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pol ar i satbyoray at extrngle. Sbe famsinittertjoplticad iplbmnayyhe expredsbd gdneralyiagnal is digital, the
scranbling 50 frequency should be at |east equal to the digital bit rate.
Wth tbe erbsdswtint (Bf Figure 3, in order to nake the received signal
detection independent of the signal polarisation, as is further explained
bel ow, t H&d&ePRiMIRoNey i hisdeldaky i s preferably squarewave. Referring now to
Figure 4, an alternative enbodi ment of the present |nvent|on will now be
descCri bed Thi s enbodi nent arises fromt be I nventor's appreciation that a
phase fodul ator can be used in place '65"-'* gh% 55 VCC to inplenment the signal
pol ari sation scranbling. In this enbodinent, the VCCis elimnated and is

repl aced by n i risguons, n Vi I o]
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port By is suitably provid a non- ref ectlve %rm nati on. The i nput
signal i se GOkl PeveElt¥esPl ig) i N substantially equal proportions into the,
two internedi ate signal paths 13,14 via 8 EP 0 277 427 Bl the out put
ports C ,d)=mik,Pfeseaupler @4. A phase nodulator 22 is inserted into one of
t hese paths 13,14. The phase nodul ator 22 is shown inserted in the path 14
separ ate wheenKs led fgtrbprdsdntvihe Gictiorsndf dienotat teoeivBE-sighdll nowervie rebalr of lthe rdspectivsot h
t hese develomaceripnbsiansidlzr e weshithabe i nserted in the same path. The
scranbling is effected by switching the phase nodul at or 22 under control of
a cont r ol ®cT Bldtfed’*Gos(epts ¢5) B r oduce al ternate 180 phase shifts into the
signal in one of the internediate signal paths at the scrarrbl i ng frequency.
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reconst r ucl ron o the original input signal with alternating orthogonal
shifts of polarisation of the scranbling frequency as for the enbodi nent of
Figure 3. Inthis case it is the 10 v&ctor sumof the polarisation states
of the internedi ate optical signals which alternates on reconbi nation
thereby providing the required alternating orthogonal polarisation shifts
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This property is*denonstrated in Figure 5 which illustrates the results of
transmtting a signal wth orthogonally polarised conponents through a
transmi ssion path conprising a sl @@704271BY ef ri ngent secti ons of

transm ssi on nmedi um each with randomy oriented birefringent axes and
random birefringent delay. The results relate to transm ssion through (a)

30 such (o} 0, su sections and (c) 100 such sections. 20 The
upper pl g‘i’ Eﬁ%gc%g@%sg gho the transm tted pol ari sation states and the

| ower the r. differ fromthe transmtted
st at esg b&%@%@@gﬁ%ﬁ%ﬁ%@%?& @‘ sol | traces represent clockw se
rot ati ons and the dashed traces anticlockw se rotations of pol ari sation. A
signal with conponents 3 gally ort hogona‘j gpol arisatio as produced by
an optical device accoyldKg tocﬁﬁiﬂﬁgﬁ’ v &imasdn( cb det ect ed usi ng
a conventi onal ﬁcomﬁﬁ Lo thig ("FIQP the 25 Toca OS? i | at or

si gnalwin such ¥ recei (;H( 0.5.have a si ngIJQ |gol ari satl on %ere w il be
no switching of the | ofals W%ﬂceﬁdgté bed st)f‘iéb nal Iy pol ari sed

states. Consequently, the poI ari sation of the Iocal osCi | l«at or si gnal
itself can never be orthogonal to both conponents of the received,
scranbl ef%; gnal Therefore, the possibility of total fading loss of the

det ect’®d_si %? which can occur in conventional systenms when the |ocal
oscillat® ™ ‘g‘hl'éﬁ%ﬁﬁ‘lt&?‘r)sat?on is orthogonal to a received signal of single

conponent, 3 i ded. To | ain the form of signal which
is deri v‘é‘ﬂ 8 Q@oﬂé‘ﬂéﬁp @Q‘Fﬂt%"%ﬂ&ﬁg@”sé)r an‘E)'Sed signal it is helpful to
congi_%g:r a sinmplified theﬁsgl cal analysis. The_foll ow ng, anal ysi s

consi ders het erodyne cbligr dnt otshsm(lgsomg)y.[wa oﬁsmme. The transmtted

optical field _he-d eneraF-Yy as: °35 [err] SX{1) and.the
optical power %Ytﬁaﬁ' (1

i el d?

