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MODULATI ON DEMODULATI ON APPARATUS FOR THE ENCODI NG  AND DECODI NG OF DATA
:AND A METHOD FOR ENCODI NG AND DECODI NG DATA Fiel d of thlmwuwmmummme
. present invention relates to a nodul ati on/ denodul ati on & _ t he
~encodi ng and decodi ng of data and a nethod for encodi ng and «tkesedi ng dat a.
‘In particular, the invention relates to fodul ati on/ denodul ati on apparat us
and nmet hods for use in Bluetooth/WAN PHS multi-node systens, based on
software defined radi o. Background O The Invention In nulti-node systens
in which information is exchanged wirelessly, there is a requirenent to
achi eve seam e < | ' ' wireless
comuni cati o *2ng. To

achi eve this upANDDECODNG'OF'HIATA AND RMETHOFGR %}gmﬂc“l\ﬁbﬁm

W rel ess systens, such as personal networkK SysTens U NJ, spot
network systems (WAN) and cel | ul BEGODINGDAY# ens  ( GSM WCDVA PHS) wi | |
be necessary. The specification for nmediumrate Bl uetooth sylstems Iﬁ s
descri bed i g t [,um Rate Specifications, V 0.7, Bluetoot

Apr. 2003 aﬁb‘ﬁbﬁgﬁgdgﬁyﬁgbtion for WLAN systens is described in Wreless
LAN Medi um Access Control (MAC) and physical |ayer (PHY) specifications,

| EEE St andaifte [@@2edtlinvédtich rdatesstpex nddiddticidémodaktibh | fpangiugaoK they st enms -
1395, o acANERHING: R0 ARCOHBEmPh SR BBe MehodaePREPURaCERd dldcaingh
schemes  nMughiPe SHPARIIEHaA N thECRRRNBAT Felated 1CGHIRGtIBNARATSfIation
apparatus and methods for use in Bluetooth/ WLAN/PHS multi-mode systems,
based on software defined radio.
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Background Of The Invention

In muilti-mode systems in which information is exchanged wirelessly, there- is a
requirement to achieve seamless performance, that is, to harmonise'differént
wireless communication systems. This process is known as ubiquitous

~networking. To achieve this ubiquitous networking, protocolnroaming among
different wireless systems, such as personal network systems (Bluetooth), hot
spot network systems (WLAN) and cellular network systems
(GSM/WCDMA/PHS) will be necessary. |

The speciﬁcation for medium rate Bluetooth systems is described in Bluetooth
Medium Rate Specifications, V 0.7, Bluetooth SIG, Apr. 2003 and the
specification for WLAN systems is described in Wireless LAN Medium Access
Control (MAC) and physical layer (PHY) speciﬁcations, IEEE Standard
802.‘11, 1999. The specification for cellular network systems is described in
Personal Handy Phone System, RCR STD-28, Ver. 1, Rev. 1, 1995.

To achieve protocol roaming, a number of modulation/demodulation schemes
must be supported and hence there is a need for a general

modulation/demodulation scheme which is cost effective to use and produce

and which is not complex. | \
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nodul ati on/ denodul ati on schenme which is cost effective to use and produce
and which is not conplex. I 1L L L 1 L ¢ v v ¢ v 1 00 1P 001011 111
01 1 1.0 1 1 1 1 *000002* 2 1In conventional nulti-node systens based
on Software Defined Radio (SDR), which uses reconfigurable architecture,
_many particular processing algorithnms are enployed to process different
“nodul ati on schenes and each nodul ati on s scheme has a corresponding

dedi cat ed nodul ati on/ denodul ation algorithm As a result, these syst ens
have a large nenory requirement and are very conplex. _ Thus, to design a
commercially viable SDR system having protocol roam ng, a nunber of

bl d be. , i cul ar, er al _ _
Todul ati on/ JeROAUERHT Lk marie &/ sterfaitiash oS aRaNaTePeFred Rasn (S8R n
general - ter hich U%@F&%ﬂbu#dﬁ(&BFdﬁ@cﬁH@PHaﬁ?%a?ﬁé@épﬁﬁggggmgpé?@ér%l‘\’% for
encodi ng and decodi ng data using one or nore’look-up tables to Speed and

sinplify théresmpleyeryd tepmesy differeat snoditiatiary stheersesrandneadio dodutatioadyi ng

i ' i d a low | exity and
they ar e al SHWTEME d Bfedhalll BBHIGEAT Mo atoe Bibuufrtich, Soariben s o
the inventi @ anablle these ystshahavk A8a1Rr edishy Teaghehfnt Fa%'anéréglr/] that

support nulti-standard, multi-band, nulti-node, fulti-function,
mul ti - servi 68MP}@&% ens, thereby enabling the end user to enjoy seanl ess,
ubi qui t ous personal communi cation services. According to a first aspect of

the i nventi h I (po\VA ; | &y | [at us _for
t he encodi ngﬂg%dﬁ(rj%ec% i Eg&ﬁﬂgg‘t@!y ‘ﬂggﬁéﬁ‘ggﬂsgﬂg‘%’k@*@?%?g%m'”@n@od| ng
system to encoweri riforprobledest aneedortdi rige t solgedlj r Bt particular, a general

modulation/demodulation system is required.

Summary Of The Invention

In general terms; the present invention comprises a- method and apparatus for
encoding and decoding data using one or more look-up tables to speed and
simplify the encoding/decoding process. The systems and methods
embodying the present invention have a high performance and a low
complexity and they are élso flexible. Furthermore, one or more preferred
embodiments of the invention enable the building of network and handheld
terminals that support multi-standard, multi-band, multi-mode, multi-function,
and multi-service systems, thereby enabling the end user to enjoy seamless,

ubiquitous personal communication services.

