WO 02/ 075995 PCT/ S&2/ 00044 1 FULL SPECTRUM OPTI CAL COMMUNI CATI ON SYSTEM
AND METHODS THEREOF Field of the Invention 5 This invention relates to
optical cqa7smki on systens. I n particular, this inventp@nsd®ogssgs to
nodul ati on, denodul ation, transm ssion and reception of information in an
optical conmunication systemusing an optical spectrumthat includes the
visible and invisible spectrumranging frominfrared to the ultraviol et
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transm ssion. For such optic&N]%Wﬁm ' E\%},E the light source
typically provides coherent Tight a |isjsr31;r]§o and and centred at a 15
specific frequency.. To increase the capacity of information transm ssion
in existing optical comunication systens, a techni que known as wavel ength

di vi si on nuFidlgoEdietpveti) is applied. In WDM data is transnitted

si mul t aneously on, optic carrier 20 signals.at. differe vel ths to
inc_reasegt ransm @Fdﬂv‘%!@ﬁ&&%f‘g‘f??%ﬁ%‘faff griupie %%S%Sgeﬁ%sh cgéggﬁ9§@%§ a WM
optical confhighged felesSiSh&Mition, &mhedsftbl) Yrafsmiséioh @hd kdveptidisoequal to the
nunber of different wavel engths used. However, WDM and ot her existing

t echni ques #fernaiiontin g ogticdl spemupiratign sysiemusing anopiipalispestim St e

transm ssio [ tyv.are stil.l.-.4im i

modur at od. o SR Ble iplsthnfibvigblePel AR Rof e arcl W BB SLe? |
one wavel engpht feayueadiefde used to conpensate overloadi ng in anot her

wavel ength. Furthernore, the different wavel engths have to be provi ded by
separ at

Background

Existing optical communication systems modulate input signals onto light
from a light source prior to transmission. For such optical communication systems,
the light source typically provides coherent light that is narrowband and centred at a

15  specific frequency.. -

" To increase the capacity of information transmission in existing optical
communication systems, a technique known as wavelength division multiplex'ing
(WDM) is applied. In WDM, data is transmitted simultaneously on optical carrier

20  signals at different wavelengths to increase transmission capacity. Thus, the
transmission capacity of a WDM optical communication system is increased by a

factor that is equal to the number of different wavelengths used.

However, WDM and other existing techniques such as time division
25 multiplexing (TDM) to increase transmission capacity are still limited because each
wavelength is modulated separately from the other wavelengths. Any unused
capacity in one wavelength cannot be ﬁsed to compensate overloading in ancther
wavelength. Furthermore, the different wavelengths have to be provided by separate
coherent 1ight' sources. For example, US Patent No. 5,729,369, issued to Zirngibl on
30 March 17 1998 and assigned to Lucent Technologies Inc., describes the use of a
niultifrequency light source constructed of a plurality of distributed feedback lasers.



coherent |ight sources. For exanple, US Patent No. 5,729,369, issued to
Zirngi bl on 30 March 17 1998 and assigned to Lucent Technol ogies Inc.,
descri beswigw/msesof a nultifrequency |ight source const rpggtash2@bosa
plurality of distributed feedback |asers. WO 02/075995 PCT/ SG02/ 00044 2
Sinplifying or elimnating the separate coherent |ight sources can
therefore reduce conplexity and costs of2exi st i ng optical comruni cation
systens. Therefore, a need clearly exists for an optical comunication
system t hat SEmphfngor alipripating the aersmits solwment dightciouyces Santharefore reduce

accor dance WC%‘I ge}it asgectt of the invention, there is disclosed a nethod
for parall el CHBRITEYBA COFS ShoXisne CRce sopRHHe oA SYSIE Frod conpri sing t he
steps of 10 receiving the optical spectrum by at |east one optical

modul ator, the at | east one optical nodul ator being arranged in

associ ation with dperdere, 3 peagurdenelyesxistofor ahepidgal commusizetion systeamthat oupl ed
to at | east [ i ource; and si nul taneously nodul ati ng, by
the at | eist Qgﬁgﬂ%ﬁ??ieg%%ra%ﬁgpggl?acily. plurality of predeterm ned optical
frequencies of the optical spectrumwith a plurality of data bits provided
by the at | east one data signal source, each of 20 the plurality of data
bits bei ng r S8§HBAIY el y coupl ed to the at |east one optical nodul ator for
paral | el nodul ati M gl 1 i:fS. i | W, .t

rodl ating step can*Sordsife itlicBbiatiecPbe MR RO B AP0l 5 tilfod
plurality of farpadsictnmidniadonpf uceptidat geotne| 86 mabodenepihythesteps BBt hod
can further conprise the step of synchronising operation of the at |east
one opti &8 nodulator with a spectrum control ler for

receiving the optical spectrum by at least one optical modulator, the at least

one optical modulator being arranged in association with optical frequencies

of the optical spectrum and coupled to at least one data signal source;

15 and

simultaneously modulating, by the at least one optical modulator, a
plurality of predetermined optical frequencies of the optical spectrum with a
plurality of data bits provided by the at least one data signal source, each of
20 the plurality of data bits being respectively coupled to the at least one optical

modulator for parallel modulation of the plurality of data bits.

Optionally, the modulating step can comprise the step of amplitude

modulating the plurality of predetermined optical frequencies.

25
Generally, the method can further comprise the step of synchronising
operation of the at least one optical modulator with a spectrum controller for
controlling the optical spectrum.
30 More generally, the method can further comprise the step of gating the optical

spectrum at a predetermined frequency.



controlling the optical spectrum 30 Mire generally, the method can further
conprise the step of gating the optical spectrumat a predeterm ned
frequencywoM2/@849975995 PCT/ SG2/ 00044 3 Alternatively, tha/smbhaosiscan
further conprise the step of regulating the optical spectrum as pul ses,
each of the pul ses having a predeterm ned_period. 5 In accordance with
anot her aspect of the invention, there i s3disclosed a nmethod for paral | el
denodul ati on of an optical spectrum of nodul ated optical frequencies, the
met hod conprising the steps of: receiving the optical spectrum by at |east
one optical denodul.ator he at .10 | east one optical deppdul ator. bei ng
arranged i n associ ﬁr’aﬂi"\ﬁh ﬁ‘etrﬁgthogrﬁ?ﬂj gﬂcmnsgéﬁe ?tP}éf}g’%ﬁﬂa&g hend 15
si mul t aneousloptiele BpEtal hiSulbdiecRRlIr R pulR8 BhvinBla pRodkdrIAd Jegiddl one.
optical denodulator, at a plurality of predeterm ned optical frequencies of
the nodul ated optical frequencies to thereby derive a plurality of data
bits, the. pluraliity of .predeterm.ned optical.freguencies bein

respecti vl domiiarardtior s aIRE Rorht o i eRQME ARTE R

denodul at or . nZ8hddefe patallxl ddnh‘tﬁiu@&iéﬁdiﬂ@b}ﬁéhlﬁﬁ&&uﬁ%fxﬁ@diﬂéﬂe&@pﬁm step of
detecting the optical spectrumat the plurality of predeterm ned optical
frequenci es. fregpencinsatheynethedeoaprising g stepepfican conprise the step of
determning the 25 anplitude of the optical spectrumat the plurality of
predeterm ned optical frequencies. In accordance with yet another aspect
of the invention, theeRingtheioptitaspettmm bpatleaabneopiivandandduditos Yisd4m f or

paral l el nodul atigon of an optical_ spectrum the_ . . .
: 10 least one optical demodulator being arranged in association with the

modulated optical frequencies;
and

15 simultaneously demodulating the optical spectrum, by the at least one
optical demodulator, at a plurality of predetermined optical frequencies of the
modulated optical frequencies to thereby derive a plurality of data bits, the
plurality of predetermined optical frequencies being respectively |
demodulated in parallel by the at least one optical demodulator.

