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Field of the invention The present invention relates to W@ MMU””
apparatus for nodulating ultra- w deband (UWB) signals, n a
optical fibre or wireless UAB 5 comuni cation systeWBa*ckgrUﬂ‘

Invention It is well known to transmt data in pul ses |nc
range of frequency conponents, known as? UAB pul ses. In s l mm“
comuni cation systens 10 a plurality of users can share a's nnel
(e.g. a wreless channel or optical fibre). Conventionally, Oé* IS
encoded in the signals in one of four ways. Fig. 1 illustrates four

t hese techni ques, all Mdthobiaghl dgaratuistfobiricgiudstingedPER kignals 15 pul ses. The
pul ses transmitted by a given user have a pulse duration of Tw, and in each

of the techniques each user transmts one bit within each period of TP,
referred to@éﬁi&'pﬁl‘@ﬂ@@petition period. A first known nodul ation

t echni que, known as puI se position nodulation 20 (PPM, is illustrated in
Fig. 1(a). WhenpRsedt m‘v%nh@n tf@lattééfﬁ méthsai antdhﬁ pPAHaBEs ﬁ)r' ﬁodh%ﬁmgﬁtré"' thin
a period of duration z at begl nni ng of the perlod Tp, and en a

is to be tra\néebartobcaUWﬁ) ;sugrmS 3fdrsexaraplenin e dpbedlyfibiet or wirdlepe i\ of

duration_z has finished The duration z is the accuracy with which the
systemig aSPEPYIFRLY %St?ﬁb time of the pulse, and is hence referred to
as the 25 "resolution". It can be witten as r = aT, where a is referred to

as the "relgidkgunacéfahvention

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 Tw,
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 technique, 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 7 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”.



2 A second known nodul ati on 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
"O0" is to be transmitted the pulse 3 is transmitted 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 i8 transmtted with a high
anplitude, and when a "0" is to be transmtted the pulse 3 is transmtted
with a |low anplitude. 10 A fourth known nodul ati on techni que, known as

on-of f keying nodulation, is illustrated in Fig. 1(d). In this technique,
when a "1 I@sé@orhﬁkﬁds\ﬁﬁmdmsﬁbn fé&ﬁmq@w Rﬁoﬁn'a% U-@H%%'tﬁ\%@uﬁtlohh%
begi nning of the period TP, and when a "0" to be transmtted no pul se

i s transni t tibustentied igFighd (petn this tIeChI\BJUEh@thi aé&1'0b tothe tpanssaittedptha ti on

rate limts the data tra v RAk

very short . PHIE® dat RehPaRTH 88 FhrsChEagh &l i dop g e Rt o e
is up to a ftawpuleds edirbhémittdaubith theroppekiteepoldasi rabl e to increase this
val ue. One possibility would be to increase the pulse 20 repetition rate,
but thisSwoul d degrade the capability of the transmission channel to
support nult I th
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of the I nvenPiamm), 2§|Ilmb’eatyde|a@1{g 1(nyetntthlsrtednmquéONpem\al"démm/band usef ul

met hods for UWAB nodul ati on, echni ques whi ch proyi.de
hi gher dat a transmitted, the pulse 38 transmltteé with a hlg}'\ ampllltage and when'a "0"is © ©

to be transmitted the pulse 3 is transmitted with a low amplitude.

10
A fourth known modulation technique, known as on-off keying modulation, is
illustrated 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 Tp, 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 puise 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.



transm ssion rate, without sacrificing multi-user capability. 3 |In general
terms, the present invention proposes that the data nodul ation technique
shoul d provi de a nunber of possible states in each pulse repetition period
which is greater than two. A first way in which this my 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. Preferably all foyr of the known nodul ati on

techni ques are used to nodul ate the pul Ses, but the invention is not
limted in this respect. According to one aspect of this invention, there
I's provided a nethod as defined in claiml of the appended clainms. 10 A
second way of providing a nunber of possible states in each pul se ..
repetition Ipegénrrrahersns. thegpeseat invamionwpropeses thahthesdata tmaa%'ﬁ%'%i on to
i ncl ude pul epet ji ti : ' | : L& ' i are
trans t  edohnG0E kR pRRAL st bibeSinle stdtes i et B rGptiRG
different perfeewhichds gresteptisnfwaos within a single pul se repetition
period). 15 According to a second aspect of this invention, there is