According to a first aspect of the invention there is provided a
- modulation/demodulation apparatus for the encoding and decoding of data,

said apparatus comprising:

an encoding system to encode incoming data according to a first

plurality of modulation schemes; and

a decoding system to decode according to said first plurality of

modulation schemes said encoded data from said encoding system;



plurality of nodul ati on schenes; and a decodi ng systemto decode according
to said first plurality of nodul ati on schenes said encoded data fromsaid
-encodi ng system 3 wherein the encoding system conpri ses one or nore
encodi ng | ook-up tables, said one or nore encodi ng | ook-up tables
conprising encoding data for encoding said incomng data according to said
‘first plurality of nodulation schenes, erein said encoding data for a
nunber of said first plurality of nodulation schenes is identical; and
wherein the decodi ng system conpri ses one or nore decodi ng | ook-up tables
for decoding said encoded data received fromsaid encoding system said
one or nore decoding | ook-up tables conprising decoding data for decoding
data according t Q'REILH hereficoding system egmpriske ane on mwkansodingleokiup sai d

decodi ng dat r NSHE Saj ] | ural .ty of nodul ation schemes
is identi calt.élbl g’c%@& ng t%?) rﬁ&geg%%od{'gégée%'{)hgftgbﬁé ForRHSING FhaRging ﬁg?a
provi ded a Bbuencamtihg saidsineontingndatss aocprtiing tmﬁaiﬂ&trépﬂbﬂ@mxéﬂhﬂid%ion
appar at us def'hned at\)'\&]\ée.. According to a third aspect of the invention
there i s pr&NEEYSa MREARINS e?ﬁc%’g'fﬂaﬂ?? iy amumbeiuphsaighfitgt mdraliat pbn
appar at us dehbd\agticH sMfemAS §Oiddhiait En@ fourth aspect of the invention
there is provided a cellular network system conprising the

modul ati on/ denodul ati on apparatus defined above. According to a fifth
aspect of the i nwharednthe ding pystemdeamprisas one oo deoresiezbdingbleskdipon a

sof twar e def] ] temc [lsl t he . ul ati op/ denpdul ati on
appar at us dé%@%gééggég%&xiﬁ?& c?!%géd?% d% ifi??i"%@g@é‘ﬂ S@fJ]EH‘éO ING SYSIVA. t her e
is provi ded saideineodr frabre eieeodingd ickdugsl BN dofRhRingS ded Hﬁngha ta for
conprising: encqding data according to a first pluralirty o? dulation
schenes: andlecoding data according to said first plurality of modulation schemes, wherein

said decoding data for a number of saidfirst plurality of modulation schemes

is identical.

According to a second aspect of the invention there is provided a Bluetooth

system comprising the modulation/demodulation apparatus defined above.

According to a third aspect of the invention there is provided a WLAN system

comprising the modulation/demodulation apparatus defined above.

According to a fourth aspect of the invention there is provided a cellular

network system comprising the modulation/demodulation apparatus defined
above.

According to a fifth aspect of the invention there is provided a multi-mode
system based on a software defined radio system comprising the

- modulation/demodulation apparatus defined above.

According to a sixth aspect of the invention there is provided a method for

encoding and decoding data, said method comprising:

encoding data according to a first plurality of modulation schemes: and



4 decoding according to said first plurality of nodul ati on schenes said
encoded data; wherein the step of encoding data conprises applying
:identical encoding data fromone or nore encodi ng | ook-up tables to data
to be encoded according to a nunber of said first plurality of nodul ation
schenes; and wherein the step of decoding data conprises applying
‘identical decoding data fromone or norg decoding |ook-up tables to data
to be decoded according to a nunber of said first plurality of nodul ation
schenmes. According to a seventh aspect of the invention there is provided
a method for encoding and decoding data in a Bluetooth system conprising
the met hod defined gbove. According.to a eighth aspect of the invention
there i s provi dede5OHBOnIFAEiINg *Qn%%eif?fét Qﬁﬂgﬁ‘éc‘?fdﬁ“ﬁguli’épﬁ $Ghemneq ARGy st em
conpri sing tEheoded ath: defined above. According to a ninth aspect of the :
invention there is provided a nethod for encoding and decoding data in a
cel lular network system conprising the nethod defined above. According to
a tenth aspect oWwheieini thensiepn of heneodingpdata deamprisest happlying idemticdl ng

and decodin [ mul ti - nod stem based on a spftware efined radio
system corrp%ng%@gt ﬁé%g‘”ﬁef"?n §r%b%’\ﬁ,9.d? ilg‘?"ﬁgs%bﬁ?ﬁ itBnd%P _%ehZ)e

Dr awi ngs Thenpgoeee piccorditgité amutbér oPYaiBESEpkIFAIGE &f ProdRticH seamebe and
with reference to the acconpanying drawings 1n which: 5 Figure 1is a

fl ow di agr a®ef a general nodem for use in an SDR system according to an
enbodi nent of the invention; and

wherein the step of decoding data comprises applying identical
decoding data from one or more decoding look-up tables to data to be

decoded according to a number of said first plurality of modulation schemes.

According to a seventh aspect of the invention there is provided a method for

encoding and decoding data in a Bluetooth system comprising the method
defined above. '

According to a eighth aspect of the invention there is provided a method for

encoding and decoding data in a WLAN system comprising the method
defined above. | |

According to a ninth aspect of the invention there is provided a method for

encoding and decoding data in a cellular network system comprising the
method defined above.

According to a tenth aspect of the invention there is provided a method for
encoding and decoding data in a multi-mode system based on a software

defined radio system comprising the method defined above.

Brief Description Of The Drawings

The present invention will now be described by way of example and with

reference to the accompanying drawings in which:



Figure 2 is a graph showi ng the variation of theoretical BER val ues and
sinmul ated results against the signal-to-noise ratio (SNR) of a general
‘modem according to an enbodi ment of the invention for use with MPSK/ MDPSK
. nmodul ation schenes. Description of Preferred Enbodi nents In a first
_preferred enbodi nent, a Bl uet oot h/ WAN PHS nul ti - node system based on SDR
‘is considered. Milti-array phase shift kgyi ng (MPSK) and nulti-array
differential phase shift keying (MDPSK) are the major nodul ation schenes
enpl oyed. in these systens and there are a nunber of possible variations
of each nodul ati on schenme suitable for use in Bl uetooth/ WAN PHS
mul ti-node systens. Table 1 lists the main nodul ation schenes for
Bl uet oot h, dfea hds mHBowndiagraimnfed gemepalsmiodem fair use iras SBR epstem
nodul ati on ; uet oot h/ W.AN PHS MPSK BPSK,
QPSK, QPSK- @8@%@%@%@%&%&9@%%@% DQPSK, 8DPSK  The types of
nodul ati on schenes used in Bl uetooth/ WAN PHS systens and their operating
nodes are sdtigunet 2iis aadmaph2sh@vingathee varibtiow | ¢t thedrebiae BsR avslu&p et | on
Modes Oper ation I\/béies dul atioBgScherres Data Rate Bl uetooth MR Pi/4- DQPSK
oMbps  8DPSRIMBNIGRT (RSMISEgaingtipeysignalignoissseation(GR) of Braenerairmodem
DQPSK- CCK 5. 2ebifind @6 hn ErtodimheMPRst tHe fhvention for use with MPSK/MDPSK

modulation schemes.