[err] In the general Cpai@oss( %IQPBStnwosﬁ ol\arisations, it
is comwvenient to resol Ve Ferr] into or hogon ¥ field co ents [err] and
[err] with associated phase shifts J[err]: 45 [ERR] so where [err] and
[err] r eThessemttiondiernibs asddiierasveyfwhbrs et siindlis Fansriieaahtosgh @sefiesRPURdrert neB@ch Of
t he respeinfringent ¥apraissianathp | Acsivailar mathaingfieal trdatrfonflmay] I8 delelopdtl B thb lgaieral Edsbb] 55
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be treat €ymaef Hehwave TeghnajogyyVobLTroNeRi dure 1983 he ref erence axes through an
angle [err ]Us'$9< the gbgve equatipns i, '%:urther Rossille tophidin expressions ffoy ghepihtamredisthifieguendyer r | |
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possi bl ef.ﬁalpcdsmi%p)exmz)sm ons for the internediate frequency (IF) signal
derived when the received signal is subject to heterodyne detection. For
conpars swherepur poses it is convenient to normalise the detected signal
anplitude relative to the anplitude which would be obtained 35 in the
convent i el Healldcase where received and | ocal oscillator signal

pol arisations are perfectly nmatched. In such ci rcum;tances inadigital
system KagKedwapke, (W a sequence of transmitted '1's t he anpl i tude of

t he d@mé%\l}ll ted | F signal can be nornalised to unity (ie. the nmean val ue of
the IF é'& WesyHer Ggs&wwwmw) (Rote that, for ideal anplitude shift
keyi ng (A§K) there is no need to consider transmtted 'O s because there
will be no resultant IF. 40 Taking the | ocal oscillator signal with
resol%e%pgqgg;oﬂlg}tsm{ err] each carrying fractions of the | ocal
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"oscillator ‘power [err] respectlvel y, the denodul ated IF signal, VIF can be
expressed as: [ERR] 45 where: I%ERR] and: [ERR] 10 EP 0277427 Bl

[ ERR] These equations are sinpli fE 8276427 Bhich are appropriate to one
conplete cycle of a squarewave scrarrbl ed signal or to one particular
instant if the scranbling s | s snoot hly varyi ng (eg sinusoidal). 10
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t he rel atsigrafupdtioar i sati ons of the scranbl ed, received signal conponents.
The | ower tlngrdeetogonfim eceifects of| signal serambling s predicierlibyathe dbové-caldviations t tests kave cs
of the r&ew®)opeigd gyt giulating diffeentgombingt lopal oslijeourandyreceivedisigngl pelisetionsed

anpl i t¥ide cgeplp reulis| ag figstrated, b Figyrep &rang d fesfa trapgnitted: digifpl sequgnce () '1f9rfé’aﬂ‘P 1t al
si gnal i it Pq‘{af?@a‘@ﬁﬁ" P'@g signah & &-foauancy, eaug i, e digi P'T’ to. '819 ”PPﬁé t"Y“P"e@l

over the'™ sati 'aE"ﬁ
using a FE%Q?EE%: Lg;j T wC{??E?:g%?:g‘% grxde 8 cr;;f verr e"ﬁc

resul t

tg‘i*fs ai%t S d'datgl s l" % a)?'\p € rreéena'\'/ea {ﬁg 1 envel o e e lE?»a's°rh
value is anl ﬁ Fe%bl@t Vé%tst lgm Xarl CH’olaﬁ 1&9% fgtdr% ﬁ‘il Jvtﬂ@t &guPJ 7
perfect! ¥hmR gsn,g oraggm tickly pbl ,lisggl BEal ,ve SI gna nt1 oned above.
The resul t s 6PRb tesiittwas bbseivsd Mkt!EmdaR vau G of kHd G bnvelbgaSwat e@lumsl vaile isoffafisal ved
si gnal 25PeuMlive ERNIY SorRé BEREREHAI Ribal b GESHY2 MbtcitaoddP Sdciibttl s r3sbRed! Sighdl as
squar ewa\ntiohécdtave. MEb rebults 6EMAiT RaS reldiive o €6 e/ thd @BRtionN# tesid IgRA pelidr @Ry | ON,
whi ch fr &guRaitdineddgparcomstant @it agdimirt el 3dBt livthg SSEIRIVE GoranBing. Inl Sonfidy Gvith