nunber of - phlPbeyInavBen s i BRI drevel s fr, i B, Bnai el ol 2oy o,

t han tWés Mephdvih PiddtAtRAEEERniRS bs fiBaH abehydulbtd tHEdpElses ePesfekibly alle
conbi ned. 20 According to a third aspect of this invention, there is

provi ded a fouBof theakrown modulatieretachaiaues areaised4o medyate the puses.fdr ¢ h
aspect of this invent. . re. s lded a UWB transmtter as defined
ey iR eikgied

in claimb5. of this invention, there is
provi ded a receiver as

According to one aspect of this invention, there is provided a method as
defined in claim 1 of the appended claims.

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 muitiple copies of pulse are transmitted at different
respective time positions within a single pulse repetition period).

15  According to a second aspect of this invention, there is provided a method as

defined in claim 2.

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.

20 According to a third aspect of this invention, there is provided a UWB

transmitter as defined in claim 4.

According to a fourth aspect of this invention, there is provided a UWB

transmitter as defined in claim 5.

According to a fifth aspect of this invention, there is provided a receiver as
25 defined in claim 7.



25 definedin claim7. 3a According to a sixth aspect of this invention,
there is provided a receiver as defined in claim8. According to a seventh
aspect of this invention, there is provided a nmethod as defined in claim
11. 5 Brief Description of The Figures Preferred features of the invention
wi |l now be described, for the sake of illustration only, with reference
to the following figures in which: Fig. 4 whi ch is conposed of Figs. 1(a)
to 1(d), illustrates four knowmn UWB pu?se nodul ati on techni ques; 10 Fig.

2, which is conposed of Figs. 2(a) to 2(c), illustrates nodulation in a
first enbodi ment of the invention and systens for respectively generating
and decoding this nodul ation; ichis coqposed of Fi

. 3(a)
and 3(b), cwﬂm@sat%haﬂ}ﬂ%pf&aﬁdevw'%‘f there isip d@ﬁ‘b%d?ﬁ%'ﬁ?’ 8% the
i nvention, wo known techniques; and Fig. 4, which is conposed
of Figs. 4(%'“[%?@?%%% |él | ustrates nodulation in 5 a second enbodi nent of
the invention, and systens for respectively generating and decoding this
modul ati on Metardinedtole seventhi aspest of s ivBotiomethers ispRyidedra methed 851 v t o
Fig. 2, a npd 10 em which is an enbodi rent of the invention is
shown. As r&e%‘?@['l?ﬁg?\ﬁﬁichni que, pulses are transnitted with a basic
period of TP, which is the reciprocal of the pulse repetition rate.
However ,5 i nBfeNDEe8&Hption éfiTEhe&k ARjied echni que, the pul se may be transmitted

Preferred features of the invention will now be described, for the sake of
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;
10 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

and decoding this modulation;



with any of a greater nunber of possible pulse states. 15 Specifically, the
pul. se may be transmitted with: (i) any of b possible anplitudes, (ii)
either of 2 possible polarities, (iii) at any of 2" possible positions
within the period T. The 2" positions are spaced apart by tine 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 period. Thus, the total
nunber of possible pulse states is b 2+41. Thus, the nunber of information
bits which can be transmtted per pulse is log, (b. 2+ 1). This is
illustrated in Fig. 2(a) which shows (in superposition) a nunber of the 25
possi bl e states. The first 2" of these states are shown as having the
anplitude b and fgi navikitE R 86MPoEEOBF ERFN 304 NiHd Qﬁ’ ) SPate tﬁ@%h@ﬁﬁélod v.
There are indeed 2" of these states for each of the b possible anplitude
val ues.  Furaepaeitnpetheffist embrdimentafdbe inventiposeorbbaresiiostvaskreaves, t her e
i s anot her tg&l”ﬁﬁ %aatn% havi ng opposite polarity. Thus, there are a total
of b 2"+ possSible pul se states. This is in addition to the possibility
that no pul se at Fagl4|wh|chr@a@mpbs@doﬂmgswg( e 4zey, iindtrhtes Adbdsiyion f or
nodul ating the pulse is as showm in Fig. 2(b). A data stream 5 input from
the | eftSof aﬁ%jsonzi(%pbogmﬁrﬁﬁé@IrtV@naoaean%sy&t@mafpare?saecamlv(arter 11 (S
PC). The SP i nput in blocks, so that it
receives | oéze%%ﬁé@]gaérﬁq?ggﬁ EBS’(I@%%@@%{)@ and uses themto sinmultaneously
out put respective bits on logz (b 2' + 1) lines. A mapping unit 13
recei ves the al s Qn_th log, (b. 2° + 1) lines, and uses themto
sel ect one cfelaihgd Yescupl on of the embadismgnis o pul se states according to a
predefined (but arbitrary) mappl ng between input strings and possible
states. Depending on the