Description of Preferred Embodiments

In a first preferred embodiment, a Bluetooth/WLAN/PHS multi-mode system
based on SDR is considered. Multi-array phase shift keying (MPSK) -and
multi-array differential phase shift keying (MDPSK) are the major modljlation
schemes employed. in these systems and there are a number of possible
variations of each modulation scheme suitable | for use in
Bluetooth/WLAN/PHS multi-mode systems. Table 1 lists the main modulation

schemes for Bluetooth, WLAN and PHS and examples of possible variations

of each modulation scheme.

Table 1 MPSK/MDPSK for Bluetooth/WLAN/PHS

MPSK BPSK, QPSK, QPSK-CCK
MDPSK DBPSK,DQPSK, DQPSK-CCK,pi/4-DQPSK,8DPSK

The types of modulation schemes used in Bluetooth/WLAN/PHS systems and
their operating modes are set out in Table 2.



ERP- OFDM BPSK 6/ 9Mops DSSS- QPSK 12/ 18Mops OFDM PHS Pi / 4- DQPSK 32kbps
The encodi ng/ decodi ng mappi ng tabl es of MPSK/ MDPSK for Bl uet oot h/ WAN PHS
-systens are presented as follows. Tables 3 to 10 below map the phase shift
corresponding to various information bits in the nodulation systens |isted
in Table 2 and the denodul ation threshold relating to each of the
“information bits. Table 3 Mapping Tabl eszfor DBPSK-DSSS 1 Mops Modul ation
Information Bits Phase Shift 0 0 1 Dem)gul ation Threshold Information Bits
<, r/2 or >3*,r/2 0 Else 1 7 Table 4 Mapping Tabl es for DQPSK-DSSS 2Mips
Modul ation Information Bits Phase Shift 000 O1 ,r /2 11 10 -'r/2

Bluetooth WLAN/PHS systems are presented as follows.

Denodul ation Threshold Information Bits <,r/4 or>7*Tr/4 00 <3* _rA 01
<6* r14 11 Else 10 ] ]
- Table 2 Modulation Schemes and Operation Modes
Operation Modes Modulation Schemes Data Rate
Bluetooth MR Pi/4-DQPSK 2Mbps
8DPSK 3Mbps
WLAN ERP- DBPSK 1Mbps
DSSS DQPSK 2Mbps
ERP-CCK DQPSK-CCK 5.5Mbps
DQPSK-CCK+QPSK- 11Mbps
CCK
ERP-OFDM BPSK 6/9Mbps
DSSS- QPSK 12/18Mbps
OFDM
PHS Pi/4-DQPSK 32kbps
The encoding/decoding mapping tables of MPSK/MDPSK for

Tables 3 to 10

below map the phase shift corresponding to various information bits in the

modulation systems listed in Table 2 and the demodulation threshold relating

~ to each of the information bits.

Table 3 Mapping Tables for DBPSK-DSSS 1Mbps

Modulation Information Bits Phase Shift

0 0

1 /4
Demodulation Threshold information Bits

<zl2or>3*x/2

0

Else

1




Tabl e 5 Mapping Tables for DQPSK-CCK Modul ation Information Bits Phase

01 -ir/2 11 0 10 2/2 Denodul ation Threshold I nformation
<5*;r /4 00 Else 01 Table 6 Mapping
Pi /4 DQPSK- Bl uetooth MR Mbdul ation Information Bits Phase Shift
7r /4 Denodul ati on Threshol d

/2 11 Else 10 8 Table 7 Mapping

Tabl es for 8DPSK- Bl uetooth MR Modul ation Information Bits Phase Shift

Shift 00 ,r
-Bits <rr/4 or
Tabl es for

00 ,r /4 01 3* 7r /4 11 -3*,r /4 10 -
<r/2 00

‘Information Bits

0O 001 ,r/4 011 /2

Table 4 Mapping Tables for DQPSK-DSSS 2Mbps

>7*,r/4 11 <3*1r14 10

<)r 01 <3*

Modulation Information Bits Phase Shift

00 0

01 l2

11 Vi

10 -2
Demodulation Threshold Information Bits

<rzl4 or>7*r /4

00

<3*7z /4 01
<5*7 /4 11
Else 10

Table 5 Mapping Tables for DQPSK-CCK

Modulation Information Bits Phase Shift

00 T

01 -2

11 0

10 wl2
Demodulation Threshold Information Bits

<zl4 or>7*r /4

11

<3*rzl4 10
<5*rm /4 00
Else 01

Table 6 Mapping Tables for Pi/4 DQPSK-Bluetooth MR

Modulation Information Bits Phase Shift

00 zl4

01 3*x /4

11 -3* 7 /4

10 - l4
Demodulation Threshold Information Bits

<rl2 00

<r 01

<3*r /2 11

Else 10 .




7r /4 101 -i/2 100 -,r/4 Denodul ation

: >15*TC/8 000 <3* r/8 001 <5* r/8 011
-<7* r /8 010 <9*,r/8 110 <11*,r/8 111 <13*7r/8 101 Else 100 Table 8

Mappi ng Tabl es for BPSK- OFDM Mobdul ation Information Bits Phase 0 ,r 10

" Denodul ati on Threshold Information Bits <,r/2 or >3*,r/2 1 Else O Table 9

"Mappi ng Tabl es for QPSK-OFDM Mbdul ation8I nformation Bits Phase 00 -3*,r/4
01 3* ,r /4 11 ,r /4 10 -;r /4 Denodul ation Threshol d Inforrratlon_Blts

010 3*2r/4 110 ) 111 -3*
Threshold Information Bits <,r/8 or

Table 7 Mapping Tables for 8DPSK-Bluetooth MR

Modulation Information Bits Phase Shift

000 0

001 wl4

011 zl2

010 3*x /4

110 Vs

111 -3*r /4

101 - l2

100 - l4
Demodulation Threshold Information Bits

<rz/8or>15*/8

000

<3*7 /8 001
<5*7/8 011
<7*r /8 010
<9*7 /8 110
<11*z /8 111
<13*7 /8 101
Else 100

Table 8 Mapping Tables for BPSK-OFDM

Modulation Information Bits Phase
0 T
1 0
Demodulation Threshold Information Bits
<zl2or>3*r/2 1
Else 0