20
Generally, the demodulating step can comprise the step of detecting the

optical spectrum at the plurality of predetermined optical frequencies.

Optionally, the detecting step can comprise the step of determining the
25 amplitude of the optical spectrum at the plurality of predetermined optical

frequencies.

In accordance with yet another aspect of the invention, there is disclosed an
optical communication system for parallel modulation of an optical spectrum, the

30 optical communication system comprising:



30 optical comunication system conprising: WO 02/075995 PCT/ S&2/ 00044 4
means for sinultaneously nodulating a plurality of predeterm ned optical

frequenci g% @fo7tdee spectrumwith a plurality of data bits ggraudetedy at
| east one data signal source, the plurality of data bits being coupled to

the nodul ating nmeans for parallel nodulation of the plurality of data
bits. 5 Generally, the nodul ati ng neans ¢hn conprise at |east one optical
nodul ator for controlling passage of the plurality of predeterm ned
optical frequenci esmeirfor giendiantdusly madilatfg 4 plarglityiofpredstemiinethoptidal t s can

be respectively cqupled. 1Q .to each of. the at.|east one optjcal dul at or.
Optional Iy, each gﬁeg?%wéto(%lﬂéea%’F%fﬂ Vi3 aﬁ%aﬁ‘?aé% glrts ﬁldfgﬁﬁra?g?éﬂan
optical switch. 3fe dathlsigRb@utdectht pl@akly &Tdafak@ts%iﬂg%ﬁhleﬁ@@t&p“ cal
nodul ator can conprise an optical shuttér. Cenerally, e optical

t
communi cati on sysaduisding fganh &r patiist medulatiemef the plursliyeif detaibisng
operation.of the nodulating neans with nmeans for controlling the 20 optical
spectrum ™ More generally, the controlling means can conprise neans for

gating the optic@ensRBg!theodiilafing hedfs Smdongftist hEREADRY opB&al modulator
Alternatively, the controlli gg@rreans can congrl se neans for regulating the

optical spectqreentelliggipsessge ebibp phiralityof pradsesmingdiontica fisgvensiasr ni ned
period. In accordance with a further aspect of the invention, there is
di scl osed an optical comunication systemfor parallel denpdul ation of an

optical spectrum dMore 3neraitlylcattest the blueality b @it &its c@the teBfectipélly @alpled

conmuni cati on syﬁt em conprising:, WO 02/.075995 PCT/ SG&)2/ 00044
10  to edch of the at least one optical modulator.

Optionally, each of the at least one optical modulator can comprise an optical

switch.

15 - Alternatively, each of the at least one optical modulator can comprise an

optical shutter.

Generally, the optical communication system can further comprise means for
synchronising operation of the modulating means with means for controlling the

20  optical spectrum.

More generally, the controlling means can comprise means for gating the

optical spectrum at a predetermined frequency.

25 Alternatively, the controlling means can comprise means for regulating the

optical spectrum as pulses, each of the pulses having a predetermined period.

In accordance with a further aspect of the invention, there is disclosed an
optical communication system for parallel demodulation of an optical spectrum of

30 modulated optical frequencies, the optical communication system comprising:



5 nmeans for sinultaneously denodul ating the optical spectrumat a
plurality of predeterm ned optical frequencies of the nodul ated opti cal

frequenci @® d275d9€r eby derive a plurality of data bits, themddanabidy of
data bits being respectively denodulated in parallel by the denodul ating
means. 5 Cenerally, the denodul ati ng neans can conprise at |east one
optical denpdulator, the at |east one op‘{'i cal denodul ator bei ng arranged
in association with the nodul ated optical frequencies. 10 Optionally, each
of the at |east one opeimsdor sismitdugoaskydenaduloting thesptiaal spe:pitumaﬂaarrpl i tude

d dul Al h_of I I
can conpri e an - opPIUA ¥EpERFERngd S5l regRRtier B oA T ALoR A ngs. A

preferred enbodi mentreghierchts tb teasdlyiden w ReaRy bP&da BRE Shd it
reference to the dravmqﬂgl S, In whlr(}:l y II% j? i's %1 generg1 ﬁ%gﬁ%ﬁal

bl ock di agram of an Bbb@earesemmly d@modbhtedsyymﬂﬁiby&cd@mddmunmm&a
preferredsenbodi nent of the invention;, FIG 2 illustrates an exenplary
schemati c Iayout of a part of the optical comrunication systemof FIG 1;

25 FIG 3 illustr @Gepsrally, maambeulaﬁn@memtohﬁabmpﬂwa@é@f o optieal opti cal
conmmuni cation system of FIG illustrates an exenplary schematic
| ayout of andfmefvigterithgat leps OBEJPPW de@@ﬂ‘é@fm&@mm@dméﬁsemmn wits,  1;

WD 02/ 075995 w6 R4 QPR frequencies.

10 Optionally, each of the at least one optical demodulator can comprise an

optical amplitude demodulator.

Alternatively, each of the at least one optical demodulator can comprise an
optical detector.
15
Brief Description of the Drawings
A preferred embodiment of the invention is described hereinafter with

reference to the drawings, in which:

20 FIG. 1 is a general functional block diagram of an optical communication

system in accordance with a preferred embodiment of the invention;

FIG. 2 illustrates an exemplary schematic layout of a part of the optical
communication system of FIG. 1;
25
FIG. 3 illustrates an example of an optical modulator of the optical

communication system of FIG. 1;

FIG. 4 illustrates an exemplary schematic layout of another part of the optical

30  communication system of FIG. 1;



6 FIG 5is a flowhart of a nethod for parallel nodul ation of an optical
spectrum by the optical communication systemof FIG 1; FIG 6 illustrates
i nput / out w@tovoek®@si onshi p of a nodul ati on section of the PFstROM44
comuni cation systemof FIG 1 based upon the nmethod of FIG 5; and FIG 7
is a flowhart of a nethod for parall el q$nndulation of an optical 10
spectrum of nodul ated optical frequencies’by the optical conmunication
systemof FIG 1. Detailed Description An optical conmunication system a
net hod for paral | lGndina Bewehariodf aamethad fayparatle] mogeletionof amebtimahet hod f or

paral | el de |1 al '| n.of t. tical .spectru nodul at ed opti cal
frequenci esmé E%t he %&h:%c?g?lgagoc Rmh%%atulmgﬁys %t%tﬁ(i}'nl’accor dance wth a
preferred enbodi nent of the invention are described. In the follow ng

description, numerous details are provided for a nore thorough description.
I't shall be appaféft© tiBishates ywnt/peput rglatineship of 2 medilation sectian of the

i nventiongm ll?ll%i”? i k| r .l nstances,
wel | - knovmél dé{)@ﬁl?& ave c%g?n%}%éér%ﬁ ggﬁ'ilﬁg&aﬁquﬁa%ﬁt%oo% %ﬂiﬁ&, to obscure
the invention. The advantages of the preferred enbodi nent of the invention
are mani fold. One gdvant age of the preferred enbodi nent of the invention
is that the full 8Ptical 25 spectrumcan be used for transmission and
reception of a large data string. Using the full optical spectrumoffers a
substantial increase in data carrying capacity conpared to existing WM
optical comuni caFiGn7 sysflemhartAfatrhethodfbr pataligiedenfioduletioprof b bpteh]

enbodi men& of the i enﬁsi ondi s.%gg_t t he, gof}%ara.l | el noduyl ati on nmet hod
modul at ed? di FRESHEMR Otgpequlard pptigl Brateusies Py theeondisel cogrmurigation,system of

si nul t aneouskyg. Li kew se, the parallel denodul ati on nmethod denodul ates WO
02/ 075995 PCT/ SG02/ 00044