10  Referring firstly to Fig. 2, a modulation system which is an embodiment of the

invention is shown. As in the known technique, pulses are transmitted with a
basic period of Tp, which is the reciprocal of the pulse repetition rate.
However, in contrast to the known technique, the pulse may be transmitted
with any of a greater number of possible pulse states. |

15
Specifically, the pulse may be transmitted with: (i) any of b possible
amplitudes, (ii) either of 2 possible polarities, (iii) at any of 2" possible
positions within the period Te. The 2" positions are spaced apart by time
intervals 7 . Furthermore, as in the on-off keying technique, it is possible for

20  no pulse at all to be transmitted during the Tp period. Thus, the total number of
possible pulse states is 5-2""' +1. Thus, the number of information bits which

can be transmitted per pulse is log, (52" +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 r . 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



sel ected st'ate, the mapping unit 13 sends corresponding control signals to
an., inversion unit 15, a variable attenuator 17 and a variable delay unit
19. The system further includes a pulse clock 21, which provides a timnm ng
signal to a 15 pul se generator unit 17. The output of the pul se generator
unit 17 is transmtted successively to the inversion unit 15, the variable
attenuator 17 and the variable delay unit 19, to produce a pul se which has
the pulse state selected by the mappingounit. 20 The system for

denodul ating the signal is shown in Fig. 2(c). The received signal, which
is input fromthe left of Fig. 2(c), is input to a synchronisation unit

31, to determine the clock timng. This is input to a pulse clock 33 which

t hereby beceie S¥RehTARN 86 additdnttbens pBaiBiief tHat®o mass ¥edl & gnal . The
out put of the pulse clock 33 is transmtted to a pul se generation unit 35.

The 25 out pitansmitekdpiing eheypade&tdron unit 35 is transmitted to a first
line 37 which does not introduce a delay to it, and to each of 2"-1 del ay
units 39, which respectively produce regularly spaced respective del ays

fromr up tdhe {ydtemIor mbdealatinghe pulgeoimdshshdwmin Big. 2rs). delat strédre 39 are
transmtted to 2" res,oecti ve correlation units 41, which nmeasure their
corr el at Pon iNpYtiram thesleft feipy éd) sarthrpssemio aaefialtte-raralielcoryerter 41i on

rrel at . v RSSO DEePRIS S Prie
anct hor the (Shepel i Per 14 7 ATArBOa T ploeERhRThbapbes, e B e TS then

transmitted réeceides &S PRCI VeIt Isutoskssivalp aat udeB the ot sméifamébdly measur e
the anplitude of the correlation, and 5 classify it into one of the b+l

possi bl e valougsut(respectWeditslon GoddXs - 2THe: 1) #6ed.tA mapping 0ed 18yretbiceptharity
detection units 41 and anplitude nmeasurenent units 43 are transnmtted to a

demappi ng umignalSonwheseh ldes (BiD"E 41 lines, drideusdthedetesaleotovdiotineof the b2’
+ 1 pul se types has been received, and which

10 log,(b-2" +1)possible pulse states according to a predefined (but arbitrary)
mapping between input strings and possible states. Depending on the
selected state, the mapping unit 13 sends corresponding control signals to an
inversion unit 15, a variable attenuator 17 and a variable delay unit 19. The
system further includes a puise clock 21, which provides a timing signal to a

15  pulse generator unit 17. The output of the pulse generator unit 17 is
transmitted successively to the inversion unit 15, the variable attenuator 17
and the variable delay unit 19, to produce a pulse which has the pulse state

selected by the mapping unit.

