jdt.i i Fig. . .2(b ut. this one, pul se n t ake either of
Pooposi 1 1 ofasicyiys. e Fofhctie Bithe, Bobig pliseer At A ARe e \Blfecishtos o
states O tobaskhsweed.n Table 1. Therefore, the systemis only able to
transmt 3 bits during one pul se repetition period. 25 Note that the coding
system of Fig. 4(b) could be made even nore efficient if respective bit
strings wer 1At ' [ - ; jt would
be possi bl e%@fs%{gﬁéerﬁéﬁ(g?%\éré ?(ﬁ}tlE!rea{;’lﬂs?(r:r%E ??h@ﬁgﬁt‘ﬂgﬁld%ga}@m§ggh$%bréati on in
each m x&8d pulseegendratoremit 51. Mte ddtputofthepuide gémdratoriumitisttransntlited as t he

30 nunber of possible val U(Ies taken by .5 bits,nﬁi . e. ?%% this woul d nean that
the 11 syd® @émnanrhznddelanumts p@uinichegadbintiediica afielay opal- Savikget i ti on

peri od woul ; ' ' ty, Of ' bltastring

al ways havi (rgigef%}ﬂ{e'ﬁ%gﬁé“ﬁﬁﬁgzr%’gg‘ca%lﬁgiy\fh%?ﬁ'gpﬁlﬁiﬁgb{g nbhg?“i’? g&“,o Rg’ tsh%st em for
denodul at i ngnagpisg singd closes boespdridingones gf aiset bbswitchdsh82, sy thenebef Fi g.
2(c)) and accprdingl orr espondi units. are . lapelled by reference
b al s i GRSt SR pUSE o BRvA I kdind! b Sns ot 1 om the 1eft of
Fig. 4(g), is input to a synchronisation unit 71, to determne the clock

timng. This is input to a pulse clock 73 which thereby 10 becones
synchr oni sed hai eutpuiseofitheismitchés BReare dramismittied tayresipecliveeinvergion uoftst he

| se clock 34 s, transmtt | se. i it 75. The output of
Phe pul se_g@ReFaEn danop vt 5 MefbuBSAT aNBh ok AP Bwlef 30, 9AT o docs
not i ntrodugritputs €indte divetion 0 thd ﬁgm&ﬁhh@ti?aié)leitﬁer e sipubofifhe Whi ch
produce regul arly spaced respective delays fromz up to z ~ (2" -1) .The

out put fr omrespediwe|switshes 52rer thelaputafthe ryesiee S¢r fhe sinitcb ois 2"

Fecer ved e GAATOI bR Rrhift vt 3 o aRYlsyl Al Pbfet b Bultlor ' e
correl ati on ofithé swidh 56 i® ehelsigadeidpaxmeinl thel@brr@@bahamg_samhasmldrtalnde _
detection units correspondi ng 20 exactly to those of Fig. 2(c). However, in

i | : - 2(
the system dnvariey version ofdt, heethenmappingaitud3 pertepls tee polarity 0} thenpasic
hi gher, it ip%lﬁefe”ed that the decoding is perfornmed by a standard
“maxi mum | i Kel'1Thood" or "Viterbi" decoder unit 72, which directly
determ nes which of the possible input signals to the systemof Fig. 4(b)

i t Lik to h d d 1 xed I i t to the left, 25
L5 oStk kslit S o havS, odiced, the e Ul LIRUC L el oLk
converter URjHicH Amphfy $e re3p¥stiveShad %:é@ th %%Lﬁrgobﬁ‘tt&bt@nﬁﬁ'ébady Akt stream

tu
and transmts that 'bit stream success?ve y towards the right ot Fig. 4(c).
30 12 Thusnappiog usit She enbodi ments provi des a new codi ng scheme whi ch
can be used in wired or wireless UMB transmtters/receivers to inprove the
dat a

The results are then combined by a combination unit 58, to generate a
25 modulation output.