Detailed Description
An optical communication system, a method for parallel modulation of an

15 optical spectrum and a method for parallel demodulation of the optical spectrum of

modulated optical frequencies by the optical communication system in accordance

with a preferred embodiment of the invention are described. In the following

description, numerous details are provided for a more thorough description. It shall

be apparent to one skilled in the art, however, that the invention may be practised
20  without such details. In other instances, well-known details have not been described

at length so as not to obscure the invention.

The advantages of the preferred embodiment of the invention are manifold.

One advantage of the preferred embodiment of the invention is that the full optical
25  spectrum can be used for transmission and reception of a large data string, Using the
full optical spectrum offers a substantial increase in data carrying capacity compared

to existing WDM optical communication systems.

Another advantage of the preferred embodiment of the invention is that the
30  parallel modulation method modulates different optical frequencies of the optical

spectrum simultaneously. Likewise, the parallel demodulation method demodulates



7 different nodul ated optical frequencies of a nodul ated optical spectrum
si mul t aneousl y. Sinul taneously nodul ating or denodul ati ng such opti cal
frequenci e® @io7s®ss from exi sting optical comunication syimSGN2i0004whi ch
one optical frequency is nodul ated or denodul ated separately from anot her
optical 5 frequency. Referring now to FI% 1, a general bl ock diagram of
an optical conmmunication system 10 in accordance with a preferred

enbodi nent of__the inyention s shown, The system 10 conprises an optical
spect rum genélﬂé?rﬁm @%Y%lﬂfadgpti@ﬁ Hisavangies of a suaduiated apticalspeetEen el enent s of

the system 1QihiiEhiudssId SatfuSodiahmodiinG o dmodusBRIURhEREAN section 18,

an optical receiver 20 an ation~ section nodul ati on
section 14 offtequaidigs diffeys|fesn existifpomizhl @mmusicationesys@ths\in avhidheonel5

conmmuni cation _section 18 .that i ncl ude opti cal lifiers or,
communi cat i or‘?pa?/"gﬂ?ﬂ?’l‘&%cé’ 1§B’@ﬁu§§eydc%gie@8 ulﬁteﬁéﬁlg%rat?@ o anpther ticakct i on 14
al so coupkes feguifpg. data signal source 16 that provides input data signals

for nodul ati ng an optical spectrum generated fromby the optical spectrum
generator 12. 20 It is to be noted that the optical spectrum can include

the entire range, pr. at |eas art th of ..of visible. and invisible
optical frequenci ef‘f‘rgﬁéinﬂg%ﬁ%ﬁ ﬁﬁfgegF@ggl%P%dW%Q)f G Riga; ght
frequenci es. chinunicatioh 4§dtéatioSn abeofdREPWih preReRREIboLRYQYLF @F t he
optical spectrum_ 25 3enerat or 12 and the nodul ati on section 14. The

optical specipvefige war Thosystenmbd ceraprises lah gptical speatni generatorcl? andtaor 42,

a converging_lens. 44, a.s r ontroller 4 sl ot . nount .48 -having a
sl.ot 50, qgn 0 cid[}e]‘zattlloﬂl}es' eﬁ?heoﬁgle L@?PHgérpe ?ng?ﬁt%%tltgﬁay P ém?Bé‘&‘?‘r‘?ﬂ a%fagﬁg‘lg%ég. ~These

el enents of khecoOPs, LadmBpRichticHRegeNLT Rl loplidal 26RivE 20h8 @demddslgfib£S. The
nodul ati on sectjon 14 conprises at |east one optical nodulator 58. The 30

optical noduPeati®” 238 can be, for éxanple, an optical switch or an optical
shutter.

The modulation section 14 optically couples to the optical receiver 20 via the
15  communication section 18 that may include optical amplifiers or communication
resources such as optical fibers. The modulation section 14 also couples to the data
signal source 16 that provides input data signals for modulating an optical spectrum
generated from by the optical spectrum generator 12.

20 It is to be noted that the optical spectrum can include the entire range, or at
least a part thereof, of visible and invisible optical frequencies ranging from infrared

to ultraviolet light frequencies.

FIG. 2 illustrates an exemplary schematic layout of the optical spectrum
25  generator 12 and the modulation section 14. The optical spectrum generator 12
comprises a light source 40, a reflector 42, a converging lens 44, a spectrum
controller 46, a slot mount 48 having a slot 50, an objective lens 52, a prism 54 and a
spectral lens 56. These elements of the optical spectrmﬁ generator 12 are organised
in series. The modulation section 14 comprises at least one optical modulator 58. The

30 optical modulator 58 can be, for example, an optical switch or an optical shutter.



WO 02/ 075995 PCT/ S&2/ 00044 8 An optical spectrum generated by the
optical spectrum generator 12 has optical frequencies. For illustrative

pur poses, wig sy7pyoedet ermi ned optical frequencies ( fi, fZcfscozfodosand f3)
are used to describe operation of the system 10. These five opti cal

frequencies are sel ected such that the wavel ength of each is different and

5 equally separated relative to each ot he$ . Hence, assuni ng fl is the

| owest frequency, then: R(fi) - ?(f2)] N[2 (f2) - X(f3)] Fig. 3

illustrates an exdmpdmicel spebisurhaganetatef byathe opticad apectrudugaemtord@. hashe 10
tica hes 70 that

tical nodul ator .58 h . this. le, fi |
P Fespoct PR 3hudihs, B ulMetR SRS e bBoBRBhoBikd Bl
frequencies. (The, & Y4ea.nd(1‘9? heAlsed W dBBEFe AR08 JTAWRRNPTD THERIgYAL or nount