20 The system for demodulating the signal is shown in Fig. 2(c). The received
signal, which is input 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 7 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



decodes thi's result into the corresponding one of the b 2+1 strings by the
10.inverse of the mapping perfornmed by the mapping unit 13. The result is
transmitted to a parallel to serial signal converter unit 47, which
converts this one result into b 2+ 1 bit values and transmts those binary
val ues successively towards the right of Fig. 2(c). 15 Fig. 3(a) is a
conpari son of the normalised channel capacity of the first enbodi nent of
the invention for b=1 and over an ideal 6hannel, against the value of a.
The capacity of conventional PPM and bi-phase nodul ation are shown by the
lines wth corresponding | abels, and the channel capacity of the first
enbodi nment in the two cases n=2 and n=4 is shown as the lines 2 and 4 20

respectivel yecdiob® sigill. THEOLPDLEESHT thBeotrdiatforPlinifs 41 Rfe hr@nRgpiittddf pi ne
duration of the pulse nodulation, so if n becomes large for a given val ue

of a the pulpséarity gletectionomitssd2wiioh measewivbethesithe corelatianrnie positipaci t y

falls. Fig. s 1.$an . 0 | i hannel capacity of the
first 25 osSatvaNteore RBTeRUBRIF ey Bp il 8%, 8rPEARle APREHE el
agai nst t he myaduren@int anitd A8 whipAGhdaLLAE tie AVItU 8! theRIranatidn, -ahdase
nodul ati on are shown by the lines with corresponding | abels, and the

channel @apatassifydfintmene of tha bertbpersiRiatvalies e O sl TieoregHds b=4 i s

shown as thelj; . Lvely. 14 h ' | gS.. 3(a)
and 3(b) { neottpEs o t@%&é’c?rt'tw%geeﬁfoﬁh‘@' 4L anf B8 pldbeBRbAeht it A
second enmbodiamt tradsrhitiedi to\wedémappingl unitdsy WwisicHiis abrstedusd thent &f er ence to
5 Fig. 4. In this enbodi nent the waveformtransmtted in each tinme period

Tp is nore dajemniog:which of kel bp2|'setpulghitypes baabeapeegrived.iand whiabne or
o O L RS L AR S B Lot dihg b€ T T30 L TSRS B4
10  inverse of the mapping performed by the mapping unit 13. The result is
transmitted to a parallel to serial signal converter unit 47, which converts this
one result into -2™' +1 bit values and transmits those binary values

successively towards the right of Fig. 2(c).

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 « . 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 puise 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.



here as "basic pulses". Al have the sane fundanental shape, barring
translations in tinme, and transformations of polarity and anplitude. As 10
di scussed bel ow all of these basic pulses are forned fromthe sane
generated pulse, which is then nodified, and in this sense the basic pul ses
are all "copies" of the generated pulse. Thus, the information which is
encoded in the mxed pulse is determ ned by: 15 (1) the nunber of basic
pul ses of which the m xed pulse is a supérposition; (2) the polarity of
each of the basic pulses; (3) the position (in tine) of each of the basic
pul ses; 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

super posi t i Wbt@thdte Hoas Fil“_gspgke?%d Qib)!tﬁe bhﬁnﬁél%a&ﬂﬁ%hi@he? i @ the -
Conparing Fig. 4(a) wwth Fig. Z(a) it is clear that there are many nore
possi bl e st &hewnitachmgus&cond enbodi nent, whi ch means that we can nodul ate
much nore information into each pulse repetition period. 25 Fig. 4(b) is a
bl ock di agram of a nodul ator which is capable of generating these pul ses.

As in Fig. 2A($coridhembydineentrofties irendibniwipuwbwshe@drcussedwithtreferbheato f rom
the left of the figu_re, and a serial-to-parallel converter 51 converts it

to a paral |l é19-¢-dRahis erpRogiment tha waveteam transmitied in @agh app PRECATirtlS 53,
whi ch 30 d ' ) : ice pul: .
polsictions g?ﬁéﬂr?e&gﬁplgg’\;\%c ﬁui@@g%gt’%lgﬁﬁﬁgp P%’g)ogﬁ IO?‘he E)rge?s‘?'gmgh%]gfetsheand

t he anpl it ugealses trarsnoittet e thdfist embddiment. Theseyattempulaes vefesred tpul se
cl ock 61, which pr"Bvi.des a t,i ' S5 pul enerator unit 57.