Table 9 Mapping Tables for QPSK-OFDM

Moduiation Information Bits Phase

00 -3*7l4

01 3*r /4

11 rl4

10 - l4
Demodulation Threshold Information Bits

<rl2 11

<r 01

<3*r/2 00

Else 10




<,r /211 T 01 <3*_r/2 00 Else 10 9 Table 10 Mapping Tables for

QPSK- CCK Modul ation Information Bits Phase Shift 00 0 01 ,r /2 11 10
-Denmodul ation Threshold Information Bits <z/4 or >7*,r /4 00 <3*,r /4 01
<5*,r /4 10 Else 11 Froma consideration of the above Tables 3 to 10, the
Applicant has appreciated that it is possible to conbine a nunber of the
“aforenentioned nmapping tables to producg | ook-up tables for use in

encodi ng and decodi ng. For exanpl e, BPSK-OFDM and DBPSK-DSSS nmay share a

| ook-up table. Simlarly, DQPSK-DSSS, QPSK-CCK and DQPSK-CCK may share a

| ook-up table. Furthermore, pi/4-DQPSK and QPSK- OFDM may share a | ook-up
table. Once the | ook up tables have been conbined, it is possible to define
the connections between the nodul ati on _schenmes and the | ook-up tables.
Using the conbined | ook-1abledd Mepping Jables fon@PSK-EQ&Krol systems, it is
possible to produce a general nodem for exanple, for both MPSK and NMDPSK

nodul at i on [ddbdutation Information Bits Phase Shift

00 0

01 zl2

11 -2

10 V4

Demodulation Threshold Information Bits

<rl4dor>7*rl4 00

<3*rl4 01

<5*r /4 10

Else 11

From a consideration of the above Tables 3 to 10, the Applicant has
appreciated that it is possible to combine a number of the aforementioned
mapping tables to produce look-up tables for use in encoding and decbding.
For example, BPSK-OFDM and DBPSK-DSSS may share a look-up table.
Similarly, DQPSK-DSSS, QPSK-CCK and DQPSK-CCK may share a look-up
table. Furthermore, pi/4-DQPSK and QPSK-OFDM may share a look-up
table.

Once the look up tables have been combined, it is possible to define the
connections between the modulation séhemes and the look-up tables. Using
the combined look-up tables and corresponding control systerhs, it is pos'sible
to produce a general modem, for example, for both MPSK and MDPSK

modulation schemes.

Figure 1 illustrates, in the form of a flow diagram, a general modem for both
MPSK and MDPSK modulation schemes according to an embodiment of the
invention.

In the encoding part of Figure 1, the data input is converted into binary words
and the type of modulation is selected. The binary words are then converted
in an encoding look-up table for the selected modulation scheme to give a

modulation angle corresponding to the data input. Using this modulation



Figure 1 illustrates, in the formof a flow diagram a general nodem for
both MPSK and MDPSK nodul ati on schenes according to an enbodi nent of the
-invention. In the encoding part of Figure 1, the data input is converted
into binary words and the type of nodul ation is selected. The binary words
are then converted in an encoding |ook-up table for the selected

“modul ation schene to give a nodul ation ﬂﬂgle corresponding to the data
input. Using this nodulation 10 angle, the in-phase and quadrature val ues
of the nodul ated data are <calculated for transm ssion. In the decoding
part of Figure 1, the incomng in-phase | and quadrature Q data is used to

conpute the ul ation angle and the type of nodul ation schene used is
det er i ned. %ge'cﬁ]ecdrll'ﬁiagﬁ 3P8t ﬂHagr@té%as‘@"I’e%er drdmedulated latal aee and
t he nodul at icakudted $6r trandtagsionbed in nore detail bel ow. From the decodi ng
| ook-up tables, a decision is nmade as to the binary words corresponding to
t he nodul ati on angl es recei ved and these binary words are converted to
recover the lRydbe decprdingapay offugudied 1 athe rcqmiogi idephasdal andwjyadratuse ghal . A

tem such : i i nd descri bed, aboye has been .
:Yfml at Zg arclj%%il tﬁg%%ggBﬁ?@oégl@a%%\#q@aﬁﬂ%cﬁr@é Ad Xmeap dnogylatian £ or
the MPSK amdhdRSisetns Wettintined C Tteesalchiatibh ©f 2hs h}ilplﬁaém aheﬁUatd?atafet hese
MODEM il lustrated in

cal cul ations, and sinul ations for the proposed genera

Figure 1 fo?Q Mﬁ%ﬁsaﬁnﬂi ﬁ%@PQRdH@&enaan%S icdessribed in mogridetall belbw. BERNM s

pl otted agaiRstded ~ DRI t f.o ch_of .,the.systens

consi der ed. ﬂ:i? dsér?ggw E)%&ng?eﬁsﬁlsgté &@Y@:@Ean@%%ﬁ- %:Igﬂﬁ fPA(}%Wsm"P%r BER
per f or mance CoHrepORHGHK- OIS MEIPSKerOaKglawravelve ARG Ithéay BinahyTwords aRER

erf ormance. -
P converted to recover the data originally encoded and to provide a data output

signal.

A system such as that shown in Figure 1 and described above has been
simulated and the results compared with theoretical calculated values for the
MPSK and MDPSK modulation schemes. Figure 2 shows the results of these
calculations and simulations for the proposed general MODEM illustrated in
Figure 1 for MPSK and MDPSK modulation schemes.

In Figure 2, the BER is plotted against signal-to-noise ratio (SNR) for each of
the systems considered. |

It should be noted that QPSK-CCK and QPSK-OFDM have similar BER
performance, and DQPSK-DSSS, DQPSK-CCK and pi/4 DQPSK have similar
BER performance.

It will be seen from Figure 2 that the performance is in line with the theoretical
values under AWGN channels.

in the first preferred embodiment described above, the general modem is
preferably implemented using software.

