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the Invention The present invention relates to a nodul ation/ denodul g

apparatus for the encoding and decodi ng of data and a nethod for enco |ng
and decoding data. In particular) the invention relates to

nodul at i on/ denodul ati on apparatus and met1hods for use in Bl uet

mul ti-node systens, based on software defined radio. Backgroun Mlmmmm
Invention In nulti-node systems in which information is exchange

wi rel essly, there is a requirement to achieve seanl ess performance, 1P RYL
is, to harnoni erent  wi r%l esls_ commnl cat|on system; This process is

known as ubi g TR L NIV EMODUL ATIOMAPPARS FOR THE ENCODKNGY.
protocol roam naNpBEEChNE AT net wor k
systens (Bl uet 00 WOT thet wor k

systens ( GSM WCDVA/ PHS) W I I be nEBEGeDING Ehﬁ';@pem f| catl on for medi um
rate Bl uetooth systems is described in Bluetooth Medi um Rate

Speci ficati Oﬁi!d ;il ! Bl L{Bt ooth SIG Apr. 2003 and the specification for
WLAN syste Wrel ess LAN Medi um Access Control (MAC) and
physi cal Payer (PHY) specifications, |EEE Standard 802. 11, 1999. The

shecL! Loat, e prestetinlonton bl 5 shadaln i i AbeBFARang e

roam ng) a rNASEING Rndpdeseding of ddatsdamdita mtbo&d&e%nﬁudhgbén&ﬂ&w‘ir@ and

hence there ad Need g ral duI at { on/ denodul ati on schene which is
cost effectltalat;t to ﬁgepéﬁ%U%f o?ﬂge "&\Fﬁf |q? S nigt '@S%Haé‘Qn/denPduiatlon

convent i onalappdraiusrmﬂbmemdsnbr baesn Bﬁﬁlet&@fmmf/m/ S RRA-RRile s;fsgéﬁé
whi ch uses recogrﬁﬁg 9@&”6 rchitecture, many particul ar proce55| n

al gorithns 9fineddadiayi f f er ent nodul ati on schemes and each
nodul ati on schene has a correspondl ng dedi cat ed nodul ati on/ denodul ati on

al gorithm /ASackddtind Of TheJRveNfibRM™ have a large menmory requirenent and
are very corrfl"e_ﬂ—l'ﬁ_ro_gamﬂ—a comercially viable SDR system havi ng
prot ocol roam n(% a nunber of problens need to be solved, in particular, a
general nmoduh &eylErnadersysteatsi iowhigls irfomatioreigaxceeng Sy W’ﬁ‘é‘lé@fslﬂthé_ﬂéqs a

| nvention | e t he present .invention conprises a nethod and
appar at us fgr 9@@%’3‘%}‘%" é{ﬁé}ﬁ%é% SiReHormancs. &t isr tonkaraenien differeabl es
to speed andvmlesmldommhﬁcéﬂél@ds co y
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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.



According to a first aspect of the invention there is provided a

nodul at i on/ denodul ati on apparatus for the encodi ng and decodi ng of data,
sai d apparatus conprising: an encoding systemto encode incom ng data
according to a first plurality of nodul ati on schenmes; and a decodi ng system
to decode according to said first plurality of nodul ati on schenes said
encoded data from said encodi ng system 3 wherein the encodi ng system
conprises one or nore encodi ng | ook-up tables, said one or nore encodi ng

| ook-up tables conprising encoding data for encoding said i ncom ng data
according to said first plurality of nodul ati on schenes, wherein said
encodi ng data for a.nu said first plurality of nodul ati on schenes is

f
i dentical ; aAFAWEPEORA t'ﬁ@tigﬁeﬁﬁﬁwe%‘?iﬁﬁ%%ﬁq@\&e &iedingd Ragie (8BF)di ng
| ook-up tabl\gRichQUsedeeeehifliraBiebreRtRdaE, Firy p&teLMEBrddedd] eclgaiﬁ{x@?gl ng