) signal to a e
The out put GETE A8 "BAPEOURETer Al BAVEHE Spae AHImE kAl ghape, barring

translations in time, and transformations of polarity and amplitude. As
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 puises; 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



to a chain'of n -1 delay units 59 which each introduce a delay of r. Having
determ ned how many basic pul ses there should be, and their positions, the
mappi ng unit 53 cl oses correspondi ng ones of a set of switches 52, to
thereby select these pulses for survival into the final m xed S|gnal 10
The outputs of the switches 52 are transnitted to respective inversion
units 55. Each inversion unit 55 includes an inverter 54 and a switch 56,
which outputs (in the direction to the 8ight of the figure) either the

out put of the respective switches 52 or the output of the inverter 54. The
switch 56 is 15 controlled by the mapping unit 53, which thereby controls
whet her the output of the switch 56 is the signal input fromthe

cor respondi basivpulsds, e porarities of tvebhsid puises ad tfe dinplitude vdllies 6BgpRl Ng
unit 53 controls the polarity of the basic pulse. 20 The outputs of the
swi t ches 56P8P€ RYEBRsmitted to respective anplifier units 57, which
anplify the respective basic pulses to an anmount determ ned by the mapping
unit 53. The results are then conbined by a conmbination unit 58, to
generate a Th® systhrhandlodeatpuite ciobki6d, ahéchnproyidesyss timingwigohl tohe mappi ng

R o R T CE A
for exanpl et bh#aid Bfenswem Liitd 5aWHEh Egcﬂﬁﬂﬁfd%kb@ﬂMQﬂ PUYisRag
including only up to two basic pul ses. Suppose also that "there are two
possi bl e amgleterotieed bowl mahybasicpulbes therpsheuld é, anttithed. pdsitiansi, thease,
there mapping unit 53 closes corresponding ones of a set of switches 52, to thereby
select these pulses for survival into the final mixed signal.
10
The outputs of the switches 52 are transmitted to respective inversion units
55. Each inversion unit 55 includes an inverter 54 and a switch 56, which
outputs (in the direction to the right of the figure) either the output of the
respective switches 52 or the output of the inverter 54. The switch 56 is
15 controlled by the mapping unit 53, which thereby controls whether the output
of the switch 56 is the signal input from the corresponding switch 52, or an
inverted version of it, i.e. the mapping unit 53 controls the polarity of the basic

pulse.

20 The outputs of the switches 56 are transmitted to respective amplifier units 57,
which amplify the respective basic pulses to an amount determined by the

mapping unit 53.

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.

30



are 25 possible m xed pul ses (states),

as shown in Table 1. 5 Table 1:

m xed pul se states and exanpl e mapping States Pul se copies Pulse polarities
Pul se anplitudes Exanple mapping (yes: 1; no:0) (a,:1;a2:2) (nodulation)
Pulse 1 Pulse 2 Pulse 1 Pulse 2 Pulse 1 Pulse 2 000 * * * 0000 101 *

PR+ R

oo01T 201+* 20010 301*-*10011 401°*
* 0101 610+ *2* 0110 710

11B 1011 ++12B 11 11+ + 2
1000 1411+ - 121001 1511 + -
1100 1811 - +1 2 1101 1911 -

+11

10

* 1 * 0111 81 0
91 B 1211 + +
2 1 1010 16 1

+ 21

2

1110

*2*B 911+
2B 1311 + -

1 +- 22 1011 17

Suppose for example, that the system is limited to generating mixed pulses

including only up to two basic pulses. Suppose also that there are two

possible amplitude levels for each basic pulse, a1 and a;. In this case, there

are 25 possible mixed pulses (states), as shown in Table 1.