In a further preferred embodiment, which is a variation of the first

embodiment, both the computation (that is, the calculation of the modulation



It will be seen fromFigure 2 that the performance is in line with the
theoretical values under AWGN channels. In the first preferred enbodi nent
-descri bed above, the general nodemis preferably inplenented using
software. In a further preferred enbodi ment, which is a variation of the
first enbodinent, both the conputation (that is, the calculation of the
"nodul ation 11 angles, and the cal cul ati of the in-phase | and quadrature
Q values) and the |ook-up tables may be | nplenented in hardware, | eaving
only the control portion to be perforned in the software domain. This wll

I ncrease the speed of operation of the system The performance of the
enbodi nent and therefore

second enbodj t is, simlar to that of the first

the resul tsdééﬁg\% qng tEng?rk‘é'”%t'%ﬂ %P gonirRhased ang quadragse A dabEspdingethe. | n
a further prigdleupethphsd '!myét- ral pon _and th nmput at i on
functions such _ag t he cglﬁi%ul at .’"SEr’\'Qﬁ}eqﬁﬁ‘té 'ﬁmla%@ﬁrgn I%m’ém%so@ﬁ/(iﬁﬁec%ﬁ%di ng
system and tAetiemte bpaeriimsd inHbei sofraealomaind ThHiB iRtk ek %Eﬁea n the
encodi ng sy%tfg’%ré}ﬁ% %@QI gspl %%ent ed by software and the | ook-up tables may
be i nmpl enmented I'n nhar FeYSils may reduce the nmenory requirenent of the
system Determnation of | and Q Values In MPSK schenes, the determ nation

of the | andh@ peHomaaney ofoumrgé@rf&@m&ﬂiiﬁ]\éhgti' Wity TtéitHSP%?ﬁfn?ePs;n

functions. As the number of possible | and Q values I's very |
such scheme$£MREMEEE 8pditharafeie the reaektsshawnds Figyre Derpappliams to g

| ook-up tablsggond @R ows possible | and Q values for use in the
general nodem of F%urdé%fﬁpor a Bl uet oot h/ W.AN/ PHS system Table 11 Look

up table for I, Q Values for MPSK Mydul ation Angles |, Q Val ues
In a further preferred embodiment, the control function and the computation

functions such as the calculation of the modulation angles by the decoding
system and the calculation of the in-phase | and quadrature Q values in the
encoding system, may be implemented by software and the look-up tables

may be implemented in hardware. This may reduce the memory requirement
of the system.

Determination of | and Q Values

In MPSK schemes, the determination of the | and Q values may comprise thé
calculation of trigonometric functions. As the number of possible | and Q
values is very limited in such schemes, the determination of these values may
be performed using look-up tables. Table 11 shows possible | and Q values
for use in the general modem of Figure 1 for a Bluet'ooth/WLAN/PHS system.

Tabie 11 Look up table for I, Q Values for MPSK

Modulation Angles I, Q Values

0' (1, 0)

P!/4 (0.707, 0.707)
Pi/2 (0,1 .
3fP|/4 (-0.707, 0.707)
PI* . (-1,0)

-3.P|/4 (-0.707,-0.707)
-Pi/2 (0,-1)

-Pi/4 (0.707,-0.707)




0 (1,0) Pi/4 (0.707, 0.707) Pi/2 (0,1) 3*Pi/4 (-0.707, 0.707) Pi (-1,0)
-3*Pi/4 (-0.707,-0.707) -Pi/2 (0,-1) -Pi/4 (0.707,-0.707) 12 For MDPSK
-schemes, a further step is required for the determnation of the I and Q
val ues conmpared with that of MPSK, namely, the | and Q values obtained
from Table 11 are multiplied by the previous nodulated information bit.
"Alternatively, the nodul ation angle of t previous nodul ated information
bit may be stored and added to the phase shift decided by the information
bit currently being processed and the encoding rules of the nodul ation
schene currently in use. The | and Q values of information bit currently

bei ' en be obt |nedfromTabIe 11. Conputation
Vbdurat | on ARGMRPBKSHIEBES, & hher BRI eaast o dar CalarNinatian ebtesy be

achieved b a n S f d I
currently )l;glnﬁgbcg%%%gsg%hagﬁqq%cg]%wmssﬁt Htghfel%uﬁi%mgr?’ tcggﬁaclz%er?pl ex

synbol . MPSRbiained/HrsK Tabie \Ml dere ymuliiptied hyviheepresimus anodualated lrﬁo:jrﬁaftzﬁnerrs f
reduction o

fhe |pl emb ATGHEREEY. Brdnadiancd “Pele BT LR Bevicy pdiled ixaimprter
mul ti - node bitirhay @eSstoRIITHAE GaHEANS the PHada! shift Eéénaeatb’fyi fh‘é”ﬁfcﬁfﬂ%tl%ﬁcﬁ?ﬁs
poi nts which wuse such nodul ati on schenmes. Various nodi'fications to

enbodi ment s cefrenty being pracesaee mndothedereeding dulealaftbe rmpd blatioadshefer
exanpl e, ot I&EFreﬂﬁf/iUiheﬁs@ndT%t e FRAIFE dfCinformation bit currently being

processed may then be obtained from Table 11.

Computation of Modulation Angles

Preferably, the computation of modulation angles may. be achieved by
calculating the inverse tangent of the | and Q values currently being

processed, which constitutes the input modulated complex symbol.

MPSK and MDPSK are widely used in wireless communication systems and
preferred embodiments of the invention may assist in the reduction of the
“implementation cost and enhance the flexibility of, for example, multi-mode
- wireless communications terminals, base stations and access points which

use such modulation schemes.

Various modifications to the embodiments of the present invention described
above may be made. For example, other modules and method steps can be
added or substituted for those above. Thus, although the invention has been
described above using particular embodiments, many variations are possible
within the scope of the claims, as will be clear to the skilled reader, without

departing from the spirit and scope of the invention.



added or substituted for those above. Thus, although the invention has been
descri bed above using particul ar enbodi nents, nmany variations are possibl e

~within the scope of the clains, as will be clear to the skilled rid&J&WISE

wi thout departing fromthe spirit and scope of the invention. LLOYD W SE
13 dains: 1. A nodul ati on/denodul ati on apparatus for the encodi ng and

~decoding of data, said apparatus conprif ng: an encoding systemto encode

incomng data according to a first plurality of nodulation schenes; and a
decodi ng systemto decode according to said first plurality of nodulation
schenmes said encoded data received fromsaid encoding system wherein the
encodi ng system conpri ses one or nore encoding | ook-up tables, said one or
nor e encodigg§¥83k-up tabl es conprising encoding data for encoding said

i ncom ng data according to said first plurality of nodulation schenes,

wherei n sai d.encodimstuidich/déhodurRdBReipptiratal fr fthé %n&%bﬁgahhﬁyde%fodirp&i ses

nmodul ation schenmes is identical; and wherein the decoding “system co
one or nore HdatRiisais apRAratys cemprisingf or decodi ng sai d encoded data
received fromsaid encoding system said one or nore decodi ng | ook-up

bl i Si d I f di a, accordi tgQ said first
blurality of modd aenoadindy e 55 o\ Reeffe dudangotih 3o °2 fistrber
of said fir glumplityrafimoqulafiomschdrabspoangchenes is identical. 2. The

nodul ati on/ denodul ation apparatus of claim1, wherein said encoding system
conprises: a conver({ﬁgr for converti ngCiBQCOm ng data to one or nore binary

words, said bi nafy d55PAOILSYRE™M oPndgCaee oRecUAINgo e $3ifl ofifskt Praliy tef and

modulation schemes said encoded data received from said encoding system;

wherein the encoding system comprises one or more encoding look-up
tables, said one or more encoding look-up tables comprising encoding data
for encoding said incoming data according to said first plurality of modulation
schemes, wherein said encoding data for a number of said first plurality of

modulation schemes is identical; and

wherein the decoding system comprises one or more decoding look-up
tables for decoding said encoded data received from said encoding system,
said one or more decoding look-up tables comprising decoding data for
decoding data according to said first plurality of modulation schemes, wherein

said decoding data for a number of said first plurality of modulation schemes
is identical.