system) said one or nore decodi ng | ook-up tabl'es conpfising dat a
f or decodi ngarésemplayedrtdiprgcess diffieteriti medulation sichemesfambdatiatmadulatidrenes,

wherein said i ta for nueber of said fir lyrality of,
modul at i on ST MBS £ duriesandind iteRY FBdbiatabkieatediithian Bigdrim.
i nvention th&s e résult! SegtedysteRisuRhRO NI éh@é’hé%cgﬁﬂ ferit shd are ve
nodul at i on/ denodul at1 on apparat us defi ned above. "According to a thir

aspect of tHOMPIEENtion there is provided a W.AN system conprising the
nodul ati on/ denodul ati on appar atus defi ned above. According to a fourth

aspect of t i i 1S AR OMY | ar .netwgrk system
conprising t eﬁﬁggkgﬁﬁoén? @@ﬁ?}%ﬁ'ﬁg\[ ?’ﬁﬁ%g@ gﬂdé%@?‘f'%ﬂ@ﬁﬁq OaUAG i ng
to a fifth asyaber obf t peobilementriesd tfeer Bel SoVed)i ded partiBilldr, - Bdgesyral em
based on a software defin radi o, system conprising the

modul at i on/ d@ﬂﬂ\é\%t'ﬁf‘dﬁﬁ‘ Ot Systerdyis RRQMiERSbve. According to a sixth
aspect of the invention there is provided a nethod for encodi ng and

decodi ng datsunﬁﬁgﬂﬁ ortraednvenibhsSi Ng: encoding data according to a first
plurality of nodulaftiton schenes; and 4 decoding according to said first
plurality of nodul ati on schenes said

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 also 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;



encoded data; wherein the step of encoding data conprises applying

i dentical encoding data fromone or nmore encoding l-ook-up tables to data to
be encoded according to a nunmber of said first plurality of nodulation
schenes; and wherein the step of decoding data conprises applying identica
decodi ng data fromone or nore decoding |ook-up tables to data to be
decoded according to a nunber of said fi?st plurality of modulation
schemes. According to a seventh aspect of the invention there is provided a
nmet hod for encoding and decoding data in a Bl uetooth system conprising the
met hod defi ned above. According to a eighth aspect of the invention there
is provided a nmethod for encoding and decoding data in a WLAN system

conpri sing the neVhe@intie arepding Skstepreomarises oae or mererengogding look-ume

i nvention t i | neodi ecoding data jn a
cel lul ar net V\B%(s' ?92{ Q#ﬁﬁﬂ?.‘%ﬁhégﬁﬂéq%ﬁ@d‘%@. ﬁ‘gﬁpﬂﬂa%?"‘%éw aﬁ to a
t ent h aspectfooenthdingreeid iricamint etata iascordivg tedaid first bmeblgpbf AfscRfatitth and
decoding data,in a rrutl_'tlzm)d.e sg_sc';@m b seg on a sgftvvar e defi ned r_ad|P

syst em conpri<IENES HEherein saidiepreoding or grngnber o sajsk fiksh piwraiityeo

Drawi ngs ThemBH@R®Bh scR¥RSI 9 aMtichl, BRY e described by way of exanpl e and
with reference to the acconpanying draw ngs in which: 5 Figure 1 is a

fl ow di agram of a general nodem for use in an SDR system according to an
enbodi ment of t hewgaﬂegmtha)d@cqim 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.

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



Figure 2 is a graph showing the variation of theoretical BER val ues and
sinmul ated results against the signal-to-noise ratio (SNR) of a general
nodem accordi ng to an enbodi nent of the invention for use w th MPSK/ MDPSK
nodul ati on schenes. Description of Preferred Enbodinents In a first
preferred enbodi nent, a Bl uet oot hNVLANI PHS nul ti - node system based on SDR
is considered. Miulti-array phase shift kgying (MPSK) and multi-array
differential phase shift keying (MDPSK) are the major nodul ati on schenes
enpl oyed in these systens and there are a nunber of possible variations of
each nodul ati on schene suitable for use in Bluetooth/ W.AN PHS nul ti - node

systens. Table 1 lists the ma n nodul ati on schemes for Bl uetooth, WAN and
Sl 5h8