Table 1: mixed pulse states and example mapping

States Pulse copies Pulse polarities Pulse amplitudes Exampie mapping
(yes: 1; no:0) (a1:1;az:2) {modulation)
Pulse 1 Pulse 2 | Pulse 1 Puise 2 | Pulse 1 Pulse 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

14 1 1 + - 1 2 1001
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

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

+

* 20100 510 + *

1
1



201 1- +2211112 21211--11B 2211--12B 2311--218B
2411 - - 22 B *: not available The left colum | abels these 25 states
(by the values 0 to 24), and the next six 10 colums indicate which state
this corresponds to. Specifically, the second and third colums
respectively indicate, by a O or a 1, whether the corresponding state

- includes a correspondi ng one of the two basic pulses. The fourth and fifth
colums indicate the respective polaritii®s of the two basic pul ses. The 10
si xth and seventh colums indicate the respective anplitudes of the two
basic pulses. In this table, the synbol * indicates a neaningl ess
possibility (e.g. for state 0, for which neither of the basic pulses is

transm ttedgpith ahd JERBANEHIBRMS ihGichd fﬁe&%@ﬁéct‘id&earh ||t@6b§ Io%h@fw@fsah.bt udes
of those pulses). 5 The eighth colum of the table e. the columm on the

right) indi eatsss. imthis talpei the sa/pmqlemdloateﬁea meapi s.mmsmhttye(tavgaéw t hese

Seri al -t o parpiChOCASR FiheB T 5k P es? yehotifRL iR mpaningless ot e

the eighth gekalkabelit tHiepdiablies bnamphturieswiitebse Pulks). pat tern woul d cause
that state to be generated. The association of these states with bit

patternsdis determ ned by the mapping unit 53, but is conpletely

arbitrary. AhcOghh LuFAMAnd 1abB%, 820 R dy SR ARsREL e Som

states with any ese es are's e synbol
"0". This nﬂaa‘;spmgmp,phed lt@sm'emappmglﬁnW\:ﬁﬁtbeblvéerpﬁ’iéwstat%rawd theut t he
Tapping 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



15 unit 53, these states will never be generated. This reduces the
efficiency of the unit, but as shown in Table 1 the m xed signal is stil
capabl e of generating different states for each respective different sets
of 4 input bits. Thus, a single mxed 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 pulse (i.e. it
is as in Fig. 2(b)), but this one pulse 11my take either of two positions,
two anplitudes and two polarities, then this corresponds to states 0 to 7
shown in Table 1. Therefore, the systemis only able to transmt 3 bits
during one pulse repetition period. 25 Note that the coding systemof Fig.

4(b) could Q?sWWo%Y@HaV@E@b@fnf\d)difl@d‘%o'tﬁaté@ﬁ/@ﬁ%lé’&erébétltléh eiigel Wer e
associated with all of the possible states, So th It uld be possible

for the systwmald OOtIoag@rnbe am@aneﬁamtmamartsofdheumtdrb'rmtrlog dlwayshavingi xed
pul se. since er of states is not as high as the 30 nunber
of possi bl e\{S%isa'&e ?Lérfg Bcggblts (i.e. 32) this would nmean that the 11
system woul d have to be nodified so that a given pul se repetition period
woul d no | onger be associated with a part of the input bit string always
havi ng Phe THHRBOHafiar 46 dsystemsfordemaddylatingrthis. sigpalis showps tdmvenr

denodul ati n [ em of
Fro. 2(0).  SiBMC3hEMsieT S REZlch anietGiding g cBneBhehirb IS FEr ) ence
nuneral s hi g@@élldmybwﬂafe@n&err&menaMh@hgnay AOV\MTheheC@ved sigHal fwightihe | eft
of Fig. 4(c), is input to a_ synchronisation unit to determne the

clock tim ngnpqiﬁr%mltee ||€be9§ F'Qo4éf3)p't§l'§@Utctpcﬁ:§y”P§‘r9\WfF€*r'P'i‘ HeRddyta0 becones
Ul 5o ol ook SPGBk, TP B R, put of
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 7-(2" —1) .The output from