2. The modulation/demodulation apparatus of claim 1, wherein said

encoding system comprises:

a converter for converting incoming data to one or more binary

words, said binary words being formed of one or more information bits: and

a selector for selecting a type of modulation to be applied to
said one or more binary words; wherein said one or more encoding look-up

tables are arranged for determining one or more modulation angles



a selector for selecting a type of nodulation to be applied to said one or
nore binary words; wherein said one or nore encoding |ook-up tahlieypayeg
-arranged for determ ning one or nore nodul ati on angles LLOYD WSE 14 _
corresponding to said one or nore information bits according to said
selected type of nodul ation; said encoding systemfurther conprising a
‘first processor for determning an in-phase value and a quadrature val ue
for said one or nore nodul ation angles for transm ssion to said decodi ng
system '3. The nodul ati on/ denodul ati on apparatus of claim 2, wherein said
decodi ng system conprises: a second processor for determning said one or
nore nodul gt fromsai d i n-phase and  quadrature val ues recejved
from said %%’E%SP%&L@?%@{@%% oglrgcgpéef%(spaﬁw A HNE oS sglgetast
nodul ati on aype beehodalativnd sarRNeRstRihg 's?étéhi UMM &oin sty A sOChrdiRSEor
decodi ng | ogk-up tables are arranged to determ ne said One or nore binary
wor ds f or medPb@etesmining @y di-phase Malug angi @ quasiaturg vajse dor said bee or

Garh out por T entpauloh Bholc Y Epheiheli b P oo AR Ui “any one of

clainms 1, 2 or 3, wherein said encoding systemis a software inplenented
system 5. Bne nddwel aoduiatiemdedmoduiationapppaedtus of diith Mewbersihasa® 1, 2,
3 or 4, vvh%rei . sai d. decodi ng systemis a software inplenmented system 6.
The nodul at i Sﬁ?)g'@ﬂrﬂﬂe&?i%ﬁ"% Sratus of claim1, wherein said one or nore
encodi ng | ook-up tables are inplenented in a hardware system 7. The

modul at i on/ demodul at i @n gedwMdat poceésdt FbM detathftinh" sl JoREE or Ol dRY ©
decodi ng | ook-up tables are inplemented in a hardware system g e

nodul at i on/ deefstation poalespisemasaid infphasai and quadeateren vahied feiceited from
said encoding system; and

a selector for determining the type of modulation applied to said
encoded signal, wherein said one or more decoding look-up tables are
arranged to determine said one or more binary words formed by said
encoding system, said decoding system further comprising a converter for

converting said one or more binary words into a data output signal.

4. The modulation/demodulation apparatus of any one of claims 1, 2 or 3,

wherein said encoding system is a software implemented system.

5. The modulation/demodulation apparatus of any one of claims 1,2,3o0r

4, wherein said decoding system is a software implemented system.

6. The modulation/demodulation apparatus of claim 1, wherein said one

or more encoding look-up tables are implemented in a hardware system.

7. The modulation/demodulation apparatus of claim 1, wherein said one

or more decoding look-up tables are implemented in a hardware system.

8. The modulation/demodulation apparatus of claim 2, wherein said first

processor is implemented in a hardware system.



rocessor is inplemented in a hardware system LLOYD WSE 15 9.
godul ation/ dermrrgul ation apparatus of claim3, wherein said secon‘lg?D WISE
-processor is inplenmented in a hardware system 10. The _
nodul ati on/ denpdut ation apparatus of claim2, wherein said first processor
is inplemented in a software system 11. The nodul ation/denmpdul ation
“apparatus of claim3, wherein said sec processor is inplenented in a
software system 12. The nodul ation/denodul ation apparatus of claim 2,
wherein said encoding data is conprised of data from mappi ng tabl es
associated wth said plurality of ITDd:J| ati (i)g s\(l:\ﬂerre_s. 13. dTget o sai d
dul ati on/ ¢enod ti aratus of claim12, efein sai ata C
gppi ng tab?’gs cgﬂrp%r irﬁgglﬂgﬁ%rgﬁﬁmgyiaé'ﬁ”ofap@ﬂ@uﬁr B @im | &r whesein £eidon
scheres so sesbnd prodedsorBAipkmentcatAiRardipdeldigtatame encoding data. 14.
The nodul ati on/ denodul ati on apparatus of claim 3, erein said decoding

data is conprised of data from nmapping tables associated with sai_d .
plurality (r)rﬁonodl]—lhﬁt Medulatieafdasnodwatiam @ppasatuatdf aidide 2p sddileaeinosaid pirar at us

of claim 14,pr AT .Iéirhgﬁ{ ainJ%%?Q&SLﬁdfﬁg ing tables conprises a

conbi nation o ata rramsim chenes so that simlar
nodul ati on schenes use the sane decoding data. 16. The . .
modul at i on/ dérmoddlhat immdtdpﬁm'l/delmmdofati@n% apparatlist 6 d@éiﬁcesln,llt mgrrggslsggjhase
i i lurality of. modul ati on schenes conprises multi-
m.e; teI Eei?nge RE%RPC%S%{% '™ T%[P?%S‘?gdpfq grlbvaresys®mse shift keying
(MDPSK) . LLOYD W SE
12. The modulation/demodulation apparatus of claim 2, wherein said

encoding data is comprised of data from mapping tables associated with said

plurality of modulation schemes.

13. The modulation/demoduiation apparatus of claim 12, wherein said data
from said mapping tables comprises a combination of data from similér
modulation schemes so that similar modulation schemes use the same
encoding data.

14. The modulation/demodulation apparatus of claim 3, wherein said

decoding data is comprised of data from mapping tables associated with said
plurality of modulation schemes.