72. Each of these five optical swtches 70 has, for exanple, an aperture

74 for passa§ptien figqpensissarg sedeoipshauck it the wivelsagth affeachis different and
det ) i I 2ncj es.; 15 These wavel.engt.h f t five
P edet or 8 noddbseRiratel ML ERen dher, BEREe ARRFRR O ot tr s tiova o

i nherent in tHe@: optical spectrum generated by the optical spectrum
generator 12. For exanple, the Iight source 40 nmay be a source of white

l'i ght that provides the optilddl)-d¢et#ui(©)tA(fs]to be noted that infrared
or ultraviolet 20 wavel engths outside of the spectrumof visible |ight may
al so be used. The optical spectrumis derived fromthe |ight source 40.
Qut put |ight fronFighd illugjtatessmexemplofithe layeitl of ah @gtital mddulatefI&edher 42 and

directed,towards.th nver.ai n ens 44. The canveraqgi ens, 44 t hen
conver ged thgpﬁl‘faémoﬁf‘%rsﬁs}gfh@r b’b%?:’faf‘?}’r]r‘?’ °OB .?lgp&&tgﬂgsjé)_ tﬂﬁé’&%i ving the
I'ight at thi Sesgé@ﬂ'ély dsbrigb®Withhfivep@astetnified bigtital FeywheRs. TTHEWD] ecti ve
| ens 52. The objective lens 52 then aligns spectral rays of the light in

paral | el rel apiicaswiichesdR ase mepntedon i medwitpemowyc: Eath ofihescdive aphiesl
diffracted by kiigs70 has, for example, an aperture 74 for passage of a respective wavelength

of each of the five predetermined optical frequencies.
15
These wavelengths of the five predetermined optical frequencies are not
separately generated but are inherent in the optical spectrum generated by the optical
spectrum generator 12. For example, the light source 40 may be a source of white
light that provides the optical spectrum. It is to be noted that infrared or ultraviolet -
20  wavelengths outside of the spectrum of visible light may also be used. The optical
spectrum is derived from the light source 40. Output light from the light source 40 is
reflected by the reflector 42 and directed towards the converging lens 44.

The converging lens 44 then converges the light towards the spectrum
25  controller 46. Receiving the light at this stage, the slot 50 diverges the light towards
the objective lens 52. The objective lens 52 then aligns spectral rays of the light in
parallel relative to each other. Such parallel spectral rays are then diffracted by the
prism 54 to provide the optical spectrum. Other diffracting means such as, for
example, an optical grating may be used to diffract the parallel spectral rays in place
30 of'the prism 54.



prism54 to provide the optical spectrum Oher diffracting neans such as,
for exanple, an optical grating my be used to diffract the parall el
spectral waye/7sopl ace 30 of the prism54. WO 02/ 075995 RC/SBADH/@A044 9
After diffraction by the prismb54, the optical spectrumoutput is then
directed, by the spectral lens 56, towards the optical nodul ator 58. The
optical nodulator 58 is optically coupled to the optical spectrum
generator 12 to receive the optical, spectrum_ accurately at the optical

switches 70. Thi s AEgdiiiastionly theprisa) S4s teraptieal spectrum patpyt jsdheredireoies, y

di sposed at | & | AveHaWy : ' r.m. opk | .

frequenci es %?st ftliggg%%lﬁca épect?%%%ﬁgg%éd%g%&%gﬁg OQI%%9@%%§%8 18

cor r espondi n@ptitallyaoaplefl to e dptive spectcheh gemaraten1 Diptecsive fheaptieslGheEmning

controll ed de endi&g erture 74 of .an optical switch 70
t

on whether th p
associ at ed wiePHTRFRt Hheentical syiithes s%ﬁﬁ%r&ﬂmmséaaenwl sWitehss{0de bg| osed.
Henceforth, : o { ] SRUS :
pr edet er m'gneg&(?g‘?‘?@a’f&%%gﬁg cquozls rae gra%rg 1{&gthjggiv§ﬂﬁopt | cg edgo\ﬂt]tcglh 70
that is open frequénviearnfdpeoptivekipectonn aehcanpapepetofnevaiélenptht conespdndied t o

t he passage of a predeterm ned. optical frequency is referred, to as an

opt i (F:)al S\g/]m' tg%o%oﬁhg?ivp gr@eggrg@eggpn?zﬂ freqpe ygdgmoglpgﬁgp@mg.@ opti cal
swi tches 70 afiRthek theldpeRureCAY il opBEalRWitdh 7 ﬁés%kia%ewf#@ﬁ%t ?feﬁ@t%hnin]@& ovi ded
by the data signal source 16 (not shown in FIG 2). The data signal source
16 el ect ri calopiical digghensytivopaner optsed densofortbhasapebiurdpthatissgt Ontleat a bits
of a dat si_gnal ach.of t.he,optical swtches 70 is set to,an

posi t i onq?)r gg%sﬁ%éé%tga ?)rgg‘i%ﬂngﬂed ggtlc&fﬁgwegf:y {s(fe%Fag §o f ?}%&cg};@’_&‘t‘gfﬁgach of
the predet er mig @fopRAtor &Rhn b @PHRtoheRd a8 ApAase7dithdiyeloddito A posddgerect rum
is nodul ated by a data signal to provide %)he data bits. Hence, a plurality
of data si gnaélpsedstespingdppEesldreghentatiaraferred topgan eptieal svitch §O0 tlhes ipelessdge of
each of the d ' . gptical frequencies, the spectrumcontroller 46
is electri caBF@%‘?\féé‘{s@yﬂ&gﬁ}%housl y coupled to the optical

15 The optical switches 70 are, in turn, controlled by at leést one data signal
provided by the data signal source 16 (not shown in FIG. 2). The data signal source
16 electrically couples to the optical switches 70. Depending on data bits of a data
signal, each of the optical switches 70 is set to an open position or a closed position
to allow or to block the passage of each of the predetermined optical frequencies.

20  Accordingly, the optical spectrum is modulated by a data signal to provide the data
bits. Hence, a plurality of data signals provides sets of data bits.

For controlling the passage of each of the predetermined optical frequencies,
the spectrum controller 46 is electrically and synchronously coupled to the optical
25  modulator 58. The spectrum controller 46 may provide for gating of the optical
spectrum at a predetermined frequency. Alternatively, a pulse controller (not shown
in FIG. 2) may regulate the optical spectrum as pulses with each of these pulses
having a predetermined period. Thus, the predetermined frequency of the gating or
the predetermined period of each pulse of the optical spectrum is synchronised with

30  opening or closing of the optical switches 70. The predetermined period of a pulse



25 nodul ator 58. The spectrumcontroller 46 may provide for gating of the
optical spectrumat a predeterm ned frequency. Alternatively, a pulse
control | ewqors®sown in FIG 2) may regul ate the opti calPcapssRoownmas

pul ses with each of these pulses having a predeterm ned period. Thus, the
predeterm ned frequency of the gating or  _the predeterm ned period of each
pul se of the optical spectrumis synchroﬁpsed with 30 openi ng or closing of
the optical switches 70. The predeterm ned period of a pulse WO 02/075995
PCT/ SGD2/ 0004 be vartedrbui Ehis eaquizes thetopening andejosing of the@ptipdsimvitghesitd tol osi ng
of the Optic%kaﬁ%@&ﬁﬂﬁ% 70 to be also variable. It is to be noted that
faster gating or a higher predeterm ned frequency of the 5 gating

i ncreases the data rate. Simlarly, a shorter predeterm ned period for a
pul se enables a higher data transm ssion rate than a | onger beam pul se.