15  the line 77 and delay units 79 are transmitted to 2" respective cé)rrelation 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 direCtIy 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



t he pul se generation unit 75 is transmtted 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 fromr up tor (2" -1) .The
output from15 the line 77 and delay units 79 are transnmitted to 2"
respective correlation units 81, which neasure their correlation with the
received signal. In principle, it would be possible for the outputs of the
correlation units 81 to be decoded exadlly by polarity and anplitude
detection units corresponding 20 exactly to those of Fig. 2(c). However,
in the systemof Fig. 4(c), since the nunber of possible states is nuch
higher, it is preferred that the decoding is perforned by a standard

" maxi mum | i kelshegsh ofthe'dthbedibhents pPOAEs HMHelw Eé’din%%héhwéjWh%tda)h_ be
determ nes which of the possible input signals to the systemof Fig. 4(b)
i s nost |ikeisgdimwirgdoryimliese W Bdrarisxaitiersieseivenpta improvadhe data of 25

Fig. 4(c). > i ] R : t. rial_signal
converter UI%SWSH'%r%% &gﬁﬁé{gﬁq&'ﬁ'm §C§H§§f)@ichﬁblyilﬁ?r§%ge§@}lfs bit stream
and transm tspéthiah rotd. THUse BB embodRashisgiryvitievwhidhet bRafihd Mapatity-ttan 4(c) .
30 12 Thus, each of the enbodi ments provides a new codi ng schene whi ch can
be usedSi nMKRRWN deChRig¥dess UWB transnitters/receivers to inprove the
data transm ssion rate, without requiring a correspondi ngly increased
pul se repetition rate. Thus, the enbodi ments provide a higher channel
capaci ty thd&efefencesknown techni ques. References The disclosure of the
fol |l ow ng relfer nces i s ipcqrporated herein in its entiret,

= heio
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a1 Rt heg e e o el G eate oF Thomber
of s pul se raspiepuls@ragieri ods, transmitting a respective UMB pul se wavef orm
which 1is selected froma nunber of possible UMB pul se waveforns, the set
of possible UAB pul se waveforns including pairs of pulse waveforns which
differ fromeach other in the polarity of the pul se waveforns and one or
nore of the follow ng respects: 10 (i) the anplitude of the pulse
wavef or ns;



(i1) the position in tinme of the pulse waveforns within the pul se
repetition period; and (iii) the absence or presence of the pulse
waveforms. is 2. A nethod of transmitting data conpri sing, ﬁﬁﬁ? of
nunber of pulse repetition periods, generating and transnltt %gg%
respecti ve UMB pul se waveform which i 45sel ected from a nunber of possible
UWB pul se waveforns, the possible UAB pul se waveforns including wavef orns
whi ch are a superposition of two or nore basic UAB pul ses at different
respective positions 20 in tine within the pul se repetition period. 3. A
met hod acddaiisig to claim2 in which the set of possible UWB pul se
waveforns includes pairs of pulse wavefornms which differ fromeach other in
two or nore of the follow ng respects: 25 (1) the nunber of basic pul ses;
(2) the poj.aritymdthodef ransmitting sata cgprising, gosng each ofinuimberof each of

t he basic | ses d (4) th tud f f the b ul 30 4.
A VB Br arilise (aHetBomperioi HaRSTORG/P SESPERVALINE PURS JEHEISI WIS L
pul se_dur 18 deRARY Abna A of OQEB@UK\LB’B\A%%IO' 1BRths s se@opul se

nodi fication un arrange recerve t se and to modi fy and
5 nmappi ng possitde UWBquise wavefanshsclpdingepaitsdoff pulse wavetorms wbich erg to

O e SRS B B RS R bR b B et anct ¢ ne
respect i V&opllowing respects:
10 (i) the amplitude of the pulse waveforms;
(i) the position in time of the pulse waveforms within the pulse repetition
period; and
(iii) the absence or presence of the pulse waveforms.

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

20 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
two or more of the following respects:
25 (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.