PHS and exanpl es %lagpgr tosauhirdepleality abmaduation sehrmes spichl e 1
MPSKI MDPSK f gricddlededatat hl WLANI PHS MPSK ~ BPSK,  QPSK, QPSK- CCK MDPSK

DBPSK. DQPSK.  DQPSK- CCK. pi / 4- DQPSK. BDPSK The types of nodul ati on schenes
used in Bl uetooth/ WAN PHS systens and their operating nodes are set out in
Table 2. 6 Tablwhereimdtheatstem Scr&ncesllr@ncdamecamMseQ\/bamyl@gerﬁntmal

ModesModul at he t a Rat eBl uet oot h
VoL 4 DaPo T EEE iy PRS- TiiBoRiAcoding look-up tables to data to be

Mbps DSSSDGPS¥Rddue KGR SHRRRPRRE o
Mbps ERP- G:DNBPSKelgwbpstgg-B G:DNQDSKlzllsmp?LLﬁgﬁP’/gi %’iﬁﬁ@@ﬁe'
encodi ng/ dec®¥ ng mappi ng tabl es of MPSK/ MDPSK for Bl uet oot h/ W.ANI PHS

systens are presented as follows. Tables 3 to 10 bel ow map the phase shift

corresponding to s he nDduIatlo st .l jsted

in Table 2 and t h\)eo Ilee?}'lljodt ats?éde %fh(raeégﬁgf@ dét%t PRGPHECS 2P )Slr'ét ernﬁlc \

i nformati on dedaling’atsdta fforbippe ngr hedreedeésdingPBBEK-UBSEDIdABSdata to be

Modul at i onl nf or mat i on Bit sPhase Shift00l~cDenodul ati onThr eshol dl nf ormati on

Bits<cl? or garcopging 0 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:



Tabl e 4 Mappi ng Tabl es for DQPSK-DSSS 2Mops Mdul ati onl nf ormation BitsPhase
Shi ft 00001~c /21110-~ /2Denodul ati onThreshol dl nformati on Bits<cl4 or

>7*~/ 400<3*~c1401<5*~c1411El sel0 Tabl e 5 Mappi ng Tabl es for D4PSK- CCK
Modul at i onl nformati on BitsPhase Shift00~c01-~c 1211010~c

[ 2Denodul ati onThr eshol dl nformati on Bits<cl4 or

>7*~[ 411<3*~c1410<5*~c1400El se01 Tabl e 65I\/appi ng Tables for Pil4

DQPSK- Bl uet oot h MR Mbdul ati onl nfornmati on*Bi t sPhase Shi ft 00~c

[ 4013*~c/ 411- 3*~c1410- ~c /4Denodul ati onThreshol dl nf ormati on

Bi t s<c120001<3*~1211El sel0 . Tabl e 7 Mapping Tabl es for 8DPSK-Bl uet oot h
MR Modul ati onl nfornmation BitsPhase Shift0000001~c

| 4011c120103%igerei1ig1a flogr dispramiof-a gerdal modem for use in an SDR system

| 4Denodul at i |_dl nf pr ion RBits<cl8 or >15*~c18000<3*~c18001<5* ~
/8011<7* ~c ?@%’T@@ﬂgﬁg’l‘g@@ﬂﬁ?@f{%’aﬁlteﬁ sel00 Tabl e 8 Mappi ng
Tabl es for BPSK-OFDM Mbdul ati onl nf or mati on

Bi t sPhase0~ cmgamrmdud at t mpThrsﬁahmgilthié aaiiatibR NofBiHevrétictl BER3Valldd B0
Tabl e 9 Mapp gl es QPSK- OFDM Mbdul at i onl nf or mati on Bi t sPhase00- 3*
~c 14013*~c 1$4 e zfﬁéu tS P%@ﬁ’bﬂnﬂ sighahtprieise satin (SNRef aggersirakrodem <