enti rel y convereibret hedstodydid detecticoiowichd@tiuently depaytsri@mGhaitieal, ftier sceamble lsignal ismever
convent i entdly adetecterst ances, in the absence of scranbling, if the received
si gnalsechad Gdnsiderihg Eigyre $62). oyl exaplentin conventidnalsdircumsédceshie the apsenice wibseraghbling, if
conpl et elthe repaived ciigndlidved \the cloglayise [polatisation iiustyatsd thatsidnglt wauldebes corapididhe thissédynal

i s undet dlewesr. pyine dasbshaus. fwhilst the semmbled signel is gepletspled fos oraelfiof eagh bis pgricddtiact ed
in the r&panbigyeysly,gefested 'm@aﬁeﬂramdem'mhuat MeRe '6\?@?"“‘!‘%@"%@ whalg pit-peEed PgheaSt he
0.5 nor rré.‘P'F'?\é*Gd I'%’@e?s E"t @H‘e ?”fﬂ"s%sdhﬁ‘a %‘E?dl‘? seap e sigpalremeetdly ¢ o
swee egaw aﬁguarwé %\?—,"Fa"tbf'ﬂ? Signg I, It may

i nt roduc °§ o al 3 ?"‘E ?‘%HE@ r‘f’é{‘i’h CIEY ':‘er g: fthe
?ﬁS;Lgﬁl gcnferxans | dent Fﬁjg %Pr% ﬁ:ﬁ on o eye! eﬁerablge %m ﬁ;l\ g:ﬁ nean
val Te g %s gsgfé _ e(t:helcv ey’ 47’" rg ©

I ndependentn e b ﬁ,swe%ethé/ u@ &m Qﬁlgas 'sﬁ@sroidgnscram%al it snoowoembl e
char act efhdigvhit pha¥B ¥hifd Fof RsdeWsBAhdNanbmittddOSASIWE paarlsitioh @Shs Abbdida dsitl @n ONE
of the cempRaRNpoldibedl Bsal (Beihtor [skydl] ()0 1Thé @stills) sHoW! fdr NRINSHIEsRhi S¥8r WS Gifferent

al t er nat gradsakskiod iz &5 a@f (bf, iR reRivedTSigrialglafisaliohs (i), thé Gldheradleristidss the absfcetdne
resul t& afe ghesstshift (ig)i ang tha IS ehatatiersia! with EHodpliite ishif) (v3.iVEHaA ho phasd Shifbis trddutdaiontd t he
rel evant tplsasmbledsifral, theoveat Fdewe! was D168 fdr ransintssiorsinb {(d) @ G3facttansmhigsion line (b).

pol ari satThesa resulis elow( ihjt, inathe dbseawst efdithel phasg shift, thb |lamplitudeadf| the deiba@ed sigrais|ipcal
osci | | at @elarisatigndile. fransmissiopHiine)rdependent. Is; hanirast.fhowever whenrthesappropriate 80 phase shift

di f f er ents iptroduesdi asshaym ot (vhédhe megh Iilgyp! [SI9)S in befl casearid\iadscramiled sigpsbielectiands | ons
(iii),50t qeain imependent of B reseived polprpationpas ey Hep-syitchad, sayarowpye-raee depgriped bo Y/?S and
the | F char@cchipyedhis dengpdence:usiag 8 §meihly yarying scamblingysignal. fychas-Asdnusdidef sigqa

i nt roduct—i‘ds F?ﬂ"ﬂ“"l“h@ %’ER"%Xn%‘I %‘G’"@F’i" RRpodimeriof g dgyice P°q°f-9€}‘€|t° WePresery Invegfion as

:

f—H!,b

transm sd teFI S B e nsm SS;Lé)n Lin refsr% resg '
show fhat:% andlfli ure ?' 8 ﬁa&)%EZw#libothl f;?sfedla? 86 lval n co ‘E cted
si gnal's Ih% &)eQJg G'BI% IQEeII I'IS ﬁ vo aa
however , cmféﬁéd cé |é?p1larvﬁﬂ>5' o% %fSSn §- toEm si AQHr Hr? t

(v), t he it AbkidtdsigriaV Feths' 1% me T:'Bur gﬁﬁﬁoeag pcu%Ei{ 10 to
detection is 50 agaln mdependent of e recei ve pol ari satlons as for

step-swi tched, squarewave case descri lﬁd above.



To achi eve this independence, using a snmoothly varying scranbling signal,
such as a sinusoidal signal, it is convenient to enploy an alternative

embodi ment of a device accordi ngEP® 27Rd2pPésent invention as illustrated,
for exanple, in Figure 9. The devi ce shown in Fi gure 9 |s a versi on of the
p_roce55| dev ces descr;1 h refer ﬁ% gf na a d F %‘{‘i?
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