15. The modulation/demodulation apparatus of claim 14, wherein said data
from said mapping tables comprises a combination of data from similar

modulation schemes so that similar modulation schemes use the same
decoding data.

16.  The modulation/demodulation apparatus of any one of the preceding
claims, wherein said plurality of modulation schemes comprises multi-array

phase shift keying (MPSK) and multi-array differential phase . shift keying
(MDPSK).



16 17. The nodul ati on/ denodul ati on appar at us ofhany one of_thg grecedlng
clains, wherein said plurality of nodul ati on schenes conpri se LLOYD WISE
-conbi nation of any two or nore of BPSK, QPSK, QPSK-CCK, DBPSK,DCPgK,
DQPSK- CCK, pi / 4- DQPSK, and 8DPSK. 18. The nodul ation/ denodul ation apparat us
of claim2, wherein said first processor is arranged to determ ne said
“in-phase and quadrature val ues using trigononmetric functions. 19. The
nodul ati on/ denodul ation apparatus of any one of clains 2 and 18, wherein
said first processor is arranged to determ ne said in-phase and quadrature
val ues using a | ook-up table. 20. The nodul ati on/ denodul ati on appar atus of

i i ' is arranged to determ ne said one
or mor o’ modct at i on© eSS aHnBaTETR atedtelind anuans o ihs prenseing
cal cul at i ng diims, nwHerein t galgesludiit Nef ARW ISR eé&%rﬁg? Eééoﬁ?dr%e%”'& ase

and quadrature values. 21. A Bluetooth system conprising _
m)duﬂat i on/ FOMRIDAEIN 0@ Afyar BYQs ciccmoe nft BRAK, o@PSK, t IGPHKTER| ng

clainms. 22. pg?@ g=naley g ul at i nodul ati on appar at us
accordi ng tod%ﬁ%ﬁg%g 0 Q%ﬁ%g@g{;&%@g Aaﬁglsﬁﬁ *network system

conprising the nodul ati on/ denodul ati on apparatus according to any one of

claims 1 to180. Zhe modulationfietrodylatiom dppeestusofaciSish Diagieerdff isQiadﬁr%fdi 0
system cor‘r%ri si ng t.he nodul ati on/ denpdul ati on apparatus of any one o
0

clainms 1 toPOEESSYE 1S Aanangeg te feterpme $gichinrphase dant quadsatuseidalues hod

conpri si ng: usgiCPdonsndMi@fMcEehdi Nng to a first plurality of nodul ation
schenes; and LLOYD WSE 17

19. The modulation/demodulation apparatus of any one of claims 2 and
18, wherein said first processor is arranged to determine said in-phase and

quadrature values using a look-up table.

20. The modulation/demodulation apparatus of claim 3, wherein said
second processor is arranged to determine said one or more modulation
angles from said in-phase and quadrature values by calculating the inverse

tangent of the angle represented by said in-phase and quadrature values.

21. A Bluetooth system comprising the modulation/demodulation
apparatus according to any one of the preceding claims. '

22. A WLAN system comprising the modulation/demodulatioh apparatus
according to any one of claims 1 to 20.

23. A cellular network system comprising the modulation/demodulation
apparatus according to any one of claims 1 to 20.

24. A mult-mode system based on a software defined radio system

comprising the modulation/demodulation apparatus of any one of claims 1 to
20.

25. A method for encoding and decoding data, said method comprising:

encoding data according to a first plurality of modulation schemes; and



decodi ng according to said first plurality of nodul ati on schemes said
encoded data; wherein the step of encoding data conprises applying;gy ISE
-identical encoding data fromone or nore encoding | ook-up tables to ge\{\{a
to be encoded according to a nunber of said first plurality of nodul ation
schenes; and wherein the step of decoding data conprises applying
“identical decoding data fromone or norg decoding | ook-up tables to data
to be decoded according to a nunber of said first plurality of nodul ation
schenes. 26. The nethod of claim25, wherein the step of encoding
conprises in an encoding systemthe steps of: converting incomng data to
one or nore Dbi nary \Aﬁrds sai.d bj na%ié wor ds being formed of one or nore

i nformation bits;3°68 'é'@t‘l{’?fé)rgmgy%es first plugaiity of; mogulatiop| sehenmes saidd one
or nore bi n@ntodd@dds: det ermining using said one or nmore encoding | ook-up
tabl es one or nore nodul ati on angles corresponding to said one or nore
information bits according to said selected type of nodul ation; and
determ ni ng an i nhsHake thal stepard gngodidgadate sathprsdorapdyihg ofdemticalumber

of said one Qr re d i o] for transm ssio 0 decodi n
system 27. e%ﬁg%t ﬁg% yf’%l‘%&m SW%\?\?\e‘?'bqor‘ii'qgnio%‘f'HB Fﬂbﬁ%ﬁagﬁo‘?ﬁﬁ Ecbr%ﬁri ses:
det er mi ni ng eswbdedrecordimpte ametibet bPsaidTIbesIutalIRyos %&dl@ﬂd}h@éﬁemgéld
quadrature values received fromsaid encoding system LLOYD WSE 18"

determ ni ng ande type of nodul ation applied to said encoded signal;
determ ning using said one or nore decoding | ook-up tables said one

wherein the step of decoding data comprises applying identical
decoding data from one or more decoding look-up tables to data to be

decoded according to a number of said first plurality of modulation schemes.

26.  The method of claim 25, wherein the step of encoding comprises in an
encoding system the steps of:

converting incoming data to one or more binary words, said binary
words being formed of one or more information bits:

selecting a type of modulation to be applied to said one or more binary
words;

determining using said one or more encoding Ioo'k-up tables one or
more modulation angles corresponding to said one or more information bits
according to said selected type of modulation; and

determining an in-phase value and a quadrature value for each of a
number of said one or more modulation angles for transmission to a decoding
system.