LS 20l 1 F S0 i A e (S wopa

/ 210Denodul amndufﬁhoa%bbﬁetsf ormati on Bits<cl4 or >7*~c/400<3* ~c

| 401<5*~c1410El sell Frorn a consideration of the above Tables 3 to 10, the
Appl i cant ha 's possi bl e-to conbi ne a nunber of the

af or enent i oneg=—¥e X BNt$ok-up tables for use in encoding
and decodi ng. For exarrpl e, BPSK- O:DM and DBPSK- DSSS may share a | ook-up
table. Sim Imrbmrsm%% BinétoDRARL-AFe up
tabl e. Furthernore, éﬁD(%E.S?( and g‘%K- OFDM may sharHe@a s&?ﬁf‘n

Once the | odkasgs 9&b§@5 i gengidered; oMultieattay phase minfsmeymg (iVIE’SK)nand he

fﬁQ”ﬁSﬁL?ﬂZﬁ? TS e BROA o R ot KT AR, 78 o fRalsl Moduiph "
possible to snrmadlueseemmey@jarh thestemysfeis @ndntiere drer abRimbaPoK iadiddPSK

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.




modul'ati on schemes. 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 ment of the invention. In the encoding part of Figure 1, the data
input is converted into binary words and the type of nodulation is

sel ected. The binary words are then converted in an encodi ng | ook-up table
for the sel ected nodul ati on schene to gige a nodul ati on angl e correspondi ng
to the data input. Using this nodul ation 10. angl e, the in-phase and
guadrature val ues of the nodul ated data are cal culated for transm ssion. In
the decoding part of Figure 1, the incom ng in-phase | and quadrature Q
data is used to conpute the nodul ati on angle and the type of nodul ation
schenme used is determ ned. The cal cul ation of the in-phase | and quadrature
Q val ues and t he nidblea2iModulationsSchemesarichOperation Modes ai | bel ow. From
t he decoding | ook-up tables, a decision is nade as to the binary words
corresponding to the nodul ati on angl es received and these binary words are

converted t[o osé‘r@veh M&feélata OTMBHTRGEY STHERRE and TOOHERAHE & data

out put - si gn@i— such—asTth 1 A—gur gese+bed—akove
has been si rrul a egy I.fzhe resul taaE'\/,& ﬂ%wgkﬂvi* h—t hqeuey%gﬂial—em—a;&i
val ues for K:hnr‘mq Eilgur e PHws t he
results of [the | ¢ul at s ahd si 0P §|Kons for the pr oddRBRSI gener al
MODEM i | lusltrated i n|E¥8Pe 1 for_ MPSK BRPNOPSK nodul ati oreMbpsnes. |1
Figure 2, the BER is|pERR-€CHKgai nst BQIASK-OCK noi sel rat i o5(6Mbps for each

of the systlens considered. It shouDQPSK-CTISQPBRL UPSK- CCK1 sQPSK-"CHDM
have sim | gr BER per{ornance, 1d DQPSK- BBFRS, DQPSK—CCK and p| I 4 DQPSK have

sini| ar BER per f or maiER f% 57 SRS A T T- T 9 b

isin line vmththet val-Hes ehannel-g
preferred gnbodi nent bove, t §5neral dem | EZHﬁM%QSam y
i np| ement ed—usi ng—sQ. 1‘\/\ n furt ner  pr ef erred enbhodi m=nt\ which is a
variation of_the fi r#Senbodi nedt, boPH4@PSKmut atli on (t B2KbES) t he
cal cul ati on of the nodul ation 11 angles, and the cal culation of the
i n-phase | and quadrature Q val ues) and the

The encoding/decoding mapping tables of MPSK/MDPSK for
Bluetooth/WLAN/PHS systems are presented as follows. 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 T
Demodulation Threshold Information Bits
<zl2or>3*x/2 0
Else 1




l'ook-up tables may be inplenented in hardware,
portion to be perfornmed in the software domain.

| eaving only the control
This will increase the

speed of operation of the system The performance of the second enbodi nent

is simlar to that of the

in Figure 2
enbodi nent)
cal cul ation
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Table 6 Mapping Tables for Pi/4 DQPSK-Bluetooth MR

Modulation Information Bits Phase Shift

00 wl4

01 3*z /4

11 -3*rl4

10 - l4
Demodulation Threshold Information Bits

<zl2 00

<z 01

<3*r/2 11

Else 10 .




processed, which constitutes the input nodul ated conpl ex synbol .