There are many ways in which the mapping unit 53 could be selected to
determine the relationship between sets of bits input to it and corresponding
mixed signals generated.
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+ transm ssion rate, without requiring a correspondingly increased pul se
repetition rate. Thus, the enbodi nents provide a higher channel capacity
than 5 in known techni ques. References The disclosure of the follow ng
references is incorporated herein in its entirety: 1. Wl born, ML.:
Ankcorn, J.C.; "System consideration for ultra-w deband 10 w rel ess
networks." Radi o and Wrel ess Conference, 2001. 2. G an Mari oo Maggi o,

Ni kol ai Rul kov, Luca Reggi ani, "Pseudo-ghaotic time hopping for UAB inpul se
radi o." | EEE Transactions on Crcuits and System 1 Fundanental Theory and
applications. Vol. 48, no. 12, Dec. 2001. 3. US patent 5274271: U tra-Short
Pul se Generator. 15 4. US patent 5319218: Pul se Sharpening Using an Opti cal

Pul se. 5. : ' . i N ' |
T ey, S Tor SRR et (RSIAEA S adefsbaghiba Bisss <L one <
tunnel di odecludinganly deltebso basiei pidses. Bupposealsmtimtthéré=idawoB2: Met hod

and apparatus for signal detection in ultra w de-band, conmmuni cati ons. 8. US
ot et 551 PESEbIEAREILs gl or oo Resic ki 96 Bd e IHiNG GRS REB . o US

atent 619 : ; \ e | 13 10. US patent
5026125: vé&%???prﬁsggg%h'%ﬁ PfisBS TS IeNad ShORATh able 1. 17 Abp. Mo US

2003/ 0088286A1: U tra w deband enhanced robot and nethod for controlling
the robot. 12. App. I\Pabt‘lg 2003/883%%853{6%8 a?_}/dséxeanr}]&nd met hod of energency

1: mixe € mapping
States Pulse copies Pulse polarities Pulse amplitudes Example mapping
(yes: 1; no:0) (a1:1;azz2) {modulation)
Pulse 1 Puise 2 | Pulse 1 Pulse 2 | Pulse 1 Puise 2

0 0 0 * * * * 0000
1 0 1 * + * 1 0001
2 0 1 * + * 2 0010
3 0 1 * - * 1 0011
4 0 1 * - * 2 0100
5 1 0 + * 1 * 0101
6 1 0 + * 2 * 0110
7 1 0 - ¥ 1 * 0111
8 1 0 - * 2 * B

9 1 1 + + 1 1 B

10 1 1 + + 1 2 B

11 1 1 + + 2 1 B

12 1 1 + + 2 2 B

13 1 1 + - 1 1 1000
14 1 1 + - 1 2 1001
15 1 1 + - 2 1 1010
16 1 1 + - 2 2 1011
17 1 1 - + 1 1 1100
18 1 1 - + 1 2 1101
19 1 1 - + 2 1 1110
20 1 1 - + 2 2 1111
21 1 1 - - 1 1 B

22 1 1 - - 1 2 B

23 1 1 - - 2 1 B

24 1 1 - - 2 2 B

*: not available

The left column labels these 25 states (by the values 0 to 24), and the next six
10  columns indicate which state this corresponds to. Specifically, the second and
third columns respectively indicate, by a 0 or a 1, whether the corresponding
state includes a corresponding one of the two basic pulses. The fourth and
fifth columns indicate the respective polarities of the two basic pulses. The



"5 apparatus pre-depl oynment using inpulse radio radar. 13. App. No. US
200310035465A1: Radi o communi cations system transm ssion nethod radio
reception method and conputer programtherefor. 14. App. No US

2003/ 0036374A1: Wreless |local area network using inpulse radio technol ogy
to i mprove conmuni cations between nobile nodes 10 and access points. 15.
App. No US 2002/ 0018514A1: Method and system for fast acquisition of pul sed
signals. 16. App. No US 20021006080Al: Mg hod and system for reducing
potential interference in an inpulse radio. 15 17. App. No US

2002/ 0176511A1: High pul se-rate radi o-frequency apparatus and associ at ed
nmet hods. 18. App. No US 20020168003Al: System and net hod of communi cating

20020143066 1R A AU el oRGhe Y Vasp BRIRE amptiiosa™h nRupesioru s

radi o communpgisés.dnghis28bleUthepgyrabdl Sin8Rateldd mddrimgldsapdssibiliey @.giSof or
vector nodul ation in a_ comunication system 21. US Ratent 4,843, 351:

Vect or nodul Seted. o7 yhigh peitgrafspe basgp@qes '@Jéradﬁ!@ ed gt isomeapinglasst hod
and system f gy ganssliRg pb"étrﬁlrég?{r%?ﬁﬁltu&b@& thHQé”p%Fsers?.d' 0. 15 Cains

5

The eighth column of the table (i.e. the column on the right) indicates the
mapping applied to the mapping unit 53 between these states and the
possible bit patterns input to it from the serial-to-parallel converter 51. In other
words, for each of the states, the eighth column of the table indicates which
10  bit pattern would cause that state to be generated. The association of these
states with bit patterns is determined by the mapping unit 53, but is
completely arbitrary. As shown in Table 1, the mapping unit may not associate
some states with any bit patterns, and these states are shown by the symbol
"0". This means that, irrespective of what bit patterns are input the mapping
15  unit 53, these states will never be generated. This reduces the efficiency of
the unit, but as shown in Table 1 the mixed signal is still capable of generating
different states for each respective different sets of 4 input bits. Thus, a single

mixed pulse carries 4 bits during one pulse-repetition period.

20 By contrast, if the system is a "single pulse" system which is only allowed to
generate at most one basic pulse (i.e. it is as in Fig. 2(b)), but this one pulse
may take either of two positions, two amplitudes and two polarities, then this
corresponds to states 0 to 7 shown in Table 1. Therefore, the system is only
able to transmit 3 bits during one pulse repetition period.

25
Note that the coding system of Fig. 4(b) could be made even more efficient if
respective bit strings were associated with all of the possible states, so that it
would be possible for the system to transmit more than 4 bits of information in
each mixed pulse. However, since the number of states is not as high as the

30 number of possible values taken by 5 bits (i.e. 32) this would mean that the



1. Anethod of transmtting data conprising, during each of nunber of pulse
repetition periods, transmtting a respective UMB pul se waveform which is
sel ected froma nunber of possible UAB pul se waveforns, the set of 5
possi bl e UWB pul se waveforns including pairs of pulse waveforns which
differ fromeach other in two or nore of the follow ng respects: (i) the
anplitude of the pul se waveforns; (ii) the position in tinme of the pul se
waveforns within the pul se repetition peffod; 10 (iii) the polarity of the
pul se waveformnms; and (iv) the absence or presence of the pul se wavef orns.

2. A nethod of transmtting data conprising, during each of nunber of pulse
repetition periods, generating and transmtting a respective UAB pul se
wavef orm which,is sel ected.froma nunber, of possible UMB pul se 15

waver or ms. BBl B0 bETLBe R 3R dnata BRER s BRI R ch are a
super posi t i ojo@d ﬁd"{éng_ér BBl sbaiated Wil anidreepthatingif Biﬁét‘?ihg eﬂﬁé%@ﬁhvmg _
positions in tine within the pul se repetition period. 3. nmet hod accordi ng
to claim2 ihegansnumbesef bis. possi bl e UMB pul se waveforms includes pairs
of pul se waveforns which differ fromeach other in 20 two or nore of the
foll owi ng respects: (1 ) the nunber of basic pulses; (2) the polarity of
the basi & pulTsming {o3Figt 4éc)pasiysieanfordemadulatingeiihsighal iseshoasi, ¢t ipweses; and

(4) the anplitude of each of the basic pulses. 25 4. A UWB transnitter
conpri sing: SIMilgr KIRsSYSERM A Fdg A (Ch @ 8RB HNOYLAHIRSPRGINAMNTSIArE nunber
of pul se repghhiid ' i i1 ' i 1 : receive
he” V" put SePEref? By PEEHES ndmBlLI RigFe b T o b R e e
pul se nodi fi input fromuthietlefof &igliddg), isoingat # & syhehronisation unéd,1, tdhve mappi ng

i h I NI .
means contr Odetlep inte t%epctfo&etirrrqﬁwdgl. f‘I'lh(lzsaltslir?lglut to a pulse clock 73 which thereby

10  becomes synchronised with the timing of the received signal. The output of
the pulse clock 73 is transmitted to a pulse generation unit 75. The output of
the pulse generation unit 75 is transmitted to a first line 77 which does not

introduce a delay to it, and to each of 2"-1 delay units 79, which produce
regularly spaced respective delays from 7 up to ¢-(2" —-1) .The output from

15  the line 77 and delay units 79 are transmitted to 2" respective correlation units
81, which measure their correlation with the received signal.