30 4. A UWB transmitter comprising:



possi bl e nodi fications; the pulse nodification unit being arranged to

nodi fy the UAB pulse in 10 two or nore of the follow ng respects: (i) the
anplitude of the pulse; (ii) the position in tine of the pulse within the
pul se repetition period; (iii) the polarity of the pul se; and\jy)sg he
absence or presence of the pulse. 15 5. A UAB transmtter conprising:
means for generating a UAB pul se during each of a nunber of pulse
repetition periods, a pulse nodificatiomeunit arranged to receive the U\B
pul se and to nodify it; 20 mapping neans for controlling the pul se

nodi fication unit according to data to be transmtted, the mappi ng neans
controlling the pulse nodification wunits according to a predefined mapping

betveen data and rhignd KSR Hfing BOSPBLEIDUANG kAT s AR WiSRyad ! Lhe

pul se nodification unit being arfanged to no the UAB pulse to 1 nclude
two or nor e repglites périadse recei ved UWB pul se. 6. A transmitter according to
claim5 in which the pulse nodification unit is further arranged to nodify

t he UWB pul int f the, foll ow 5 (1), th mb
of copies: (2) ¢ Ao PBisBarRRyRafop it sBengt () e B LR plist e B eac
of the copi efodifiE and

5 mapping means for controlling the puise 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;



(4) the anplitude of each of the basic copies. 10 7. A receiver for
receiving an decoding a UMB signal, the receiving conprising a receivVving
unit for receiving during each of nunber of pulse repetition periods one
of a set of possible UAB pul se waveforms, and decodi ng means fL6PYD WISE
determ ni ng which of set of UAB pul se waveforns was received during each
pul se repetition period, 15 the set of possible UAB pul se waveforns
including pairs of pulse waveforns whidi differ fromeach other in tw or
nore of the following respects: (i) the anplitude of the pul se waveforns;
(i1) the position in tinme of the pulse waveforns within the pulse 20
repetition period; (iii) the polarity of the pul se waveforns; and (iv) the

absence or presefgepalset MediidhEsn WRiteeMidBirrabged tbahslifethd OWB grde/tng an
decoding a UWB signal, the receiving conprising a receiving unit for

recei vi ng dindlude M Ar gioraeepias offthpueeeivegd YWBHuHS€.i on peri ods one of a
set of possible UMAB pul se waveforns, and LLOYD WSE 18 decodi ng neans for

determ ni ng gwhi cip t‘PzEns‘tﬁ&te?fac%&irﬁ’%#églamﬁfwy%‘f@é Pufs%qﬁbé!@ga%ﬁ LiAgjeach

pul se repetition perio the's 0Ssi b ul'se wavefornms I ncluding
wavef or ns wWhirtier aranged upempdiy ttherlJ\WB pmseoin two coharire dfVilBepidilsaingt
different respective 5 positions in tinme within the pulse repetition
period. 9. A$R&&$'ver according to claim8 in which the set of possible UAB
pul se waveforns including pairs of pulse waveforns which differ from each

other in (1) the number of copies;
(2) the polarity of the copies;
(3) the position in time of each of the copies; and

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

10 7. A receiver for receiving an decoding a UWB signal, the receiving
comprising a receiving unit for receiving during each of number of pulse
repetition periods one of a set of possible UWB pulse waveforms, and
decoding means for determining which of set of UWB pulse waveforms was

received during each pulse repetition period,

15 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:
(i) the ampilitude of the pulse waveforms;

(i) the position in time of the pulse waveforms within the pulse

20  repetition period;
(iii) the polarity of the pulse waveforms; and
(iv) the absence or presence of the pulse waveforms.

8. A receiver for receiving an decoding a UWB signal, the receiving
comprising a receiving unit for receiving during each of number of pulse

25 repetition periods one of a set of possible UWB pulse waveforms, and



two or nore of the follow ng respects: (1) the nunber of basic pulses;

(2) the polarity of the basic pul ses;

the basic pulses; and (4) the anplitude of each of the basic pul ses.
recei ver according to any of claims 7 to 9 in which the decoderlLOYSaMSE

I ncludes a maxi mum |i kel i hood estimation unit for determ ning which of
the set of possible UWB pul se waveforns was npst

the received U signal. 11. A nethod ofl8ransnitting data conprising,
during each of nunber of pulse repetition periods, generating and

transmtting a respective UAMB pulse which is selected froma nunber of
possi ble UWB pul ses which is greater 20 than two.

10

15

20

decoding means for determining which of set of UWB pulse waveforms was

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

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;

3

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

)

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

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
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

than two.

10

(3) the position in tine of each of

10. A

15

likely to have generated