MDPSK are wi dely used in wireless conmunication systens and preferred
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14 corresponding to said of
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sai d encodi ng system further conprising a

first processor for deterfablerfMappimg Tlabtes forl BESKROFDMjuadr at ure val ue
for said one or nore nodul ation angles for transm ssion to said decoding

system 3. [edirdishal’ on{FsrmatibraBitoN ap FPREgEss 0f clarm 2, wherein Sgi d
decodi ng system conpri sesp a second procCESSHT for—determmng—sard—one|or
nor e ] 0
Demodulation | Threshold Information Bits
<rl2or>3*r/2 1
Else 0

Table 9 Mapping Tables for QPSK-OFDM

Modulation Information Bits Phase

00 3*rl4

01 3*rl4

11 zl4

10 - l4
Demodulation Threshold Information Bits

<z/2 11

<r 01

<3*7 [2 00

Else 10




modul'ati on angles from said in-phase and quadrature val ues received from
sai d encodi ng system and a selector for determning the type of nodul ation
applied to said encoded signal; wherein said one or nore decodi ng | ook-up
tabl es are arranged to determ ne said one or nore binary words fornmed by
sai d encodi ng system said decoding system further conprising a converter
for converting said one or nore binary mgrds into a data output signal. 4.
The nodul ati on/ denodul ati on apparat us of Yany one of clains 1) 2 or 3,
wherein said encoding systemis a software inplenented system 5. The
nodul at i onl denodul ati on apparatus of any one of clainms 1, 2, 3 or 4,
wherein said decoding systemis a software inplenented system 6. The
nodul ati on/ denodul ati on apparatus of claim 1, wherein said one or nore
encodi ng | ook-up tabl es afabliert) Mappirg Tables far QRSKCOKtem 7. The

nodul ati on/ denodul ati on apparatus of claim1, wherein said one or nore

decodi ng | oofodIati8RT €S ar € IAfGRhATIGH BRY | 1| Phdsd GWRY € system 8. The
S

nodul ati onl|denodul ati on appgpatus of ctarmrg, werern—sard—first—procegsor
is inplenented in a har d\l\:ﬁl‘%chct e 1519 —Fhe—redul-ationf-derpdul-ati-4an
apparatus of claim 3, whereg—said-second n’."lz* s | |

D4 aidla:
har dware system 10. The hddL at i on/ denndul#2on apparatus of claim 2,
wherein saild first processofOis inplenentedrin a software system 11. The

nmodul at i on/ deemddutatioon appdihsgsholdf cl ai miIBformatioaiBitssai d second procdssor
is inplenented in a softwal&sMseres*z/4. THe0 nodul at 1 on/ denodul at 1 on
apparatus of claim2, wher¢ia*gagd encodi ngpfQdata 1 s conprised of data flrom
mappi ng tabl es associ at ed \‘Sujm”ziu dpror f” 1,31'0' of modutati+on—schenmes—13