27.  The method of claim 25, wherein the step of decoding comprises:

determining said one or more modulation angles from said in-phase

and quadrature values received from said encoding system;



or nore binary words fornmed by said encoding system and converting said
one or nore binary words into a data output signal. 28. The nethogd, &f @@y
-one of clainms 25, 26 or 27, wherein the step of encoding is inplene&% B n
a software system 29. The nethod of any one of clains 25, 26, 27 or 28,
wherein the step of decoding inplenented in a software system 30. The
“method of claim25, wherein the step of qgpplying identical encoding data
fromone or nore encoding | ook-up tables is inplenented in a hardware
system 31. The nethod of claim 25, wherein the step of applying identical
decodi ng data from one or nore decoding | ook-up tables is inplenented in a

har dwar e system The thod of claim 26, wherein the step of
det ermi ni ng an in- S%r Iglng\r}ﬁ?&o%ﬂﬁm{gd& 9NARRIE0\19s3id pRCIYRS SighAk ed. in a

hardware system 33. The method claim 27, wherein the step of determning
sai d one or nor eetarthihiagi @singRalE8NE Sori Mble HBBSE@IFg | B0 UPARHNRT i YoHeeM

34. The net hod cl %m 26, wherein the step of determning an I n-phase value
and a quadr & (RYCRANQRY Wardsiipreed Ry s@id aneoding siatesn;sanst em  35. The net hod
of claim 27, wherein the step of determning said one or nore nodul ation

angl es s I bl eMeBhogkting s%iéeﬁé\eﬁ‘%r?ﬁﬁgm\géﬁgﬁggvgﬁgh%élzﬁpﬁgsigggg met hod

of claim 25, wherein the step of applying’i
conprises applying data from mappi ng tables associated with said plurality
of nodul ati @8. scA&eemettzd of tamynenéad adintd 26m2B6or aAemtieneinhihesstep of

appl yi ng da . ing.tables conprises applying a conbination of data
from sinil a%ﬂc%@@'%ﬂﬁgﬁn%%ﬁgma%’ \g Sgﬁfﬁnﬂ-ar nodul ati on schenes use the
sane

29.  The method of any one of claims 25, 26, 27 or 28, wherein the step of

decoding implemented in a software system.

30. The method of claim 25, wherein the step of applying identical

encoding data from one or more encoding look-up tables is implemented in a
hardware system.

31.  The method of claim 25, wherein the step of applying identical
decoding data from one or more decoding look-up tables is implemented in a

hardware system.

32.  The method of claim 26, wherein the step of determining an in-phase

value and a quadrature value is implemented.in a hardware system.

33.  The method claim 27, wherein the step of determining said one or

more modulation angles is implemented in a hardware system.

34. The method claim 26, wherein the step of determining an in-phase

value and a quadrature value is implemented in a software system.

35.  The method of claim 27, wherein the step of determining said one or

more modulation angles is implemented in a software system.



encodi ng data. 38. The nethod of claim 25, wherein the step of applying
identical decoding data conprises applying data from mapping tab]es
.associated with said plurality of nodul ati on schenmes. 39. The metLhoé) VX’I‘SE
claim 38, wherein the step of applying data from nmapping tables conprises
applying a conbination of data fromsimlar nodulation schenmes so that
"simlar nodul ation schemes use the sane qgdecodi ng data. 40. The nethod of
any one of clainms 25 to 39, wherein the step of encoding conprises

encodi ng said data according to nulti-array phase shift keying (MPSK) and .
mul ti-array differential phase shift keying (MDPSK) nodul ati on schenes.

41. The nethad o n of . cl,ai 5 to 39, wherein the step of  encoding
conpri ses e%@bdi Erg%sip%ﬂggt gf a‘g%mﬁ%gwr@rﬁ'n&%iﬂﬁpi 8 Qﬁalé'ﬁg 'CI%'CB'r nor e
of BPSK, QPSKco@RgHidigiooniivel, iy RlTtom GRiippihg tabie8YsscRited W
nmodul ati on schenes. 42. The nethod of claim 26, whefein the step of

det erm ni ngs§!9 Hufﬂﬂbﬁég@duﬁi@ncﬁﬁﬁéﬁm%re val ues conprises determ ning said
val ues using trigononetric functions. LLOYD WSE 20 43. The nmethod of any

one of ¢l ai mp, 26 T dnousr ldint B8, Sdie, ing=UER T RATAL i RS,

quadrature val ues conprises determning Said Vva
44. The met mappifg clablea Zomprseseapplyirey si egormbindtider 6f ristg Faird sHMRa0r

nore nodul ati o ngl es from sai g in-phase and quadrat ure val ues conprises
cal cul ati ng "ﬂ%ﬁ"%‘f&br?@ef'}ﬁ?géﬁt ﬁb’?‘ ?'ﬁ@%n@lo@u}%ﬁﬂe%m’@ésbysgaﬁh@ SAMshase
and quadr abHE:@dMQ'déQé.-

38. The method of claim 25, wherein the step of applying identical
decoding data comprises applying data from mapping tables associated with

said plurality of modulation schemes.

39. The method of claim 38, wherein the step of applying data from
mapping tables comprises applying a combination of data from similar
modulation schemes so that similar modulation schemes use the same

decoding data.

40. The method of any one of claims 25 to 39, wherein the step of
encoding comprises encoding said data according to multi-array phase shift

keying (MPSK) and multi-array differential phase shift keyihg (MDPSK)
modulation schemes.

41. The method of any one of claims 25 to 39, wherein the step of
encoding comprises encoding said data according to a combination of any
two or more of BPSK, QPSK, QPSK-CCK, DBPSK,DQPSK, DQPSK-
CCK,pi/4-DQPSK, and 8DPSK modulation schemes.

42.  The method of claim 26, wherein the step of determining said in-phase

and quadrature values comprises determining said values using trigonometric
functions.



. thod of encoding and decoding data in a Bluetooth system
g(SJrrp'rA\i g?ng t he net hod 019 any one of clainms 25 to 44. 46. A nethod LOPYD WISE
-encodi ng and decoding data in a WAN system conprising the nethod of any
one of claims 25 to 44. 47. A method of encoding and decoding data in a
cel lular network system conprising the nethod of any one of claims 25 to
"44. 48. A nethod of encoding and decodimgp data in a nmulti-node system
based on a software defined radio system conprising the nethod of any one
of clainms 25 to 44.

43.  The method of any one of claims 26 and 42, wherein the step of

determining said in-phase and quadrature values comprises determining said
values using a look-up table.

44.  The method of claim 27, wherein the step of determining said one or
more modulation angles from said in-phase and quadrature values'comprises

calculating the inverse tangent of the angle represented by said in-phase and
quadrature values.

45. A method of encoding and decoding data in a Bluetooth system
comprising the method of any one of claims 25 to 44.

46. A method of encoding and decoding data in a WLAN system
comprising the method of any one of claims 25 to 44.

47. A method of encoding and decoding data in a celiular network system
comprising the method of any one of claims 25 to 44.

48. A method of encoding and decoding data in a multi-mode syétem

based on a software defined radio system comprising the method of any one
of claims 25 to 44.