The data transni s§iis#p bareied thapfaster gpting e ligher pgsistesmined freguenoyiofthaes of
th tical £ 1 C: ' I : | 3 | h
exampl s St BAMERARAE 0d SuPRAEISAIARS (ShORL M aclamI AR foripa P HYENC0r o

represent ed byabddsat highafdatateansespimirateahdn ¥ Bngattcam pulsw. Thbasa70. Table 3
I ndi cat es passage qof a predeterm ned optical frequenc ‘thrq;gh an open
optical sw t ERDSPYSSIQN Eatg]sialsolimyedibprespousg ehaspcteristics g theopiipd gwitshescH)

frequency byi%q%%s&goﬁ%lé;al switch 70 as indicative of a bit V. However,
chés o

the optical sw an also be electrically coupled to the data
signal source such that a bit "0 sets an optical switch 70 in an open

position ,and a bit, /. 1' sets an optical switch .70 in a . closed position.
Optical &tical c{?ﬁ‘?’&%be&ﬁ’ ?%%Wséﬁm %ﬂof‘ﬁewc{}ﬁfﬁrestmt%ﬁg@wte@h BEh Switch
fIf2 13 T4 fioe BRhBitb] &S represedted b¥ status of the respective five optical switches 70.

Table 3 indicates passage of a predetermined optical frequency through an open

optical switch 70 as a bit “1” and blockage of a predetermined optical frequency by a
closed optical switch 70 as indicative of a bit ‘0’. However, the optical switches 70
15 can also be electrically coupled to the data signal source such that a bit ‘0’ sets an

optical switch 70 in an open position and a bit ‘1’ sets an optical switch 70 in a

closed position.
Optical | Optical | Optical | Optical | Optical
Switch | Switch | Switch | Switch | Switch
f f, f3 s fs
Data bits 1 1 1 1 1
Optical switch position Open Open Open Open Open
Data bits 0 0 0 0 0
Optical switch position Close Close Close Close Close
Data bits 1 0 1 0 1
Optical switch position Open Close Open Close Open
Data bits 1 1 1 0 0
Optical switch position Open Open Open Close Close
Data bits 0 0 0 1 1
Optical switch position Close Close Close Open Open

20 Table 3: Different five-bit data signals and respective optical switch positions.

Five different predetermined optical frequencies provide 2’ or 32

combinations of data bits. Increasing the number of predetermined optical



Optical switch position OQpen Open Open en Open Data bits 0 0 0 00
Optical switch position Close Close Close Cose Close Data bits 1 0101
Optical swamw7position Open C ose Open C ose Open Data lmdresGo2bod40 O
Optical switch position Open Open Open Close Cose Data bits 000 1 1
Optical switch position C ose Cose d os? Open Open 20 Table 3: Different
five-bit data signals and respective opti dal switch positions. Five
different predeterm ned optical frequencies provide 25 or 32 conbinations
of data bitsfrepuencisadivrigfactier oheritbiaereade the eetnbisntiinsed defattiis dy adstorg 75995
PCT/ SG02/ 000 o 11 frequencies by a factor of one increase the conbinations
of data bits by a factor of two. By nodul ating the predeterm ned opti cal
frequencies using the optical 5 switches 70, the.optical spectrum now
carries informati gn based, upon the data si?nal. The optical spectrum in
the form of nodul &Yaaodpatingihe predgicanticd opliead Jregnaeigsasingthe prikgl t o t he

conmuni cati o I-@N . 1.SS1.0N. | SR . t he
comuni ¢ a{) e} ngtg%%si @h ﬂ%gjp&rlg{l/l S&) %@f’%‘géé‘g N 815)115' %ﬁ%& el%‘%%{? n (1)]tstﬁ2§ ﬁ%\:}\ﬁl)gh%% at
coupl es t he Qphtioptital spectiuimiin the farm opftrodalateliiopeital fidyaemyiés, ol thenlker t hen

conducts the 10 optical spectrumto other devices such as the optical
recei ver 20. Praidsdito de sRspmppicptiqq segtiony |8 for &rapsmisyion dis FreEh Fansgyesian, of t he

optical T ecalo@inlhilfitbr RidPIPAYY AR AplbAInthnh fydi shawhyiled.  The.
optical receiver 2 conprises a retelving stot nount wth’a slot 84 and
a receiver obpwdes the optical sp&trurbtoomt dptiahll fibec Al opdicalditich ¢henlcohdBds theo al i gn

| |.ght a5 Ofoptti(ba? s;%%%gu%aéo OS,[}?&C e%%@s é&h%?%h%' (lp%ilcal receiver 20.‘

Referring now to FIG. 4, an exemplary schematic layout of the optical
receiver 20 and the demodulation section 22 is illustrated. The optical receiver 20
comprises a receiving slot mount 82 with a slot 84 and a receiver objective lens 86,
15  optically coupled to the slot 84, to align light rays of the optical spectrum in parallel
relative to each other. Thereafter, parallel optical frequencies of the optical spectrum
from the receiver objective lens 86 are diffracted by a prism 88 of the disperser 80..
As in the modulation section 14, the prism 88 may be replaced with an optical
grating to diffract the optical spectrum.
20
Output from the prism 88 is then directed by a receiver spéctral lens 90 of the
optical receiver 20 towards the demodulation section 22. The demodulation section
22 comprises at least one optical demodulator 92 that is optically coupled to the
optical receiver 20 and arranged in association with the modulated optical
25  frequencies of the optical spectrum. The optical demodulator 92 can comprise, for
example, optical amplitude demodulators or optical detectors centred at a plurality of
predetermined optical frequencies of the modulated optical frequencies. As such, an
optical amplitude demodulator or an optical detector is triggered when an optical
frequency is detected at a position corresponding to one of the plurality of

30 predetermined optical frequencies.



relative to each other. Thereafter, parallel optical frequencies of the
optical spectrum fromthe receiver objective lens 86 are diffracted by a
pri sm 88 wio @2neswssperser 80. . As in the nodul ati on sectraarmsGd/oodsnre pri sm
88 may be replaced with an optical grating to diffract the opti cal

spectrum 20 Qutput fromthe prism 88 i'jzt hen directed by a receiver
spectral lens 90 of the optical receiver©20 towards the denodul ation
section 22. The denodul ati on section 22 conprises at |east one optical

denodul at or 92 t h&etscsion gf theanodnlated pptica! frequaneies spablesdecedingiofthe 20 and

arranged in LAt l | I td cal far i f the
opti cal spec§§ %%‘f E%Cg%%lp |S%&;P£ zg%gggﬂ%g?%ﬁﬁg’cfgﬁ%g Sﬁr‘%ﬁ“sﬁ’?‘g@g’f‘*‘lﬁ@ﬁ%| e,
optical anpl iHavde dbesvoddl b ditoL Sisecgistpict aadl faahehilaes optisal Freguaticd tHak uFeal i ty
of predeterm ned optical frequencies of the nodul ated optical frequencies.