The nodul at} on/ der nodul at i ¢aapparatus—of 3 H-m—2—wherei-pr—sai-d-data—fir om
sai d mappin '%Eﬁi-cgmgi-nati nbf data fromsimlar nodulation

schenes so that simlar nodul ation schenes use the sanme encodi ng data. 14.
The nodul at i BN eAverNsiderationpphithe uabewe clables B tandPeithesApplicantobiasg

data is compghsediatly ¥heit fi§ YOI 18 LonhESa Feiisdrdfthe atdled@ntloned
mapping tables to produce look-up tables for use in encoding and decoding.
For exampie, 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 schemes and the look-up tables. Using
the combined look-up tables and corresponding control systems, it is possible
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



plurality of nodul ation schenes. 15. The nodul ati onl denodul ati on appar at us
of claim 14, wherein said data from said mappi ng tables conprises a

conbi nation of data fromsimlar nodul ati on schenes so that simlar

nodul ati on schenes use the sane decodi ng data. 16. The

nodul ati on/ denodul ati on apparatus of any one of the preceding clains,

wherein said plurality of nodul ation sc s conprises nulti-array phase
shift keying (MPSK) and nmulti-array differential phase shift keying
( MDPSK) . 16 17. The nodul ati onl denodul ati on apparatus of any one of the

precedi ng clains, wherein said plurality of nodul ati on schenmes conprises a
conmbi nation of any two or nore of BPSK, QPSK, OQPSK-CCK, DBPSK, DQPSK,
DQPSK- CCK, piangl@Qiisk, ingpitasgDred. qu@gdrathee ricsdugsit¢foithelenodulated odatappee at us

of claim 2, i } iest processor is arranged to determ ne said
MGG AP Rof

i n- phase an 'Ueés Using trigononetric functions. 19. The
nodul at i onl denodul ati on apparatus of any one of clainms 2 and 18, wherein
sai d first pnothesderodisg partaofgEigure 1d¢heimsomingaincphasephane cqaadratuss iCat ur e

I [ | ook- table. 20, Th | at i on/ dejmmdul at i At f
raim s, whetedSaial & B8Py doemerURYSH analpnd theiiine of MSBARP DR or
more modul atddienidabes if dofhhmed. | The BaREIABA H4RE IRbHAS: Y%hHgﬁglal}‘%ty{)%ase

calculating t i nverse tangent of the angle represented by s
and quadr at URevalugsuasd tixd modubiticat angles sy descnilmezhinr merandetdilebelow. From

nodul ati on/ dgnodul at.i on _appar at.ys accqrdi.ng to _any one, of, the preceding
clains. 22. dﬁ%ﬁ?\?\?@%?‘@ﬂ?ﬁ@n&é’ﬁ'na ﬁ@S'ﬁﬁdlﬂ mads Aselro dig g?'f‘gw WIS at us
accordi ng t ocafespondirdf et Medlidtion2dhgle@recdived] b FedtebiMahK wordd are
conpri sing the nodul at1 on/ denmodul ati on apparatus according to any one of

clainms 1 to canvested ta regever-thediata peiginally sneaded andsterpraside aidataedtpuidi o
system corrpr%ghglg t he nodul ati on/ denodul ati on apparatus of any one of
claims 1 to . 25. A nethod for encodi ng and decodi ng data, said nethod
conprising: encoding data according to a first plurality of nodul ation
schenes; andA sykferdesush ag that ahdivngint Figaae A fandstegdribedl abyvedhagobeémt i on
schenes said ,erl@agdgd dat a; WnErei n the step of encoding data conprises
appl yi ng i deSiMuated andothentgsylis somrared ndthothegpstical galcliiated Valliesuior thd| es

to data to bgpygk A MBPSR MoBdiatiBn3chEMS MiuR?d hbivithe P4LIR dfithesd
nodul ati on schenes; and
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



wherein the step of decoding data conprises applying identical decoding
data fromone or nore decodi ng | ook-up tables to data to be decoded
according to a nunber of said first plurality of nodul ati on schenmes. 26.
The met hod of claim 25, wherein the step of encoding conprises in an
encodi ng systemthe steps of: converting incom ng data to one or nore

bi nary words, said binary words being fo1ned of one or nore information
bits; selecting a type of nodulation to be applied to said one or nore

bi nary words; determ ning using said one or nore encodi ng | ook-up tables
one or nore nodul ati on angles corresponding to said one or nore information
bits according to said sel ected ty e of nodul ation; and determ ning an

i n- phase valangles@ngd theaalewation efthadnfphased andafuadratune & valtieshand thee or