In principle, it would be possible for the outputs of the correlation units 81 to

be decoded exactly by polarity and amplitude detection units corresponding
20 exactly to those of Fig. 2(c). However, in the system of Fig. 4(c), since the

number of possible states is much higher, it is preferred that the decoding is

performed by a standard "maximum likelihood" or "Viterbi" decoder unit 72,

which directly determines which of the possible input signals to the system of

Fig. 4(b) is most likely to have produced the mixed pulse input to the left of
25 Fig. 4(c).

The result is transmitted to a parallel to serial signal converter unit 77, which
converts this one result into a serial bit stream and transmits that bit stream
successively towards the right of Fig. 4(c).

30



“units according to a predefined mappi ng between data and the respective
possi bl e nodifications; the pulse nodification unit being arranged to
nodi fy the UMB pulse in 10 two or nore of the follow ng respects: (i) the
anplitude of the pulse; (ii) the position in tinme of the pulse within the
pul se repetition period; (iii) the polarity of the pulse; and (iv) the
absence or presence of the pulse. 15 5. A UMAB transmtter conprising: neans
for generating a UAB pul se during each gb a nunber of pulse repetition
periods, a pulse nodification unit arranged to receive the UMB pul se and to
nmodify it; 20 mapping nmeans for controlling the pul se nodification unit
according to data to be transmtted, the mappi ng neans controlling the

pul se nodi fi [ unj ding to a redefin?e)cﬁna i ng bet ween data and
Phe"respect M0S,g8a1 Bl 2 SEERIGG hioviads § PehL Aafind BBRRGR WELNEER th

bei ng ar r angedd i wifedi drwitdless BV B Utz niifersnreteiers \ainfirot® e 84t es of the
received UMB pulse. 6. Atransmtter according to claim5 in which the

pul se nodi f ti@asMissiemrate; withawt ieairing -z ageespandingly increasedpBsul se in two
or more of LAl M Fhus, the embodiments provide a higher channel capacity than

5 in known techniques.
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"5 respects: (1) the nunber of copies; (2) the polarity of the copies; (3)
the position in tinme of each of the copies; and (4) the anplitude of each
of the basic copies. 10 7. A receiver for receiving an decoding a U\B
signal, the receiving conprising a receiving unit for receiving during each
of nunmber of pulse repetition periods one of a set of possible UANB pul se
wavef ornms, and decodi ng neans for determ ning which of set of UAB pul se
wavef orns was received during each pul sgqgzrepetition period, 15 the set of
possi bl e UWB pul se waveforns including pairs of pulse waveforns which
differ fromeach other in two or nore of the follow ng respects: (i) the
anplitude of the pul se waveforns; (ii) the position in tinme of the pul se

pul s waver dPre: Unae@ht POpRTS Rk Rl it S daa PRl Y O e

8. A receiver for receiving an decoding a UMB signal, the receiving

conpri sing d1r ecipp. Ny USI 200300028288V litral widétshrepedhriceduigbet and pul se 25
repetition per'hog? one of a set of possible UWB pul se waveforns, and 18
decodi ng me&RNeS foreantialing the 'RRPLh of set of UWB pul se waveforms was

recei ved during each pulse repetition period, the set of possible UM pul se

f i Rel udi ' b
wavef or s 'l']?_sgs'Agg).3@)}’?@026@/6@536383%‘?es@gﬁm%e.c?ﬁétth'oﬁrbf@mér‘d%n%i mor e

basic UMAB p erent respectiv positions intime“wthin the
pul se r epet iapparatpe prexdep@yment esimgvieTpuisecadid radaro claim 8 in which the
set of possible UMB pul se waveforns including pairs of pulse waveforns
whi ch di fferqfroR SaRR, Ud'8ho4/0035465A1: Radio communications system

transmission method radio reception method and computer program therefor.

14.  App. No US 2003/0036374A1: Wireless local area network using
impulse radio technology to improve communications between mobile nodes
10  and access points.