As such, an Defsieched, 3y Ot isdesisierpdavpestially.grbibip’ shaweed 2 blaskcbandat

. P i } 24 _

cor P2Sporty hEBHE S84 bRl ERVEIRN LS A SE L AL SRR LR opia
frequenci es. sWitD?0 676 ptiRT M EEIR60ethe kiddDRtion téctiond#. OterwisdUbal ed

optical frequencjes. enabl.eg decodin f the ptical spectrum based on
Table 3 abovBr.eI&F@ﬁEH{eHPBPC P%Pcc&&l%(sg‘f‘? passed &‘é‘&lﬁgﬁ‘&io@@ opticadl sWiteh #ot ect ed,

a bit "1 iSﬂfa@gﬁeggéhﬁﬂwa%gﬁwrﬁegaafgg%mg df)lﬁfcélfsgle%ﬁﬁi’s‘ékﬁﬁgkes that are not

detected, a bit I's registered. ectral'ly, ows as a bl ack

band at the 5 position of a nodul ated optical frequency that was bl ocked

of f by a,closed opt.i swi t.ch .70 . of the tical dul at or ,58. of the
modul at i ?)(ﬁ secti of liio%ecfﬂ\é\“ﬂaggfe 611‘?5’?6 Ofd_gg eé?r]rﬁtgr‘é?tpr%‘ldieéaﬁ ll]I“FEﬁU@ncy ’
that has pasg@gnglby &H?.hA@dbrdl_ﬁgﬁz #Réd daheR¥ot Sfer’Qementt 8hn BE REGETRAT ned
optical frequency of the optical spectrumis visible. 10 It is to be noted

that the el ewasius vedystoenabjeparaticl madulation ov paraticladenioduiption af theeoptiexlanpl es
only. Accor d%ﬂ‘e%{r}{m cgfllﬁé an%htei"onr}? Iﬁo%ve(\)fgzr, torﬁﬁﬁ dgtlaﬁggp ﬁl%secxélarllio%g wrartl}?sd clnlc ﬂlgs% 'n

other elements may not be described, it shall be apparent to one skilled in the art that

15  the invention may be practised without such details.

A method 100 for parallel modulation of an optical spectrum by the system
10 is illustrated by a flow chart in FIG. 5. Starting at step 101, the method 100
proceeds to step 102 at which the optical spectrum is received by the optical
20  modulator 58. The optical modulator 58 is arranged in association with optical

frequencies of the optical spectrum and coupled to the data signal source 16.

Thereafter, the method 100 proceeds to step 103 at which a plurality of

predetermined optical frequencies is simultaneously modulated, by the optical

25 modulator 58, with a plurality of data bits provided by the data signal source 16.
Each of the plurality of data bits is respectively coupled to the optical modulator 58
for parallel modulation. This modulating step 103 may be amplitude modulating of
the plurality of predetermined optical frequencies based upon the plurality of data

~ bits.
30



vari ous ways to enable parallel nodulation or parallel denodul ation of the
optical spectrumof the invention. However, though details of these

vari ous waysasbese ot her el ements may not be descri bedctscrehalst be
apparent to one skilled in the art that 15 the invention nmay be practised
wi t hout such details. A nethod 100 for pggal | el nodul ation of an optical
spectrum by the system 10 is illustrated”by a flow chart in FIG 5.
Starting at step 101, the nmethod 100 proceeds to step 102 at which the
optical spectrum ilkistebengied thyyifitheopliral spectrpm lﬁ'ﬁaﬁ@ﬂatﬁ@m tie@ptitele opti cal

nodul at or 58 i ' | at | ] L cal aci es of the
opti cal spec#@%ﬂg%%ggﬁ%rﬁ %(aﬁ %@éﬁ?%%%ﬁ%fﬁéﬁp%gﬁ@g% sreafter, the
met hod 100 prdreetivelypifsheppticABspatirmhiicproidet us phisty tidn the edatirking seg

opti cal freqtfgnm es i s si rr,ullt aneouslg nodul at ed, , 163% the optical 25

modul at or 58 103weqyirgs frepsicalipodidatend Sitodhe synghrenisebin eppratioe with esi gnal

source 16 ; mﬁ? Int ' ' ' C dto
the opti csal %%hl 3{)6& gﬁ;feghﬁﬁjplazr' gﬁeﬁ(féel’ ﬂﬁetos%ﬁ{?%%rﬁ ggﬁtréllﬁ%?% %%g%@gﬁen@ﬂs%% gp 103
may be anpli spadrunpeiuthepilsg caitrolleheegplatssahé dptical specedetter dontretlingpt i cal
frequenci es based, upon the_pluralj of data , bits. 30 WO Q2/075995

PCT/ SCD2/ 000HEPCE]} HT@IF@Ftwlmfté%luﬁﬂ%t OfiI gatipg gr Hisredgterappadnaziediof gat ed,

then the opt| | Sy ' Qrid roFned
frequency of bﬁ@“&ﬁ%ﬁg@ﬁmﬂﬁﬁi E@égﬁe{&fﬂfﬁ%gﬁggopt | ?5 e?gg%lgr umis

provi ded as pulssesf the bptical kpectroohuik aynohgprasedpvitd 18 apenjing oe sloking ofjphi cal
nmodul ator_58 to be s[gnﬁgroni sed in operation with the 5 optical spectrum
‘gener at or® 12 OPHRA SWICR {d: spectrum control I er 46 controls the optical
spectrumor the pulse controller regulates the optical spectrum by

control ling, resEne)ctivel y, the predeterm ned frequency of gating or the
predet ermi ned per lwtheghethed ¢00, gathsel thaplwality n§tista bithés madulaigd of parakelopt i cal

spectrum or %9 Bne oipqicgpmgcfiulgt%? 58. FIG. 6 illustrates input/output relationship of the
modulation section 14 based upon the method 100. The plurality of data bits 110 is
15  provided from the data signal source 16 as input to the modulation section 14.
Although the input is indicated as a serial string of bits, the plurality of data bits 110
can also be provided in parallel (not shown in FIG. 6) as sets of n data bits. Output of
the modulation section 14, after modulating the plurality of data bits 110, is shown

for three sets of data bits 112,114,116 in a frequency vs. time plot.

20
The optical spectrum, as modulated optical frequencies, can be optically
coupled to the communication section 18 for transmission to the optical receiver 20.
The modulated optical frequencies is then received by the optical receiver 20 and
demodulated by the demodulation section 22.
25

Referring now to FIG. 7, a flowchart of a method 200 for parallel
demodulation of an optical spectrum of modulated optical frequencies by the optical
communication system of FIG. 1 is shown. Starting at step 201, the method 200
proceeds to step 202 at which the optical spectrum is received from the optical

30 r;ceiver 20 by the optical demodulator 92 of the demodulation section 22. The



pul ses of the optical spectrumis synchronised with the opening or closing
of an 10 optical switch 70. In the nethod 100, each of the plurality of
dat a bit swicsozroshebated in parallel by the optical nodul atreT/a82/06046 6
illustrates input/output relationship of the. npdul ation section 14 based
upon the nethod 100. The plurality of daég bits 110 is 15 provided fromthe
data signal source 16 as input to the noddl ation section 14. Al though the
input is indicated as a serial string of hits, the plurality of data bits
110 can al s6@PHeal demorulater 93 ihaFanged In gssefiatigrowiih the mpdylatey oplicalet s of n
data bits. Oﬁtgﬁ“énc s the nodul ation section 14, after. nodulating the
plurality of ta bits 110, is showmm for three sets of data bits
112,114,116 in a frequency vs. tine plot. 20 The optical spectrum as
nodul at ed opti cal fre%gtenci es,. can be fptical,ly coupled to the

communi cat i on sectlhs§rrater thyronticalfismadylaber Yoiphliansgpsly dpmpdylates e 20.  The
nodul at edg opt, ' | : ' . i | 20
and demodiul SPed By  FREP AR P pa el P pI ik O Bp Al B SRR
7, a fl owchamtodulated omichbfie@@citoTheplahlitylof poeietedninet iopticalffregnermidsiic al
spectrum of nodul ated . optjcal. fre i es by the optjcal _ co ni cation
syst em of Fl Efsl’icq?%é‘?'ﬁﬁﬁ?du aé?daﬁﬂaﬂéaﬁ’gﬁy g'teé)é’)(lﬁﬁ)lfi%n}oﬁ@i%t%cfﬁ theppy dstyeeeds
to step 202 atywhii§tbridag Rt i cal spectrumis received fromthe optical 30