nor e nodul atj on. angl ra 1. SSi t. i St 27. The

met hod of cIIJ&%”@S,%bﬁSeS@aFyntbtehEﬁéﬁkgﬁeng?d dgc@gﬁ’é?%o%%y%egﬁwd&%rcﬁpﬂphg
said one or puorien t®del mirfarmeanial the oftaars aotnain: PNHS wilkMtrensdthy spsed/al ues
recei ved from sai d, encodi ng system 18 determ ning the type of nodul ation

appl i ed to <Hiapesplifyeltheisystdm. deter mi ni ng using said one or nore decoding
| ook-up tables said one or nore binary words fornmed by said encodi ng

system and ' i e I | rGlSid J t

Sl anal . 26 Tho HeriopiRgnas! &t BRCsBof ebbdiht 5HRIROL PRl Bl IO HEL e
of encodi ng embodipientanddbeiefor thef resalte shgpwhamFiqiere Zrare applivathleofo ey one
of claims 25, 26, 27 or. 28, wherein the step of decoding inplenmented in-a
sof t war e sys%eézﬁpdﬁancﬁi@%t hod of claim25, wherein the step of applying
i dentical encoding data from one or nore encoding | ook-up tables is

i mpl enent ed [hna JuitédyRISTéY TnfiBdimént, TA8 dBHHRPJudtioh ahdtRS cortititsiich t he
step of applying identical decoding data fromone or nore 'decoding |ook-up
tables is i r%ngtnmq gdch ,asathnacpaimjagomojttbmmodulat|on 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 the
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 BIuetooth/WLAN/PHS system.

Table 11 Look up table for |, Q Values for MPSK

Modulation Angles [, Q Values

0 (1, 0)

Pi/4 (0.707, 0.707)

Pi/2 (0,1)

3*Pi/l4 ' (-0.707, 0.707)
Pi (-1,0)

-3*Pi/4 (-0.707,-0.707)
-Pir2 (0,-1)

-Pi/4 (0.707,-0.707)




32. The nethod of claim26, wherein the step of determining an in-phase

val ue and a quadrature value is inplenented.in a hardware system 33. The
met hod claim 27, wherein the step of determ ning said one or nore

nodul ation angles is inplenented in a hardware system 34. The nethod claim
26, wherein the step of determining an in-phase value and a quadrature
value is inplenmented in a software systey 35. The nmethod of claim 27,
wherein the step of determ ning said one or nore nodul ation angles is

i npl enented in a software system 19 36. The nethod of claim 25, wherein
the step of applying identical encoding data conprises applying data from

mappi ng tabl es associated with said plural |ty_ of nodul ati on schenes.
The met hod o‘forﬁaPrﬁlﬁéch%\m@Fearfw?twgt eRs s inrrtbe&ﬁt%rmmammﬁbmmb

tabl es comprise f a n?éﬂ(;s I N n
schenes so tiat sim %Qr an%al?gmhwtsﬂé rrgsMﬁgg trLar rr%ﬁgerllg% mgLUdag@%é) 38.
The net hod adbtainednfr@f, Tatllerldi aret hmltqﬂleﬂ yf theppleyious modatated infdematiomg

b ural 11y orbihoRPaAtEys B mobtiassy ng?%e?ﬂﬁ RO Goatfated IRHEAAT « he
step of app! ik fihyclsd 81drE@ BAPRRIONd m@' RBRAPBY W GERB Bt | on

of data fromsim’lar nodul ati on sc erres SO t at simlar ation .schenes
use the sanecufeandlyi b@ngenracemd ainek teeehoddiaf) rates @fn’meomodmaatlma sthenee 39,

wherein the ste f. enco ris ncodl sal accor

nul ti-array ‘ﬂ’H P ;ﬁ}?g??%?%é ‘é\%Hem formay Qﬂ‘gﬁmﬁi)él%ge;w%se
shift keyi ngpr%’%’s%@ n@%éﬁ‘b‘e%tém@@'?ﬁﬁn Table T9e net hOd of any one of
claims 25 to 39, wherein the step of encoding conprises encoding said data
accordi ng toca conbl natlfon of any tvvolor nore of BPSK, QPSK, QPSK-CCK