15.  App. No US 2002/0018514A1: Method and system for fast acquisition
of pulsed signals.

16.  App. No US 2002/006080A1: Method and system for reducing potential
interference in an impulse radio.

15 17.  App. No US 2002/0176511A1: High pulse-rate radio-frequency
apparatus and associated methods.

18.  App. No US 20020168003A1: System and method of communicating
high rate pulse signals in a multipath environment.

19.  App. No US 20020143666A1: Package data tracking system and
20 method utilizing impulse radio communications.

20. US patent 5,802,104: Method and apparatus for vector mudulation in a
communication system.

21. US patent 4,843,351: Vector modulation signal generator.



two'or nore of the follow ng respects: (1 ) the nunber of basic pulses; 10
(2) the polarity of the basic pulses; (3) the position in tinme of each of
the basic pulses; and (4) the anplitude of each of the basic pulses. 10. A
recei ver according to any of claims 7 to 9 in which the decoder neans

i ncl udes a maxi mum |i kel i hood estimation unit for determ ning which of 15
the set of possible UMB pul se waveforns was nost |ikely to have generated
the received UMB signal. 11. A nethod ofq4ransmitting data conprising,
during each of nunber of pulse repetition periods, generating and
transmtting a respective UMB pulse which is selected froma nunber of

possi ble UWB pul ses which is greater 20 than two. . A{R A YE
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1. A method of transmitting data comprising, during each of number of

pulse repetition periods, transmitting a respective UWB pulse waveform which
is selected from a number of possible UWB pulse waveforms, the set of

5 possible UWNB pulse waveforms including pairs of pulse waveforms which
differ from each other in two or more of the following respects:

(i) the amplitude of the pulse waveforms;

(i) the position in time of the pulse waveforms within the pulse
repetition period;

10 (iii) the polarity of the pulse waveforms; and
(iv) the absence or presence of the pulse waveforms.

2. A method of transmitting data comprising, during each of number of
pulse repetition periods, generating and transmitting a respective UWB pulse
waveform which is selected from a number of possible UWB pulse

15 waveforms, the possible UWB pulse waveforms including waveforms which
are a superposition of two or more basic UWB pulses at different respective
positions in time within the pulse repetition period.

3. A method according to claim 2 in which the set of possible UWB pulse
waveforms includes pairs of pulse waveforms which differ from each other in
20 two or more of the following respects:

(1) the number of basic pulses;

(2) the polarity of the basic pulses;

(3) the position in time of each of the basic pulses; and
(4) the amplitude of each of the basic pulses.

25 4, A UWB transmitter comprising:
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10516) 7738888wix9. &1 pulse modification unit arranged to receive the UWB pulse and to

modify it; and

5 mapping means for controlling the pulse modification unit according to
data to be transmitted, the mapping means controlling the pulse modification
units according to a predefined mapping between data and the respective
possible modifications;

the pulse modification unit being arranged to modify the UWB pulse in
10  two or more of the following respects:

(i) the amplitude of the pulse;
(i) the position in time of the pulse within the pulse repetition period;
(iii) the polarity of the pulse; and
(iv) the absence or presence of the pulse.
15 5. A UWB transmitter comprising:

means for generating a UWB pulse during each of a number of pulse
repetition periods,

a pulse modification unit arranged to receive the UWB pulse and to
modify it;

20 mapping means for controlling the pulse modification unit according to
data to be transmitted, the mapping means controlling the pulse modification
units according to a predefined mapping between data and the respective
possible modifications;
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received during each pulse repetition period,

the set of possible UWB pulse waveforms including waveforms which
are a superposition of two or more basic UWB pulses at different respective

5 positions in time within the pulse repetition period.

9. A receiver according to claim 8 in which the set of possible UWB pulse
waveforms including pairs of pulse waveforms which differ from each other in
two or more of the following respects:

(1) the number of basic pulses;

10 (2) the polarity of the basic pulses;
(3) the position in time of each of the basic pulses; and
(4) the amplitude of each of the basic pulses.

10. A receiver according to any of claims 7 to 9 in which the decoder
means includes a maximum likelihood estimation unit for determining which of

15 the set of possible UWB pulse waveforms was most likely to have generated
the received UWB signal.

11. A method of transmitting data comprising, during each of number of

pulse repetition periods, generating and transmitting a respective UWB pulse

which is selected from a number of possible UWB pulses which is greater
20 than two.