receiver 20 by the optical denodul ator 92 of the denodul ati on section 22.
The WO 02/ 075995 PCT/ SGD2/ 00044 14 optical denodul ator 92 is arranged in

opticar dbmodul ar s dobe P fian BB derPauiatbERER0s BrersSpRebis tepoct rum a
step 203 at @phtdispddiiuih AfthdpReiebrproese@ihédabtichl BERNGIE STHY relyiBes,
for example, determining the amplitude of the optical spectrum at each of the
plurality of predetermined optical frequencies. Hence, an optical amplitude
demodulator or an optical detector of the optical demodulator 92, centred at a
156  position corresponding to one of the predetermined optical frequencies of the
modulated optical frequencies, is triggered when a modulated optical frequency is

detected at that position.

The method 200 ends at step 204 when the optical spectrum has been
20  demodulated to derive the plurality of data bits modulated on the optical frequencies.
The plurality of data bits can then be processed by a device (not shown) operably
coupled to the demodulation section 22 to decode the plurality of data bits.

In the foregoing description, an optical communication system 10, a method
25 100 for parallel modulation of an optical spectrum and a method 200 for parallel
demodulation of the optical spectrum of modulated optical frequencies by the optical
communication system 10 in accordance with the preferred embodiment of the
invention are described. Although only one preferred embodiment is described, it
shall be apparent to persons skilled in the art in view of the preferred embodiment
30 that numerous changes and/or modifications can be made to such a preferred

embodiment without departing from the scope and spirit of the invention.



nodul at ed optical frequencies. The plurality of predeterm ned opti cal
frequencies is respectively denodul ated in parallel by the optical

denodul at wo 227505t her eby derive a plurality of data bit®CTiSGok00G43 t 0 be
noted that the denodul ating step 203 conpri ses detecting the optical
spectrumat the plurality of predeterm nigmopti cal frequencies. This
requires, for exanple, determ ning the | itude of the optical spectrum
at each of the plurality of predeterm ned optical frequencies. Hence, an
opti cal anpl (lai#s: denodul ator or an optical detector of the optical

or adet or m ned: opt FAIFRP i BREMRE of RLOGRAP BB S PBlucnci es, i s

triggered when a godplisihgethepépgse® frequency is detected at that position.
The net hod 200 ends at step 204 when the optical spectrum has been 20
denodul ated to derive the plurality of data bits nodul ated on the optical

frequencigs. The Al ity t I . C db devi ce
(not shovﬁ) operabﬁfgélgiéféps%ﬁedg&%uggjlﬁg eﬁgﬁhg%#%ﬁe? té(fp%ﬁg‘lr? i%%trbs%%%ode t he
plurality of dataldasttane dpticiltgodutategisingattaned irissodiaticnwil bpiall

communi cation system 10, a _nethod 25 100 for parallel nodulation of an
optical spectrum HRaUeciasof s3d sphical spechampndgoupled e afpast pandase sighd opt i cal
spectrum of nodul gf,gd..optical frequencies by the optical conmmunication
system 10 in accordande with the preferred enbodi nent of the invention are
described. Al though only one preferred enbodi nent is described, it shall
be -appar (?t to perso skilled in the art in view of the preferred

enbodi ne 30 t hat rous changes and/or nodifications can be nmade to
such a preferred enbodinent without departing fromthe scope and spirit of
t he invention. WO 02/075995 PCT/ S02/00044 15 dCdains: 1. A nethod for
paral | el nodul at i orsimtltanecuplyineedulatipgchy said atdedstiomeepizdl modulator, a

plurality of predetermined optical frequencies of said optical spectrum with a
plurality of data bits provided by said at least one data signal source, each of
15 said plurality of data bits being respectively coupled to said at least one

optical modulator for parallel modulation of said plurality of data bits.

2. The method as claimed in Claim 1, wherein said modulating step comprises
the step of amplitude modulating said plurality of predetermined optical

20 frequencies.

3. The method as claimed in Claim 1, and further comprising the step of
synchronising operation of said at least one optical modulator with a

spectrum controller for controlling said optical spectrum.

25
4. The method as claimed in Claim 3, and further comprising the step of gating
said optical spectrum at a predetermined frequency.
5. The method as claimed in Claim 3, and further comprising the step of
30 regulating said optical spectrum as pulses, each of said pulses having a

predetermined period.



conprising the steps of 5 receiving said optical spectrumby at |east one
optical nodulator, said at |east one optical nodul ator being arranged in
associ at i wo aworkpospti cal frequencies of said optical speaauscendi4goupl ed
to at | east one data signal source; 10 and sinultaneously nodul ating, by
said at | east one optical nodul ator, a Eé urality of predeterm ned opti cal
frequencies of said optical spectrumwith”a plurality of data bits

provi ded by said at | east one data silﬁnal source, each of 15 said

plurality of 6dat aAunethod&nnpralist demeduletion edgawptielspecining obmoflelgied one
optical nodul ator f rall el Lation of. .sai rality of data bits.
2. The nethod as gﬁ)tg{a}re%%q‘?éﬁc%s’a%%ﬁl%gcrmelﬁﬁsugglhg Slr%)glﬂ%‘ati %g step conpri ses

the step of anplitude nodulating said plurality of predeterm ned optical 20
frequencies. 3. The nethod as clainmed in Caim1, and further conpr.i sing
the step of synchrigafiEinggaignpiisel spactorn By pideast ope gpiicad demedilaten saidddul at or
with a spectrum trall f i i i.cal C m 25 4.
The net hofg as cl a?e(r%gtd{ nl%r? pﬁ%i%@@%ﬁ%%ﬁﬁ?ﬁgﬁg (ﬁ%?%og?aﬁlan?ﬁgl Sgagdejp of gating
sai d optical spectiodiiagdd dptiptilefkejuendiesied frequency. 5. The net hod as
claimed in daim3, and further conprising the step of 30 regulating said
optical spectrum as pul ses, each of said pul ses having a predeterm ned
period. WO 02/075995 4PCT/ SQ02/ 00044 16 6. A method for parallel

denodul ati on of an optical spectrum of nodul ated optical frequencies, said
met hod conprising the steps of:

10 simultaneously demodulating said optical spectrum, by said at least one
optical demodulator, at a plurality of predetermined opﬁcal frequencies of
said modulated optical frequencies to thereby derive a plurality of data bits,
said plurality of predetermined optical frequencies being respectively

demodulated in parallel by said at least one optical demodulator.