DBPSK, DQPSK, 4 LY ZBPDPSK nodul ati on schenes. 42. The
nmet hod of claim 26 wherein the step of determ ning said in-phase and

dr at
functons. PistEipEhRTHE REmARAGON. & ModiRafion s Ja000bl bERERIR B1° .
step of det ecafculating sthed |mversdaamgend mfuahbalt e Gl valges ooprresths being

determ ni ng sai d val ues usin
d processeA which congtntutes tﬁe m;?ut 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.



44. The method of claim 27, wherein the step of deternining said one or
nore nodul ati on angles from said i n-phase and quadrature val ues conpri ses
calculating the inverse tangent of the angle represented by said in-phase
and quadrature values. 45. A nmethod of encodi ng and decoding data in a

Bl uet oot h system conprising the method of any one of clains 25 to 44. 46. A
nmet hod of encodi ng and decoding data in ﬁ3v1AN system conpri sing the nmethod
of any one of clains 25 to 44. 47. A nethod of encodi ng and decodi ng data
in a cellular network system conprising the method of any one of clains 25
to 44. 41. A nethod of encodi ng and decoding data in a nulti-node system
based on a software defined radi o system conprising the nethod of any one
of clainms 2€kaimss. A . AQ.AQ2 .A@L.A[L.At.A . A

.A9. A@r. AJ. AS{s. A@ A@ 9. AS . AS{. A@GR A@ . AS{. ASyn; XZ

Uona onl cal ] odf S RURRLTAGHBHERER. FalarBLECT € Rncoplina, paddesediigs - s
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Ul c”a] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!

kPN U . . . . .

SULLLgm e ol ATSReediIng: systam Axsprgadeuinceniing @@Fcawt]érd]ngaw c?]ﬁf]au calc
i A cMaU] ca] ca] ca
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caV] ca] caV] ca] cal] ca] caV] ca] ca] c*a] ca] cha] caV] ca] caU] ca] caV] ca] caV] ca] caV] c
a] caV] ca] ca] c"a%R&IeRotgRSYystem to decode according to said first plurality of

cal cal] ca) cdedyeie ik sy Ehrctal Gapistriied 420y SaFARACUNE siAte cav] ca
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] ca] ca] ca wherein the encoding system comprises one or more_encoding look-up
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ca] ca! A9voydables, said one or more encoding look-up tables comprising encoding data
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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
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for determining an in-phase value and a quadrature value for said one or
more modulation angles for transmission to said decoding system.

3. The modulation/demodulation apparatus of claim 2, wherein said
decoding system comprises:

a second processor for determining said one or more
modulation angles from said in-phase and quadrature values received 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, 3 or
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.
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10G 9. The modulation/demodulation apparatus of claim 3, wherein said

second processor is implemented in a hardware system.

10. The modulation/demodulation apparatus of claim 2, wherein said first
processor is implemented in a software system.

11. The modulation/demodulation apparatus of claim 3, wherein said
second processor is implemented in a software system.

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/demodulation apparatus of claim 12, wherein said data
from said mapping tables comprises a combination of data from similar
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).
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17. The moduiation/demodulation apparatus of any one of the preceding
claims, wherein said plurality of modulation schemes comprises a
combination of any two or more of BPSK, QPSK, QPSK-CCK,
DBPSK,DQPSK, DQPSK-CCK,pi/4-DQPSK, and 8DPSK.

18. The modulation/demodulation apparatus of claim 2, wherein said first
processor is arranged to determine said in-phase and quadrature values
using trigonometric functions.

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/demodulation 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 multimode 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

mu
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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 look-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;
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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 keying (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,pif4-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.
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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 cellular network system
comprising the method of any one of claims 25 to 44.

41. A method of encoding and decoding data in a multi-mode system
based on a software defined radio system comprising the method of any one
of claims 25 to 44.