15
7. The method as claimed in Claim 6, wherein said demodulating step
comprises the step of detecting said optical spectrum at said plurality of
predetermined optical frequencies.
20 8. The method as claimed in Claim 7, wherein said detecting step comprises the

step of determining the amplitude of said optical spectrum at said plurality of

predetermined optical frequencies.



receiving said optical spectrumby at |east one optical denodul ator, said
at 5 l|least one optical denodul ator being arranged in association with said

nodul at edwepd2ice&lesf r equenci es; and 10 simul t aneousl y demggulsdozpgoqgai d
optical spectrum by said at | east one optical denodulator, at a plurality

of predeterm ned optical frequencies of zai d nodul ated optical frequencies
to thereby derive a plurality of data bi tl , said plurality of

predet erm ned optical frequencies being respectively denodulated in

paral l el by 9aid ain ¢épiivsl conmunigatiaesystentod phrallek mod@ation dfan epsichbd as

clainmed in Caim6, wherein sal d denodul ati ng ste conprises the step of
detecting said Optsp%cgm%&@ﬁp%ﬁ@dlactongg%c IIOHrSthFIPf%H*anA det erm ned opti cal
frequencies. 20 8. The nethod as clained in Caim7, wherein said detecting

step conprises the step of_ determ ning the anplitude of said optical
spectrum at sai d pl teans foy sippultapeeusbi mpdiladeg sphirddy of predeisrpined optigl

02/ 075995, PCT/ SQ0 4 7.9, . e al b cation s f

par al | el ?mdul ati o%r?(&g?miens O(J)fﬁfl %%CSB%%E%@L%&%@ %]t‘(%%[ tljigsaﬁ’ m}é/%%%%ru fl{g%fi s?ton
syst em conpri si ng.onsdansidnal s@irts)kiia passisl of and bit being oauﬁlledlt@édidy of
predeterm ned optical = 5 frequencies of said spectrumwith a plurality of
data bits provi dedsiplatingnaeas forgpeallehmedulagpm pf saidi phuality of datapitpal i ty of
data bits being coupled to said nodul ating nmeans for parallel nodulation
of said plurality of data bits. 10. The optical conmmunication system as
claimed in Cllai m Thewpetsiconsarcation gperh ak iclaimedanClaim 9pwhsed sid | east one
opti cal nodul at or f(g{ﬂlc,ont rolling _pass?ge of sai c{ pluralify of )

predet er 0 ned- opt® atmgéﬂ%@ﬁ@p@gnses at least one optical modulator for controlling

passage of said plurality of predetermined-optical frequencies.

11.  The optical communication system as claimed in Claim 10, wherein each of
said plurality of data bits is respectively coupled to each of said at least one

15 optical modulator.

12. The optical communication system as claimed in Claim 10, wherein each of

said at least one optical modulator comprises an optical switch.

20 13.  The optical communication system as claimed in Claim 10, wherein each of

said at least one optical modulator comprises an optical shutter.

14,  The optical communication system as claimed in Claim 9, and further
comprising means for synchronising operation of said modulating means with

25 means for controlling said optical spectrum.

15.  The optical communication system as claimed in Claim 14, wherein said
controlling means comprises means for gating said optical spectrum at a
predetermined frequency. |

30



11. The optical comuni cation systemas clainmed in Caim 10, wherein each
of said plurality of data bits is respectively coupled to each of said at
| east onewgli/@pioscal nodul ator. 12. The optical communi caidi®Ge3ed4am as
clainmed in Caim210, wherein each of said at |east one optical nodul ator
conprises an optical swtch. 20 13. The qptical comrunication system as
claimed in Caim10, wherein each of saild at |east one opti cal nodul at or
conprises an optical shutter. 14. The optical comunication system as

cl ai med i n Cdl&i m Theapticilioonimaumicationsysteing clanedinf Glaims J AcWwheminsiaiy
operation of said np u#ﬁti ng nmeans.with 2 rreaTaz. for.controlling said
“optical spectrum SPBIORIREMEENs COmPrISSS MeARs LoF regylating said) oplical specftiin @ g aj m

14, wherein said pulelraabh bNéhidPaABs HaOHRlH ;18StEMAR&] plodgat i ng sai d opti cal
spectrumat a predeterm ned frequency. 30 WD 02/ 075995 PCT/ SG02/ 00044 18
16. The optical comunication systemas clainmed in Caim 14, wherein said
controllinpg ans conprises neans.for regul ati al tical spectrum as
pul ses, egchqgf S B%maz%%mﬁ%c%tbo%syﬁ{e t E?Ir?ﬁ%le%nbogl?‘?%&p Oga]i'?g&%&u opti cal
communi cati on systs?eatﬁm oP@bahlhel ofeom dreaéchs, &id apticaPtommhnicai@st r um of
nodul ated optical tTrequencies, said optical comunication system

conpri sing: means SYSemMEOmPris@geous| y denodul ating said optical spectrum at
a plurality 10 of predeterm ned optical frequencies of said nodul ated
optical frequencies to thereby derive a plurality of data bits, said
plurality of data bideandfirsgnulesgescly detodutitimgdsidaipeidalispegamabt £plubilitgai d

denodul ati ng neans.. 18. The aqpti.cal co ni cation systemas clained in
dam 17,10vvhger ei nof arqgleterm?ned%ptical frequéggyes of said modulated optical frequencies to

thereby derive a plurality of data bits, said plurality of data bits being

respectively demodulated in parallel by said demodulating means.

18.  The optical communication system as claimed in Claim 17, wherein said
15 demodulating means comprises at least one optical demodulator, said at least
one optical demodulator being arranged in association with said modulated

optical frequencies.

19.  The optical communication system as claimed in Claim 18, wherein each of
20 said at least one optical demodulator comprises an optical amplitude

- demodulator.

20.  The optical communication system as claimed in Claim 18, wherein each of

said at least one optical demodulator comprises an optical detector.

25
21.  An optical communication system for parallel modulation and demodulation
of an optical spectrum, said optical communication system comprising:
a. means for simultaneously modulating a plurality of predetermined
30 optical frequencies of said spectrum with a plurality of data bits

provided by at least one data signal source, said plurality of data bits



15 denodul ati ng neans conprises at | east one optical denodul ator, said at
| east one optical denodul ator being arranged in association with said
nodul at edwoopio7sms frequenci es. 19. The optical communi catRCIs@ERSHOHEM as
claimed in Caim118, wherein each of 20 said at |east one opti cal

denodul ator conprises an optical anpli tuq§ denodul ator. 20. The opti cal
communi cation systemas clained in Caim18, wherein each of said at |east
one optical denpdul ator conprises an optical detector. 25 21. An opti cal
conmuni cation syst em bengsarpled & saibmofuletiogymamns forpasallelanodutationfof srid
optical spectrum sai ni cation system conprising: a. neans
for sinmultaneously mglﬁﬁh&%?datg%q?fral ity of predeterm ned 30 optical
frequenci es of said spectrumvvlth a plurality of data bits provided by at
| east one data signal source, said plurali of data bits WO 02/ 075995
PCT/ SGD2/ 00044 19 Beiprgns &usitael tWGOW@mQ%‘\lﬂtW&Sﬁ@mﬂsspﬁ%mafﬂal | el

dermdul ating sad- opt PLary sk pfilefiRhibellobicn feqiR0S of Sia MM AN GRNAT ¥
optical frequencies offreqammhmdﬂiemtgdieﬁpé apairahtirbéqaterbm eaid plufalisr &by

derive a plurality of data Is, said y Of bits being
respectivel y denmodul ada@ bits S’é‘tgéPqpéFtl‘E?Ey‘i‘?{i“lf{u&%méﬁ{q?hﬁsﬁans and 10 c.

a comuni cati on nedi U%mo&élatmg means; and

10 ¢. a communication medium.
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